
i 

 

 
 
 
 
 

  
SCREENING AND NUTRIENT MANAGEMENT OF DIFFERENT INDI GINOUS 

RANGE GRASSES IN 
THAL RANGE AREA OF THE PUNJAB. 

 
 

By 

Ihsan Qadir 

M.Sc. (Hons.) Forestry 

 

A thesis submitted in partial fulfillment of the 

`Requirement of the degree of  

 

DOCTOR OF PHILOSOPHY 

IN 

FORESTRY 

 

UNIVERSITY OF AGRICULTURE 

FAISALABAD (PAKISTAN) 

2009 

 

 

 

 

 



ii 

 

To 

  The Controller of Examinations, 

  University of Agriculture,  

  Faisalabad 

 

  We, the supervisory committee, certify that the contents and form of thesis 

submitted by Ihsan Qadir, Reg. No. 96-ag-1754 have been found satisfactory and recommend 

that it be processed for evaluation, by the External Examiner(s) for the award of degree. 

Supervisory Committee 

 

      ______________________________ 

1. Chairman      (Dr. Zahoor Hussain khan) 

 

2. Member     ______________________________ 

                (Dr. Rashid Ahmad khan) 

 

3. Member     ______________________________ 

              (Dr. Irfan Afzal) 



iii 

 

ACKNOWLEDGEMENTS 

 

Creator of Universe, the Source of All Knowledge and Wisdom, Who blessed me with health, 

thoughts, talented teachers, caring brothers and sisters and opportunity to make some 

contribution to already existing ocean of knowledge. I offer my humblest thanks from the core of 

my heart to the Holy Prophet (Peace be upon him), who is for ever a torch of guidance for 

humanity.  

 It is my pleasure to express profoun  All praises and thanks are for Almighty Allah, The 
Compassionate, The Merciful, The Only d gratitude to my supervisor, Dr. Zahoor Hussain khan 
Associate Professor, Department of Department of Forestry.  Range Management and wildlife 

, University of Agriculture, Faisalabad, under whose supervision, scholastic guidance, 

consulting behaviour, this work was planned, executed and completed. I would like to 

acknowledge the help I have received from members of Advisory Committee D.r. Rashid Ahmad 

Khan,, Professor,/ Chairman of The Department of Department of Forestry.  Range Management 

and wildlife, University of Agriculture, Faisalabad and Dr. Irfan Afzal, Assisstant Professor, 

Department of Crop Physiology, University of Agriculture, Faisalabad for the improvement of 

this dissertation.  

            I would like to thanks to all my teachers and colleagues  Dr. Tahir Sideqqi sb,  Dr. 

Shahid  Yaqoob , Dr Ishaq sb, Dr, A.H. Shah,   Mr. H. A. Tanvir, Mr. Shahid  Hafeez and  Mr 

Khayyam  Anjum  for their kind cooperation and gaudiness  during this work. 

 In addition, deepest appreciations are due to my parents, brothers and sisters for their 

constant support and moral encouragement. Furthermore, special thanks to Ch. Muhammad 

Sajjad, Mr Ashfaq sangha, Mr.Hafeez for their assistance. I also remembered my sweet friends. 

Mr Abdul majeed Nadeem, Mr Khan, Mr Jam Adnan. M Younis, ,Mr Shahnawz Imran 

Naqvi,Mr Jam Jamshaid,. Jam imran.                                        

                  

 

                                                                                                                   Ihsan Qadir Bhabha 



iv 

 

 

 

 

                                                                                                 

 

 

 

 

 

 

DEDICATED 

TO 

SARDAR KORAY KHAN JATOI 

AND 

THE PEOPLE OF DISTRICT MUZAFFARGARH 

 

WHO ALWAYS  

DONE A LOT TO SEE ME  

GLITTERING HIGH ON THE 

 SKIES OF SUCCESS 

 



v 

 

CONTENTS 

CHAPTER # TITLE PAGE 

1 INTRODUCTION 2 

2 REVIEW OF LITERATURE 8 

2.1 Seed priming 8 

2.2  Nutrient management  12 

2.3  Chemical composition 18 

3 MATERIALS AND METHODS 25 

        3.1 Seed priming experiment 25 

3.1.1  Hydropriming 26 

3.1.2 Osmopriming 27 

3.1.3 Post treatment operations 27 

3.2 Field experiment 29 

3.3 Chemical analysis 30 

3.4 Statistical Analysis 32 

4. RESULTS AND DISCUSSION 33 

4.1 Seed priming 33 

4.1.1  Germination (%)  33 

4.1.2 Plumule length 36 

4.1.3 Radicle length 39 

4.1.4 Mean germination time 41 

4.2 Field experiment 60 



vi 

 

4.2.1 Plant height  60 

4.2.2 Fresh plant weight (g) 62 

4.2.3 Shoot weight (g) 67 

4.2.4 Root weight per plant 72 

4.2.5 Leaf weight (g) 76 

4.2.6 Leaf area (cm2) 80 

4.2.7 Number of nodes per main tiller 84 

4.2.8 Number of tillers per plant  86 

4.3 Chemical analysis 91 

4.3.1 Crude Protein  91 

4.3.2 Crude Fiber 96 

4.3.3 Dry Matter Percentage 101 

4.3.4 Mineral contents 105 

5. SUMMARY, CONCLUSIONS AND FUTURE 
RESEARCH OPTIONS 

114 

          6. LITERATURE CITED 117 



vii 

 

LIST OF TABLES 

TABLE # TITLE PAGE 

4.1.1. Effect of seed priming treatments on the germination vigor of 

Cenchrus ciliaris L. (Buffel grass) 

48 

4.1.2 Effect of seed priming treatments on the germination vigor of 

Cenchrus setigerus Vahal (Dhaman grass) 

49 

4.1.3. Effect of seed priming treatments on the germination vigor of 

Dicannthium annulatum Stapf (Blue stem grass) 

50 

4.1.4. Effect of seed priming treatments on the germination vigor of 

Elionurus hirsutus (Gorkha grass) 

51 

4.1.5. Effect of seed priming treatments on the germination vigor of 

Panicum antidotal Retz. (Blue panic grass) 

52 

4.1.6. Effect of seed priming treatments on the germination vigor of 

Aristida depressa (lumb grass) 

53 

4.1.7. Effect of seed priming treatments on the germination vigor of 
Penisetum oriental 

54 

4.1.8. Effect of seed priming treatments on the germination vigor of 

Sorghum helpense (Johnson grass) 

55 

4.1.9: Nature and extent of the effect of seed priming treatments on 
the germination (%) of Range grasses on percent bases 

56 

4.1.10 Nature and extent of the effect of seed priming treatments on 
the plumule length (cm) of range grasses on percent bases 

57 



viii 

 

4.1.11 Nature and extent of the effect of seed priming treatments on 
the radicle (cm) of Range grasses on percent bases 

58 

4.1.12 Nature and extent of the effect of seed priming treatments on 
the Mean germination time (days) of Range grasses on percent 
bases 

59 

4.2. 1.1 Analysis of variance for plant height 61 

4.2.1.2 Effect of interaction (fertilizer x growth stages) plant height 
(cm) of grasses 

61 

4.2.1.3     Effect of interaction (grasses x growth stages) plant height 
(cm) of grasses 

62 

4.2.2.1 Analysis of  variance for fresh plant weight 63 

4.2.2.2 Effect of  interaction (fertilizer x grasses) on fresh plant weight 
(g) of the grasses 

63 

4.2. 2.3 Effect of  interaction (fertilizer x growth stages) on fresh plant 
weight (g) of the grasses 

64 

4.2.2.4   Effect of  interaction (growth stages x grasses) on fresh plant 
weight (g) of the grasses 

64 

4. 2.2.5 Effect of  interaction (fertilizer x grasses x growth stages) on 
fresh plant weight (g) of the grasses 

65 

4.2.3.1 Analysis of  variance for shoot weight 69 

4.2.3.2 Effect of interaction (fertilizer and grasses) on shoot wight 
(g)of th grasses 

69 

4.2.3.3    Effect of interaction (fertilizer and growth stages) on shoot 
weight of grasses 

70 

4.2.3.4   Effect of interaction (grasses and growth stages) on shoot 
wight (g) of grasses  

70 

4. 2.3.5 Interaction (fertilizer  x grasses growth stages) on fresh shoot 
weight (g)  of range grasses 

71 

4.2.4.1 Analysis of  variance for root weight 73 

4.2.4.2 Effect of interaction (fertilizer x grasses) on root weight (g) of 73 



ix 

 

the grasses 

4.2.4.3     Effect of  interaction (fertilizers x growth stages on root weight 
(g) of grasses 

74 

4.2.4.4   Effect of interaction (grasses x growth stages) on root weight 
(g) of grasses 

74 

4. 2.4.5   Effect of interaction (fertilizers x grasses x growth stages) 
nutrient source on fresh root weight (g) of range grasses 

75 

4.2.5.1 Analysis of variance for leaf weight 77 

4.2.5.2 Effect of interaction (fertilizer x grasses) on leaf weight (g) of 
the grasses 

77 

4.2.5.3   Effect of interaction (fertilizers x growth stages) on leaf weight 
(g) of grasses 

78 

4.2.5.4 Effect of interaction (grasses x growth stages) on leaf weight 
(g) 

78 

4. 2.5.5 Effect of  interaction (fertilizers x grasses x growth stages) on 
leaf weight (g) of range grasses 

79 

4.2.6.1 Analysis of variance  for  leaf area 81 

4.2.6.2 Effect of (fertilizer x grasses) on leaf area (cm2) of the grasses 81 

4.2.6.3     Effect of interaction (fertilizers x growth stages) on leaf area 
(cm2) 

82 

4.2.6.4   Effect of interaction (grasses x growth stages) on leaf area 
(cm2) of grasses 

82 

4.2.7.1 Analysis of variance for number of nodes 85 

4.2.7.2 Effect of interaction (grasses x growth stages) on number of 
nodes/main tiller 

85 

4.2.8.1 Analysis of  variance for number of tillers 87 

4.3.1.1 Analysis  of  variance for crude protein 92 

4.3.1.2 Effect of interaction (fertilizer x grasses) on crude protein 
percentage of the grasses 

93 

4.3.1.3 Effect of interaction (growth stages x grasses) on crude protein 94 



x 

 

percentage of the grasses 

4.3.1.4      Effect of interaction (fertilizer x growth stages) on crude 
protein percentage of the grasses 

94 

4. 3.1.5 Effect of interaction (fertilizer x grasses x growth stages) on 

crude protein percentage of the grasses 

95 

4.3.2.1 Analysis  of variance for  crude fiber 98 

4.3.2.2 Effect of interaction (fertilizer x grasses) on crude fiber 
percentage of the grasses 

98 

4.3.2.3 Effect of interaction (growth stages x grasses) on crude fiber 
percentage of the grasses 

99 

4.3.2.4     Effect of interaction (fertilizer x growth stages) on crude fiber 
percentage of the grasses 

99 

4. 3.2.5 Effect of interaction (fertilizer x grasses x growth stages) on 
crude fiber percentage of the grasses 

100 

4.3.3.1 Analysis of variance for  dry  matter  percentage 102 

4.3.3.2 Effect of (fertilizer x grasses) on dry matter percentage of the 
grasses 

102 

4.3.3.3   Effect of interaction (grasses x growth stages) on dry matter 
percentage of grasses 

103 

4.3.3.4     Effect of interaction of (fertilizers x  growth stage) on dry 
matter percentage 

103 

4. 3.3.5 Effect of interaction (fertilizers x grasses x growth stages) on 
dry matter contents (%) of range grasses 

104 

4.3.4.1 Analysis of  variance for mineral contents  106 

4.3.4.2 Effect of (fertilizer x grasses) on mineral contents of the 
grasses 

106 

4.3.4.3 Effect of interaction (grasses x growth stages) on mineral 
contents of grasses 

107 

4. 3.4.5 Effect of interaction (fertilizer x grasses x growth stages) on 
mineral contents %age of range grasses  

 

108 

   



xi 

 

LIST OF FIGURES 

TABLE # TITLE PAGE 

4.1a Effect of priming treatments on germination percentage of 

different range grasses 

35 

4.1b Percent difference over control in germination percentage by 

the application of seed priming treatments 

35 

4.2a Effect of priming treatments on plumule length of different 

range grasses. 

38 

4.2b Percent difference over control in plumule length by the 
application of seed priming treatments 

38 

4.3a  Effect of priming treatments on radicle length (cm) of 
different range grasses 

40 

4.3b: Percent difference over control in radicle by the application of 
seed priming treatments 

40 

4.4a  Effect of priming treatments on mean germination time (days) 

of different range grasses 

42 

4.4b Percent difference over control in mean germination time by 

the application of seed priming treatments 

 

42 

 

 

 

 

 

 

 



xii 

 

ABBREVIATIONS 

 

Abbreviation Full 

% Percent 

oC Centigrade 

Cm Centimeter 

Dec. December 

cm2 Square centimeter 

FAO Food and Agricultural Organization 

g Gram 

h Hours 

ha Hectare 

ha-1 Per hectare 

K Potassium 

Kg Kilogram 

LSD Least significant difference 

m Meter 

m-2 Per square meter 

NS Non-Significant 

P Phosphorus 

w/v Weight over volume 

 

 

 

 



xiii 

 

 

 

University of Agriculture, Faisalabad,   

Department of Forestry. RangeMangement and wildlife  

 

Declaration 

 I hereby declare that the contents of the thesis, title of the thesis are product of my own research 

and no part has been copied from any published source (Except the reference, standard 

mathematical or genetic models/ question/formulate, / protocols etc.). I further declare that this 

work has not been submitted for award of any other diploma/ degree. The University may take 

action if the information provided is found inaccurate at any stage. 

 

                                                                                                                    

                                                                                                                    

Signature 

                                                                                                            Ihsan Qadir 

 

 

 

 

 

 

 

 

 

 



xiv 

 

 

 

 

 

 

 

 Department of Forestry.  Range Management and wildlife 

The controller of Examination, 

University of Agriculture, 

Faisalabad. 

Subject: Submission of Ph.D final thesis of Mr.Ihsan Qadir ,Reg. No.96-ag-1754. 

It is submitted that thesis Screening and nutrient management of different indigenous range 
grass in Thal range area of the Punjab 

Kindly find enclosed herewith three copies of subject thesis for further necessary action. 

 

 

 

 

                                                                                                        Chairman 

 

 

 

 

 

 



xv 

 

 

 

 

 

 

 

 

Department of Forestry.  Range Management and wildlife 

 University of Agriculture,  

Faisalabad. 

The controller of Examination, 

University of Agriculture. 

Subject:Confirmation of Peer review of  The  Ph.D thesis of Mr.Ihsan Qadir,Reg,No.96-ag-
1754. 

It is certified that Ph. D. thesis was placed in my office for Peer review of all interested  

From     18-08-09 to 26-08-09. 

 

 

 

 

 

 

                                                                                                          Chairman 

 

 



xvi 

 

 

 

 

 

 

 

 

 

 

Department of Forestry.  Range Management and wildlife 

University of Agriculture, 

. Faisalabad. 

The controller of Examination, 

University of Agriculture. 

Subject: Similarity Index Report of  The Ph.D thesis of  Mr.Ihsan Qadir,Reg,No.96-ag-1754. 

It is certified that Ph.D. thesis of Mr.Ihsan  Qadir, Reg, No.96-ag-1754 has been checked by 
Turnitin software for plagiarism. Result indicated 15%  similarity; The Turnitin Originally 
Report is attached here with for further necessary action please. 

 

 

 

                                                                             Dr. Zahoor Hussain Khan 

                                                                                Supervisor  

                                                          Department of Forestry.  Range Management and 
wildlife 

                                                                                                                         



xvii 

 

 

 

 

 

 

 

 

 

 

 

 



18 

 

UNIVERSITY OF AGRICULTURE, FAISALABAD.  

                            (Department of Forestry.  Range Management and wildlife) 

                                                                                                                                           FRW/ 

                                                                                                                                            Date 

To, 

      The controller of Examination, 

       University of Agriculture. 

Subject: PANEL OF EXAMINERS FOR Ph.D EXAMINATION  

Board of Studies of this Department in its meetings held on 27-12-09, recominded the names of external examiners for dissertation 
evaluation of Mr. Ihsan Qadir , a Ph.D. student in forestry,Range Management and Wildlife.. 

                                                                              

                                                                                                                                                     

 

                                                                                                                                                                                Chairman 

 

Encl: Panel of external Examiners  

 

 

 



19 

 

                                                                                    (Confidential) 

    PANEL OF NAME OF EXTERNAL EXAMINERS FOR Ph.D. D ISSERTTATION EVALUATION SUGGESTED BY 
THE BOARD                     OF STUDIES, DEPARTMENT OF FORESTRY, RANGE MANAGEMENT AND  WILDLIFE IN 
ITS MEETINGS HELD ON 27-12-09. 

Name of the Student/                       Dissertation Title                        Name of member of                   Panel name of the external 
Examiners 

                                                                                                                 Supervisory Committee          Name with Qualification, 
Designation,                       Regd.No.                                                                                                                                                     full 
Adress.     

                                                                     

Ihsan Qadir 

96-ag-1754 

 



1 
 

 
 
 
 
 

ABSTRACT 
 

 A study on “secreening and nutrient management of different indigenous range grasses in 
Thal range area of Punjab” was carried out during 2007-08 at University of Agriculture, 
Faisalabad and Muzzafargar (Thal area) respectively. Germination vigor of buffle grass 
(Cenchrus ciliaris L.), dhaman grass (Cenchrus setigerous Vahl), blue stem grass (Dicanthrium 
annulatum Forsk), gorkha grass (Elionurus hirsutus), blue panic grass (Panicum Retz), lumb 
grass (Aristida depressa), fountain grass (Pennisetum orientale Rich) and Johnson grass 
(Sorghum halepense L. Perse) was tested against hydro and osmopriming treatments in the 
laboratory, University of Agriculture, Faisalabad. Ammonium nitrate (NH4 NO3), urea and farm 
yard manure (FYM) were applied in the field to the primed seed of grasses secreened on basis of 
the response of grasses to different seed priming agents. Agronomic and nutritional performance 
of each grass was assessed at different growth stages. Blue panic grass (77.67%), dhaman grass 
(75.60%), Johnson grass (69.77%) and buffle grass (63.33%), gave maximum germination 
percentage and got 1st, 2nd, 3rd and 4th position on over all basis of germination vigor. Whereas 
CaSO4 was found best as an osmopriming agent. Primed seed of the grasses getting first four 
positions was directly sown in the filed. Fertilizers and Farm yard manure were applied as source 
of inorganic and organic of nutrients to these grasses. All others agronomic characters were 
found in maximum amount in Johnson grass due to FYM as compared to ammonium nitrate and 
urea respectively except number of tiller per plant   Maximum number of tillers per plant of 
dhaman grass were counted under the effect of urea. From nutritional point of view, FYM also 
exhibited maximum protein (18.03) in buffle grass, DM (9.87%) and mineral contents (13.33%) 
in Johnson grass respectively. On the basis of the results use of CaSO4 is recommended for 
enhancing germination vigor of indigenous grasses especially buffle, dhaman, blue panic and 
Johnson grass and FYM should be applied as organic source of nutrients to increase the 
performance of grasses under the conditions of Thal range area.  
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Chapter 1 

 

INTRODUCTION 

 
 

 The arid and semiaride Thal range area receiving 150 to 200 mm annual rainfall is  located at an 

altitude of 200 m and lies between 31- 330 N latitude and 71.07 0E. Ecologically, the range area 

is a part of tropical and subtropical sandy plains and is considered  one of the prominent range 

land of southern Punjab in Pakistan which covers an area of 2.5 m ha. (Muhammad, 1989; 

Quraishi et al. 2006).  The north eastern part of the range area receives more rainfall than 

soutgern part. (Government of Punjab, 1974). Strong winds are very common which cause sever 

soil erosion. The temperature varies between 0oC to 44o C in winter and summer months of the 

year. The soil is moderately calcareous; alkaline clay loam and alluvial with sandy texture. Sand 

is fine brown whereas sand dunes cover 50 to 60 percent of the area. Thal range area comprises 

of Bhaker, Mianwali, Layyah, Muzzafargarh, Khoshab, Sargodha and Jhang districts of Punjab 

province. Thal range area  surrounded by salt rangeland in the north, Jhehlum and Chenab river 

flood plains in the east and Indus river flood plains in the west . The range area can be divided in 

to four range sites viz: 1. Sand dunes, 2. Slope and foots of sand dunes 3. Flat areas 4. Kankar. 

But according to soil survey of Pakistan (SSP, 1968) the geomorphology of the areas consists of 

sand ridges, abandoned channels and flood plans. Over the major part of the Thal desert, the 

alluvium has been blown into sand ridges and hollows or valleys known as patties in the local 

dialect. The soils of ridges are very deep, structure less, fine soils of various degrees of 

calcareousness and colour gradations. All the sand ridges soils are highly drained and having pH 

value of 8.4. Fine soil material from ridges has been drained into hollows and valleys and where 

allowed to settle down, has made very deep, moderately calcareous and poor structured soil. The 

soils of valleys are mostly well drained with an average ph of about 8.4. Whereas on the other 

hand, the soils of the abandoned  channels are water reworked sedimented material with a wide 

textural range (loamy sands to fine silty clays) usually have kankor, zone and are moderately 

calcareous with a pH ranging from 8.3 to 8.8. Soils of sub recent flood plains are moderately 

deep to dark, grayish-brown, silty clay loams and silty clays with weak to moderate structures 
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and weak lime profile but no kankor zone. In southern areas, reduced annual flooding and a high 

water table have resulated in alkalinization. The soils are dense and strangely saline alkali with 

pH value of more than 9.  The vegetation consists of indigenous grasses like Aristida depresssa, 

Cenchrus ciliaris, Cenchrus ciliaris, Chrysopogan jawarancusa, Dicanthium annulatum, 

Eleusine flagellifera, Elinurus Hirsutus, Panicum Antidotale, penisetum orientale, sorghum 

halepense, Saccharum munja and brows species like Acacia Jaquemont,  Calligonum 

polygonoides, Capparis aphylla, Haloxylon recurvum, Prosopis cineraria, P. Juliflora, 

Solvadora Oledis, Sudea fruticosa and Tamarix aphylla. (Khan, 1966; SSP, 1968, GOP, 1974, 

Muhammad 1989, Quraishi et al. 1993, Quraishi et al 2006). 

Like other range lands of the country, livestock production is the major land use of Thal 

range area. Livestock production is the second biggest economic activity in the country. It is the 

subsistence source of one fourth (25-30%) population of the country. At present, the estimated 

number of heads of live stock is 154.7 million (GOP, 2008). Showing an increase of 30%, the 

livestock population has Jumped to 143 million (2006) from 110 million heads since previous 

livestock census in 1996 by showing an increase of 30%. On the other hand, supply of cultivated 

green fodder has declined due to decrease in cultivated area for fodder production. (Sarwar, et 

al., 2002, Khan, 2003). Fodder production is the major limiting factor for livestock production. 

During previous decades, 11.6% decrease in fodder area has been reported (GOP, 2008). 

Availability of green fodder is only 0.74 t /head/year Current estimates of deficient nutrients 

based on livestock census of 2006 are 48.58 million tones of TDN (Total digestible Nutrients) 

and 6.99 million tons of DCP (Digestible crude Proteins). As reported by Government of 

Pakistan 2008. 

The significance of livestock cannot be under estimated at any cost. They play an 

important role in the economy of the country. According to the Economic survey of Pakistan 

2008, livestock contributed approximately 51.8% to the agriculture sector and 11.3% to national 

GDP. The report further added that the value of livestock is 6.1% more than the combined value 

of major and minor crops. It is also worth mentioning that the value of milk (only one animal 

product) is more than the combined value of cotton and wheat (Anonymous, 2009). 90% of milk 

production comes from small land farmers and land less livestock farmers, which keep 87% of 

livestock at their small farms (lands) and houses (Rabbani, 2008). 
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The significance of livestock and shortage of cultivated fodder in the country, suggests that 

sources other than cultivated crops also be explored to satisfy the dietary needs of ever 

increasing livestock population. Fortunately, Pakistan has vast area under rangelands. These 

rangelands occupy 65% of our geographical area. Out of which 16% is in Punjab, 15.3% in 

Sindh, 9.4% in NWFP, 53.55% in Balochistan and 5.8% in Northern area. Khaliq, 2008). It was 

further added that these range land meet about 60-70% feeding requirements of sheep and goat. 

Quraishi et al (1993) estimated that total livestock population met its forage requirement wholly 

or partially from range lands. 

Qurashi et  al (1993) and Khalique (2008). further added that rangelands of Punjab, 

NWFP and Azad Kashmir provide forage requirements of about 30-40% of total livestock heads 

where as range lands of Sindh and Balochistan provided 60 and over 80% respectively forage 

requirement of their respective livestock population.  These range lands cover 65% area of that 

country, out of which 9 m h rangelands of north and north western part are high potential 

rangeland and 48 m. ha range lands of arid and semi arid range lands of Punjab, Sindh and 

Balochistan are low productive rangelands. Moreover  these range land as a whole provide 60% 

of the total feed requirements of sheep and goats, 40% of horses, donkeys and camels and 5% of 

cattle and buffaloes. Forests and range lands support about 30 million heads of livestock (FSMP, 

1997). In addition to providing grazing, the rangelands play their role in building national health 

by providing meat and milk to over come the problem of mal-nutrition (Quraishi et al, 1993, 

2006). The range vegetation conserves soil and water and controls sever water erosion and heavy 

toll of floods which the nation has already experienced in the past.  These range lands also 

provide fuel, building material, medicinal plants and habitat for wild life. Above of all, the range 

vegetation not only moderates the climate but also contributes its share to the maintenance of the 

ecological equilibrium in the country. The vegetation controls desertification, conserve wildlife 

biodiversity and plant-animal genetic resources, reduce soil salinity, water logging and erosion, 

mitigate environmental pollution. The report also pointed out the problems like degradation of 

watersheds, annual loss of 40 millions. tones of fertile soil due to soil erosion, siltation of 

Tarbala and Mangle water reservoir, reduce hydropower generation, devastation by floods 

cansing an estimated loss exceeding Rs. 205 billion per year, desertification, declining 

agricultural and livestock production, vanishing wildlife and biodiversity and increased 

environmental pollution, reduced supply of regulated water from the watershed areas and 
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inadequate ground water recharge in dry temperate region of Balochistan (FSMP, 1997). All 

these problems have put the agricultural production and food security of Pakistan in danger. 

 In fact, all these problems are the out come of the deterioration and degradation of range 

lands. Rangeland deterioration is defined as the loss of actual utility or potential utility or the 

decrease, loss or change of characteristics of rangeland ecosystem that cannot be replaced 

(Chisholm and Dums day, 1987). It showed the possibility of the recovery of degraded range 

land. According to his view, deterioration can be treated as retrogression of an ecosystem and 

recovery of deteriorated rangeland is a secondary succession. If once rangeland has been 

degraded, it is often possible to rehabilitate and restore it to a level of utility. (Ludwing and Tong 

way, 2000). World Bank (1992) has already pointed out that rangeland degradation is the most 

extensive problem all over the world and there are only few countries which have less than 50% 

of their pastoral land degraded. Norjisse (2000) pointed out that over use of rangelands and slow 

response to land management changes in arid climate are the major reasons of range degradation 

in the world. Rangelands of Pakistan also have the serious problem of range degradation due to 

over stocking, over use through heavy grazing and browsing, over lopping and over cutting of 

range grasses, shrubs and trees. And the drastic range degradation is still in progress due to 

which the range productivity has declined 10 to 50% of their potential. (Quraishi, et al. 1993, 

Quraishi et al 2006) 

 The consequences and out come of range degradation were observed by Quraishi et al 

(1993). They pointed out that decrease in number of desirable forage species with their reduction 

in vigor, stunted and deformed shape, decline in ability to compete and reproduce, shortening of 

growing and grazing periods, increase in number of undesirable species, deterioration in 

watershed values, reduction in water holding capacity of soil and depletion of wild life is the 

result of deterioration and degradation of range lands in Pakistan. The authors further added that 

Thal range is confronted with invulnerable problems which have resulted in no or low range 

production in different parts of the range area. Major factors responsible for this disparate 

situation include moisture deficiency, harsh climatic conditions, strong and hot blowing winds, 

poor sandy soils, unstable sand dunes and ridges, very low organic matter in soils coupled with 

over and uncontrolled range use, non planned grazing, lack or unsuccessful reseeding, lack or 

very few watering points for livestock drinking water and lack of proper scientific management 

of range vegetation and livestock. 
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 No doubt, Thal range area is also subjected to deterioration and degradation, but still, it 

has great potential to be developed into a productive range area of Punjab province. Indigenous 

grasses can play their vital role for the restoration and rehabilitation of badly damaged parts of 

Thal range area. Grasses are an integral component of range vegetation. These are easily 

accessible to grazing animals, tasty, palatable, and nutritious and quick digestible as compared 

with range browse. Quraishi, et al. 1993)  

Thal range land have been surveyed by many researchers and declared as devastated and 

abandoned rangeland. The devastating factors include over-grazing, lack of management, poor 

soil fertility, dominance of weedy species over palatable grass species and poor germination of 

seed of palatable grass species like Cenchrus ciliaris, C. setigerus, Sorghum helepense etc.  

Perennial range grasses show vigorous response as a reacting to grazing and trampling of grazing 

animals. More number of tillers with maximum height and foliage are produced. Non grassy 

plants (forbs) are replaced by drought resistant perennial grasses. The defensive system of 

grasses becomes very effective during grazing which consists of left over tillers. These tillers 

become very hardy with their very sharp ends which keep away the grazing animal 

The current study was planned to address the devastating of Thal rangeland by increasing 

germination potential of vanishing some promising indigenous grasses. Firstly, seeds of 

indigenous palatable grass species as pointed out earlier were primed with ten seed priming 

agents. This experiment was designed to identify priming treatment specified for improving 

germination percentage and germination vigor of promising grass species. 

Secondly, grasses having vigorous germination vigor in first study were  screened and planted in 

Thal range area.Keeping the poor soil fertility in view, application of nitrogen was suggested.On 

one hand ,palatable and nutrious grasses with promising potential was tested to improve poor soil 

with poor fertility.  

Thirdly, chemical composition of field grown grasses was also determined to estimate 

their nutritional potential to meet the nutritional requirement of range dependent livestock. The 

outcome of this project provides sounds grounds to rehabilitate the deteriorated Thal rangeland. 

Cenchrus ciliaris (buffle grass),Cenchrus setigerus (dhaman grass),Dicanthium annulatum (blue 

stem grass, gorkha grass), panicun antidotale (blue panic grass), Elionurus hirsutus,Aresstida 

depressa (Lumb grass) and Sorghum halepense, johnsen grass are perennial turf range grass 

found in Thal range area.These have promising potential for rehabilitation of degraded Thal 
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range area provided problems like low germination and poor soil fertility are taken up on priority 

bases.These turf grasses are nature grasses of arid, semitropical and subtropical regions around 

the globe.These are warm season grass and grow in varied range of climatic zones with an 

average rainfall being as low as 250mm to as high 2670 mm.(Mushtaq,2004).Thes grasses 

provide nutritious forage for livestock grazing and able to recover rapidly(Morisawa,2000). 

Thes are adopted to tropical summer rainfall areas with along dry season .More over these can 

grow on a wide range of soils especially on higher and more sandy soils.These are in fact good 

drought resistant grasses.( Quraishi, et al. 1993).  
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Chapter 2 

 

 

REVIEW OF LITRATURE 

 

 

2.1 Seed Priming 

Seed priming is practiced to enhance germination process, germination rate, and 

germination uniformity and germination percentage. Basra et al, (2002, 2003, 2004, and 2005) 

and Farooq et al. (2006) improved seed germination vigor of seeds of  many grasses by the 

application of different priming chemicals. Seed priming is defined as a technique by which 

seeds are hydrated to a level where germination metabolism begins but radicle emergence does 

not initiate (Hey- Decker and Cool-Bear, (1977). Seed priming enhances germination rate at 

temperatures usually suboptimal for germination (Heydecker et al., 1975). Hardegree (1994) 

employed a matric-priming approach to increase low-temperature germination rate of some 

indigenous bunchgrass species but only examined germination response of freshly treated seeds 

Seeds of four range grasses 1- Pseudo oroegneria spicata, 2- Elymus lenceolatus, 3- 

Agropyron dasystachum and 4- Poa sandbergii were exposed by Hardegree (1996). With 

different treatments, water potential and treatment duration.Water potential ranged from 0 to 2.5 

MPa for 10 days. The optimal priming conditions were found at equal or less water potential, 

negative than the threshold level for radicle emergence. 

Hardegree and vector (1998) evaluated germination response of wheat grass, blue wheat 

grass, blue brush grass squirrel and blue grass under constant and variable field temperature in 

the laboratory. Seed were germinated at seven constant temperatures between 5 and 35Co, 18 

variables temperature regimes and six planting dates at three field sites. They concluded that at 

variables temperature regimes, the thermal history assumption was valid for earlier germination  

and sub populations. 

 

The significance of seed germination of any plant cannot be under estimated at any cost. 

It determines the success or failure of any crop in the field, (Scott et al, 1984, May, 1988). Total 
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germination percentage and germination rate are long ago considered determining factors for 

successful establishment of any crop. 
 

Hardegree et. al. (2002) examined variability in thermal response of both primed and non 

primed seed of bottle brush squirrel tail, Swizley and big squirrel. Seed priming treatment  found 

that at higher temperature priming treatments reduced germination percentage for some 

genotypes. Seed priming increased the germination rate by 3.8 d + at 6Co with a mean 

germination advancement of 6.9 + 0.6 d 

Haghpanah, et al. (2009) studied the influence of priming on seedling emergence, 

emergence rate, seedling weight and length of sorghum seeds .Priming improved the germination 

percentage and mean emergence time (MET) of sorghum seeds at sub-optimal temperature of 15 

°C.  

Hardegree and vactor (2002) primed the seeds of Elymus lanceoletus, Pseudo roegneria 

spicala, Poa sendbergii and Elymus elymoides and evaluated their relative emergence rate in 

three soils as a function of spring sowing date. Seed priming increased both germination and 

emergence rate with highest effect during the earlier, cooler planting dates.  

 

Aldridge and Probert (1992) dried the seeds of Zizania palustris L. and Porteresia 

correlated that resulted in a significant increase in germination response of seeds. Partial drying 

caused 10 fold reduction in concentration required for maximum germination. The concentration 

of ABA above which germination was reduced in freshly harvested seeds of Z.palustris was 

3.16*10-7 M as compared to 10-4 M in fresh seeds of P.coaretata. 

Farooq et al. (2006) optimized hydropriming techniques for invigoration in fine (Oryza 

sativa indica) and coarse (Oryzasativa japonica) rice types by evaluating the germination and 

seedling vigour. For hydropriming, seeds were soaked for 12, 24, 36, 48 and 60 h in aerated tap 

water. All the seed treatments resulted in vigor enhancement in both rice types except seeds 

hydroprimed for 60 h. Maximum vigor enhancement (high germination and seedling vigor) was 

reported in seeds hydro primed for 48 h followed by 36 h. 

Stuart et al. (1992) equilibrated the seeds of Bouteloua curtipendula, Cenchrus ciliaris, 

Eragrostis lehmanniana and Panicum cotoratum over the matric potential range of -1.06 to -17.5 

Matric priming at -1.6 MPa frequently increased germination percentage and rate at reduced 
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water potential. Matric priming at water potential more than -1.6 MPa had a less positive effect 

and some times may be detrimental for germination. 

Rice seed invigoration was investigated by Farooq et al (2006). They soaked Super basmati 

seeds in 1,5,10, and 15% v/v aerated solution of ethanol 10and 15% proved lethal for 

germination and none of the seeds germinated. However germination was earlier and more 

uniform at 1 and 5% ethanol. But there was no significant improvement in shoot length and 

germination percentage. 

Alvin and Keller (1973) treated six range grasses of semiarid regions with tap water. Tap 

water treatments resulted in faster emergence but did not improve germination percentage and 

yield of the grasses. 

Pill and Nes treated the seed of. and Lolium perene with water. Soaked 5.5 kg seeds of 

Poa pratensis L in 1135 litre of water having 54.4 kg of wood fiber in a hydro – seeding unit. for 

0, 15, 30, 6o, 90, and 120 minutes. Increasing duration did not significantly affect germination 

percentage of pratensis L. Whereas germination of perennial grasses Lolium perenna slightly 

decreased. Primaryroot growth of pratensis L decreased from 39mm under (control) to 28mm 

during 120 minutes. Primary root length of Lolium perennial increased when soaked for 30 

minutes no increase was reported.  

Seed priming effect on germination traits and seedling growth was studied by Al Humaid 

(2002).He noted that seed priming followed by immediate sowing increased the germination 

percentage significantly. 

Ismail et al. (1993) studied the effect of CaCl2 and ZnSo4 as priming agents on the 

germination vigor of Sudan grass (Sorghum sudenense). They observed that Cacl2 and Znso4 

enhanced germination rate and percentage of Sudan grass (Sorghum suddenness) grown under 

saline conditions. 

. 

  Even and Pill, (1989) used primed seeds of asparagus, carrot, and onion. The workers observed 

that rendering of seeds after priming decreased germination percentage. 

Hardegree (1996) treated seeds of thick spike wheatgrass, sandberg bluegrass and 

bottlebrush,and squirrel tail were treated over the temperature range of 5 to 35’ oC and water 

potential range of 0 to -2.5 MPa for up to 10 days. He reported that rapid germination of primed 

seeds was achieved at priming temperatures that were optimal for germination of untreated seeds  
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Affects seed germination of grasses, most tropical forage grass species have dormant seeds 

which reduce percentages in germination test (Usberti and Martins, 2007). Seed dormancy is also 

considered an important factor which 

 Low Seed germination of native or indiginous grasses in hot dry regions and cold arid and semi-

arid and temperate areas was considered due to seed dormancy which is one of the major reasons 

of sparse vegetative cover resulting in low range productivity of rangelands in Pakistan. (Khan, 

et al. 2007). 

Arnon, (1972) and Evenari (1962) also stated that the seeds of many species that grow in 

regions with hot, dry seasons are not able to germinate at high temperatures and need protection 

from destruction. They further added that in many desert plants, the process of germination can 

be stopped and restarted at different stages between inhibition and the appearance of the seedling 

rootlets and shoot. Seeds may remain soaked and return to a state of second dormancy with out 

losing their viability, or they may dry out completely after wetting without losing their 

germination ability.  

Went and Iljin (1952) were also of the same opinion and explained that the presence of 

germination inhibitors in such seed serve as internal rain gauge which permit germination only 

after an amount of precipitation has fallen that will be sufficient to remove the inhibitors.   

Rajora et al. (2002) also warned that seed dormancy is a challenge for revegetation with 

buffel grass in an arid zone. Promoting of seed germination of indigenous grasses of Pakistan is 

an unavoidable need of the day. 

Keeping in view the factors responsible for seed dormancy and low seed germination, 

different physical, mechanical, chemicals and biological measures were used to enhance seed 

germination. Among all these techniques seed priming technique is widely used for a varied 

range of cereal crops and grasses. Hardegree and Emmerich, (1992); Hardegree, (1998); 

Hardegree and Vector, (1999); Hardegree and Vactor, (2000), Seiber and Richardson, (2002); 

Hardegree et al (2002); Iqbal and Mineral contentsraf, (2005); Afzal et al, (2006); Qian et al.,( 

2006); Farooq et al,. (2007); Martins, (2007), Bhattarai et al., (2008); Farooq et al., (2008); 

Ahmad et al (1998) and Harris,(1999) used different measures to enhance seed germination by 

controlling. 

 There are different types of seed priming in practice. But in this study, only hydro 

priming and osmopriming techniques were employed to observe their effect on grass seeds. 
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The success of seed priming was attributed to readily available food in seed during germination 

and primed seeds are more able to complete the process of germination in short time and cope 

with environmental stresses including low temperature (Farooq et al. 2008). 

                

2.2 Nutrient management  

 

Snyman (2001) examined the short term response of rangelands to the application of 

fertilizers. The fertilizer levels were 0, 10,30and 50 kg /ha nitrogen and 0, 10 kg/ha 

phosphorous. The frequency of Elionarus moticus decreased to 62% due to N fertilization. 

Phosphorous fertilization influenced insignificantly. The species composition and plant cover 

over the period of four years. Moreover the production increased with the application of 

nitrogen combined with phosphorous reported that  increased the forage production from 942 

kg to 1785 kg/ha. 

Yalcub et al (2009) conducted an experiment to  determine the potential of  Lathyrus 

sativus L., Vicia sativa and Hordeum vulgare L. for macro and micro nutrients. According to 

their results, Lathyrus sativus L. and L., Vicia were rich in Mg, Ca and Mn. On this bases 

workers suggested farmers to grow Lathyrus sativus L. and L., Vicia for forage.  

Arshad Ullah et al. (2006) conducted a six year experiment to investigate the 

performance of warm season grasses under rainfed condition at National Agricultural Research 

Centre, Islamabad. Pennisetum purpureum yielded highest dry and fresh yield followed by 

Pennisetum purpureum.   

Sameni and soleimani (2007) conducted an experiment in dry region on different range 

plants to evaluate the  crude protein, phosphorous, common salts and mineral composition  for 

ruminants.The crude Protein contents ranged from 8.23% in Salsola rigida to 14.5% for A. 

nummularia.. 

Harris (1996) studied  sorghum seed  during wet seasons of 1990-1991 and reported  that 

soaking, as a way of speeding up germination, decreased time taken for seeds to germinate at 

30Co. Germination of soaked seed for more than 16 hr was continued even after soaking ceased. 

Emergence at 30Co was significantly increased by 23% when seed were pre soaked more than 

6h. 
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Sodeinde et al. (2006) evaluated Panicum maximum for nutritive value by applying 0, 

100, 200 and 400 Kg N/ha. Proximate chemical analysis of the grass revealed the crude protein 

cotents as  6.9, 9.2, 12.8 and 13.1% at 0, 100, 200 and 400 Kg N/ha. 

Schwinning   et al (2005) investigated the effects of increased nitrogen accumulation on  

the performance of the two main forage grasses Hilaria jamesii and Oryzopsis hymenoides in 

Colorado Plateau and found that neither grasses significantly increased leaf photosynthesis nor 

number of tillers due to more N application.   

Bell et al. (2006) investigated the influence of grazing and cattle manure on soil carbon, 

nitrogen, Mehlich 3 phosphorus, and activities of alkaline phosphatase and dehydrogenase. 

Fertilizer treatments were applied under grazed and nongrazed conditions in a short-grass native 

rangeland. Manure was applied at rates of 125 kg N ha−1 and 42 kg P ha−1, and Urea and

P2O4 was applied at 75 kg N ha−1 and 20 kg P ha−1, respectively. Amendments significantly  

increased extractable P following the second application for the 3 uppermost depth increments. 

Extractable P was greatest on manure-amended plots, increasing 44% from February 1999 to 

July 2000 at the surface. However, increases in P extractability as a proportion of total P applied 

were similar for manure and KH2PO4. Enzymatic activities were significantly influenced by 

sampling date and soil depth. There were no consistent grazing effects on enzyme activities. 

There was no influence on dehydrogenase activities in the field; however, in the controlled 

environment, activities averaged 16% greater across all rates for manure-amended soil as 

compared with urea + KH2PO4–amended soil. Phosphatase activities increased significantly 

following manure applications under both grazed  and controlled environment (P = 0.003) 

conditions ungrazed. Elevated phosphates activities following manure applications probably led 

to enhance P mineralization and P extractabilities as a proportion of total P applied for manure- 

and KH2PO4–amended soils. ‘ 

Rodríguez et al. (2007) evaluated the effect of phosphate fertilization on the production 

and relative contribution of legumes and grasses of native and old tall fescue grasslands; they 

recorded annual production, seasonal productivity, and biomass contribution of each component. 

Treatments consisted of two fertilization programs (P66) and 29 (P2O5) kg P ha−1 applied as 

rock phosphate and mono ammonium phosphate from 1997 to 1999) and non fertilized control. 

In native grassland, phosphate fertilization increased ANPP of C3 annual grasses and legumes 

during both the warm and the cool seasons! Therefore annual ANPP of the grassland under P66 
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was 40% higher than under P29 and doubled ANPP of non fertilized plots. Phosphate fertilization 

didn't increase total annual ANPP of old tall fescue grassland, but it did increase ANPP of 

legumes during both seasons. 

Harris et al (2008) tested the hypotheses that spring-season fire would increase the 

absolute biomass and relative proportion of C4 grasses in the plant community and ameliorate 

soil microbial biomass and thereby increasing microbial C & N ratio. They also determined the 

hypothesis that clipping would decrease fire effects, with a greater decrease of fire effect 

corresponding to an increased clipping frequency. Conversely to the hypothesis, C4 grasses 

revealed no significant responses to treatment. Treatment effects were found in C3 grasses only, 

and clipping was more significant than fire in terms of effects on the composition of plant 

community. However, because of its better capacity to decrease aboveground litter, fire had the 

greater effect on soil microbial C. Contrary to the hypothesized resul, no significant effects of 

disturbance on soil microbial N was resulted. The results suggested that N-cycling control in this 

ecosystem is primarily of microbial in nature, though based on inputs of plant carbon (C) through 

litter.  

Anderson et al. (2006) evaluated an application of the fire–grazing interaction model on 

N availability in a tall grass prairie. They compared patches within a shifting mosaic landscape 

where each patch varied in time since focal disturbance. They also evaluated N availability on a 

burned and grazed landscape where fires and moderate grazing occurred annually and uniformly 

across the entire landscape. These treatments were both burned and grazed where the only 

difference was spatial and temporal variability in fire application and grazing disturbance. 

Samples were collected from upland sites in May of 2003 and 2004. Total soil inorganic N 

(NH+
4 _N + NO-

3 _N) and a growth chamber experiment with hard red winter wheat (Triticum 

aestivum L. cv. Jagger) were used to evaluate potential N availability. Their study produced 

patterns of N availability that are more similar to studies of grazing lawns where N availability is 

enhanced by focal grazing than from studies of fire without grazing.  

Campbell and Hewitt (2005) examined the nutritional value of guajillo (Acacia 

berlandieri Benth) to white-tailed deer (Odocoileus virginianus Zimmermann) more thoroughly; 

they presented a comparison of mixed diets of 0%, 25%, 50%, and 75% guajillo in male white-

tailed deer. Four in vivo metabolism trials were completed with each diet. Dry matter intake and 

change in body mass did not differ among diets. Gross and digestible energy intakes did not 
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differ among diets, whereas metabolizable energy intake decreased with increased dietary 

guajillo concentration. Nitrogen balance and digestibility decreased with increased dietary 

guajillo concentration. Urinary glucuronic acid excretion increased linearly with increased 

dietary guajillo concentration. Nitrogen requirements for body growth and other development 

were met by diets containing < 60% guajillo, whereas energy requirements for maintenance and 

antler growth were met with diets containing < 20% guajillo.  

Khaled et al. (2006) studied leaf traits (leaf dry matter content [LDMC], specific leaf area 

[SLA] and leaf life span [LLS]) to test if they could be used to rank grasses for digestible organic 

matter (DOM). On 14 native grass species from natural meadows in the French Pyrenees, leaf 

blade chemical components (fiber, cellulose, hemi-cellulose and lignin) and DOM were 

estimated for two growing periods using two different methods (chemical-enzymatic and Near 

Infrared Reflectance Spectroscopy). The ranking of species based on LDMC, SLA and LLS was 

conserved. Fiber content and DOM were significantly correlated even though the data were 

obtained in different years (2001 and 2002), on different organs (youngest adult blades in 2001 

and all the green blades of tillers in 2002) and by different analytical methods. LDMC seems to 

be the most suitable trait to rank native grasses according to their nutritive value because it ranks 

species as well as leaf traits and it is the easiest to measure. They suggested the using LDMC as 

an indicator to rank grassland communities for herbage nutritive values. 

Haan et al. (2007) determined the amounts of above- and below-ground plant biomass 

production, P uptake by forage, and P concentration of cool-season grass forage as influenced by 

management and season. Five forage management treatments were evaluated over 3 years in 

smooth brome grass (Bromus inermis Leyss) pastures. Management practices were: un grazed 

(U), hay harvest/fall stockpile grazing (HS), rotational stocking to residual sward heights of 10 

(10R) or 5 (5R) cm, and continuous stocking to maintain sward height at 5 cm (5C). Forage 

samples were hand-clipped within and outside grazing exclosures monthly from April through 

November of each year and analyzed for mass and P concentration. Root samples were collected 

at the initiation and completion of the study for determination of root length density (RLD) and 

root surface area density (RSAD). Phosphorus concentrations of forage outside the grazing 

exclosures did not differ among 5C, 5R, and 10R treatments, which were greater than U 

paddocks in April and August and less than HS paddocks in June. Mean annual forage 

productivity was greater in HS, 10R, 5R, and 5C paddocks (6 744 ± 62 kg · ha−1 mean ± SE) 
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than in the U paddocks (1 872 ± 255 kg · ha−1). Mean P concentration of forage outside 

exclosures was greatest during the spring (0.21 ± 0.01%), and lowest during the fall (0.13 ± 

0.01%). Mean annual P uptake by forage followed the same trend as forage production, being 

greater in the HS, 10R, 5R, and 5C paddocks (13.9 ± 2.0 kg · ha−1) than in the U paddocks (3.7 

± 0.5 kg · ha−1). After 3 years, RLD decreased in the ungrazed paddocks, but was unchanged in 

the HS, 10R, 5R, and 5C paddocks. Forage production and P uptake by forage is stimulated by 

forage harvest, either by grazing or hay harvest in smooth brome grass pastures. 

Mazzola et al. (2008) evaluated the potential of ‘Vavilov’ Siberian wheatgrass 

(Agropyron fragile [Roth] P. Candargy) to establish on cheat grass-dominated sites. They 

examined Vavilov establishment in response to different levels of soil nitrogen availability by 

adding sucrose to the soil to promote nitrogen (N) immobilization and examined cheat grass 

competition by seeding different levels of cheat grass. They used split-split plot design with two 

sucrose levels (0 and 360 g · m−2), two levels of Vavilov (0 and 300 seeds · m−2), and five 

levels of cheat grass (0, 150, 300, 600, and 1 200 seeds · m−2). In the first year after seeding, 

sucrose reduced cheat grass density by 35% and decreased both cheat grass biomass per square 

meter and seed production per square meter by 67%. These effects were temporary, and by the 

second year after seeding, there was a sevenfold increase in cheat grass density. As a result, the 

effects of sucrose addition were not significant. Sucrose affected Vavilov growth, but not 

density, during the first year after seeding. Vavilov density decreased as cheat grass seeding 

density increased. Short-term reductions in N or cheat grass seed supply did not have long-term 

effects on wheatgrass and did not increase Vavilov establishment. Longer-term reductions in soil 

N, higher seeding densities, or more competitive plant materials are necessary to revegetate areas 

dominated by cheat grass. 

Petersen and Ueckert. (2005) planted Atriplex canescens in a seed orchard in west-central 

Texas to determine the seed production and quality increase by irrigation and fertilization. 

Fertilization did not affect seed germination of any of the saltbush ecotypes on irrigated plots or  

xeric ecotypes on dry land plots. Fertilizer N on dry land plots increased germination of the San 

Angelo ecotype, and N + P increased germination of the Texon ecotype. Fertilization did not 

affect significantly estimated seed yields in irrigated plots, but N and N + P increased seed 

yields in dry land plots in the fourth growing season. Fertilization effected seed weights which 

varied among irrigated and dry land plots and saltbush ecotypes. His study did not strongly 
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support cloning, irrigation, or fertilization for improving seed harvests of wing saltbush in west-

central Texas. 

Stavast et al. (2005) applied manure to a rangeland in New Mexico dominated by blue 

grama (Bouteloua gracilis (Willd. ex Kunth) Lag. ex Griffiths) according to phosphorus (P) 

content: a recommended rate (54 kg P·ha−1) and more than the recommended rate of 

phosphorous which was 493 kg ha-1 to enhance growth. The actual application rate of manure on 

a dry weight basis was 0, 11739, and 107174 kg·ha−1. Initially standing crop responded in a 

linear fmineral contentsion to rainfall. Three growing seasons after manure application, basal 

cover was similar between light and control treatments, whereas the heavy treatment continued 

to be characterized principally by manure/litter cover. Heavy disposal-oriented treatments were 

not suitable for blue grama rangelands because of persistent declines in herbaceous cover and 

changes in soil salinity. A light manure application rate that was based on P content can increase 

forage and in particular grass standing crop on arid blue grama rangelands. Successful rangeland 

manure applications will depend on proper management to ensure objectives are met while 

minimizing any hazards to the environment. 

Zao et al (2009) conducted a study to determine the critical timing of N supply for the 

growth N uptake, and partitioning in two oat cultivars. Plants were supplemented with five N 

fertilization stages as control, N application from seedling to physiological maturity (PM), N 

application from seedling to flag leaf (FL), N application from FL to PM, N application from 

seedling to heading and N application from heading to PM. Plant dry matter (DM), leaf 

chlorophyll contents and N uptake and accumulation were measured. Total plant DM was 21% 

greater for uncovered ‘VAO-2’ than for covered ‘Prescott’, while both cultivars produced similar 

grain yields. Genotypic differences in total plant N were significant (P < 0.05) with mean value 

of 18% higher N content for VAO-2, but most of its assimilated N was in the vegetative plant 

parts. For both cultivars, N supply was more critical before spike emergance than thereafter. 

Compared with the control, with holding of N supply from seedling to flag leaf stage 

significantly reduced spikelet number (28%) and grain yield (26%). With holding N supply until 

heading reduced yield by up to 65% and N uptake by 75%. There was no yield decrease when N 

was restricted from flag leaf or heading to PM. Although naked VAO-2 accumulated more N 

than Prescott under the same conditions, partitioning of N to the grain in VAO-2 was less 

effective.  
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Nichols et al (1990) evaluated the responses of sub-irrigated meadow vegetation to 

fertilization with N, P, and S over a 4-yr period. A factorial array of four levels of N (0, 45, 90 

and 135 kg ha-'), two levels of P (0 and 20 kg ha-') and two levels of S (0 and 22 kg ha-') were 

applied each year to the same plots, arranged in a randomized complete block design (RCBD). 

Average dry matter yields were increased by N, P, and S. There were no fertilizer interaction 

effects. Yields increased quadratically as N levels increased. For each 45 kg increment of N 

applied from 0 to 135 kg ha-', dry matter yield (pooled over P and S) increased 1002, 703, and 

402 kg ha-', respectively. Main effects of P and S increased dry matter yields by 4662 and 577 kg 

ha-', respectively. Nitrogen uptake was increased linearly by fertilization with N, P, and S. 

Forage N use efficiency decreased as N fertilizer rates increased. Crude protein (CP) declined 

quadratically as N rates increased, but the maximum change was less than 10 g kg-'. In vitro dry 

matter digestibility (IVDMD) declined linearly as N rates increased. Sulfur and P did not affect 

either CP or IVDMD. Yield responses were sufficient to justify the use of N, P, and S to increase 

sub irrigated meadow production. Loss of forage quality (CP and IVDMD) was not sufficient to 

nullify this conclusion. 

 

2.3 Chemical Composition 

 Ayan et al. (2006) examined morphological characters including plant height, root fresh 

and dry weight and fresh forage yield. They also determined chemical composition of forage 

plants existing in Turkey. The crude protein percentage was between 5.81% to 16.32% and 

mineral contents percentage ranged between 0.45 to 2.79%. The ranges of Mn, Zn and Fe were 

21.7-138.4 pm, 12.37-68.0 ppm and 1324-815.2 ppm respectively. K (Ca, Mg) and Ca/P, N/S 

ratios were 0.36-4.73, 1.35-7.75 and 1.17-10.38 respectively.  

Kathju et al.  (1978) investigated the effect of N fertilizers on dry matter contents of three 

arid zone grasses viz. Cenchrus ciliaris, C. setigarus and Lasiurus sindicus. Depending on the 

number of cuts and soil fertility status, maximum protein was harvested from C. ciliaris followed 

by C. setigarus and L. sindicus. It was concluded that the maximum yield of leaf protein per unit 

area of land could be achieved with short intervals of cutting coupled with the application of 

nitrogen fertilizer. 
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 Plant height, dry forage yield, stem diameter and crude protein contents was studied by 

Acar and Guncan (2002). The grasses used for study were Convolvulus arvensis L, Plantago 

lanceolata L. and Malva meglegta wallr. High variation was observed in these characters 

within species 

 Ten and Yolcu (2001) studied that identical weedy species had high %age of crude 

protein, mineral contents, and many other minerals. There had sufficient level of P, Mg, Ca 

and K to meet daily requirement of livestock.  

 Bayble et al. (2007) conducted an experiment at Pawe Agricultural Research Center 

located in Northwestern Ethiopia to determine the effects of days of cutting on nutrient yield and 

quality of Napier Pennisetum purpureum planted sole and in combination with Desmodium 

intortum. The traits like crude protein yield (CPY), in vitro organic matter digestibility 

(IVOMD), content of CP, neutral detergent fiber (NDF), acid detergent fiber (ADF), acid 

detergent lignin (ADL), mineral contents and hemicellulose were significantly (P<0.01) effected 

by days of cutting crop, plant associations and their interactions. The value CPY, NDF, ADF, 

ADL and hemicellulose increased significantly (P<0.01), whereas CP, mineral contents and 

IVOMD decreased significantly (P<0.01) with advance in plant maturity. The CP content of all 

the treatments (including the factors and their interaction) was above the minimum level of 7% 

required for optimum rumen function. Relatively high IVOMD values of 71.9, 68.0 and 63.5% 

were respectively obtained at 60, 90 and 120 days of cutting for the Napier grass combination. 

Digestible organic matter yield (DOMY) was maximum at 120 days of cutting. 

 Dutt et al. (2002) investigated that there was no decrease of feeding value of alfalfa and 

digestibility of forage in the combination of dandelion and alfalfa.  

 Ruz-Jerez et al. (1991) and Doly et al. (1996) independently reported that in New 

Zeeland, the pasture grown with a mixture of 18 to 26 species containing cool season grasses 

and legumes with other several herbs produced more dry matter when grazed by sheep than the 

pasture seeded with Lolium perme L and Trifolium reperes L. composites.  

 Jung et al.  (1996) investigated that crude protein ratio of Cichorium intybus L. 

increased to 23% while when grown alone and met dietary requirement of minerals of 

indigenous cows.            
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 Crush and Evans (1990) and Reid et al. (1993) independently reported that the mineral 

composition of forage (chicory) was comparable to or higher than that of wild red clover and 

rye grass respectively.  

 Ahmed et al. (2008) analyzed for Na, K, P, Ca and Mg present in leaves, leaflets and 

pods of plants. They observed that most of the forage samples had sufficient Na, Ca, P, K and 

Mg for the requirement of ruminants depending on rangelands. Macro mineral composition in 

pods was higher than leaves and leaflets.  

 Hussain and Durrani determined K, P, Cu, Fe, Mn and Zn contents of some indigenous 

grasses and shrubs. The Cu concentration was higher in shrubs than grasses while that of Mn 

was higher in grasses than shrubs. The differences in the values of Zn,Fe, Mn, P and K were 

non significant at various phonological stages. The increase or decrease of mineral 

concentration was inconsistent with the growth stages. During the grazing seasons, the grasses 

were deficient in one or more minerals at different growth stages for sheep and goat nutritional 

requirements. They also suggested the use of commercial fertilizer to improve chemical 

composition as well as forage yield.  

 Sultan et al. (2008) identified and analyzed ten rangeland grasses of Northern 

grasslands of  Pakistan for dry matter (DM), organic matter (OM) crude protein (CP), neutral 

detergent fibre (NDF), detergent fibre (ADF), at early blooming stage.  DM, OM, mineral 

contents, CP, NDF and ADF were 33.1±0.09, 30.6±0.55, 7.4±0.42, 7.8±0.33, 54.7±2.08 and 

24.7±0.89 percent respectively.  

 Ahmed et al. (2008) conducted an experiment to evolutes some forage species of soon 

Valley Pakistan. Samples of dominant species were analyzed for  Cu,Fe, Zn. Mn ranged 

between 3.92-5.09 and 5.90-6.83, 0.027-0.076 and 0.028-0.064, Fe 20.72-25.73 and  25.35-

32.94, Cu 0.38-0.54 and 0.34±0.51 mg/g in leaves and pods respectively. The plants were 

significantly different for Zn and Mn contents of leaves and non significantly for pods.  

 Moretto and Distel (2002) compared soil N availability and not N mineralization in 

soils under Poa ligularis with the soils under Stipa tenvissima in a temperate semi arid 

rangeland Argentina. Soil N availability under P. ligularis was lower than N mineralization in 

soil under Stipa tenvissima. Their results suggested that the replacement of palatable grasses 

by unpalatable grasses in the temperate semi arid rangeland of central Argentia.  
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 Polat et al. (2007) conducted an experiment in Karadag rangeland, Turkey to evaluate 

N and P fertilization on forage quality and plant species composition and assess their economic 

effect on livestock production. Both fertilization significantly influenced the quality 

composition of plants. There were large interaction between P and N because legume species 

were relatively abundant. Fertilization decreased legume proportion. However, P fertilizer 

increased the proportion of legume in vegetation. N affected adversely the crude protein 

percentage. The highest dry matter yield production was 3407 kg/ha due to an application of 

150kgha-1 P and 200 kg ha-1 N whereas 1152 kg ha-1 production was attributed to non 

fertilization.   

 Sarkar et al. (2004) cultivated Zamba gass at four levels of fertilizer. The results 

showed that the total yields of Zambao grass on fresh basis were 11.08, 15.6, 22.35 and 26.72 

in the first cutting and 7.94, 12.94, 16.65 and 22.41 in the second cutting. The dry matter yield 

of fodder for first cutting at against 0, 50, 100 and 150 kg ha-1 area were 1.85, 2.75, 3.66 and 

4.6 t ha-1. FFY, DM was higher in first cutting except CF.  

 Watt (2000) studied the effect of limiting water potential on the germination 

characteristics of 12 grasses. Germination was lowered when water potential decreased to 

wilting point and the response of genotypes was significantly different from each other. The 

partial germination phenomenon appeared important to the germination ecology of some 

species but not to other.  

 Mauromicole and Cavallaro (1996) investigated the effect of osmopriming to improve 

germination performance of three grasses (Festuca arundinancea Schreb, Dactylis glomerata 

L.and Bromus catherticus vall) under four sub optimal temperatures viz: 2, 5, 8 and 11oC. 

Aerated solutions were used of PEG or KNO3 or KNO3 + K2HPO4 at 18±1C and dried. Primed 

seeds showed a significant increase in germination rate of the three grasses the germination 

temperature except at 12oC for B. catherticus. 

Barton et al .2009 observed the effect of different levels of nitrogen on the growth of kikuyu turf 

grass pennisetum clendestinum (Hochstex chio) and evopotranspiration.They reported that older 

turf grass (20 yr) at all treatments (0,50 and 150 kg N ha-1 yr-1) and the younger turf grass (20 

weeks) receiving  150 kg ha-1 yr-1 had adequate growth and leaf N concentration. 
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Ebdon et al.1999 use of N fertilizer is the main cultural practice which influence the rate of 

evapotranspiration and growth. Tifton 44 bermuda grass at three (101,202,303, kg ha-1 yr-1) 

nitrogen rates and associated soil nitrogen status and reported that herbage mass differed for 

coastal Burns et al .2009 studied animal and pasture productivity of coastal and and T44  (3.5 and 

3.0 Mg ha-1 respectively ,p<0.01) but not among nitrogen rates. The canopy of T44 was leafier 

(206 vs 14.5% of dry matter) than coastal and greater for in vitro true organic matter 

disappearance (1v TOD)(522 vs 498 g kg-1) and CP (107 vs 84 kg-1 ) and lesser in NDF(596 vs 

605 g kg-1). 

Johnson et al .2001.studied the effects of nitrogen fertilization and harvest dares on yield, 

digestibility fiber and protein fraction of tropical grass and concluded that yield of the grass 

depends on N. fertilization. 

  Osborne et al. 1999 also verified that yield of grasses is directly associated with the use 

of N.fertilization. 

Dorivar et al (2008) concluded a study to evaluate the effect of three application times 

(Late fall winter and spring pre plant on N availability from two sources of poultry manure 

(Chicken and turkey) for corn production. Manure was applied based on total N, intending to 

supply 84 and 168 kg total N ha-1 where as urea was applied as the same time as manure at (0, 

34, 67,100,134,168 kg ha-1). 

  Sims and Wolf (1994) demonstrated that 75% of total N can be presented in the form of 

NH+4-N and uric acid that uric acid coverts to NH+4 rapidly in most  soils.The rapid 

accumulation of NH+4-N and uric acid generates substantial N conversion to NO3-N within a 

short  period of time. 

Randell et al.2003 and Randell and Vetsch(2005) pointed out that application timing is 

one of the effiency in which applied N is utilized by crops, and research on optimum application 

timing  of fertilizer N has been extensively studied. 

Thomson (2005) found no difference in crop response among winter and spring solid 

dairy manure, however, significantly lower crop response was observed when manure was 

applied in early fall. 
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Loeke et al (2004) determined that fall application of dry swine manure provided greater 

crop N availability than spring application due to increased time for conversion of organic N to 

inorganic forms. 

Butler and Muir (2006) pointed out that raw and compost manure can improve soil 

physical and chemical properties by increasing organic matter contents while providing nutrients. 

Thomas et al (2008) reported that coastal Bermuda grass forage yields produced with 

compost(29 +58 Mg ha-1) and M(54Mg ha-1)application  alone were greater than the UC, but less 

than those produced using IF alone in all three growing seasons. They further added that there 

was no yield advantage by split application of compost (C1 14.5 Mg ha-1 in2002 and2003) and 

recommended single application of compost (C2 29 Mg ha-1) where C= compost M= manure. 

Lee et al. (2007) from an experiment  Swtich grass and soil carbon sequestration 

response to ammonium nitrate, manure and harvest frequency on conservation reserve 

programme land(CRP) concluded that the importance of proper management was particularly 

because annual harvesting of plots receiving .112 kg NH4NO3-N ha-1 resulted in a decrease in 

the proportion of switch grass in the stand . However manure exhibited good potential as a N 

source for maintaining switch grass in stand. 

Mulkey et al (2006) reported no benefits with N application rates 56 kg ha-1 on 

Conservation Reserve Land (CRP) lands in South Dakota. 

Sanderson et al (2001) and Cherney et al 2002 and Mc Laughlin demonstrated that livestock 

manure could be a good source of N fertilizer for perennial grasses. 

On the basis of detailed records kept on fertilizer, manure and legume N and P 

application on 33 dairy farms during the period October 20003 through September 2004,Powell 

et al.(20007) found that average available N application ranged from 118to 200 kg ha-1 of which 

40% was derived from fertilizer 30% from manure and 30% from previous legumes.  

Schlossberg and Schmidt(2007) a year field study in 2003 to evaluate the influence of soluble N 

fertilizer source and rate on qualitative and nutritional parameters of a mature primarily surface 

drained cohabited by creeping bent grass and annual blue grass. They found that increasing N 

rate via frequent fertilization significantly increased clipping yield canopy color, Leaf N and 

Leaf micro nutrients concentration  especially when the N fertilizer was comprised of NH+
4. 

. 
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Bowman (2003) discussed different methods of application of N fertilizer and concluded 

that frequent/light fertilizer applications optimize plant health and nutrient recovery. 

Wight and Black (1979) pointed out that nitrogen fertilization usually increase the 

amount of water becoming available for plant use by increasing soil water extraction and over 

winter recharge. 

Wight and Black (1978) pointed out that the amount of water that becomes available for 

plant use and efficiency with which it’s used is greater in fertilized than an unfertilized 

grasslands ecosystem. 

Houston and Sluijs (1973) compared liquid foliar with dry and foliar applications of 

ammonium nitrate N fertilizer for 3 years; 1961-71.The fertilizers were applied in December, 

May, June and July each year on September plots. The researchers concluded that the source of 

N was more important than method of application whether applied in dry form as foliar 

application; the ammonium nitrate was superior to urea nitrogen for increasing herbage yield, 

crude protein contents and protein yield. 
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Chapter 3 

 

MATERIALS AND METHOD 

 
 
“SCREENING AND NUTRIENT MANAGEMENT OF DIFFERENT INDIGINOUS 
RANGE GRASSES IN THAL RANGE AREA OF THE PUNJAB”. 

 
The present study was conducted in three parts. The first part of the study was carried out in 

the lab of the department of Crop Physiology, University of Agriculture, Faisalabad, to evaluate 

the effect of priming agents on the seed germination and seedling growth of different range 

grasses for the screening and selection of grasses which gave good results under seed priming 

treatments while the second part of research was carried out in field conditions of Thal range 

area  to evaluate the performance of primed seeds of the best selected grasses under nutrient 

management scheme. Third part of the study was performed in the laborotary of the Department 

of Animal Nutrition, Universty of Agriculture, Faisalabad, to determine the chemical 

composition of grasses grown in field. 

 

3.1 Seed priming experiment 

 

First phase of the study was carried out in the laboratory of the department of Crop 

Physiology; University of Agriculture Faisalabad. The effect of priming agents on some of the 

indigenous grasses was conducted in the labortary of the department of Crop Physiology, 

University of Agriculture, Faisalabad. Number of grasses were eight (8). The seeds of these 

grasses were obtained from National Agriculture Research Council, Islamabad, Pakistan. The 

experiment was conducted with completely randomized design (CRD) using three replications. 

Twenty five seeds of each grass species were primed by using following priming agents in three 

replicates.  

T1: Control (non-primed) 

T2: Hydropriming (24 h) 

T3: Osmopriming with CaCl2 (10 mM)  
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T4: Osmopriming with CaCl2 (50 mM) 

T5: Osmopriming with KNO3 (10 mM) 

T6: Osmopriming with KNO3 (50 mM)  

T7: Osmopriming with KCl (10 mM)  

T8: Osmopriming with KCl (50 mM)  

T9: Osmopriming with CaSO4 (10 mM) 

T10: Osmopriming with CaSO4 (50 mM)  

For recording seed germination and seedling vigor seed of each grass was placed on the two 

layers of Whattman filter paper in petri dishes. 

Seeds of following grasses were used for priming with aforementioned priming agents to observe 

the germination vigor. 

 

1. Cenchrus ciliaris L. (Buffle grass) 

2. Cenchrus setigerous Vahl (Dhaman grass) 

3. Dicanthium annulatum (Forsk) stapf (Blue stem grass) 

4. Elinurus hirsutus (Gorkha grass - local name) 

5. Aristida  depressa (Lumb grass – local name) 

6. Panicum    antidotael Retz (Blue panic grass) 

7. Pennisetum  orientale  Rich (Fountain grass) 

8. Sorghum   halepense L. Pers (Johnson grass) 

Except controlled and hydropriming treatment, each priming agent was used for 10 and 50 

minutes respectively. Whereas in hydro priming treatment, seeds were soaked for 24 hours in 

distilled water, whereas, in control treatment, seeds were put directly on moisture whattman 

paper.  

3.1.1 Hydropriming 

In pre-sowing seed hydration treatment, seed were hydrated in a column of aerated water to 

moisture contents as close as possible to required level for radicle protrusion (Thornton and Powell, 

1992). For hydropriming, 25 seeds of each grass were soaked in aerated distilled water for 24 h 

followed by re-drying close to initial moisture contents under shade by forced air (Farooq et al., 

2006d). The ratio of seed weight to water volume was 1:5 (Ruan et al., 2002a). 
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3.1.2 Osmopriming 

Osmopriming, also known as osmoconditioning or osmotic conditioning refers to soaking of 

seeds in aerated low water potential solutions of sugars, polyethylene glycol (PEG), MgSO4, NaCl, 

KNO3, K3PO4, K3PO4, glycerol and  sorbitol or mannitol  followed by drying the seed before sowing. 

The low water potential of these salt solution allow partial seed hydration so that pre-germination seed 

metabolic processes to occur but prevent radicle protrusion (Bray, 1995; Mc Donald, 2000; Pill and 

Necker, 2001).  

For osmopriming, seeds of different grasses were soaked in aerated solutions of different salts 

like CaCl2, KNO3, KCl and CaSO4 for 24 h followed by re-drying close to initial moisture contents 

under shade by forced air (Farooq et al., 2006d). Again seed weight to solution volume ratio was kept 

1:5. 

3.1.3 Post treatment operations 

After all priming treatments, seeds were given three surface rinsing with tap water (Khan, 

1992) and redried to their original dry weight with forced air under shade at 27 ±3 oC  for 48 to 72 

hours. (Basra et al., 2002). These seeds were then sealed in ploy thene bags air tightly and stored in 

refrigerator at 5 oC prior to use. 

Seed Moisture Contents 

Initial seed moisture contents were determined by using three seed samples according to the 

recommendation of Ellis et al. (1985). A weighed quantity of seeds (10 g) was placed in an oven 

and dried at 105oC until a constant weight was obtained. The samples were cooled down in 

desiccator at room temperature and weighed. The percentage of moisture was calculated from the 

loss in weight by the following formula: 

100
M -M

M -M
age % Mositure

1 2

3 2 ×=  

Where: 

 M1 = Weight of container (with cover) 

M2 = Weight of container and seed contents before drying 

M3 = Weight of container and seed contents after drying 
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Procedures for recording data on various agro physiological and chemical characteristics are given 

as under 

Seed Germination 

Numbers of germinated seeds were counted daily according to the seedling evaluation Handbook of 

Association of Official Seed Analysts (1990). Following observations were recorded: 

1. Germination percentage (%) 

2. Plumule length (cm) 

3. Radicle length (cm) 

4. Mean germination Time “MGT”(days) 

 Germination percentage(%) 

Seed germination was calculated sown to number of seeds germinated by dividing total number of 

seeds and multiplying the resultant with 100. 

Germination Percentage (%) =  Total number of germinated seeds    x 100 

               Total No. of seeds sown 

 

Plumule length (cm)  

Plumule length of 5 randomly selected seedlings were recorded per replicate and averaged. 

 

Radicle length (cm) 

Radicle length of the same five selected seedlings were measured and averaged.  

Mean germination Time “MGT” [Days] 

Mean germination time (MGT) was calculated according to the equation of Ellis and Roberts 

(1981): 

( )
∑

∑=
n

D
MET n     

Where n is the number of seeds, which were emerged on day D, and D is the number of days counted 

from the beginning of emergence. Until all the seeds were germinated. 
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On 15th day after emergence, the seedlings were tested for vigor by carefully removing from the Petri 

dishes, following observations were recorded.  

 

3.2 FIELD EXPERIMENT 

On the basis of germination vigor data, top four grasses given as under, were selected to 

study their response to nutrient management ( sources of nitrogen in the field-Thal range area) 

1. Cenchrus ciliaris (buffel grass) (G1) 

2. Cenchrus setigerus (dhaman grass) (G2) 

3. Panicum    antidotal (blue panic grass)(G3) 

4. Sorghum   halepense (Johnson grass) (G4) 

 

Fallowing four treatments of nitrogen fertilizers were applied in the field. 

a. Control. (No fertilizer was used) (F0) 

b. Application of urea (NH2)2CO at the rate of 100g s/plot (F1). 

c. Application of ammonium nitrate NH4 (NO3) at the rate of 100g plot (F2).  

d. Application of FYM at the rate of 5kg/ plot (F3). 

Each grass was harvestd at fallowing three growth stages 

1. Seedling stage (S1) 

2. Blooming stage (S2) 

3. Seed maturity stage (S3) 

Thus, there were 48 = (4 x 4 x 3) treatments were applied in 4 x 4 x 3 factorial experiment by 

following Complete Randomized Block (CRB) design.. Therefore, 48 plots, each of 2 x 2 m2 size 

were prepared in each of three replicates. One treatment was allotted to one plot, whereas, 

treatments were allotted entirely on random basis.   

Prior to seed sowing, soil was prepared. No irrigation was applied through the experimental 

duration.  

Grasses were sown on 20th February, 2007. Row to row and plant to plant distance was 10 and 

5cm respectively. 

For recording data ten plants from each plot were selected  at each growth stage and the 

following parameters were measured at each growth stage i.e. seedling stage, blooming 

stage and seed maturity stage. 



30 
 

1. Plant height (cm) with meter rod.  

2. Fresh plant weight (g) with electronic balance. 

3. Shoot weight (g) with electronic balance. 

4. Root weight (g) with electronic balance. 

5. Leaf weight (g) with electronic balance. 

6. Leaf area (cm2) as length x width x 0.74 (correction factor) 

7. Number of nodes/ main tiller 

8. Number of tillers per plant 

 

 

3.3 CHEMICAL ANALYSIS 

 

Chemical analysis for each treatment was conducted in the lab of Animal Nutrition University of 

Agriculture Faisalabad and following nutrients were determined. The procedure for chemical 

analysis was followed as described by AOAC (1990). 

The basic scheme was that the feed ingredients contain organic and inorganic constituents 

fallowing parameters were analyzed for each factors combination 

 

3.3.1 Crude protein percentage 

To determine crude protein Kjeldahl’s method was used. Air dried samples were digested with 

concentrated H2SO4  by using K2SO4 and Hg SO4 as catalyst. The digestions were diluted to 

specific volume aliquot and were mixed with forty percent NaOH solution to excess alkaline 

reaction. The liberated ammonia was collected in 10ml N/10 HCl having methyl red as indicator. 

The excess of acid was measured by titrating against standard N/20 NoaH solution. Nitrogen 

contents were determined by multiplying 0.05 ammonia with 0.0007 and crude protein was 

worked out as N X 6.25.  

 

3.3.2 Crude fibre percentage: 

Fat free samples (1g) were heated at 80 C with 1.25 percent 200 ml H2SO4 solution for ½ hour. 

The volume of boiling medium was maintained by adding hot water frequently. The beaker was 

covered with 500 ml round bottom flask containing cold water.  
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The mixtures were filtered immediately under vacuum. The residual contents were mineral 

contents four times with 100 ml hot water and then digested with 200 ml 1.25% NaOH solution 

for half an hour similar to acid digestion. It was air dried to a constant weight in an oven and 

weighed. The mineral contents weight was recorded. The fallowing formula was to calculate 

crude fibre %. 

 

Crude fibre % = a-b/ w x 100 

Where  

   a= dry weight after digestion  

  b = weight of mineral contents 

  w = weight of the sample 

 

3.3.3 Mineral contents 

Two grams of samples was taken in a clean and taired crucible. The crucible was placed on hot 

plate and heated until the substance carbonized. The crucible was put into the muffle furnace at 

650 C until mineral contents was obtained. The crucible was placed in a desiccators and weight 

was recorded. The mineral contents was calculated using the fallowing formula, 

 

Total mineral contents = a-b/w x 100 

Where  

a = mass in grams of crucible after mineral contentsing  

b = weight in grams of tared crucible 

w = mass in grams of dried samples 

 

3.3.4 Dry matter contents  

Weight of complete dried samples were recorded and an average dry weight per sample was 

computed. Average weight of fesh green sample was also computed. Then dry matter (DM) 

percentage was determined by using the following formula. 

DM (%) = Average dry weight per sample      X 100 
      Average weight per fresh gren sample 
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3.4 STATISTICAL ANALYSIS 

 

Three factor analyses of variances were performed at 5 and 1% level of probablity for each 

parameter to test the significance (Gomez and Gomez, 1983). For mean comparisons least 

significant difference test and Duncan’s multiple range test were used. (Steel et al., 1997.).  
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Chapter 4 

 

RESULTS AND DISCUSSION 

 

The main objective of the study on “Screening and nutrient management of different 

indigenous range grasses in Thal range area of the Punjab” was to enhance the performance of 

native grasses of the range areas through seed priming treatments. The study was carried out in 

three phases. 

4.1 Screening of range grasses 

4.2 Evaluation of screened or selected grasses in the field 

4.3 Chemical analysis for the determination of nutritive value. 

With reference to the first phase of the study, eight (8) grasses were tested against seed priming 

treatments in the laboratory and their germination vigor was recorded and used as base of 

screening of grasses for field trial whereas, the second phase of the study was carried out directly 

in the field.The primed seeds of four (4) selected grasses were sown in the field. Fertilizers and 

manure was applied as source of nutrients.In control treatment, no nutrient was supplied through 

neither fertilizers nor manure. Agronomic and nutritional performance of primed grasses as 

compared with controlled treatment (None primed seed) was recorded at three (3) growth stage 

of the grasses. The results obtained are presented, interpreted and discussed as under. 

 

Results 

 

4.1 Seed Priming 

4.1.1 Germination (%)  

 All seed priming treatments including hydro as well as osmopriming treatments 

significantly (P< 0.05) affected germination percentage and other traits of germination vigor of 

all grass seeds (Table 4.1.1 to 4.1.8). The response of all grasses to hydro priming was positively 

similar except dhaman, blue stem, blue panic and fountain grass. The germination percentage of 

grasses giving positive response increased due to hydro priming whereas the response of 
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dhaman, blue stem, blue panic and fountain grass was negative to hydro priming because the 

germination percentage of these grasses decreased.While hydropriming neither increased nor 

decreased the germination percentage of lumb grass. The differences (showing increase or 

decrease in germination percentage) of the mean values of the seed priming treatments and 

control treatments were found significant due to effect of hydro priming treatment on seed 

germination of all grasses except dhaman and lumb grasses, where the decrease in germination 

was non significant  (Table 4.1.2, 4.1.6). Similarly when the response of the grasses to different 

osmopriming treatments was observed, buffle followed by blue stem and gorkha grasses showed 

positive response because  each osmopriming treatment caused to increase the germination 

percentage of these grasses except T8 (50 mM KCl) which decreased germination percentage of 

gorkha grass. On the other hand, response of Blue panic, lumb and fountain grass was negative 

to most osmopriming treatments except T9 (10mM CaSO4) and T10 (50 mM CaSO4) along with 

T6 (50 mM KNO3) for lumb and T3(10 mM CaCl2) for johnson grasses respectively (Table 

4.1.9). The statistical analysis of variance indicated that the increase or decrease due to 

osmopriming treatments was highly significant. The maximum (77.67%) and minimum 

(33.33%) germination percentage was recorded under the effect of T9 (10 mM CaSO4) and T4 

(50 mM CaCl2) respectively for Blue panic and fountain grasses respectively.But on percent 

bases real maximum increase (53.97%) was estimated for buffle grass under the influence of T5 

(10 mM KNO3) and maximum decrease was (34.01%) was observed for dhman grass under the 

effect of T8 (50 mM KCl), in Table. 4.1. 9. From the results, it was concluded that buffle grass 

(53.97%), blue stem grass (52.88%) and gorkha grass (49.54%) gained the real maximum 

increase in seed germination calculated on percent bases, under the influence of T5(10mM 

KNO3).Table.4.1.9. The overall response of all grasses to hydro and osms priming treatments 

can be seen in fig. 4.1.a and 4.1.b for increase or decrease in their germination percentage on 

percent basis respectively. 
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Fig 4.1a: Effect of priming treatments on germination percentage of different range grasses 

 

Fig 4.1b: Percent difference over control in germination percentage by the application of seed 

priming treatments 
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4.1. 2 Plumule length 

All the seed priming treatments had significant (P < 0.05) effect on the plumule length of all the 

grasses (Table 4.1.1 to 4.1.8).The differences between  mean treatments and their respective 

control treatments showed that these differences were significant in all grasses against all seed 

priming treatments except T3, T4, T8, T9, T10 in buffle grass (Table 4.1.1).  T4, T6, T7, T8, in 

dhaman grass (Table 4.1.2), T7 blue stem grass (Table 4.1. 3) T3, T4, T5, T6, T7, T8  in gorkha 

grass in Table 4.1.4. T3, T4, T8, and T10 blue panic grass (Table 4.1.5) grass, T2, T7 lumb grass 

(Table 4.1.6), T1 and T4 fountain grass (Table 4.1.7) and T2, T5, T6, T7  in johnsen grass 

respectively. The effect of hydropriming on the plumule length of fountain and johnsen grass 

was positive while it was negative for all other grasses as hydropriming caused to decrease 

plumule length of these grasses.The mean differences between control treatment and 

hydropriming treatment were significant except dhaman, lumb and johnson grasses. Maximum 

plumule length was produced in fountain grass (1.70cm) due to hydropriming. The same 

treatment gave minimum plumule length (0.52cm). 

From these differences it became evident that lumb and johnson grasses showed positive 

response to seed priming treatments because the Plumule length of these grasses increased due to 

each seed priming treatment except T7 (10mM KCL) and T8 (50 mM KCl), in lumb grass  and T7 

(10 mM KCl) in johnsen grass respectively. Gorkha and Blue panic grass showed negative 

response to seed priming because each priming treatment decreased their Plumule length except 

T3 (10 mM CaCl2) and T4 (50 mM CaCl2) due to which their plumule length increased. But 

maximum increase (131.00%) in plumule length was gained by johnsen (Table 4.1.9). 

Statistical analysis showed that most of the osmopriming treatment  differed with hydro priming 

treatment significantly in all grasses whereas with some exceptions, these osmopriming 

treatments also differed with another significantly. (p < 0.05). 

 Maximum (3.24 cm) and minimum (0.52 cm) plumule length was observed in lumb grass 

(Aristida depressa) and blue stem (Dicanthium annulatum) grass  respectively under the effect of 

T4 (50 mM CaCl2) and T2 (HP.24 h) respectively. From these results  it was concluded that 

except johnson grass, all other grasses showed negative response to hydropriming treatment 

because due to this the plumule of the grasses decreased compared to their control treatment and 

this decrease was maximum (67.00%) in blue stem grass followed by gorkha (42.00%) and Blue 
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panic grass (36.00%). Similarly among the osmopriming treatments T3 (10 mM CaCl2) caused 

maximum (45%) reduction in dhaman grass. The overall response of all grasses to hydro and 

osms priming treatments can be seen in fig. 4.1.2a and 4.1.2b for increase or decrease in their 

plumule length on percent basis respectively. 
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Fig 4.2a: Effect of priming treatments on plumule length of different range grasses. 

 

Fig 4.2b: Percent difference over control in plumule length by the application of seed priming 

treatments 
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4.1.3 Radicle Length 

 Like plumule length, radicle length of  all grasses was significantly (P < 0.05) affected by 

seed priming treatments (Tables 4.1.1 to 4.1.8). All the priming treatments including control, 

hydro and osmopriming treatments differed with another also significantly. Whereas except 

some treatments, all the osmopriming treatment differed with another significantly in all grasses 

for their radicle length. Al most all differences between control treatment and all other individual 

treatments for radicle length were found non significant in blue stem, blue panic and johnsen 

grasses (Table 4.1.3, 4.1.5). Whereas in remaining grasses, some differences were found 

significant and some non significant at the same time in one grass (Table 4.1.1, 4.1.2 and 4.1.8). 

As revealed by table 4.1.9, buffle, gorkha and blue panic grasses showed positive response to all 

priming treatments because the radicle length of their seed increased.  

 On the basis of reduction in radicle length   dhaman grass showed negative response to all 

priming treatments except T8 (50 mM KCl) and T10 (50 mM CaSO4) due to which radicle length 

of dhaman grass increased. Maximum (4.21cm) and minimum (1.75cm) radicle length was 

recorded in johnson grass. In fountain grass maximum and minimum  radicle length was caused 

due to T10 (50mM CaSO4) and T7 (10mM KCL) respectively.But when the increase or decrease 

with respect to control treatment was computed, maximum increase (68.24%) and minimum 

(0.78) decrease was shown by johnson and buffle grass under the influence of T3 and T5 

Fig.4.1b and (Table 4.1.11 ) respectively.  On the bases of results, it can safely be concluded that 

of the grasses, blue panic grass showed positive response to hydropriming and all osmopriming 

treatments whereas gorkha showed positive response only to all osmopriming treatment but 

negative to hydropriming. Among the treatments, hydropriming increased the radicle length of 

all grasses seed except dhaman, bluestem grass. Whereas, of the osmopriming treatment, no one 

treatment was found to have either 100% positive or negative effect on the radicle length of 

grasses. The overall response of all grasses to hydro and osms priming treatments can be seen in 

fig. 4.1.3a and 4.1.3b for increase or decrease in their radical length on percent basis 

respectively. 
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Fig 4.3a: Effect of priming treatments on radicle length (cm) of different range grasses 

 

 

 

Fig 4.3b: Percent difference over control in radicle by the application of seed priming treatments 
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1.1.4 Mean Germination Time 

Like other traits of germination vigor, mean germination time taken to complete the seed 

germination of all grasses was also significantly (P < 0.05) affected by the seed priming 

treatments (table 4.1.1 to 4.1.8). Mean values of hydro priming differed with control treatments 

significantly in all grasses. 

With some exceptions, different osmopriming treatments differed with another, hydropriming 

and control treatment also significantly in all grasses. On average basis, T2 (Hydropriming) took  

maximum number of days for the germination seed.  Maximum number of days 3.94, 3.93, 3.98, 

3.47, 2.41, were taken by buffel, dhaman, blue stem, gorkha, bluepanic, and  lumb respectively. 

Under T4  complected the germination of fountain and johnson grass by taking 2.52 and 2.7 days. 

Similarly T8 also delayed the germination of gorkha grass by taking 3.08 days as maximum 

period. 

 In short, T4 (50mM CaCl2) an osmopriming treatment was found the best treatment for 

lumb grass with respect to its effect on mean germination time because it was the shortest period 

as compared with other treatments required to complete the germination of any grass. The 

differences between treatment means and control treatment were also found significant in all 

grasses except T10 in fountain grass and T6, T8 and T9 in johnsen grass. The maximum increase 

(139%) and maximum decrease in the number of days for mean germination (49%) was 

computed for blue stem and fountain grass under the influence of hydropriming and T7 (10mM 

KCL), as osmopriming treatment. From the data on mean germination time, it was concluded 

that with some exceptions, each treatment delayed the seed germination by taking more period 

(days) as compared to control treatment in all grasses. Among treatment T4 (50 mM CaCl2) was 

the best one which reduced the germination time maximum in lumb grass (Table 4.1.7) as 

compared to control treatment and this time was 49% less than of control treatment. The overall 

response of all grasses to hydro and osms priming treatments can be seen in fig. 4.1.3a and 

4.1.3b for increase or decrease in their mean germination time on percent basis respectively. 
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Fig 4.4a: Effect of priming treatments on mean germination time (days) of different range 

grasses 

 

Fig 4.4b: Percent difference over control in mean germination time by the application of seed 

priming treatments 
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Discussion 

Hydro priming  

 

Seed proming is practiced to accelerate germination process and increase germination percentage 

(Basra et al. 2002, 2003, 2004, 2005) 

Hydropriming had significant effect on all the traits of germination vigor as indicated by the 

results of study. It increased seed germination percentage of buffle gorkha, and Johnson grass, 

plumule length infountain and Johnson grass, radicle length in buffle, blue panic, lumb, johnson 

and Johnson grass and mean germination time in all grasses except fountain grass. The nature of 

effect of hydro priming on the germination traits was found different for different grasses. 

 The results of same nature were reported by some workers. Farooq et al. 2005 observed 

earlier and more uniform germination, emergence and higher radicle and plumule length in rice 

seeds hydroprimed for 48 and 36 hours. Findings of same nature based on effect of hydro 

priming were also reported by Basra et al (2002) and Afzal et al (2005, 2006) in wheat and 

Nagar et al (1998) in maize. But Bush et al. (2000) reported that hydropriming or pre soaking of 

seeds in simple water increased seed germination and decreased mean germination time of 

common carpet and centepede grasses. Similarly Pill and Necker (2001) found that hydro 

priming failed to improve germination in common Kentucky blue grass seeds. Chowdhary and 

Baset (1994) also pointed out that the effect of soaking or hydro priming caused to lower the 

germination of wheat. The level of water potential and time for hydropriming is very important 

as Hardegree and Emmerich (1992) pointed out that optimum germination generally occurred in 

treatments primed at high water potential for the shortest period whereas germination of seeds 

primed at lower water potential for longer period exhibited a negative response compared to 

control in Bouteloua curtipendula (Michx) Torr., Cenchrus ciliaris L., Eragrostis lehmanniana 

Nees, and Panicum coloratum L. grasses. During 1996, Hardegree found that most rapid 

germination of hydroprimed seed was obtained at priming temperatures considered optimum for 

germination of untreated seed. Moreover optimal conditions were found to be at water potentials 

equal or less negative than the thresh hold water potential for radicle length seeds of blue bunch 

wheat grass, thickspike wheat grass, sandberg blue grass and bottle bush squirrel tail grass. 

In an experiment conducted by Farooq et al (2007), hydro priming gave more FEP (Field 

Emergence Percentage), seedling fresh and dry weight but less root and shoot as compared to 
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control (untreated) treatment in rice seed. Similarly Siebert and Richardson (2002) recorded 

more percent cover of bermuda grass seed due to hydro priming seed treatment as compared to 

control treatment. Hydropriming seed treatment was also found useful for physiological 

enhancement for alleviation of salt stress in wheat as reported by Afzal et al. (2006) that of all 

the seed pretreatments halopriming followed by hydropriming was the most effective in 

alleviating the most adverse effect of salinity by improving germination and seedling growth of 

wheat. In Pakistan, wheat is sown after the harvesting of rice where germination becomes erratic 

and poor crop establishment is commonly experienced. 

Keeping this situation in view, Farooq et al (2008) made a successful attempt to improve 

seed germination and crop establishment through hydropriming and other seed priming 

techniques. Dezfuli et al (2008) recorded less radicle length, mean germination time and seedling 

dry weight as compared to control treatment in seed germination of maize under the influence of 

hydropriming for 24 hours. This parameter increased when the duration of hydropriming 

decreased to 12 hours. 

From the above discussion, it can safely be concluded that hydro priming is over all a 

useful technique for the enhancement of seed germination vigor, which increased the 

germination vigor of most of the grasses under trial.  

Osmopriming 

 Results showed that osmopriming treatments had significant affect on the germination 

vigor of all grasses. The study also revealed that the response of each grass to each osmopriming 

treatment was not similar.  

 Each osmopriming treatment Except T8 (50mM KCL, in gorkha grass) caused to increase 

the germination percentage of buffle, blue stem, gorkha, blue panic and johnson grass (Table 4. 

1, 4.3, 4. 4) and  plumule length of lumb, fountain  and Johson grass, except T8 in lumb,T10 in 

fountain and T7 in johnson grass (Table 4.1.5, 4.1.7,4.1.8). The effect of each osmopriming 

treatment on the radicle length of grasses was not similar in each grass. Each treatment increased 

the radicle length of gorkha, blue panic and johnson grass (Except T6 and T7) 

respectively.(Table 4.4, 4.5, 4.8), under the influence of each treatment  except T10 in dhaman 

and gorkha grass. The delayed germination was observed in buffle, dhaman, blue stem, gorkha, 

blue panic and fountain grass (Table 4.1.1, 4. 1.2, 4.1.3, 4.1.4, 4.1.5, 4.1.6, 4.1.7,4.1.8). Similarly 

with few exceptions, each osmopriming treatment decreased seed germination percentage of blue 
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panic, lumb and fountain grass (Table 4.5, 4.6, 4. 7) plumule length of dhaman, blue stem, 

gorkha and blue panic grass (Table 4.2, 4.3, 4.4, 4. 5), radicle length of dhaman, blue stem, lumb 

and fountain grass (Table 4.6, 4.7). It was concluded that buffle and Johnson grass under the 

influence of osmopriming treatments exhibited delayed germination percentage whereas the 

earlier germination was given observed in lumb and johnson grasses. The results support the 

findings of some workers (Seibert and Richardson 2002; Mauriocale and cavallaro 1996; Bush et 

al 2000; Young et al.1976; Qian et al.2006, Kadar and Jutzi 2003; Afzal et al 2006; Perveen et al 

2008, and Farooq et al, 2007,2008).Osmopriming is well established practice used to enhance 

germination of field and row crops, but relatively few studies have applied this technique to turf 

grasses(Siebert and Richard son,2002). 

Some workers demonstrated that osmotic solution of KNO3 enhance the germination of cool 

season grass (tall fescue) and warm season grass(Mauromicale and Cavallaro,1996) Where as 

Bush et al. (2000) working on the warm season grasses(carpet and centipede grass) found that 

priming seed with KNO3 had a very positive effect on days to rate  and percentage germination. 

Young et al (1976) observed enhanced germination of common Bermuda grass by using KNO3 

solutions. Qian et al. (2006) also expressed   that KNO3 increased germination of salt grass from 

3 to 13%.  

Effect of CaCl2 as an osmopriming agent on rice was studied by Farooq et al.(2007) and 

it was reported that osmopriming with CaCl2 resulted in the best performance followed with 

KCL.The effect of CaCl2 was pointed out by Afzal et al (2006), Farooq et al (2008) in rice, and  

Perveen et al.(2008) in barlay. 

Farooq et al (2008) in another experiment on wheat reported that osmoprimning with 

CaCl2 gave more grain and straw yield and harvest index compared with control and other 

priming treatments followed by osmopriming with KCl. 

Kader and Jutzi (2003) observed the effect of KCL on the seed germination of sorghum seed and 

reported that an application of 4.5% KCL solution for 3 days did not improve root and shoot 

growth but did improve germination rate. 

  Seed dormancy also account for delayed germination vigor. The over reaching goal of 

crop establishment is to achieve rapid and uniform germination followed by rapid and uniform 

seedling emergence. Seeds are particularly vulnerable to stresses between sowing and seedling 

establishment. Low seed germination of some grasses due to prolonged seed dormancy 
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especially in buffle grass (Cenchrus Ciliaris L.) was reported by Gyasi, Agyei et al (2005) and 

pointed out that inherent seed dormancy is the major reason of delayed development of good 

grass cover and its productivity with in short time.They observed a protracted seed dormancy in 

buffle grass seeds for one year or more. According to Hacker (1989), seed dormancy in buffle 

grass prolonged till spring and the germination on individual caryopsis basis did not exceed 15% 

until summer.  

 The seed of the grass is usually direct sown in the field where it remains dormant for a 

considerable period of time before reaching maturity. According to Butler (1985) that dormancy 

mechanism lies with in the caryopsis rather than the associated structure of fascicle. But Hacker 

and Ratcliff (1989) stated that dormancy in buffle grass is partly caused by the fascicle, and an 

induced dormancy may also exit in winter. The same fact was also supported by Silcock and 

Smith (1990) who reported that 50% of the sown seed died in the field. Some workers also 

pointed out that presence of anthocyamins, phenolics in the seed coat and thick glumes inhibit 

seed germination (Bhattarai et al. 2008). Seed dormancy is considered a challenge for 

revegetation with buffle grass in an arid zone (Rajora et al., 2002). It is therefore, to control or 

minimize seed dormancy in grasses is needed. Scarification, removal of glumes and provision of 

smoke and heat was reported to improve the seed germination by reducing dormancy. (Seiler, 

1998; Sharif Zadeh and Murdoch, 2001; Silcock and Smith, 1990; Thompson and Wildermuth 

1989; Clarke and French, 2005; Muchammod and Amusa, 2003 and Aliero, 2004). But these 

techniques are inconvenient which produce inconsistent results (Bhattarai et al. 2008). For 

promoting seed germination, hull removal was also suggested by Jenson and Boe (1999). 

 Some indications of secondary seed dormancy in grasses were also pointed out by 

Ganzalez – Castaneda et al., 2004, Hacker and Ratcliff (1989) due to which a large number of 

seeds were rotted in moist soil having non permissive temperature in the field during winter. This 

resulted in poor renewal of seedlings. 

Not only low temperature, but high temperature and low soil moisture also affects seed 

dormancy and seed germination (Arnon, 1989).The same fact was reported by Evanari, (1962) 

that the seeds of many species that grow in regions with hot dry seasons are not able to germinate 

at high temperature and they are there by protected from destruction. 

In view of the earlier studies, it was concluded that too low or too high, both extremes of 

temperature are detrimental for seed germination and reduce plant growth except specific 
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optimums temperature for specific crop (Hardegree, 1998; Hardegree and Vactor, 1998; 

Hardegree and Vactor, 2000, Hardegree et al 2003, Arnon, 1989, Evnari, 1962) 

So for inhencing germination vigor, all factors which limit seed germination vigor should be give 

due consideration and further research on different range grasses should be carried out in 

different climate and soil conditions.  

 



48 
 

 

Table: 4.1.1. Effect of seed priming treatments on the germination vigor of Cenchrus ciliaris L. (Buffel grass) 

Treatments  
No 

Treatments  Germination 
% 

Difference 
from 
control  

Plumule 
length 
(cm) 

Difference 
from 
control 

Radicle 
length 
(cm) 

Difference 
from 
control 

Mean 
germination 
time (days) 

Difference 
from 
control  

1 Control 
 

41.13   j 0.00 1.61 a 0.00 3.83     
cde 

0.00 1.91      e 0.00 

2 HP (24 hr) 
 

42.11   i +0.98** 1.40        
bc 

-0.21* 3.96        
b 

+0.13* 3.94      a +2.03** 

3 10mM 
CaCl2 

48.11  h +6.98** 1.70       a +0.09 3.93        
bc 

+0.10 2.06       e +0.15* 

4 50mM 
CaCl2 

48.44  d +7.31** 1.75        a +0.14 3.88      
bcd 

+0.05 3.32       b +1.41** 

5 10mM 
KNO3  

63.33    a +22.20** 1.28        
cd 

-0.33** 3.80       
de 

-0.03 2.99        c +1.08** 

6 50mM 
KNO3  

58.78     b +17.65** 1.25         
cd 

-0.36** 4.15        
a 

+0.32** 3.35        b +1.44** 

7 10mM   
KCl 

45.67      e +4.54** 1.14         
d 

-0.47** 3.77        
e 

-0.06 3.31        b +1.40** 

8 50mM  
KCl 

44.44        f +3.31** 1.63      a +0.02 3.94        
b 

+0.11* 2.49        d +0.58** 

9 10mM 
CaSO4 

45.33        g +4.20** 1.58      ab -0.03 3.98         
b 

+0.15** 2.52        d +0.61** 

10 50mM 
CaSO4 

45.78        e +4.45** 1.69      a +0.08 4.21         
a 

+0.38** 2.49        d +0.58** 

LSD Value at 0.01 
                       0.05 

0.11 
0.07 

0.25 
0.18 

0.15 
0.11 

0.22 
0.16 

 
 Significant at 5% level of probability 
 Significant at 1% level of probability 
Note: - means sharing common letter do not differ significantly at 5% probability level 
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Table: 4.1.2. Effect of seed priming treatments on the germination vigor of Cenchrus setigerus Vahal (Dhaman grass)  

 Significant at 5% level of probability 
 Significant at 1% level of probability 
Note: - means sharing common letter do not differ significantly at 5% probability level  

Treatments  
No 

Treatments  Germination 
% 

Difference 
from 
control  

Plumule 
length 
(cm) 

Difference 
from 
control 

Radicle 
length 
(cm) 

Difference 
from 
control 

Mean 
germination 
time (days) 

Difference 
from 
control  

1 Control 
 

55.47       e 0.00 1.37     c 0.00 3.82     c 0.00 1.66       e  0.00 

2 HP (24 hr) 
 

55.40       e -0.07 1.36     c -0.01 3.64     d -0.18** 3.93       a +2.27* 

3 10mM 
CaCl2 

56.11      d +0.64** 0.75      f -0.62** 3.08      e -0.74** 3.45       b +1.79** 

4 50mM 
CaCl2 

56.89      c +1.42** 1.29     cd -0.08 3.75      c  -0.07 2.10        d +0.44** 

5 10mM 
KNO3  

54.70      f -0.77** 0.77     f  -0.60** 3.07      e -0.75** 1.98        d +0.32* 

6 50mM 
KNO3  

54.67      f -0.80** 1.54     b +0.17 3.74      c -0.08 2.06        d +0.40** 

7 10mM   
KCl 

44.67      g -10.80** 1.28      cd -0.09 3.80       c -0.02 2.00         d +0.34** 

8 50mM  
KCl 

36.60      h -18.87** 1.18      de -0.19 4.02      a +0.2** 2.64          c +0.98** 

9 10mM 
CaSO4 

75.60       a +20.13** 1.14       e -0.23* 3.77        
c 

-0.05 2.08          d +0.42** 

10 50mM 
CaSO4 

72.67      b +17.20** 1.63       a 0.26* 3.95        
b 

+0.13** 1.32          f -0.34** 

LSD Value at 0.01 
                       0.05 

0.33 
0.24 

0.30 
0.23 

0.13 
0.09 

0.34 
0.25 
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Table: 4.1.3. Effect of seed priming treatments on the germination vigor of Dicannthium annulatum Stapf (Blue stem 

grass) 

Treatments  
No 

Treatments  Germination 
% 

Difference 
from 
control  

Plumule 
length 
(cm) 

Different 
from 
control 

Radiclelength 
(cm) 

Difference 
from 
control 

Mean 
germination 
time (days) 

Difference 
from 
control  

1 Control 
 

42.00       g 0.00 1.59      
ab 

0.00 2.65       bc 0.00 1.66      d 0.00 

2 HP (24 hr) 
 

41.44       h -0.56** 0.52       
e 

-1.07** 2.52        bc -0.13 3.98       a +2.32** 

3 10mM 
CaCl2 

49.00       c +7.00** 0.96       
d 

-0.63** 2.32         a +0.67** 3.45        b +1.79** 

4 50mM 
CaCl2 

48.91        c +6.91** 1.31       
bc 

-0.28* 2.75         bc +0.10 2.11         c +0.45** 

5 10mM 
KNO3  

64.21        a +22.21** 1.32        
bc 

-0.27* 2.59        bc -0.06 1.99         c +0.33** 

6 50mM 
KNO3  

59.31         b +17.31** 1.17        
cd 

-0.42** 2.42        bc  -0.23 2.07         c +0.41** 

7 10mM   
KCl 

46.01          d +4.01** 1.38        
bc 

-0.21 2.77         b +0.12 2.01         c +0.35** 

8 50mM  
KCl 

45.13          f +3.13** 0.52        
e 

-1.07** 2.36         c -0.29 3.94        a +2.28** 

9 10mM 
CaSO4 

44.92          f +2.92** 1.25         
cd 

-0.34* 2.61        bc -0.04 2.09        c +0.43** 

10 50mM 
CaSO4 

45.67          e +3.67** 1.82          
a 

+0.23* 2.41         bc -0.24 1.34        e -0.32* 

LSD Value at 0.01 
                       0.05 

0.41 
0.30 

0.30 
0.23 

0.55 
0.39 

0.33 
0.24 

 Significant at 5% level of probability 
 Significant at 1% level of probability 
Note: - means sharing common letter do not differ significantly at 5% probability level 
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Table: 4.1.4. Effect of seed priming treatments on the germination vigor of Elionurus hirsutus (Gorkha grass) 

Treatments  
No 

Treatments  Germination 
% 

Difference 
from 
control  

Plumule 
length 
(cm) 

Different 
from 
control 

Radiclelength 
(cm) 

Difference 
from 
control 

Mean 
germination 
time (days) 

Difference 
from 
control  

1 Control 
 

37.00         g 0.00 1.73      
ab 

0.00 3.25       d 0.00 1.87       f 0.00 

2 HP (24 hr) 
 

46.67         d +9.67** 0.99       
e 

-0.74** 2.43        e -0.82** 2.52       bc +0.65** 

3 10mM 
CaCl2 

55.33         b +18.33** 1.89       
a 

+0.16 3.83       bc +0.58** 2.02        e +0.15* 

4 50mM 
CaCl2 

55.12         b +18.12** 1.90       
a 

+0.17 3.96      abc +0.71** 2.08        e +0.21** 

5 10mM 
KNO3  

46.67         d +9.67** 1.76       
ab 

+0.03 3.93     abc +0.68** 2.24         d +0.37** 

6 50mM 
KNO3  

46.75          d +9.75** 1.56       
bc 

-0.17 3.88      bc +0.63** 2.49         c +0.62** 

7 10mM   
KCl 

45.33           c +8.33** 1.41       
cd 

-0.32** 3.72       c +0.47** 2.64         b +0.77** 

8 50mM  
KCl 

36.00         f +1** 1.27         
d 

-0.46** 3.90      bc +0.65** 3.08         a +1.21** 

9 10mM 
CaSO4 

50.33         a +13.33** 1.58       
bc 

-0.15 3.98      ab +0.73** 2.52        bc +0.65** 

10 50mM 
CaSO4 

49.67           c +12.67** 1.59       
bc 

-0.14 4.15      a +0.90** 2.60         
bc 

+0.73** 

LSD Value at 0.01 
                       0.05 

0.57            
0.42 

0.30 
0.22 
 

0.33 
0.24 

0.19 
0.14 

 
 Significant at 5% level of probability 
 Significant at 1% level of probability 
Note: - means sharing common letter do not differ significantly at 5% probability level 
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Table: 4.1.5. Effect of seed priming treatments on the germination vigor of Panicum antidotal Retz. (Blue panic 

grass) 

Treatments  
No 

Treatments  Germination 
% 

Difference 
from 
control  

Plumule 
length 
(cm) 

Difference 
from 
control 

Radiclelength 
(cm) 

Difference 
from 
control 

Mean 
germination 
time (days) 

Difference 
from 
control  

1 Control 
 

55.21       d 0.00 1.85      
ab 

0.00 3.81     a 0.00 2.06       d 0.00 

2 HP (24 hr) 
 

54.00        e -1.21** 1.18       
d 

-0.67** 4.08      a +0.27 3.47        a +1.41** 

3 10mM 
CaCl2 

56.85        c +1.64** 2.07        
b 

+0.22 3.91       a +0.10 1.97        d -0.09 

4 50mM 
CaCl2 

54.01         e -1.20** 2.08        
a 

+0.23 3.92       a +0.11 1.88         d -0.18 

5 10mM 
KNO3  

54.00         e -1.21** 1.38        
cd 

-0.47** 3.83      a +0.02 2.82         
bc 

+0.76** 

6 50mM 
KNO3  

55.01          d -0.20 1.18         
d 

-0.67** 3.95       a +0.14 3.33         a +1.27** 

7 10mM   
KCl 

44.95           f -10.26** 1.24         
d 

-0.61** 3.95       a +0.14 3.21         
ab 

+1.15** 

8 50mM  
KCl 

45.10           f -10.11** 1.58        
bc 

-0.27 3.90        a +0.09 2.58         c +0.52* 

9 10mM 
CaSO4 

77.67           
a 

+22.46** 1.48      
bcd 

-0.37* 3.98       a +0.17 2.71        c +0.65** 

10 50mM 
CaSO4 

72.00            
b 

+16.79** 1.62      
bc 

-0.23 4.14       a +0.33 2.55        c +0.49* 

LSD Value at 0.01 
                       0.05 

0.47 
0.35 

0.45 
0.33 

1.46 
1.07 

0.54 
0.39 

 
 Significant at 5% level of probability 
 Significant at 1% level of probability 
Note: - means sharing common letter do not differ significantly at 5% probability level 
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Table: 4.1.6. Effect of seed priming treatments on the germination vigor of Aristida depressa (lumb grass) 

Treatments  
No 

Treatments  Germination 
% 

Difference 
from 
control  

Plumule 
length 
(cm) 

Different 
from 
control 

Radiclelength 
(cm) 

Difference 
from 
control 

Mean 
germination 
time (days) 

Difference 
from 
control  

1 Control 
 

45.33        d 0.00 1.85       
d 

0.00 3.72      b 0.00 2.01     c 0.00 

2 HP (24 hr) 
 

45.23         d -0.10 1.65       
d 

-0.20 3.98       a +0.26* 2.41       a +0.40** 

3 10mM 
CaCl2 

41.33          e -4.00** 2.31         
c 

+0.46** 3.56      bc -0.16 1.55        d -0.46** 

4 50mM 
CaCl2 

36.00          h -9.33** 3.24         
a 

+1.39** 3.62       bc -0.10 1.12          e -0.89** 

5 10mM 
KNO3  

45.32          d -0.01 2.26        
c 

+0.41** 3.60         bc -0.12 1.60          d -0.41** 

6 50mM 
KNO3  

54.67           c +9.34** 2.18        
c 

+0.33** 3.63        bc -0.09 1.67           
d 

-0.34** 

7 10mM   
KCl 

40.00          f -5.33** 1.73        
d 

-0.12 3.48        c -0.24* 2.07          b +0.06 

8 50mM  
KCl 

36.67           g -8.66** 1.40        
e 

-0.45** 3.95         a +0.23* 2 .26       ab +0.25* 

9 10mM 
CaSO4 

57.62          a +12.29** 2.80        
b 

+0.95** 3.66        bc -0.06 1.31         e -0.70** 

10 50mM 
CaSO4 

55.42         b +7.09** 2.22         
c 

+0.37** 3.50         c  -0.22* 1.58          d -0.43** 

LSD Value at 0.01 
                       0.05 

0.36 
0.26 

0.32 
0.23 

0.27 
0.19 

0.27 
0.20 

 
Significant at 5% level of probability 
 Significant at 1% level of probability 
Note: - means sharing common letter do not differ significantly at 5% probability level  
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Table: 4.1.7. Effect of seed priming treatments on the germination vigor of Penisetum oriental  

Treatments  
No 

Treatments  Germination 
% 

Difference 
from 
control  

Plumule 
length 
(cm) 

Different 
from 
control 

Radiclelength 
(cm) 

Difference 
from 
control 

Mean 
germination 
time (days) 

Difference 
from 
control  

1 Control 
 

45.33    d 0.00 1.58     h 0.00 3.98    b 0.00 2.51    a 0.00 

2 HP (24 hr) 
 

44.40     e -0.93* 1.70     g +0.12** 4.21   a +0.23** 2.49   a -0.02 

3 10mM 
CaCl2 

47.00     c +1.67** 1.79      f +0.21** 3.58    cd -0.40** 1.86    b -0.65** 

4 50mM 
CaCl2 

33.33     h -12.00** 1.62      h +0.04 3.95    b -0.03 2.52   a +0.01 

5 10mM 
KNO3  

44.40     e -0.93** 2.57      b +0.99** 3.68     c -0.30** 1.46     de -1.05** 

6 50mM 
KNO3  

44.67      e -0.66** 2.15     d +0.57** 3.53    d -0.45** 1.59    cd -0.92** 

7 10mM   
KCl 

40.00     f -5.33** 2.89   a +1.31** 3.63     cd -0.35** 1.26     e -1.25** 

8 50mM  
KCl 

34.67    g -10.66** 2.32     c +0.74** 3.93   b -0.05 1.69     bc -0.82** 

9 10mM 
CaSO4 

54.00     b +8.67** 1.85     e +0.27** 2.93   f -1.05** 1.87     b -0.64** 

10 50mM 
CaSO4 

54.68       a +9.35** 1.28     i -0.30** 3.16    e -0.82** 2.34    a -0.17 

LSD Value at 0.01 
                       0.05 

0.38 
0.28 

0.07 
0.05 

0.16 
0.12 

0.28 
0.21 

 
 Significant at 5% level of probability 
 Significant at 1% level of probability 
Note: - means sharing common letter do not differ significantly at 5% probability level 
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Table: 4.1.8. Effect of seed priming treatments on the germination vigor of Sorghum helpense  

Treatments  
No 

Treatments  Germination 
% 

Difference 
from 
control  

Plumule 
length 
(cm) 

Different 
from 
control 

Radiclelength 
(cm) 

Difference 
from 
control 

Mean 
germination 
time (days) 

Difference 
from 
control  

1 Control 
 

46.40    f 0.00 1.03     f 0.00 2.11      cd 0.00 1.57    d 0.00 

2 HP (24 hr) 
 

47.00    e +0.60** 1.21   def +0.18 2.23     c +0.12 1.77    c +0.20** 

3 10mM 
CaCl2 

43.33    h -3.07** 2.11    b +1.08** 3.55      ab +1.44** 2.09   b +0.52** 

4 50mM 
CaCl2 

39.00    j -7.40** 2.38    a +1.35** 3.64   a +1.53** 2.27    a +0.70** 

5 10mM 
KNO3  

48.33     d +1.93** 1.21   def +0.18 2.14    cd +0.03 2.03    b +0.46** 

6 50mM 
KNO3  

56.67    c +10.27** 1.13   ef +0.10 1.76   d -0.35 1.56    d -0.01 

7 10mM   
KCl 

42.00      I   -4.40** 0.98   f -0.05 1.75    d -0.36 1.78    c +0.21** 

8 50mM  
KCl 

44.67    g -1.73** 1.44     
cd 

+0.41** 2.50   bc +0.39* 1.58    d +0.01 

9 10mM 
CaSO4 

68.67     b +22.27** 1.46     c +0.43** 2.35     c   +0.24 1.62     d +0.05 

10 50mM 
CaSO4 

69.67     a +23.27** 1.32     
cde 

+0.29* 2.38    c +0.27 1.81      c +0.24** 

LSD Value at 0.01 
                       0.05 

0.53 
0.39 

0.33 
0.24 

0.59 
0.43 

0.18 
0.13 

 
Significant at 5% level of probability 
 Significant at 1% level of probability 
Note: - means sharing common letter do not differ significantly at 5% probability level  
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Table 4.1.9: Nature and extent of the effect of seed priming treatments on the germination (%) of Range grasses on percent 
bases   
 
Treatment No Seed Priming 

Treatments 
Range Grasses 

1 2 3 4 5 6 7 8 
1 Control 

 
 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

2 HP (24 hr) 
 

2.38 -0.12 -1.33 26.13 -2.19 -0.22 -2.05 1.29 

3 10mM CaCl2 16.97 +1.15 16.66 49.54 2.97 -8.82 3.68 -6.61 

4 50mM CaCl2 17.7 +2.55 16.45 48.97 -2.17 -20.58 -26.47 -15.96 

5 10mM KNO3  53.97 -1.38 52.88 49.54 -2.19 0.02 -2.05 4.15 

6 50mM KNO3  42.97 +1.44 41.21 26.35 -0.36 20.60 -1.45 22.13 

7 10mM  KCl 11.03 -0.19 9.54 22.51 -18.58 -11.75 -11.75 -9.48 

8 50mM KCl 8.04 -34.01 7.45 -2.70 -18.31 -17.10 -23.51 -3.72 

9 10mM CaSO4 10.21 +36.28 6.95 36.02 40.68 27.12 9.12 47.99 

10 50mM CaSO4 10.81 +31.00 8.73 34.24 30.41 22.25 45.12 50.15 

Range grasses: 1. Buffle grass 2. Dhaman grass 3. Blue stem grass 4. Gorkha grass 5. Blue panic grass. 6. Lumb grass 7. Foutain grass 
.Johnson grass  

- = % decrease w. r.t.control treatment  
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Table 4.1.10: Nature and extent of the effect of seed priming treatments on the Plumule length (cm) of Range grasses on 
percent bases 
 
Treatment No Seed Priming 

Treatments 
Range Grasses 

1 2 3 4 5 6 7 8 
1 Control 

 
 0.00   0.00   0.00  0.00  0.00  0.00  0.00   0.00 

2 HP (24 hr) 
 

  -13 - 0.72 -  67  -42  -36 - 10   +7.5  +17.47 

3 10mM CaCl2   +5.6  -45   -39  +9.24  +11.60  +24   +13.2  +104.00 

4 50mM CaCl2   +8.6  -5.8   -17.61 + 9.8  +12   +75   +2.5  +131.00 

5 10mM KNO3   -20  -43   -16.9  +1.7  -25   +22 + 62  +17.47 

6 50mM KNO3   -22  +12.4   -26.4  -9.8  -36   +17  +36   +9.70 

7 10mM  KCl  -29   -6.5   -13.20  -18.4  -32  +6.4  +82 -  4.85 

8 50mM KCl  +1.24  -13.8   -67  -26.5  -14.5  +24  +46.1   +39.80 

9 10mM CaSO4 -1.86  -16.7   -21.30  -8.6  -20  +51   +17   +41.74 

10 50mM CaSO4  +4.96  +18.9   +14.4  -8  -12  +20   -18  + 28.15 
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Table-4.1.11: Nature and extent of the effect of seed priming treatments on the radicle (cm) of Range grasses on percent bases  
 
Treatment No Seed Priming 

Treatments 
Range Grasses 

1 2 3 4 5 6 7 8 

1 Control 
 

 0.00  0.00  0.00  0.00  0.00  0.00 0.00 0.00 

2 HP (24 hr) 
 

 +3.3  -4.7  -4.90 - 25  +7  +6.9 +5.7 +5.68 

3 10mM CaCl2  +2.6  -19.3  -25.20  +17.4  +2.6  +4.3  -10 +68.24 

4 50mM CaCl2  +1.30  -1.83  +3.77 + 21 + 2.8  +2.6  -0.75 +72.51 

5 10mM KNO3   -0.78  -19.6 - 2.25  +20 + 0.52  +3.2  -0.75 +1.42 

6 50mM KNO3   +8.3  -2.00 - 8.67  +19.3 + 3.67  +2.4  -11.3 +16.58 

7 10mM  KCl  -1.56  -0.52  +4.52  +14.4  +3.67  +6.4  -8.7 +17.06 

8 50mM KCl   +2.87  +8.53  -10.9  +20  +2.31 + 6.1  -1.2 +18.48 

9 10mM CaSO4   +3.91  -1.30  -1.50  +22  +4.4  -1.6  -26 +11.37 

10 50mM CaSO4   +9.9  +3.40  -9  +27  +8.6  -5.9  -20 +12.79 
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Table- 4.1.12: Nature and extent of the effect of seed priming treatments on the Mean germination time (days) of Range 
grasses on percent bases  
 
Treatment No Seed Priming 

Treatments 
Range Grasses 

1 2 3 4 5 6 7 8 

1 Control 
 

0.00 0.00 0.00 0.000 0.00 0.00 0.00 0.00 

2 HP (24 hr) 
 

+106  +136  +139 _+34  +68  +19  -0.79  +12.73 

3 10mM CaCl2  +7.8  +107  +107  +8.0  -4.3  -22  -25  +33.12 

4 50mM CaCl2  +74  +26.50  +27  +11  -8.7  -44  +0.39  +44.50 

5 10mM KNO3  + 56.5  +19.27  +19  +19  +36  -20  -41  +29.29 

6 50mM KNO3   +75  +24  +24  +33  +61  -16 + 36  -0.63 

7 10mM KCl  +73  +20  +21.0  +41  +55  +2.9  -49  +13.37 

8 50mM KCl  +30  +59  +137  +64  +25  +12.4  -32  +0.63 

9 10mM CaSO4 + 31  +25.3  +25  +34  +31  -34  -25  +3.18 

10 50mM CaSO4  +30  -20  -19.2  +39  +23 - 21  -6.7 + 15.2 
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4.2 Field experiment 

Results showing the significant effects of interactions among variables on different 

characteristics of grasses are presented and discussed as under 

4.2.1 Plant Height  

 Analysis of variance given in table 4.2.1.1 showed a highly significant (P< 0.01) effect on 

plant height due to all variables and their respective interactions  except the interactions (grasses 

× fertilizers) and (grasses × fertilizers × growth stages). 

 The significant effect of interaction between fertilizers and growth stages for plant height 

was revealed by table 4.2.1.2. From the table it became evident that the plant height increased 

under the influence of each fertilizer with the advancement of the growth stage. Each fertilizer 

affected the plant height at different growth stages significantly whereas the effect of each 

fertilizer on plant height under a specific growth stage was also significant except maturity stage. 

At blooming and seed maturity stage separately, the difference in the plant height due to urea and 

NH4 NO3 was found non significant. The plant height as compared to control treatment 

(unfertilized), increased at each growth stage. It is therefore each source of nutrient gave 

maximum plant height at maturity stage and the  maximum (77.42 cm) plant height was observed 

at seed maturity stage under the influence of FYM under which each grass increased as the age 

of plant increased. This increase was also found significant under the effect of each source of 

nutrients   (Table 4.2.1.2). Johnson grass attained maximum (132.33 cm) plant height at maturity 

stage while dhaman grass gave the minimum (21.56 cm) plant height at an early stage of 

growth.The increase in plant height due to increasing growth stage was statistically significant 

(Table. 4. 2. 1. 3) 
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Table: 4.2. 1.1 A N A L Y S I S   O F   V A R I A N C E FOR PLANT HEIGHT 

-------------------------------------------------------------------------------------------------------------------- 

  Sov         df     SS        MS            F-value  Prob Value 

-------------------------------------------------------------------------------------------------------------------- 

Replication        2         13.959          6.979       2.9426    0.0576 

Grasses           3     147136.578      49045.526   20678.1162    0.0000 

Growth stages          2      28982.662      14491.331    6109.6996    0.0000 

GrassesxG.stages           6      20791.484       3465.247    1460.9852    0.0000 

Fertilizers           3        119.354         39.785      16.7736    0.0000 

GrassesxFertilizers         9         3.966          0.441       0.1858 

G.stagesx Fertilizers      6        124.687         20.781       8.7615    0.0000 

Grassesx G. stages 18         37.422          2.079       0.8765 

x Fertilizers              

Error             94        222.955          2.372 

-------------------------------------------------------------------------------------------------------------------- 

  Total            143    197433.065 

-------------------------------------------------------------------------------------------------------------------- 

CV= 2.55% 

 
     
 
       Table: 4.2.1.2. Effect of interaction (fertilizer x growth stages) plant height (cm) of grasses 

Fertilizer 
 

Seedling stage Blooming stage Seed Maturity 
stage 

Control 
 

40.61g 65.79 e 71.66 c 

Ammonium nitrate 
 

41.31 f 66.05 e 73.00 b  

Urea 
 

40.61 g 66.22 e 73.66 b 

FYM 
 

40.62 g 67.52 d 77.42 a 

           LSD  0.05 = 0.67 
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Table: 4.2.1.3  Effect of interaction (grasses x growth stages) plant height (cm) of grasses 
Grasses 
 

Seedling stage Blooming stage Seed Maturity 
stage 

Buffel 
grass 
 

23.96 j 33.41 i 37.58 h 

Dhaman 
grass 
 

21.26 k 33.75 i  42.16 g 

Blue panic 
grass 
 

56.08 f 63.80 d 83.66 c 

Johansen 
grass 
 

61.84 e 134.63 a 132.33 b 

 LSD  0.05 = 0.67 
 

 

4.2.2 Fresh Plant Weight (g) 

Fresh plant weight was significantly (P< 0.05) affected by all variables including grasses, 

fertilizers (source of nutrients), growth stages and their mutual  interactions had significant effect 

on the fresh plant weight as shown by Table 4.2.2.1. 

As far as the influence of interaction between treatments (sources of nutrients) and  grasses is 

concerned, each treatment affected all grasses significantly.  The mutual mean difference of 

grasses  differed with each other significantly. Ammonium nitrate (NH4 NO3) and urea ( NH2)2 

CO) increased the fresh plant weight buffle and dhaman grass non significantly as compared to 

control treatment except of blue panic and johnson grass where the increase was significant. 

Farm yard manure (FYM) gave more plant fresh weight than NH4 NO3, but this increase was 

significant for blue panic and dhaman grass. Each grass gave the minimum fresh plant weight 

with out application of any fertilizer and maximum under the effect of FYM. It was 4.49, 3.84, 

42.92 and 62.87 g obtained from buffle, dhaman, blue panic and Johson grass respectively (Table 

4.2.2.2). 
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Table: 4.2.2.1 A N A L Y S I S   O F   V A R I A N C E   FOR FRESH PLANT WEIGHT 

-------------------------------------------------------------------------------------------------------------------- 

  Sov         df     SS        MS            F-value  Prob Value 

-------------------------------------------------------------------------------------------------------------------- 

Replication        2         19.46  9.73  2.84  0.0633 

Grasses           3      7144.36  23813.45 6958.41 0.0000 

Growth stages          2      15352.08  7676.04 2242.97 0.0000 

GrassesxG.stages           6       136314.85 2719.14 794.54  0.0000 

Fertilizers           3        736.08  245.36  71.69  0.0000 

GrassesxFertilizers         9         598.10                 66.45               19.41  0.0000 

G.stagesx Fertilizers        6        391.33  66.22  19.35   

Grassesx G. stages 18         543.58  30.19  8.82 

x Fertilizers                  

Error             94        321.69  3.42 

-------------------------------------------------------------------------------------------------------------------- 

  Total            143     105723.56 

-------------------------------------------------------------------------------------------------------------------- 

CV= 7.46% 

 
Table 4.2.2.2 Effect of  interaction (fertilizer x grasses) on fresh plant weight (g) of the 

grasses 
Fertilizer 

 
Buffel grass Dhaman grass Blue panic 

grass 
Johansen grass 

Control 
 

2.84 
kl 

2.61 l 37.12 
g 

50.53 d 

Ammonium nitrate 3.09 
jkl 

3.00 jkl 33.06 
h 

51.86 c 

Urea 3.49 
jk 

3.09 jkl 39.14 
f 

52.92 b 

FYM 
 

4.49 i 3.84 ij 42.92 
e 

62.87 a 

LSD  0.05 = 0.84 
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 Table: 4.2.2.3 Effect of  interaction (fertilizer x growth stages) on fresh plant weight (g) 

of the grasses 
 

Fertilizer 
 

Seedling stage Blooming stage Seed Maturity 
stage 

Control 
 

9.99 f 29.56 d 30.26 d 

Ammonium 
nitrate 

10.18 f 26.66 e 31.41 c 

Urea 10.27 f 31.30 c 32.42 b 
FYM 
 

10.49 f 37.52 a 37.58 a 

   LSD  0.05 = 0.73 
 

 
Table: 4.2.2.4  Effect of  interaction (growth stages x grasses) on fresh plant weight (g) of 
the grasses 

 
Grasses 
 

Seedling stage Blooming stage Seed Maturity 
stage 

Buffel 
grass 
 

2.30 i 4.48g 3.66 h 

Dhaman 
grass 
 

2.43 i 3.40 h 3.58 h 

Blue 
panic 
grass 
 

11.18 f 42.07 d 60.92 c 

Johansen 
grass 
 

25.02 e 75.11 a 63.50 b 

                     LSD  0.05 = 0.73
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Table: 4. 2.2.5 Effect of  interaction (fertilizer x grasses x growth stages) on fresh plant weight (g) of the grasses 
 

Grasses Seedling stage Blooming stage Seed maturity stage Grasses 

means 

Con
trol  

NH4N
O3 

(NH2)2

CO 

FYM  Contr
ol 

NH4N
O3 

(NH2)2

CO 

FYM  Contro
l 

NH4NO3 (NH2)2C
O 

FYM   

Buffel 
grass 

2.13
m 

2.22 lm 2.30 lm 2.56  
lm 

3.97 
lm 

4.43 
lm 

4.53 lm 5 lm 2.42 lm 2.64 lm 3.64  lm 5.93  
l 

3.48 c 

Dhaman 
grass 

2.37 
lm 

2.37 lm 2.40 lm 2.55 
lm 

2.83 
lm 

3.33 
lm 

3.53 lm 3.90 lm 2.61 lm 3.30 lm 3.33  lm 5.06 
lm 

3.13 c 

Blue 
panic 
grass 

10.8
0k 

11.06 k 11.28 k 11.6 
ok 

43.53 
h 

29.80 i 45.13 h 49.83g 57.03f 58.33Ef 61.00 de 67.33  
c 

38.06 b 

Johnson 
grass 

24.6
6j 

25.07j 25.09  j 25.27  
j 

67.93c 69.17 
bc 

72.00  
b 

91.33 a 59.00 
def 

61.33 de 61.67 d 72.00 
b 

54.54 a 

Growth 
stages 
means 

10.23 a 31.26 b 32.91 c LSD GS at 0 
.05% = 0.72 

LSD 
grasses at   
0 .05% = 

1.34 

 Control NH4NO3 (NH2)2CO FYM LSD for fertilizers 
at 

0 .05% 

LSD for  Grasses x GS x  
fertilizers 

0 .05% = 2.99 

Fertilizers 
mean 

23.27 a 22.75 a 24.66 b 28.53 c 0.72 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level of significance. 
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When the effect of interaction of treatments (source of nutrients) and growth stages on 

fresh plant weight was considered, it was found significant. The mean differences of all the 

treatments at all the growth stages except seedling were significant. As compared with control 

treatment increase in fresh plant weight due to urea, NH4 NO3 and FYM was observed at each 

growth stage except blooming stage where fresh plant decreased as compared to control 

treatment in spite of application of urea. FYM gave more fresh plant weight than ammonium 

nitrate and urea  at each growth stage. The weight under the influence of each treatment 

increased as the age of the plant advanced. Maximum fresh plant weight 10.49, 37.52 and 37.58 

g was estimated at early, blooming and seed maturity stages respectively and showed a 

significant increase (Table 4.2.2.3). 

` 

As indicated by the table 4.2.2.4, under the effect of an interaction (grasses x growth 

stages), fresh plant weight of each grass, increased along with the increase in its age. It is 

therefore, each grass showed maximum fresh weight at seed maturity stage as compared to 

seedling stage. Minimum (2.30g) and maximum (63.50) fresh plant weight was observed for 

buffel and johnson grass respectively. Buffel and dhaman grasses did not differ with each other 

statistically at seedling and seed maturity stage whereas blue panic and johnson grasses not only 

differ with ach other but each of these differed with othe grasses significantly. 

On the basis of over all performance, Jhonson grass and dhaman grass gave the 

maximum (54.84 g) and minimum (3.13 g) fresh plant weight respectively. Moreover, there was 

no significant difference between buffle and dhama, grass whereas these differed with blue panic 

and Johnson grass significantly (Table 4.2.2.5). Similarly the effect of fertilizers on fresh plant 

weight was significant. It was a surprisinging fact that fresh plant weight due to ammonium 

nitrate declined as compared to control treatment, but this decline was not found significant 

statistically. An increase due to urea and FYM was statistically significant. The maximum fresh 

plant weight (28.63 g) and minimum (22.75 g) was due to effect of FYM and ammonium nitrate 

respectively. Same table also showed that under the combined effect of grasses x fertilizers x 

growth stages, maximum (91.33g) and minimum (2.13g) fresh plant weight was obtained from 

johnson and buffel grass under the influence of FYM and control treatments harvested at 

blooming and seedling stage respectively (Table 4.2.2.5) 



67 
 

Over all effect of growth stages on plant fresh weight was shown by their respective mean values 

given in the table 4.2.2.5. It was quite evident that fresh plant weight increased as the age of 

plant advanced. Therefore the maximum (32.91 g) and minimum (10.23 g) fresh plant weight 

was observed at seed maturity stage and at early growth stage respectively. 

 

4.2.3 Shoot Weight (g) 

The table 4.2.3.1 pertaining the analysis of variance exhibited highly significant effect 

P<0.01) of all the variables on shoot weight. It indicated that grasses, fertilization, growth stages 

and their mutual interactions i.e grasses × growth stages, grasses × fertilizers, fertilizers × growth 

stages and grasses × growth stages × fertilizers all had significant effect on shoot weight ( Table 

4.2.3.1).  

Table of interaction (4.2.3.2) showed that all the sources of nutrients increased the shoot 

weight of each grass as compared with control (unfertilized) treatment. With respect to shoot 

weight, all the treatments (fertilizers) showed significant effects in each grass except buffle and 

dhaman grass under the control treatment. Similarly each grass showed an increase in shoot 

weight under the effect of each fertilization treatment. Increase due to NH4 NO3 over control 

treatment was found statistically significant in each grass except dhaman grass. Whereas increase 

due to urea and FYM was statistically significant except buffle and dhaman grass under the 

effect of urea. Again increase differences due to urea and FYM were found significant for all 

grasses except buffle grass. Compared with control treatment, FYM gave the maximum shoot 

weight as 2.49g, 2.34g, 23.68g and 33.95g for buffle, dhaman, blue panic and Johnson grass 

respectively followed by urea and NH4 NO3 for the same grasses. 

According to fertilizers × growth stages interaction (Table 4.2.3.3), except FYM for 

blooming and seed maturity stage, effect of each fertilization and non fertilization treatment was 

significant for growth stages. As compared with control treatment, shoot weight in creased under 

the influence of each source of nutrient at each growth stage. With respect to mutual comparison, 

FYM followed by urea and NH4 NO3 resulted in maximum shoot weight as 6.33, 20.42 and 

20.11g. at early, blooming and seed maturity stage respectively. Moreover there was non 

significant increase in shoot weight under the influence of fammonium nitrate and urea at early 

stage. Ammonium nitrate (NH4 NO3) did not increase shoot weight significantly over control 
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treatment at any growth stage whereas increase due to urea and FYM was significant at 

blooming and seed maturity stage. However, these did not differ with each other significantly at 

the same stage (Table 4.2.3.3)  

Table (4.2.3.4) pertaining the interaction between grasses and growth stages showed the 

significant effect on shoot weight of grasses under trial. With an increase in growth stages, there 

was also an increase in the shoot weight of each grass. Of course, this increase in buffle and 

dhaman grass was non significant while significant in blue panic and Johnson grass respectively. 

However, maximum shoot weight 2.14, 2.10, 32.25 and 33.83 g. was attained in buffle , dhaman, 

blue panic and Johnson grass respectively at maturity stage. Among the grasses Johnson grass 

gave the maximum shoot weight as 13.29, 47.71 and 33.83g. at early, blooming and seed 

maturity growth stage respectively.  

During comparing grasses mutually, on over all average bases, Johnson grass followed by 

blue panic grass gave the maximum shoot weight which was 31.61 and 21.69 g respectively 

(Table 4.2.3.5). Similarly, on the basis of over all performance FYM followed by urea got top 

position by giving 15.62 and 14.15 g shoot weight respectively. It was quite clear that application 

of fertilizers caused to increase the shoot weight as compared to control treatment. The shoot 

weight increased as the plant age advanced. Therefore maximum shoot weight (17.58g) was 

attained at seed maturity stage. From these results it can safely be concluded that shoot weight 

can be increased significantly by applying fertilizer as N source.  

Moreover Table.4.2.3.5 pertaining the combined effect of grasses x fertilizers x growth 

stages, showed the maximum (50.66 g) and minimum (1.39 g) shoot weight for johnson and 

buffle grass respectively under the influence of FYM and control treatment respectively 

harvested at blooming and seedling stage respectively. 
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Table: 4.2.3.1 A N A L Y S I S   O F   V A R I A N C E FOR SHOOT WEIGHT 

-------------------------------------------------------------------------------------------------------------------- 

  Sov         df     SS        MS            F-value  Prob Value 

-------------------------------------------------------------------------------------------------------------------- 

Replication        2         0.47  0.23  0.315  0.0000 

Grasses           3     23823.00  7941.01 10587.23 0.0000 

Growth stages          2       4903.29 2451.64 3268.62 0.0000 

GrassesxG.stages            6       6081.48 1013.58 1351.34 0.0000 

Fertilizers           3        95.62  31.87  42.49  0.0000 

GrassesxFertilizers          9         38.04  4.22  5.63 

G.stagesx Fertilizers        6        43.59  7.26  9.68  0.0308 

Grassesx G. stages 18         24.89  1.38  1.84 

x Fertilizers                

Error             94        70.50  0.75 

-------------------------------------------------------------------------------------------------------------------- 

  Total            143     35080.92 

-------------------------------------------------------------------------------------------------------------------- 

CV= 6.07% 

 
 
Table 4.2.3.2 Effect of interaction (fertilizer and grasses) on shoot wight (g) of the 

grasses 
Fertilizer 
 

Buffel grass Dhaman grass Blue panic grass Johansen 
grass 

Control 
 

1.59 
i 

1.63 i 20.34 f 30.21 
c 

Ammonium 
nitrate 

1.68 
I  

1.78 
hi 

21.18 e 30.94 
b 

Urea 1.93 
ghi 

1.76 i 21.57 e 31.34 
b 

FYM 
 

2.49 
g 

2.34 
gh 

23.68 d 33.95 
a 

               LSD  0.05 = 0.57 
 

            

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 
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 Table: 4.2.3.3 Effect of interaction (fertilizer and growth stages) on shoot wight 
 of grasses 

 
Fertilizer 
 

Seedling stage Blooming stage Seed Maturity 
stage 

Control 
 

5.83g 18.29 c 16.19 e 

Ammonium 
nitrate 

6.02 fg 18.72 c 16.94 d 

Urea 6.11 fg 19.26 b  17.08 d 
FYM 
 

6.33 f 20.42 a 20.11 a 

LSD  0.05 = 0.50 
  

 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 

             
 
Table: 4.2.3.4   Effect of interaction (grasses and growth stages) on shoot wight (g) of grasses 

 
Grasses 
 

Seedling stage Blooming stage Seeed Maturity stage 

Buffel grass 
 

1.56 i 2.07 gh 2.14  g 

Dhaman 
grass 
 

1.64 hi 1.90 ghi 2.10 gh 

Blue panic 
grass 
 

7.82 f 25.00 d 32.25 c 

Johansen 
grass 
 

13.29 e         47.71 a 33.83 b 

LSD  0.05 = 0.50 
 
 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 
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Table: 4. 2.3.5 Interaction (fertilizer  x grasses growth stages) on fresh shoot weight (g)  of range grasses  
Grasses Seedling stage Blooming stage Seed maturity stage Grasses 

means 

Cont
rol  

NH4N
O3 

(NH2)2

CO 

FYM  Contr
ol 

NH4N
O3 

(NH2)2

CO 

FYM  Contro
l 

NH4NO3 (NH2)2C
O 

FYM  

Buffel 
grass 

1.39 
p 

1.48  
op 

1.54 
nop 

1.82 
nop 

1.87  
nop 

2.00  
nop 

2.00  
nop 

2.43 
nop 

1.52  
nop 

1.56  nop 2.26  nop 3.23n 1.93 c 

Dhaman 
grass 

1.59  
nop 

1.59  
nop 

1.63  
nop 

1.76  
nop 

1.73  
nop 

1.87  
nop 

1.93  
nop 

2.06  
nop 

1.57  
nop 

1.90  nop 1.73  nop 3.20  
no 

1.88 c 

Blue 
panic 
grass 

7.43 
m 

7.69 
m 

7.92 m 8.23 
m 

23.55 
k 

24.85j
k 
 

25.13 ij   26.5 0 i 30.03 h 31.00 gh 31.67 
nop 

36.33 
d 

21.69 b 

Johnson 
grass 

12.93   
L 

13.33  
L 

13.36  
L 

13.94 
L 

46.03 
c 

46.17 
c 

48.00 b 50.66 a 31.67 
fg 

33.33 e 32.67 ef 37.66 
d 

31.61a 

Growth 
stages 
means 

6.07c 19.17 a 17.58 b LSD f GS at           
0 .05% = 0.31 

LSD 
grasses at   
0 .05% = 
0.28 

 Control NH4NO3 (NH2)2CO FYM LSD for fertilizers 
at  0 .05% 

LSD for  Grasses x GS x  
fertilizers  0 .05%= 1.41 

Fertilizers 
means 

13.44 c 13.89 b 14.15 b 14.62 a 0.28 

 
Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level of significance. 
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 4.2.4 Root Weight per Plant 

Analysis of variance showed the significant (p < 0.05) effect of all the sources of variance 

(grasses, fertilizers, growth stages, grasses × fertilizers, grasses × growth stages, fertilizers × 

growth stages and grasses ×fertilizers × growth stages) on the fresh root weight of grasses (Table 

4.2.4.1).  

Effect of interaction (fertilizers × grasses) as shown by table.4.2.4.2.  Revealed that fresh 

root weight of each grass increased due to ammonium nitrate, urea and FYM as compared with 

control (no fertilization) treatment in each grass except blue panic grass under NH4NO3. The 

increase was highest and lowest due to effect of FYM and ammonium nitrate (NH4 NO3) 

respectively in each grass. Maximum fresh root weight 2.00, 1.49, 19.23 and 28.91 g was 

exhibited by buffel, dhaman, blue panic and Johson grass by by FYM followed by urea giving 

1.55, 1.32, 17.56 and 21.57 g by the same grasses in same order respectively. Mean difference 

between urea and FYM for buffle and dhaman grasses were nonsignificant whereas ammonium 

nitrate and urea also differed for the same grasses nonsignificantly and significantly for blue 

panic and Johnson grasses respectively. The fertilizers also affected growth stages significantly 

(P< 0.05). After reviewing the table showing the effect of treatments on growth stage, it became 

evident that fresh root weight under the influence of each treatment increased as the plant age 

increased. But the increase due to NH4 NO3, urea and FYM as compared to control treatment was 

found significant at each growth stage except an early growth stage. FYM as compared with 

ammonium nitrate and urea gave the maximum weight of fresh root at each growth stage. 

Therefore the highest values as 4.16, 17.10, 17.45 and lowest 4.16, 7.95 and 14.45 g were 

observed under the effect of FYM and ammonium nitrate (NH4 NO3) for fresh root weight 

respectively (Table 4.2.4.3). 

 Fresh root weight of each grass was significantly affected by growth stages which 

increased with an increase in the age of the plant. There was significant difference in the fresh 

root weight of each grass at each growth stage. But when the fresh root weight of the grasses 

under each growth stage was reviewed separately, buffle and dhaman grass did not differ with 

each other at seedling and seed maturity stage whereas these grassesFresh root weight of johnson 

grass 11.73, 27.39 and 29.66 g was maximum as compared to other grasses at early, blooming 

and maturily growth stage and minimum as 0.75 at early stage in buffle grass and 1.50 and 1.47g 

in dhaman grass at blooming  and seed maturity stages respectively (Table 4.2.4.4).
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Table: 4.2.4.1 A N A L Y S I S   O F   V A R I A N C E  FOR  ROOT WEIGHT 

-------------------------------------------------------------------------------------------------------------------- 

  Sov         df     SS        MS            F-value  Prob Value 

-------------------------------------------------------------------------------------------------------------------- 

Replication        2         14.41  7.21  4.75  0.0000 

Grasses           3      12757.69  4252.56 2803.30 0.0000 

Growth stages          2       3171.66 1585.83 1045.38 0.0000 

GrassesxG.stages            6       2985.91 497.65  328.05  0.0000 

Fertilizers           3        322.53  107.51  70.87  0.0000 

GrassesxFertilizers          9         387.69  43.07  28.39 

G.stagesx Fertilizers        6        275.30  45.88  30.25  0.0000 

Grassesx G. stages 18         467.52  25.97  17.12 

x Fertilizers                  

Error             94        142.60  1.52 

-------------------------------------------------------------------------------------------------------------------- 

  Total            143     20525.34 

CV= 11.70% 

 
 
Table 4.2.4.2 Effect of interaction (fertilizer x grasses) on root weight (g) of the grasses 

Fertilizer 
 

Buffel grass Dhaman grass Blue panic 
grass 

Johansen grass 

Control 
 

1.24 i 0.97 i 16.77 f 20.32 c  

Ammonium nitrate 1.42 hi 1.21 i 11.87 g 
 

20.91 bc 

Urea 1.55 hi 1.32 hi 17.56 e 
 

21.57 b 

FYM 
 

2.00 h 1.49 hi 19.23 d 28.91 a 

  LSD  0.05 = 0.68 
 

 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 
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Table: 4.2.4.3 Effect of  interaction (fertilizers x growth stages on root weight (g) of grasses 

      Fertilizer 
 

Seedling stage Blooming stage Seed  Maturity 
stage 

Control 
 

4.15 g 11.26 e 14.06 c 

Ammonium nitrate 4.16g 7.95 f 14.45 c 
Urea 4.16 g 12.03 d 15.32 b  
FYM 
 

4.16 g 17.10 a 17.45 a 

LSD  0.05 = 0.60 
 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 

 
 
Table: 4.2.4.4  Effect of interaction (grasses x growth stages) on root weight (g) of grasses 

Grasses 
 

Seedling 
stage 

Blooming 
stage 

Seed Maturity 
stage 

Buffel 
grass 
 

0.75 
i 

2.40 g 1.52 h 

Dhaman 
grass 
 

0.78 
i 

1.50 h 1.47 h 

Blue 
panic 
grass 
 

3.36 
f 

17.05 d 28.66 b 

Johansen 
grass 
 

11.73 
e 

27.39 c 29.66 a 

               LSD  0.05 = 0.60 
 
 
 

 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 
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Table: 4. 2.4.5 Effect of interaction (fertilizers x grasses x growth stages) nutrient source on fresh root weight (g) of range 
grasses 

Grasses Seedling stage Blooming stage Seed maturity stage Grasses 

means 

Cont
rol  

NH4N
O3 

(NH2)2

CO 

FYM  Contr
ol 

NH4N
O3 

(NH2)2

CO 

FYM  Contro
l 

NH4NO3 (NH2)2C
O 

FYM 

Buffel 
grass 

0.75 
k 

0.75 k 0.75 k 0.75k 2.10  
jk 

2.43 
jk 

2.53 jk 2.57 jk 0.89 k 1.08 jk 1.38 jk 2.70 
ijk 

1.55 c 

Dhaman 
grass 

0.78 
k 

0.78 k 0.78 k 0.78k 1.1 jk 1.4 jk 1.6 jk 1.8 jk 1.03 jk 1.4 jk 1.6 jk 1.87 
ijk 

1.125 c 

Blue 
panic 
grass 

3.36 
ij 
 

3.36 ij 3.36 ij 3.36 iJ 19.96 
g 

14.93 i 20.00 g 23.33 f 27.00 e 27.33 de 29.33 cd 31.0c 16.36 b 

Johnson 
grass 

11.73 
h 

11.73 
H 

11.73 h 11.73 
h 

21.90 f 23.00 f 24.00 f 40.66a 27.33 
de 

28.00 de 29.00 cde 34.33 
b 

22.93 a 

Growth 
stages 
means 

4.15 c 12.09 b 15.33 a LSD GS at 0 
.05% = 0.37 

LSD 
grasses at   
0 .05% 
=0.34 

 Control NH4NO3 (NH2)2CO FYM LSD for fertilizers 
at 
 0 .05% 

LSD for  Grasses x GS x  
fertilizers 
 0 .05% = 1.44 

Fertilizers 
mean 

9.83 c 8.85 d 10.57 b 12.92 s 0.34 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level of significance. 
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On the basis of over all averages (Tables. 4.2.4.5), application of FYM attained the top 

position as compared to other treatments by exhibiting 12.92 g fresh root weight. Whereas on the 

other hand ammonium nitrate showed the lowest (8.85 g) root weight. It was concluded thatfor 

increasing root weight of grasses, use of FYM as source of nutrients is better than ammonium 

nitrate and urea. Similarly on the basis of over all performance, Johnson, blue panic,  buffle and 

dhaman grass were ranked in order which showed 22.93, 16.36, 1.35 and 1.12 g respectively          

. Like other growth characters, fresh root weight also significantly increased with an increase of 

plant age. Therefore maximum (15.33 g) and minimum (4.15g) fresh root weight was observed 

at seed maturity and an early growth stage respectively. (Table 4.2.4.5).Under the combined 

effect of grasses x fertilizres x growth stages, maximum (40.66 g) and minimum (0.75 g) root 

weight was obtained from johnson grass and buffle grass under the effect of FYM and control 

treatment harvested at blooming and seedling stages respectively. 

4.2.5 Leaf weight (g) 

Leaf weight was highly significantly affected by the treatments. Other variables also had 

significant (P< 0.01) effects on leaf weight as shown by the analysis of variance (Table 4.2.5.1). 

The interaction between (fertilizers x grasses) showed that treatments (source of 

nutrients) effected each grass non significantly except in johnson grass where mean differences 

between FYM and control treatments was non significant. The leaf weight of each grass under 

treatments increased over control (unfertilized). But this slight increase was also nonsignificant.  

The maximum values 0.37, 0.30, 0.60 and 1.46 g of leaf weight of buffle, dhaman blue 

panic and johnson grass respectively were observed as a result of the application of FYM (Table. 

4.2.5.2). 

Similarly treatments affected leaf weight at each growth stage where it also increased 

under the influence of each treatment with the advancement of age. The treatment differed with 

each other nonsignificantly at each growth stage except blooming and seed maturity stage where 

FYM differed with control treatment significantly. As compared to control treatment FYM 

produced maximum leaf weight 0.46, 0.65 and 0.93 g. at early, blooming and seed maturity 

stage. More over the leaf weight difference between early and the seed maturity growth stages 

against each treatment were found significant (Table. 4.2.5.3). 
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Table: 4.2.5.1 A N A L Y S I S   O F   V A R I A N C E  FOR  LEAF WEIGHT 

-------------------------------------------------------------------------------------------------------------------- 

  Sov         df     SS        MS            F-value  Prob Value 

-------------------------------------------------------------------------------------------------------------------- 

Replication        2         0.004  0.002  0.98  0.0000 

Grasses           3      18.12   6.04  2680.69 0.0000 

Growth stages          2       2.73  1.36  604.25  0.0000 

GrassesxG.stages            6       1.20  0.20  88.70  0.0000 

Fertilizers           3        0.75  0.25  110.92  0.0000 

GrassesxFertilizers          9         0.58  0.06  28.87 

G.stagesx Fertilizers        6        0.19  0.03  14.22  0.0000 

Grassesx G. stages 18         0.46  0.02  11.48 

x Fertilizers              

Error             94        0.21  0.002 

-------------------------------------------------------------------------------------------------------------------- 

  Total            143     24.26 

-------------------------------------------------------------------------------------------------------------------- 

CV= 8.32% 

 
Table 4.2.5.2 Effect of interaction (fertilizer x grasses) on leaf weight (g) of the grasses 

Fertilizer 
 

Buffel grass Dhaman grass Blue panic grass Johansen 
grass 

Control 
 

0.24 
d 

0.22 d 0.49 d 1.00 
bc 

Ammonium 
nitrate 

0.29 
d 

0.28 d 0.54 d 1.10 
ab 

Urea 0.33 
d 

0.27 d 0.53 d 1.06 
ab 

FYM 
 

0.37 
d 

0.30 d 0.60 cd 1.46 a 

LSD  0.05 = 0.43 
 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 
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Table: 4.2.5.3 Effect of interaction (fertilizers x growth stages) on leaf weight (g) of 

grasses 
Fertilizer 
 

Seedling 
stage 

Blooming 
stage 

Seed Maturity 
stage 

Control 
 

0.39 
e 

0.43 de 0.63 bc 

Ammonium 
nitrate 

0.41 
de 

0.51 d  0.74 b 

Urea 0.42 
de 

0.52 cd 0.70 b 

FYM 
 

0.46 
de 

0.65 b 0.93 a 

LSD 0.05 = 0.12 
 
 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 

 
Table: 4.2.5.4 Effect of interaction (grasses x growth stages) on leaf weight (g) 

Grasses 
 

Seedling 
stage 

Blooming 
stage 

Seed Maturity 
stage 

Buffel 
grass 
 

0.23 
fg 

0.37 de 0.31 def 

Dhaman 
grass 
 

0.15 
g 

0.26 
efg 

0.39 d 

Blue 
panic 
grass 
 

0.34 
def 

0.41 d 0.87 c 

Johansen 
grass 
 

0.95 
c 

1.09 b 1.43a  

LSD  0.05 = 0.12 
 

 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 
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Table: 4. 2.5.5 Effect of  interaction (fertilizers x grasses x growth stages) on leaf weight (g) of range grasses 

Grasses Seedling stage Blooming stage Seed maturity stage Grasses 

means 

Cont
rol  

NH4N
O3 

(NH2)2

CO 

FYM  Contr
ol 

NH4N
O3 

(NH2)2

CO 

FYM  Contro
l 

NH4NO3 (NH2)2C
O 

FYM  

Buffel 
grass 

0.22 0.22 0.22 0.23 0.29 0.30 0.33 0.43 0.43 020 0.33 0.33 0.31 c 

Dhaman 
grass 

0.40 0.14 0.15 0.16 0.18 0.20 0.27 0.30 0.30 0.44 0.40 0.43 0.27 c 

Blue 
panic 
grass 

0.33 0.34 0.33 0.39 0.30 0.43 0.40 0.50 0.86 0.86 0.88 0.92 0.54 b 

Johnson 
grass 

0.90 0.94 0.98 0.98 0.93 1.03 1.00 1.4 1.18 1.33 1.20 2.00 1.16 a 

Growth 
stages 
means 

0.42 c 0.53 b 0.75 a LSD for GS at 0 
.05% =0.07 

LSD for 
grasses at   
0 .05% 
=0.07 

 Control NH4NO3 (NH2)2CO FYM LSD for fertilizers 
at 
 0 .05% 

LSD for  Grasses x GS x  
fertilizers 
 0 .05% = 0.28 

Fertilizers 
mean 

0.48 c 0.55 b 0.55 b 0.68 a 0.07 

 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level of significance. 
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  The performance of grasses in terms of leaf weight at different growth stages is 

evident from table (4.2.5.4). The leaf weight of each grass increased with plant age increasing. 

This is why maximum 0.31, 1.09, 0.393, 0.87 and 1.43g and minimum 0.23, 0.15 and 0.34 and 

0.95g leaf weight was produced at seed maturity and an early growth stage respectively for 

buffle, dhaman, blue panic and Johnson grass in order respectively. The difference between 

maximum and mnimuim leaf weight of each grass at both seedling and maturity growth stages 

was statically significant (Table 4.2.5.4). 

Table (2.5.5) revealed the interaction of all three variable i.e. grasses, fertilizers and 

growth stages. Under the combined influence of these variable, the johnsen grass (1.16 g) 

followed by blue panic grass (1.16 g) gave the maximum leaf weight while dhaman gave the 

minimum (0.27 g) leaf weight. With respect to leaf weight, the leaf weight of grasses differed 

with each significantly except buffle and dhaman grass. Similarly the effect of treatments (source 

of nutrients) on leaf weight was also found significant except ammonium nitrate and urea. There 

was no significant difference for the effect of NH4 NO3 and FYM on leaf weight. The maximum 

(0.68 g) and minimum (0.48 g.) leaf weight was produced by FYM and control treatment 

respectively. Like grasses and treatments, growth stages also differed with each other 

significantly. Seed maturity stages gave the maximum (0.75 g.) and seedling stage minimum 

(0.42 g) leaf weight respectively. Moreover, the interaction (grasses x fertilizers x growth stages) 

showed maximum (2.00 g) minimum (0.14 g) root weight of johnson and dhaman grass under 

FYM and NH4NO3 effect harvested at seed maturity and seedling stage respectively.  

 

4.2.6 Leaf Area (cm2) 

Table 4.2.6.1 pertaining the analysis of variance showed that except the combined effect 

of interaction (grasses x growth stages x fertilizers), the effect of all other sources of variation on 

leaf area of range grass was significant (Table. 4.2.6.1). 

 The effect of interaction (treatments and grasses) on leaf area is given in table 4.2.6.2. 

Each treatment affected each grass significantly. There was no significant difference among 

treatments for affecting the leaf area of buffle and dhaman grass respectively, whereas, 

ammonium nitrate ,urea and FYM affected the control treatment significantly in blue panic and 

johnson grass respectively.  
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Table: 4.2.6.1 A N A L Y S I S   O F   V A R I A N C E  FOR  LEAF AREA 

-------------------------------------------------------------------------------------------------------------------- 

  Sov         df     SS        MS            F-value  Prob Value 

-------------------------------------------------------------------------------------------------------------------- 

Replication        2         0.008  0.004  0.041   

Grasses           3      14668.89  4889.63 49616.34 0.0000 

Growth stages          2       1138.53 569.26  5776.52 0.0000 

GrassesxG.stages            6       1717.35 286.22  2904.41 0.0000 

Fertilizers           3        10.15  3.38  34.33  0.0000 

GrassesxFertilizers          9         4.19  0.46  4.73  0.0000 

G.stagesx Fertilizers        6        1.61  0.26  2.72  0.0175 

Grassesx G. stages 18         1.41  0.07  0.79 

x Fertilizers                

Error             94        9.26  0.09 

-------------------------------------------------------------------------------------------------------------------- 

  Total            143     17551.42 

CV= 3.20% 

 
 
Table 4.2.6.2 Effect of (fertilizer x grasses) on leaf area (cm2)of the grasses 

Fertilizer 
 

Buffel grass Dhaman grass Blue panic 
grass 

Johansen grass 

Control 
 

2.00 
gh 

1.37 j 8.35 
f 

25.77 c 

Ammonium 
nitrate 

2.05 
gh 

1.43 ij 9.07 
e 

26.52 b 

Urea 2.14 
g 

1.57 ij 9.35 
de 

26.73 ab 

FYM 
 

2.20 
g 

1.73 hi 9.63 
d 

27.02 ga 

            LSD  0.05 = 0.34 
 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 
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Table: 4.2.6.3  Effect of interaction (fertilizers x growth stages) on leaf area (cm2) 

Fertilizer 
 

Seedling 
stage 

Bloomin stage Seed  Maturity 
stage 

Control 
 

5.57 
h 

11.27 f 11.43 ef 

Ammonium 
nitrate 

5.81 
h 

11.41ef 12.08 bc 

Urea 5.85 
h 

11.67 
de 

12.31 ab 

FYM 
 

6.18 
g 

11.83 
cd 

12.43 a 

                  LSD  0.05 = 0.30 
 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 

 
Table: 4.2.6.4  Effect of interaction (grasses x growth stages) on leaf area (cm2) of grasses 

Grasses 
 

Seedling 
stage 

Blooming 
stage 

Maturity 

Buffel 
grass 
 

1.40 ij 2.65 g 2.25 h 

Dhaman 
grass 
 

1.28 j 1.69 i 1.61 i 

Blue 
panic 
grass 
 

6.33 f 8.95 e 12.16 d 

Johansen 
grass 
 

14.41 c 32.90 a 32.23 b 

                  LSD  0.05 = 0.30 
 
 

 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 
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Like leaf weight, the leaf area also increased gradually in order as compared to control treatment 

with the application of NH4 NO3, urea and FYM respectively in each grass. Buffle grass (2.20 

cm2), dhaman (1.73 cm2), blue panic (9.63 cm2) and Johnson grass (27.02 cm2) gave the 

maximum leaf area under the influence of FYM whereas the same grass gave 2.0, 1.371, 8.35 

and 25.77 cm2  as minimum leaf area in order when  no fertilizer as source of nutrient was 

applied. 

Similarly the effect of each treatment at different growth stages was observed. The leaf area 

under the effect of each treatment increased as the plant advanced in age. This increase in leaf 

area due to use of fertilizers (ammonium nitrate and urea) and manure was found significant at 

each growth stage. As compared to control treatment, NH4 NO3, urea and FYM gave more leaf 

area. Maximum leaf area (12.08, 12.31 and12.43 cm2) was observed under the influence of 

ammonium nitrate, urea andFYM at seed maturity stage, whereas, leaf area at the same growth 

stage was 11.43 cn2 when neither any fertilizer nor manure was applied. As compared blooming 

and maturity stage, minimum leaf area 5.57, 5.81, 5.85 and 6.81 cm2 was obsereved at seedling 

stage under the effect of control treatment, ammonium nitrate, urea and FYM respexctively 

(Table 4.2.6.3). 

According to the interaction (grasses × growth stages), the leaf area of each grass 

increased significantly as the growth stage increased except dhaman grass which did not 

increased significantly during blooming and seed maturity satge. As compared with early 

seedling stage, buffle, dhaman, blue panic and Johnson grass gave the maximum leaf area as 

2.25, 1.61, 12.6, and 32.23 cm2 in order respectively. Except mean difference between buffle 

and dhaman grass at seedling stage, all other grasses differed with each other significantly at 

each growth stage (Table 4.2.6.4). 
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4.2.7 Number of Nodes per Main Tiller  

 Analysis of variance (Table 4.2.7.1) exhibited the significant (P< 0.01) effect of all 

variables i.e grasses, growth stages and fertilizers individually. All the interactions except 

grasses × growth stage were found nonsignificant for number of nodes per main tiller . 

Number of nodes of each grass increased with an increase in growth stage. Therefore maximum 

no of nodes as 6.09, 4.64, 6.52 and 6.92 and minimum as 3.95, 4.00, 4.30 and 4.75 were given 

bybuffle, dhaman, blue panic and Johnson grass respectively at seed maturity and seedling stage 

respectively and  this increase in number of nodes per main tiller of each grass  due to growth 

stage  were found significant (Table 4.2.7.2) 
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Table: 4.2.7.1 A N A L Y S I S   O F   V A R I A N C E FOR NUMBER OF NODES 

-------------------------------------------------------------------------------------------------------------------- 

  Sov         df     SS        MS            F-value  Prob Value 

-------------------------------------------------------------------------------------------------------------------- 

Replication        2         0.80  0.40  4.55   

Grasses           3     41.19    13.73  156.40  0.0000 

Growth stages          2      82.43   41.22  469.42  0.0000 

GrassesxG.stages            6      25.62   4.27  48.63  0.0000 

Fertilizers           3        2.54  0.84  9.65  0.0000 

GrassesxFertilizers          9         0.23                     0.02  0.29  0.0000 

G.stagesx Fertilizers        6        0.56  0.09  1.06  0.3880 

Grassesx G. stages 18         1.21  0.06  0.76 

x Fertilizers              

Error             94        8.25  0.08 

-------------------------------------------------------------------------------------------------------------------- 

  Total            143    162.85 

-------------------------------------------------------------------------------------------------------------------- 

CV= 5.67% 

 
 
        Table: 4.2.7.2 Effect of interaction (grasses x growth stages) on number of nodes/main tiller 
 

Grasses 
 

Seedling 
stage 

Blooming 
stage 

Seed Maturity 
stage 

Buffel 
grass 
 

3.95 
g 

4.49 ef 6.09 c 

Dhaman 
grass 
 

4.00 
g 

5.62 d 4.64 e 

Blue 
panic 
grass 
 

4.30 
f 

5.53 d 6.52 b 

Johansen 
grass 
 

4.75 
e 

5.68 b 6.92 a 

   LSD  0.05 = 0.29 
 
 
Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 
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  4.2.8 Number of Tillers per Plant  

As indicated by the analysis of variance, no source of variance except grasses had 

significant effect on the number of tillers per plant. The mutual interactions like grasses x 

treatnents, growth stages x treatments, grasses x growth stages, grasses x growth stage x 

treatments also had no significant differences in number of tillers per plant (Table 4.2.8.1). 

As far as response of grasses to different treatments is concerned, number of tillers of each grass 

increased gradually due to fertilization than control except dhaman and Johnson grass where 

after urea, this number decreased despite use of FYM. But increase or decrease both were 

statistically non significant. Control treatment (without fertilization) gave the least no. of tillers 

as 3.70, 4.56, 4.71, 5.15 in buffle, dhaman, blue panic and Johnson grass respectively which on 

applying NH4 NO3, urea and FYM, the tiller number increased. Use of FYM caused to increase 

the number of tillers up to 4.05, 4.92 and 5.33 in order in the same grasses respectively.  
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Table: 4.2.8.1 A N A L Y S I S   O F   V A R I A N C E FOR NUMBER OF TILLERS 

-------------------------------------------------------------------------------------------------------------------- 

  Sov         df     SS        MS            F-value  Prob Value 

-------------------------------------------------------------------------------------------------------------------- 

Replication        2         15.72  7.86  0.92   

Grasses           3      64.22  21.41  2.52  0.0627 

Growth stages          2       48.87  24.43  2.87  0.0613 

GrassesxG.stages            6       42.86  7.14  0.84  0.3311 

Fertilizers           3        29.44  9.81  1.15  0.0000 

GrassesxFertilizers          9         75.10                   8.35  0.98  0.0000 

G.stagesx Fertilizers        6        50.35  8.39  0.98  0.4669 

Grassesx G. stages 18         152.96  8.50  1.00 

x Fertilizers              

Error             94        798.72  8.49 

-------------------------------------------------------------------------------------------------------------------- 

  Total            143     1278.34 

-------------------------------------------------------------------------------------------------------------------- 

CV= 19.35% 
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Discussion 

Effect of Fertilization on the Grass Productivity 

Results showed that as compared to control treatment (without use of any fertilizer or manure) 

application of fertilizers as source of nutrient had highly significant effect on plant height, fresh 

plant weight, fresh shoot weight, fresh root weight, fresh leaf weight, leaf area and number of 

nodes per main tiller of grasses. Number of tillers per plant was the only character which did not 

give significant response to any source of varience. 

Differences among the treatments (sources of nutrients) means showed that ammonium nitrate 

(NH4 NO3), urea and FYM differed with each other significantly for their effect on fresh plant 

weight, root weight, leaf weight, leaf area except plant height, number of nodes per main tiller. 

The interaction (grasses × fertilizers) revealed that FYM followed by urea caused to produce 

maximum plant height (110.92 cm), fresh plant weight (62.87 g) fresh shoot weight (33.95 g) 

fresh root weight (28.91), fresh leaf weight (1.46 g), leaf area (27.02 cm2), number of nodes per 

main tiller (6.28) of Johnson grass whereas urea produced maximum number of tillers per plant 

in dhaman grass. Similar the interaction (fertilizers × growth stages) exhibited the fact that FYM 

followed by urea produced maximum plant height (77.42 cm), fresh plant weight (37.58 g) fresh 

shoot weight (0.93 g), leaf area (12.43 cm2), number of nodes (6.39) at seed maturity stage of the 

grasses whereas maximum number of tillers per plant (7.20) were produced by urea at the same 

growth stage (seed maturity). The interaction between grasses and growth stages indicated the 

maximum level of each agronomic trait at seed maturity stage. 

Again Johnson grass (Sorghum helepense) was found as best of all other grasses which gave 

maximum plant height (132.33 cm), fresh shoot weight (33.83 g), root weight (29.66 g) leaf 

weight (1.43 g) number of nodes per main tiller (6.92) at seed maturity stage except maximum 

fresh plant weight (75.11 g), leaf area (32.90 cm2) and number of tillers (6.51) which were 

produced by the same grass (Johnson grass) at blooming stage. Under the combined effect of 

treatments (Fertilizers × grasses × growth stages), on the basis of over all performance, seed 

maturity, FYM, Johnson grass and growth stages were found best among treatments (source of 

nutrients), grasses and growth stages respectively. 

In Pakistan especially, in arid and semi arid regions, range lands are not given due attention and 

concentration on sound management based on scientific grounds to increase and maximize their 

productive potential. This ignorance and over looking is not only confined to Pakistan, Tomar et 



89 
 

al (2003) also pointed out that traditionally, the degraded lands in arid and semi arid regions are 

left for pastures in India, but due to lack of interest their forage productivity; is low, unstable and 

un remunerative and often this results in acute shortage of fodder during the post monsoon 

period. 

Over grazing due to over stocking and encroachment of cultivation in range areas has resulted in 

the deterioration and badly degradation of range land in the country. (Quraishi et al. 2006). In 

addition to this meager, and unpredictable rainfall in the area is also major concern of low range 

productivity. Therefore in this arid and semi arid zone, pastor list typically have to cope with two 

forms of severe forage scarcity: the cyclic dry season which can occur during several months of 

the year and largest unpredictable drought period which can last year. More over, range soils are 

depleted in organic matter and other nutrients essentially required for the growth of range 

vegetation. In fact, soil fertility depends upon 5 factors, minerals, water air, micro-organism and 

organic contents (Khan, 2007). Unfortunately, arid and semi arid range lands of the country have 

very low soil fertility due to one or other reason (Khan, 2007, Quraishi et al. 2006). The major 

reason of low N contents in arid and semi arid range soils may be attributed to lack of vegetative 

cover or presence of sparse vegetative cover which is composed of dwarf shrubs and grasses 

with stunted growth and is unable to furnish an adequate amount of organic matter to increase 

the nitrate contents of the range soil (Khan, 2006, Arnon, 1972). which is most frequently is 

short supply in the soil (Arnon, 1972). 

 

Nitrogen is one of the major essential elements required for plant growth and constitutes upto 1-4 

percent of the dry matter. As compared with other nutrients, it promotes vigorous plant growth 

and leads to higher plant yield. A deficiency of other elements may have as great a detrimental 

effect as a deficiency of nitrogen, but the response of most crops excepting legumes to nitrogen 

supplied as fertilizer is usually more striking visually than is to other nutrients (Arnon, 1972). 

Nitrogen fertilizer is universally accepted as a key component to higher crop yield. Many 

workers investigated the effect of N fertilization to a varied range of agricultural crops. But little 

work was carried out for range grasses. It is an established the fact that nitrogen increase the 

growth and yield of grasses (Barton et al, 2009: Burns et al, 2009: Meena et al. 2007, Holman et 

al, 2007, Tren holm and Unruh, 2005, Snyman, 2002, Bernett and Adams, 2001, Guevara et al, 
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2000, Johnson et al 2001, Osborne et al, 1999; Mitchell et al, 1985; Lutwick and Smith, 1979; 

Black and Wight, 1979). 

Nitrogen fertilizers are universally used as a key component to higher crop yield. During the 

study, ammonium nitrate was found less effective than urea and FYM for the grasses under trial. 

But many workers demonstrated that ammonium nitrate is an effective source of nitrogen which 

increase the forage yield of the crops whereas some associated it with rate of application (Black 

and Wight, 1979; Tewari and Joshi, 1985, Boman et al, 2003, Schlossberg and Schmidt, 2007; 

lee et al, 2007; Cahill et al, 2007, Chen et al 2009), Suitable interval of application was reported 

to increase crop yield (Pare et al 2006). Similarly some workers tested urea to enhance grass 

productivity. Plant height, number of tillers, number of leaves per tiller, turf grass quality, shoot 

fresh weight, leaf area and N percentage were increased in certain grasses, like bermuda grass, 

zoysia grass, increasable and fodder yield increased in zamboo grass (Ahmed et al, 2003) 

Mulkey et al (2006) also pointed out that no benefit can be harvested with N application rates 

above 56 kg ha-1. During 1978 and 1979 Wight and Black expressed that N fertilization makes 

the water available to grasses.Which leads to increase crop production.All workers tested the 

performance of ammomium nitrate,but no worker compared it with urea and FYM like me for 

indignious grasses under trial. 

 

Farm Yard Manure (FYM) 

The results of the study revealed the importance of FYM because as compared to other source of 

nutrients (NH4 NO3 and Urea), FYM was found the best source of nutrients which caused to 

produce maximum fresh shoot, root, leaf weight along with plant height and number of nodes of 

the grasses under trial specially Johnson grass. Some researchers also reported that FYM 

increased the production of some grasses like Bermuda grass (Helton, 2008), corn (Diaz and 

Sawyer, 2008), north African range grass (Genin et al, 2006), Bermuda grass (Gaudreau et al, 

2002), grain yield in wheat (Dorivar, et  al 2008), tall wheat grass yield (Butler and Muir, 2006), 

Bermuda grass forage yield (Thomas et al, 208), switch grass yield (lee et al, 2007, Sanderson et 

al, 2002). On the basis of the results, it can safely be concluded that N fertilization increased the 

plant yield and its component but source of nitrogen is also an important factor which determines 

the increase in plant growth and production as supported by (Houston and Slui Js, 1973). Manure 

was found better than NH4 NO3 and urea in this study. 
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4.3 Chemical analysis 

Results of chemical analysis showing the significant effect of interactions among variables on 

the nutrients of range grasses are presented and discussed as under. 

4.3.1 Crude Protein  

Table 4.3.1 pertaining analysis of variance exhibited the effect of different sources of variance on 

the crude protein contents of range grasses. All variable factors like fertilizers, growth stages, 

grasses and their mutual interaction i.e. Fertilizers × grasses and fertilizers × grasses × growth 

stages had significant (P< 0.01) effect on crude protein contents. 

 The interaction (fertilizers × grasses) given in table 4.3.1.2 revealed  curde protein of 

each grass increased due to each fertilizer treatment. As compared to control (unfertilized) 

treatment, there was a gradual increase in crude protein contents of each grass due to NH4NO3. 

No doubt, urea increased the protein contents of each grass over control treatment but this 

increase was comparatively non significantly less than NH4NO3. protein increase due to FYM 

was significantly maximum in each grass which was 18.03, 14.55 14.80 and 15.20 percent for 

buffle dhaman, blue panic and Johnson grass respectively. Conversely, control treatment (no use 

of any source of nutrients) showed the least crude protein contents as 16.35, 13.81, 13.5 and 

12.56 percent for the same grasses in order. With respect to effect on crude protein contents, all 

fertilizer treatments differed with another significantly except NH4NO3 and urea for buffle and 

blue panic grass. 

 

According to the interaction (grasses × growth stages), the crude protein contents of each grass 

significantly decreased as the grasses advanced in their age (Table 4.3.1.3). The mean 

differences of all grasses at each growth stage were significant. Buffle, dhaman, blue panic and 

Johnson grass showed maximum 17.50, 18.25, 16.20 14.24 and minimum 

13.88,14.42,14.40,12.88 crude protein percentage at early (seedling) and seed maturity stages 

respectively (Table 4.3.1.3). 

 The interaction (fertilizers × growth stages) revealed the fact that fertilizer treatments 

differed with non fertilizer treatment (control) significantly at each growth stage except urea at 

blooming and seed maturity stage. Similarly, there was no significant difference between the 

effect of NH4NO3 and FYM at seedling and blooming stage respectively. The crude protein 
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percentage under the influence of each fertilizer increased upto blooming stage which again 

decreased at seed maturity stage. Maximum (16.74%) and minimum (13.63%) crude protein 

contents were shown by NH4NO3 and control treatment (no use of any fertilizer) at blooming and 

seed maturity stage respectively (Table 4.3.1.4) 

 

Table (4.3.1.5) indicated the effect of interaction (grasses × growth stages × fertilizers) and 

performance of each component of the interaction on an over all average basis. Under the 

combined effect of the components of the interaction, buffle and Johnsen  grass showed the 

maximum (19.60%) and minimum (12.13%) crude protein contents under the influence of FYM 

and urea respectively at blooming and seed maturity stage respectively. On over all average 

basis, among the grasses, buffle grass and Johnson grass attained the first  and 4th position which 

showed 17.26 and 13.90 percent crude protein respectively and differed with each other 

significantly. There was no significant difference in the performance of dhaman and blue panic 

grass. Among the fertilizers, NH4NO3 and control (no use of fertilizer + manure) were found 

most and least effective by showing 15.76 and 14.07 percent crude protein respectively. All 

fertilizer treatments differed with each other significantly except NH4NO3 + FYM. The effect of 

growth stages of the grasses was also significant. Maximum (15.72%) and minimum (14.10%) 

crude protein contents were observed at blooming and seed maturity stage respectively. 

 

Table: 4.3.1.1 A N A L Y S I S   O F   V A R I A N C E FOR CRUDE PROTEIN 

-------------------------------------------------------------------------------------------------------------------- 

  Sov         df     SS        MS            F-value  Prob Value 

-------------------------------------------------------------------------------------------------------------------- 

Replication        2         0.89  0.44  3.97   

Grasses           3      250.11  83.37  738.14  0.0220 

Growth stages          2       66.02  33.01  292.29  0.0000 

GrassesxG.stages            6       7.99  1.33  11.80  0.0000 

Fertilizers           3        74.87  24.95  220.97  0.0000 

GrassesxFertilizers          9         19.39  2.15  19.08  0.0000 

G.stagesx  6        11.60  1.93  17.11  0.0003 

Fertilizers           

Grassesx G. stages 18         6.02                      0.33  2.96 

x Fertilizers              

Error            94        10.61  0.11 

-------------------------------------------------------------------------------------------------------------------- 

  Total            143    447.55 

-------------------------------------------------------------------------------------------------------------------- 
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CV= 2.24% 

 
Table 4.3.1.2 Effect of interaction (fertilizer x grasses) on crude protein percentage of the 

grasses 
Fertilizer 
 

Buffel grass Dhaman grass Blue panic 
grass 

Johansen grass 

Control 
 

16.35 
c 

13.81 h 13.55 
h 

12.56 j 

Ammonium nitrate 17.50 
b 

14.95 
de 

13.87 
gh 

14.74 ef 

Urea 17.15 
b 

14.18 g 13.74 
h 

13.11 i 

FYM 
 

18.03 
a 

14.55 f 14.82 
ef 

15.20 d 

   LSD  0.05 = 0.36 
 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 
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Table: 4.3.1.3 Effect of interaction (growth stages x grasses) on crude protein percentage of the 
grasses 
 

Grasses 
 

Seedling stage Blooming stage Seed Maturity 
stage 

Buffel grass 
 

17.50 b 15.27 d 13.88 g 

Dhaman grass 
 

18.25 a 13.61 g 14.42 ef 

Blue panic grass 
 

16.02 c 14.63 e 14.40 ef 

Johansen grass 
 

14.24 f 14.97 d 12.88 h 

   LSD  0.05 = 0.31 
 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 

 
 
Table: 4.3.1.4    Effect of interaction (fertilizer x growth stages) on crude protein percentage of 
the grasses 
 

Fertilizer 
 

Seedling stage Blooming stage  Seed Maturity 
stage 

Control 
 

14.32 e 14.25 c 13.63 f 

Ammonium nitrate 
 

15.80 b 16.74 a 14.75 d 

Urea 
 

14.67 d 15.23 c 13.74 f 

FYM 
 

16.00 b 16.68 a 14.27 e 

LSD  0.05 = 0.31 
 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 
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Table: 4. 3.1.5 Effect of interaction (fertilizer x grasses x growth stages) on crude protein percentage of the grasses 
 

Grasses Seedling stage Blooming stage Seed maturity stage Grasses 

means 

Cont
rol  

NH4N
O3 

(NH2)2

CO 

FYM  Contr
ol 

NH4N
O3 

(NH2)2

CO 

FYM  Contro
l 

NH4NO3 (NH2)2C
O 

FYM  

Buffel 
grass 

16.57 
f 

17.30  
de 

17.53 
cd 

18.60 
b 

16.87 
ef 

18.57 
b 

18.00 c 19.60 a 15.64 
gh 

16.63  f 15.93 g 15.90 
g 

17.26 a 

Dhaman 
grass 

13.50 
mno 

14.97 
ij 

13.96 
klmn 

14.53 
ijk 

14.67 
ij 

15.90 
g 

14.93 ij 15.60 gh 13.27  
o 

14.00 
klm 

13.66 
mno 

13.53 
mno 

14.37 b 

Blue 
panic 
grass 

13.97 
kmnl 

15.90 
g 

13.60 
mno 

15.06 
hi 

13.31 
no 

16.60 f 14.40 
jkl 

15.60 gh 13.37 
mno 

15.13 hi 13.24 o 13.80 
lmno 

14.49 b 

Johnson 
grass 

13.24
o 

15.06 
hi 

13.60 
mno 

15.80 
g 

12.18p  15.90 
g 

13.60 
mno 

15.94   g 12.26 p 13.27 o 12.13 p 13.86 
lmno 

13.90 c 

Growth 
stages 
means 

15.20 b 15.72 a 14.10 c LSD for GS at 0 
.05% = 0.19 

LSD for 
grasses at   
0 .05% = 
0.17 

 Control NH4NO3 (NH2)2CO FYM LSD for fertilizers 
at 
 0 .05% 

LSD for  Grasses x GS x  
fertilizers 
 0 .05% = 0.19 

Fertilizers 
meansnt 
mea 

14.07 c 15.76 a 14.55 b 15.65 a 0.18 

 
Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level of significance. 
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4.3.2 Crude Fiber 

The analysis of variance given in table 4.3.2.1 showed that grasses, growth stages and 

fertilizers and their respective mutual interactions i.e grasses × growth stages, grasses × 

fertilizers growth stages × fertilizers, grasses × growth stages × fertilizers had highly significant 

(P < 0.01) effect on crude fiber contents of grasses. 

 Table 4.3.2.2 showed the effect of interaction between fertilizers and grasses. Each 

source of nutrients (NH4 NO3, urea and FYM) significantly increased the crude fiber contents of 

buffle grass over control treatment whereas the mean differences of NH4 NO3, urea and FYM 

were non significant. Ammonium nitrate and urea decreased the crude fiber contents of dhaman, 

blue panic and Johnson grass as compared with control treatment (no fertilization). The effect of 

FYM on Johnson grass was positive because maximum crude fiber contents (36.11%) were 

obtained in Johnson grass due to only FYM. Minimum crude fiber contents (30.66%) were found 

in buffle grass when no fertilizer was applied to this grass. From this table showing interaction of 

fertilizers with grasses, it was concluded that FYM should be applied to increase CF contents of 

buffle and Johnson grass. For dhaman and blue panic grass, no fertilization is needed. 

 Table 4.3.2.3 revealed the effect of interaction between grasses and growth stages. The 

crude fiber contents of each grass increased as the grasses advanced in their growth stages. 

Therefore each grass contained maximum CF contents at seed maturity stage and minimum at 

seedling stage. This trend was quite opposite to crude protein contents which conversely were 

more at seedling stage and less at seed maturity stage. Lowest (31.00%) crude fiber contents 

were observed in buffle and dhaman grass at seedling stage and highest (34.75%) in blue panic 

grass respectively at seed maturity stage. Mean difference of C.F contents of each grass were 

significant as the plant advanced in age. 

 Table 4.3.2.4 exhibited the performance of fertilizers at different growth stages for crude 

fiber contents. There was significant effect of fertilizers on the crude fiber of grasses at each 

growth stage. FYM gave more C.F contents (34.25%) than control treatment (33.25%) at 

maturity stage. Whereas FYM did not increase C.F contents at blooming stage and even 

decreased at seedling stage. Use of NH4 and urea was not found beneficial at any stage for C.F. 

contents of grasses. 

 Table 4.3.2.5 reflected the effect of mutual interaction of grasses × fertilizers × growth 

and over all performance of grasses, fertilizers and growth stages. Johnson grass gave maximum 
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(37.00%) crude fiber contents with an application of FYM at seed maturity stage. On over all 

average basis, Johnson grass was the best with respect to crude fiber. contents. Seed maturity 

stage also gave maximum (33.18%) C.F contents as compared with other growth stages. 

Similarly no fertilizer or manure was found better than control (Unfertilized) treatment which 

gave 33.16% crude fiber contents on over all averages bases. 

Except buffle and blue panic, all grasses with each other, all fertilizer treatments and all growth 

stage differed with each other significantly. 
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Table: 4.3.2.1 A N A L Y S I S   O F   V A R I A N C E FOR CRUDE FIBER 

-------------------------------------------------------------------------------------------------------------------- 

  Sov         df     SS        MS            F-value  Prob Value 

-------------------------------------------------------------------------------------------------------------------- 

Replication        2         2.72  1.36  2.56   

Grasses           3         248.41    82.80  155.84  0.0825 

Growth stages          2         12.05   6.02  11.34  0.0000 

GrassesxG.stages            6           21.61  3.60  6.77  0.0000 

Fertilizers           3        36.74  12.24  23.05  0.0000 

GrassesxFertilizers          9         39.28  4.36  8.21  0.0000 

G.stagesx Fertilizers        6        15.77  2.63  4.94  0.0037 

Grassesx G. stages 18         22.77  1.26  2.38 

x Fertilizers              

Error             94        49.94  0.53 

-------------------------------------------------------------------------------------------------------------------- 

  Total            143     449.326 

-------------------------------------------------------------------------------------------------------------------- 

CV= 2.22% 

  
    
 Table 4.3.2.2 Effect of interaction (fertilizer x grasses) on crude fiber percentage of the 
grasses 

Fertilizer 
 

Buffel grass Dhaman grass Blue panic grass Johansen 
grass 

Control 
 

30.66 
k 

32.44 
h 

34.33 c 35.22 
b 

Ammonium 
nitrate 

31.33 
j 

31.55 j 33.44 ef 33.77 
de 

Urea 31.33 
j 

31.77 
ij 

32.66 gh 33.00 
fg 

FYM 
 

31.44 
j 

32.22 
hi 

34.11 cd 36.11 
a 

   LSD 0.05 = 0.52 
Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 
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Table: 4.3.2.3 Effect of interaction (growth stages x grasses) on crude fiber percentage of 
the grasses 

 
Grasses 

 
Seedling 
stage 

Blooming 
stage 

Seed Maturity 
stage 

Buffel grass 
 

31.00 f 32.41 d 34.50 ab 

Dhaman grass 
 

31.00 f 32.50 d 34.66 a 

Blue panic grass 
 

31.58 e 33.16 c 34.75 a 

Johansen grass 
 

31.08 f 33.25 c 34.16 b 

 LSD 0.05 =0.46 
 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 

 
 
 

Table: 4.3.2.4    Effect of interaction (fertilizer x growth stages) on crude fiber 
percentage of the grasses 

 
Fertilizer 

 
Seedling 
stage 

Blooming 
stage 

Seed Maturity 
stage 

Control 
 

32.92  
bc 

33.33 b 33.25 bc 

Ammonium nitrate 
 

31.91 f 32.33 ef 33.33 b 

Urea 
 

32.25 ef 32.42 de 31.91 f 

FYM 
 

32.83 cd 33.33 b 34.25 a 

         LSD 0.05 =0.46 
 

 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 
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Table: 4. 3.2.5 Effect of interaction (fertilizer x grasses x growth stages) on crude fiber percentage of the grasses  

 
Grasses Seedling stage Blooming stage Seed maturity stage Grasses 

means 

Cont
rol  

NH4N
O3 

(NH2)2

CO 

FYM  Contr
ol 

NH4N
O3 

(NH2)2

CO 

FYM  Contro
l 

NH4NO3 (NH2)2C
O 

FYM  

Buffel 
grass 

30.00 
m 

31.00 
klm 

31.33 31.67 
jkl 

30.66 
ijkl 

31.00 
lm 

31.33 31.00 
klm 

31.34 
jkl 

32.00 
klm 

31.33 jkl 31.67 
hijk 

13.19 b 

Dhaman 
grass 

31.67 
ijkl 

30.00 
m 

31.66 
ijkl 

31.00 
klm 

32.67 
fghi 

32.33 
ghij 

32.33 
ghij 

32.33 
ghij 

33.00 
efgh 

32.33 
ghij 

31.33 jkl 33.33 
efg 

32.00 c 

Blue 
panic 
grass 

34.00 
de 

32.67 
fghi 

32.67 
fghi 

33.33 
efg 

33.67 
ef 

32.67 
fghi 

32.67 
fghi 

34.00 de 35.33 
bc 

35.00 cd 32.67 
fghi 

35.00 
cd 

33.63 b 

Johnson 
grass 

36.00 
abc 

34.00 
de 

33.33 
efg 

35.33 
bc 

36.33 
ab 

33.33 
efg 

33.33 
efg 

36.00 
abc 

33.33 
efg 

34.00 de 32.33 
ghij 

37.00 
a 

34.52 a 

Growth 
stages 
means 

32.39 c 32.85 b 33.18 a LSD  GS at 0 
.05% = 
0.28 

LSD for 
grasses at   
0 .05% = 
0.26 

 Control NH4NO3 (NH2)2CO FYM LSD fertilizers at 
 0 .05% 

LSD for  Grasses x GS x  
fertilizers 
 0 .05% = 1.11 

Fertilizers 
meansnt 
mea 

33.16 b 32.52 c 32.19 d 13.47 a 0.26 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level of significance. 
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4.3.3 Dry Matter Percentage 

Table 4.3.3.1 pertaining the analysis of variance on Dry Matter (DM) contents showed that 

grasses, fertilizers, growth stages and their interactions had significant (P< 0.05) effect on dry 

matter (DM) contents of grasses. 

 Table 4.3.3.2 demonstrated the effect of interaction (fertilizers × grasses) for dry matter 

contents. Ammonium nitrate (NH4 NO3) increased the DM contents of only buffle grass whereas 

caused to decrease of all other grasses. Similarly urea caused to decrease DM contents of 

dhaman and Johnson grass and increase buffle and blue panic grass respectively. FYM increased 

DM contents of buffle and Johnson grass and decreased in dhaman and blue panic grass as 

compared with control treatment. Mean differences between NH4 NO3, and urea were significant 

in all grasses except Johnson grass. FYM different with control treatment in all grasses. Johnson 

grass and dhaman grass gave maximum (9.87%) and minimum (3.60%) DM contents under the 

influence of FYM and urea respectively. 

 Table 4.3.3.3 presented the effect of interaction (grasses × growth stages) on DM 

contents of grasses. As compared with control treatment dry matter contents of buffle and 

Johnson grass increased when these grasses approached to maturity stage and conversely dhaman 

and blue panic decreased. Mean DM differences of growth stages were significant for each grass. 

Maximum (5.06%) and minimum (3.84%) DM contents were observed in Johnson and buffel 

grass at seed maturity and seedling stage respectively. 

 Table 4.3.3.4 showed the effect of interaction (Fertilizers × growth stages) for DM 

contents. As compared to control treatment DM contents decreased due to all fertilizers at each 

growth stage. Therefore control treatment (Unfertilized) and NH4NO3 gave maximum (5.25%) 

and minimum (3.33%) DM at seedling stage. More over, there was no significant difference for 

the effect of urea and  FYM on DM contents at each growth stage. The mean differences among 

growth stages for each treatment were significant. 

 Table 4.3.3.5 under the combined effect of interaction (grasses × fertilizer × growth 

stages) maximum (7.30%) and minimum (3.00%) DM were given by Johnson grass and blue 

panic grass at seed maturity and seedling stage under control and ammonium nitrate respectively. 

With in their respective groups mean differences of grasses, fertilizer treatments (except urea and 

FYM) and growth stages, differed with each other significantly. 
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 On over all average basis, among fertilizer treatments, control treatment (No fertilization) 

gave the highest (94.84%) DM. among grasses, Johnson grass gave the maximum (4.54%) DM 

contents. As compared to seedling and blooming stage, seed maturity stage gave the highest 

(4.86%) DM contents. 

Table: 4.3.3.1 A N A L Y S I S   O F   V A R I A N C E FOR DRY MATTER PERCENTAGE 

-------------------------------------------------------------------------------------------------------------------- 

  Sov         df     SS        MS            F-value  Prob Value 

-------------------------------------------------------------------------------------------------------------------- 

Replication        2         0.007  0.003  1.50   

Grasses           3      4.13   1.37  607.07  0.2283 

Growth stages          2       22.27  11.13  4910.69 0.0000 

GrassesxG.stages            6       1.57  0.26  115.60  0.0000 

Fertilizers           3        14.48  4.82  2128.70 0.0000 

GrassesxFertilizers          9         43.09  4.78  2111.15 0.0000 

G.stagesx Fertilizers        6        14.32  2.37  1052.42 0.0000 

Grassesx G. stages 18         16.77  0.93  410.89 

x Fertilizers              

Error             94        0.21  0.002 

-------------------------------------------------------------------------------------------------------------------- 

  Total            143     116.87 

-------------------------------------------------------------------------------------------------------------------- 

CV= 1.10% 

 

 
Table:  4.3.3.2 Effect of (fertilizer x grasses) on dry matter percentage of the grasses 

Fertilizer 
 

Buffe grass Dhamangrass Blue pani grass Johansen 
grass 

Control 
 

3.90 
hi 

4.57 e 4.46 e 6.42 b 

Ammonium 
nitrate 

4.16 
f 

4.07 fg 3.83 i 3.90 
hi 

Urea 4.45 
e 

3.60 j 4.77 d 3.98 
gh 

FYM 
 

4.96 
c 

4.07 fg 3.93  hi 9.87 a 

 

Means sharing the same letters in the same coulmn/row donot differ with each other at 5% level 

of significance. 
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        Table:  4.3.3.3 Effect of interaction (grasses x growth stages) on dry matter percentage of 

grasses 
Grasses 
 

Seedling 
stage 

Blooming 
stage 

Maturity 

Buffel 
grass 
 

3.90 g 3.78 h 4.78 b 

Dhaman 
grass 
 

4.23 e 4.62 c 4.07 f 

Blue 
panic 
grass 
 

4.98 a 4.06 f 4.50 d 

Johansen 
grass 
 

3.84 gh 3.90 g 5.06a 

               LSD 0.05 = 0.12 
 
  

             Table:  4.3.3.4 Effect of interaction of (fertilizers x  growth stage) on dry matter 
percentage 

Fertilizer 
 

Seedling 
stage 

Blooming 
stage 

Seed Maturity 
stage 

Control 
 

5.25 a 4.25 d 5.08 b 

Ammonium 
nitrate 

3.33 g 3.82 e 4.82 c 

Urea 3.70 f 4.15 d 4.75 c 
FYM 
 

3.60 f 4.18 d 4.85 c 

               LSD 0.05 = 0.12 
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Table: 4. 3.3.5 Effect of interaction (fertilizer x grasses x growth stages) on dry matter %age of range grasses  
Grasses Seedling stage Blooming stage Seed maturity stage Grasses 

means 

Cont
rol  

NH4N
O3 

(NH2)2

CO 

FYM  Contr
ol 

NH4N
O3 

(NH2)2

CO 

FYM  Contro
l 

NH4NO3 (NH2)2C
O 

FYM  

Buffel 
grass 

4.10 
m 

3.50 q 4.00 n 4.00 n 3.53 
pq 

4.00 n 4.40 i 5.00 f 4.07 
mn 

5.00f 4.97 f 5.90 c 4.37 b 

Dhaman 
grass 

5.70 
d 

3.23R 3.20 r 3.23 r 3.53 
pq 

4.00 n 3.60 p 4.00 n 4.50 h 5.00 f 4.00 n 5.00 f 4.08 d 

Blue 
panic 
grass 

5.70 
d 

3.00 s 4.00 n 3.57  
pq 

3.50 q 3.50 q 4.63 g 4.00 n 4.20 l 5.00 f 5.70 d 4.23 
kl 

4.25 c 

Johnson 
grass 

5.50 
e 

3.60 p 3.60 p 3.60 p 6.46 b 3.80 o 4.00 n 3.73 o 7.30 a 4.30 jk 4.36 ij 4.30 
jk 

4.54 a 

Growth 
stages 
means 

3.97 c 4.10 b 4.86 a LSD  GS at 0 
.05% = 0.07 

LSD 
grasses at   
0 .05% = 
0.07 

 Control NH4NO3 (NH2)2CO FYM LSD for fertilizers 
at 
 0 .05% 

LSD for  Grasses x GS x  
fertilizers 
 0 .05% = 0.03 

Fertilizers 
meansnt 
mea 

4.84 a 3.99 c 4.20 b 4.21 b 0.07 
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4.3.4 Mineral contents 

Except effect of an interaction (fertilizers × growth stages), the effect of all other sources of 

variance for mineral contents was highly significant. (P < 0.01) (Table 4.3.4.1) 

 Effect of interaction (fertilizer × grasses) is presented in Table 4.3.4.2. Non significant 

differences of NH4 NO3 and urea showed no significant effect of these fertilizers on the mineral 

contents of each grass. Similarly except for Johnson grass, no significant mean difference 

between control + FYM were observed in other grasses. Control treatment differed with others 

fertilizers significantly for all grasses. Maximum (13.77%) and minimum (11.17%) minerals 

contents were given by Johnson and buffle grass under the influence of control and NH4 NO3 

respectively. 

Table 4.3.4.3 exhibited the effect of an interaction (grasses × growth stages). Mineral contents of 

each grass increased as the age of the plant increased. This increase was significant for each 

grass for all growth stages except buffle grass at seedling and blooming stage. 

Maximum (13.50%) and minimum (11.48%) mineral contents were observed in buffle grass at 

seed maturity and blooming stage respectively. 

 Table 3.3.4.5 indicated the effect of interaction (grasses × fertilizers × growth stages) and 

an over all average values for each component of this interaction. 

 Maximum mineral contents (14.00%) were given by blue panic grass under FYM  

application gave the maximum mineral contents (14.0%) and control treatment at seed maturity 

stage, Johnson grass also under control treatment at blooming and seed maturity stage 

respectively. Similarly minimum (10.87%) mineral contents were given by buffle grass under the 

effect of NH4 NO3 at blooming stage. 

 On over all average basis, Johnson grass attained first position in all grass by showing 

13.08% mineral contents. Similarly amonium treatments control treatment (no fertilization) got 

top position in fertilizer treatments by giving 12.88% mineral contents. Maximum (12.83%) 

mineral contents were observed at seed maturity stage as compared to other growth stages. 
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               Table: 4.3.4.1 A N A L Y S I S   O F   V A R I A N C E   FOR MINERAL CONTENTS 

-------------------------------------------------------------------------------------------------------------------- 

  Sov         df     SS        MS            F-value  Prob Value 

-------------------------------------------------------------------------------------------------------------------- 

Replication        2         0.31  0.15  0.97   

Grasses           3      61.27   20.42  126.10  0.0000 

Growth stages          2       13.15  6.57  40.61  0.0000 

GrassesxG.stages            6       5.99  0.99  6.16  0.0000 

Fertilizers           3        21.39  7.13  44.03  0.0164 

GrassesxFertilizers          9         3.51  0.39  2.41  0.2664 

G.stagesx Fertilizers        6        1.26  0.21  1.29  0.0032 

Grassesx G. stages 18         7.03  0.39  2.41 

x Fertilizers              

Error             94        15.22  0.16 

-------------------------------------------------------------------------------------------------------------------- 

  Total            143     129.16 

-------------------------------------------------------------------------------------------------------------------- 

CV= 3.23% 

 

 

Table:  4.3.4.2 Effect of (fertilizer x grasses) on mineral contents of the grasses 
Fertilizer 
 

Buffel grass Dhaman grass Blue panic 
grass 

Johansen grass 

Control 
 

12.33 
efg 

12.22 
fg 

13.22 
b 

13.77 a 

Ammonium 
nitrate 

11.17 
h 

11.46 h 12.74 
cd 

12.55 
def 

Urea 11.33 
h 

11.44 h 13.11 
bc 

12.66 de 

FYM 
 

12.22 
fg 

12.11 g 13.33 
b 

13.33 b 

            LSD 0.05 =0.39 
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     Table: 4.3.4.3 Effect of interaction (grasses x growth stages) on mineral contents of grasses 

Grasses 
 

Seedling 
stage 

Blooming 
stage 

Seed Maturity 
stage 

Buffel 
grass 
 

11.50 e 11.48 e 13.50 a 

Dhaman 
grass 
 

11.80 de 12.50 c 12.50 c 

Blue 
panic 
grass 
 

12.00 d 12.87 b 13.41 a 

Johansen 
grass 
 

11.51 e 12.93 b 13.33 a 

               LSD 0.05 =0.34 
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Table: 4. 3.4.5 Effect of interaction (fertilizers x grasses x growth stages) on mineral contents (%) of range grasses  
Grasses Seedling stage Blooming stage Seed maturity stage Grasses 

means 

Cont
rol  

NH4N
O3 

(NH2)2

CO 

FYM  Contr
ol 

NH4N
O3 

(NH2)2

CO 

FYM  Contro
l 

NH4NO3 (NH2)2C
O 

FYM  

Buffel 
grass 

12.00
efg 

11.33 
ghi 

11.00 
hi 

11.67 
fgh 

12.33 
def 

10.87  
i 

11.00H 
i 

13.00 
bcd 

12.67 
cde 

11.33 ghi 12.00 efg 12.00 
efg 

11.76 b 

Dhaman 
grass 

12.00
efg 

11.40 
ghi 

11.00 
hi 

11.67 
fgh 

12.00 
efg 

11.00 
hi 

11.00 
hi 

11.67 
fgh 

12.66 
cde 

12.00 efg 12.33 def 13.00
bcd 

11.81 b 

Blue 
panic 
grass 

13.00
bcd 

12.50
de 

13.00B
cd 

13.00
bcd 

12.66 
cde 

12.73 
cde 

13.33A 
bc 

13.00 
bcd 

14.00 a 13.00 
bcd 
 

13.00  
bcd 

14.00 
a 

13.10 a 

Johnson 
grass 

13.33
abc 

12.00e
fg 

12.00 
efg 

12.66 
cde 

14.00 
a 

13.00 
bcd 

13.00 
bcd 

13.66 ab 14.00 a 12.67 cde 13.00  
bcd 

13.67 
ab 

13.08 a 

Growth 
stages 
means 

12.09 c 12.39 b 12.83 a LSD for GS at 0 
.05% = 0.21 

LSD for 
grasses at   
0 .05% = 
0.19 

 Control NH4NO3 (NH2)2CO FYM LSD for fertilizers 
at 
 0 .05% 

LSD for  Grasses x GS x  
fertilizers 
 0 .05% = 0.65 

Fertilizers 
means 

12.88 a 11.98 b 12.13 b 12.75 a 0.19 
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Discussion 

Crude Protein  

Crude proteins are very important constituent of animal feed which are considered 

indespenible for the growth of animals. These are composed from nitrogenous compounds which 

consist of different kind of amino acids. Since long ago, the significance of protein for the animal 

health has been recognized. Morrison (1984) in the very beginning pointed out that in both plants 

and animals, not only the protoplasm in the living cells but also the nucleus, which controls the 

activity of each cell are chiefly protein. These are considered a reliable source of over all 

nutritional status Crude proteins is needed by sheep and goat for maintainance, growth and 

reproduction. The deficiency of protein leads to reduced appetite low feed in take and poor food 

efficiency resulting in poor growth and development of livestock (Hussain and Durrani, 2009). 

For healthy productivity a continuous supply of Crude protein is required (Hole chek et al . 1998 

). Usually livestock is healthier in season when green forage with high Crude protein is available. 

Low protein contents also cause to decline the digestibility, vitamin, calcium and phosphorous 

contents of the animal feed. Protein contents of the grasses were significantly affected by 

treatments (fertilization), kind of grass, growth stages of grasses and their mutual interactions 

(Table 3.1.1). Use of different sources of nutrients caused to increase crude protein contents of 

all grasses as compared to control treatment (no use of any source of nutrients). The results of the 

same nature were reported by many workers about a wide range of agricultural crops. The crude 

protein contents of grasses also increased due to application of Nitrogen fertilization. 

Taliaferro et al (1975), Gaudreau et al (2002), Ahmed et al (2003), Trenholm and Unruh (2005)  

reported an increase in the protein contents of Bermuda grass whereas Housten + Sluijs (1973), 

Sarkar et al (2004), Genin et al (2005), Lee et al (2006) and Meena et al (2007) also found an 

increase in protein contents in short grasses, Zamboo grass, Stipa grass, Switch grass, Kentucky 

grass and dhaman grass respectively.  

An increase in crude protein contents of range vegetation especially grasses was also reported by 

Jacobsen et al (1995), Gillen and Berg (1998), Guevara et al (2000), Benett and Adams (2001), 

Snyman (2002) and Polat and Okant (2007). 

When the effect of source of nutrients on grasses was observed, the interaction between grasses 

and fertilization (Table 3.1.2) revealed that organic source of nutrients (Manure) was more 

effective then inorganic sources (ammonium nitrate and urea) because protein contents of each 
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grass increased more to manure application than NH4 NO3 and urea. Maximum Crude Protien 

was found in Johnson grass due to FYM application. Effective ness of FYM was also reported by 

Gaudreau and Munster (2002) for turf grass production, Meena et al (2007), for dhaman grass in 

Bermuda grass. Mean differences of grasses for crude proteing contents under the influence of 

fertilizers showed the significant effect of NH4 NO3 and urea too for each grass. Increase in 

crude protein contents due to NH4 NO3 and urea was also pointed out by Housten and Sluijs 

(1973), Tailia Ferro et al. (1975) in warm season grasses, Ahmed (2003) in Bermuda and Zoysia 

grass, Sarkar et al (2004) in Zamboo grass and Lee and Doolite (2007) in Switch grass.The 

protein contents decreased as the plant advanced in age. Therefore under the influence of each 

fertilizer and manure, crude proteins were maximum at an early seedling stage which declined to 

lowest level at seed maturity stage. This agrees with Ganskop and Bahner (2001) and Khan et al 

(2002). Growth stages had significant effect on the crude protein contents of grasses (Table 

3.1.4).  Crude protein contents of each grass decreased with the corresponding increase in age of 

grasses. These results are consistent with those of Dob et al (1988) and Mislevy et al (1989). 

Under the combined effect of grasses × fertilizer × growth stages, buffle grass, blooming stage 

and ammonium nitrate attained the top position among grasses, growth stages and treatments 

(sources of nutrients) respectively. 

 

Crude Fiber 

 Crude fiber is in fact an insoluble carbohydrate which consists of cellulose and other 

carbohydrates which are not easily dissolved. Like crude proteins, crude fibers were also 

significantly affected by all sources of variation (Table 3.2.1). The effect of treatments (sources 

of nutrients) on crude fiber contents of grasses (Table 3.2.2) showed that C.F of each grass 

increased under each treatment as compared to control treatment. Similarly these contents also 

increased under the influence of each treatment as the plant age advanced (Table 3.2.3) and 

increased with increasing age of the respective grass (Table 3.2.4). Under the combined effect of 

the interaction (grass × fertilizers × growth stages), application of FYM was found best of all  

others treatments while among grass, Johnson grass attained the top position. Comparing the 

over all affect of growth stages, crude fiber contents were found maximum at blooming stage. 

Increase in total yield of crude fiber contents due to increased rate of nitrogen fertilizer (Urea) 
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was reported by Sarker et al (2004) in Zamboo grass. The workers found the effect of N fertilizer 

on Crude Fibre contents significant which supported the results derived from the present studies. 

But under each dose of Nitrogen, Crude Fibre decreased in second cutting as compared to first 

cutting whereas in my studies, it these Crude Fibre contents increased as the age of plant 

increased. Major reason may be attributed to time harvesting which was definitely more in my 

case. During my research, plant was allowed to reach seed maturity followed blooming stage 

which caused to increase Crude Fibre contents. My view of opinion was also supported by 

Holman et al (2007). Similarly FYM was found better than other inorganic sources of nutrients. 

The same fact was also reported by Owens and Doolite (2007) who on the basis of their research 

work concluded that manure exhibited good potential as an N source for maintaining switch 

grass production. 

 

Dry Matter 

 Statistical analysis indicated that all the relevant variables had significant effect on the 

dry matter (DM) of the grasses (Table 3.3.1). Like protein contents, DM of each grass under the 

influence of each treatment increased as compared to chek treatment (No use of any source of 

nutrients). Maximum DM % as 4.96 in buffle grass, and 9.87 in Johnson grass was observed due 

to effect of FYM, whereas 4.77% DM as maximum was exhibited by blue panic grass under the 

influence of urea. Dhaman grass gave no response to any source of nutrients. Therefore DM 

percentage of dhaman grass decreased under the influence of each treatment and control 

treatment gave the maximum 4.57% DM in dhaman grass. The nature of effect of inorganic and 

organic source of nutrients was not similar for each grass (Table 3.3.2). As far as the effect of 

treatments on DM percentage at different growth stages is concerned, it increased and became 

maximum at seed maturity stage under the influence of ammonium nitrate (4.82%), urea (4.75%) 

and FYM (4.85%) respectively whereas conversely DM percentage decreased with increasing 

growth stage (Table 3.3.3). 

 Changing trend of DM % with advancing age in all grasses were not similar. In buffle 

and Johnson grass it increased and dhaman and blue panic grass it decreased (Table 3.3.3). The 

effect of seed maturity on the effectiveness of treatment (different sources of nutrients) and kind 

of grasses was also reported by Dabo et al (1990) Mineral contentsraf et al 1995, Kramberger a 
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klemencic 2003 who also pointed out an increased dry matter with maturity. Whereas Sarkar et 

al (2004) reported a decline in DM% due to plant age in Zamboo grass under the influence of 

urea. Bayram et al (2009) expressed that the effects of fertilizers on lay quality were of 

contradiction. 

Hussain and Durrani (2008) studied growth period of range vegetation in Baluchistan province 

of Pakistan and reported that chemical composition of range vegetation is highly heterogeneous 

and dynamic across space and time. More over forage fodder available in early spring is more 

nutrition’s whereas from June to September it is become less nutritious and deficient in required 

quantity and quality. Polat and Okant pointed out that the increased doses of N (100 kg or more 

ha -1) reduced dry matter yield. 

 On the over al performance under the combined effect of grasses × fertilizers × growth 

stages Johnson grass had maximum matter DM (4.54%) of all grasses and among fertilizers 

treatment the neither  fertilizer nor FYM increased DM percentage rather it decreased due to 

their application. Control treatment (with out use of any source of nutrients) showed the 

maximum DM (4.84%). After reviewing the over all effect of growth stages on DM contents, 

maximum DM percentage was found at seed maturity stage (Table 3.3.5). Meena et al (2007) 

pointed out an important fact that maximum green herbage yield, dry matter production and 

protein contents can be obtained in dhaman grass when fertilizer is applied at 40 kg N ha-1. 

 

Mineral Contents 

 Mineral content are also very important constituents of any feed for livestock because 

these are very much involved in bony skeletal growth and in the synthesis for production of other 

tissue muscle and organs. These produce and activate enzymes in the body. These are concerned 

in maintaining proper osmotic pressure related to blood and other body fluids and maintain the 

proper acid base balance of pH of blood. The mineral contents also maintain the proper relation 

and contraction of muscles as well as the proper activity of nerves (Morrison, 1948). The 

resulted presented in table 3.4.1 showed that the mineral contents of grasses were significantly 

affected by all factors of variation like grasses, source of nutrients, growth stages of grasses and 

their respective in tractions. The effect of source of nutrients on the mineral contents of grasses 

was not of similar nature. Inorganic + organic source of nutrients caused to decrease the mineral 

contents in all grasses except FYM in blue panic grass (Table 3.4.2).  The nature of effect of 
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NH4 NO3, urea + FYM on mineral contents with respect to growth stages was also the same. 

(Table 3.4.3). The nature of response of each grass to growth stages was also similar because the 

mineral contents of each grass increased as the plant age advanced (Table 3.4.4). 

 The results of the same nature were also reported by Sultan et al. 2008 who determined 

DM controls as 30.4% in Themeda anathera and 36.4% in Cymbopogon Schoenan thus at an 

early stage which increased to 39.9 and 47.5% in the same grasses at mature stage respectively. 

The mineral contents also increased correspondingly. They further added that P contents found 

below the minimum requirement of livestock was the result of its deficiency in soil. Moreover  

already pointed out that P contents were widely deficient in soils of rangelands in semi arid + sun 

humid regions and consequently in the grasses growth n these areas. Similarly forages of semi 

desert and savana regions were reported to be deficient in P content due to low P content in the 

soil (Sultan et al 2008). 

 The findings of Hussain and Durrani (2008) support the results. They reported that at per 

reproductive stage, Stipa Pennata had lowest mineral contents contents that enhanced at 

reproductive and post reproductive stage. 

 On the basis of the results it was concluded that Johnson grass as compared to other 

grasses had the highest mineral contents (13.08%). Neither inorganic no organic source of 

nutrients caused to increase rather decrease mineral contents. It is therefore control treatment 

(with out use of any source of nutrients) had the maximum mineral contents (12.88%). The 

mineral contents increased as the plant age increase. It is why maximum mineral contents 

(13.83%) were shown by seed maturity stage. Under the combined (interaction) effect of grasses 

× sources of nutrients × growth stages. 
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Chapter 5 

 

SUMMARY, CONCLUSIONS AND FUTURE RESEARCH OPTIONS 

 

 

It is an established fact that the productivity of the rangelands of the country especially 

Southren Punjab is far below than its potential and even this is declining rapidly day by day. The 

situation needs the rehabilitation of degraded range lands through maximizing their productivity 

and sound management. 

 Sparsely scattered drwarf plants with stunted growth dominated by undesirable increaser 

plants reflects the very low germination and survival of desirable nutritious high yielding range 

plants under dry land  conditions. 

 The main objective of the present research studies was to explore the ways to enhance 

seed germination and accelerated the growth and survival of turf grasses haring potential to cope 

with the challenge of low range productivity. 

 To achieve the goal, eight indigenous range grasses were tested against different seed 

priming treatments in the laboratory. Ten (10) seed priming treatments consisting of 

hydropriming and osmo priming treatments including 10 and 50mM solutions of different seed 

priming agents like KCL, CaCl2, KNO3 and CaSo4 were used. This phase of the research was 

carried out  in the laboratory at University of Agriculture, Faisalabad during 2007. During 

(2008), On the basis of results of germination vigor, four (4) grasses i.e. buffle, dhaman, blue 

panic and Johnson grasses were selected for testing their performance under field conditions in 

Thal range area which is located in the southern Punjab province of Pakistan. Different sources 

of nutrients like ammonium nitrate, urea and farm yard manure were applied to selected grasses 

in the field and their effect on the agronomic and nutritional performance of grasses plants was 

recorded at seedling, blooming and seed maturity stage. The results are summarized as under. 

 Blue panic grass (Panicum antidotale, Retz) gave the maximum germination percentage 

(77.67%) followed by dhaman grass (Cenchrus setigerous Vahl) which gave maximum (75.60%) 

germination percentage (75.60%) after priming with 10mM Caso4. Johnson grass (Sorghum 

helepense L, Pers) and buffle grass (Cenchrus cilliaris L) got 3rd and 4th position with respect to 
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germination by exhibiting 69.67 and 63.33 percent germination under the effect of 50mM CaSo4 

and 10 mM KNO3 respectively. CaSo4 was fond best of all as an osmopriming agent for seed 

priming for blue panic, dhaman and Johnson grasses  which were selected for field trial.  

 Seeds of blue panic dhaman and Johnson grasses were primed with 10 and 50mM CaSO4 

respectively whereas seed of buffle grass was primed with 10mM KNO3 before sowing directly 

in the field (Thal range area). Ammonium nitrate, urea and farm yard manure (FYM) were 

applied as inorganic and organic source of nutrient at the time of sowing. Each source of nutrient 

caused to increase the agronomic and nutritional traits of each grass at each growth stage. With 

respect to the effect of source of nutrient on grasses, as compared to ammonium nitrate and urea, 

FYM gave the maximum plant height (110.92 cm), fresh plant weight (62.87 g.), fresh shoot 

weight (33.95 g), root weight (28.91 g), fresh leaf weight (1.46 g.) leaf area (27.02 cm2.), number 

of nodes per tiller (6.28), in Johnson grass whereas urea gave maximum number of tillers per 

plant (8.56) in dhaman grass respectively. Similarly FYM gave the afore mentioned parameters 

77.42 cm., 37.58g., 20.11g., 17.45., 0.93g., 12.43cm2, 6.99 in same order at maximum level at 

maturity stage as compared with seedling and blooming stage. 

 As far as the growth response of grasses at different growth stage is concerned, each 

grass attained the maximum extent of each agronomic character at seed maturity stage. On the 

over all absis, of the inorganic and organic sources of nutrients, FYM was found best of all. 

Whereas among grasses, Johnson grass (Sorghum helepense L. Perse) was found the best one. At 

seed maturity stage, each grass and each treatment (In organic and organic source of nutrient)                                                                                                                              

gave the best performance. The chemical analysis revealed the nutritional status of each grass 

under the influence of nutrients source. Farm yard manure (FYM) as an inorganic source of 

nutrients gave in johnson grass at seed maturity stage, the maximum crude protein (18.03%) in 

bullfe grass, at seedling stage maximum  crude fiber (37.00%). FYM also gave maximum DM 

(5.90%) in buffle grass and mineral contents (14.00%) in Johnson grass at seed maturity stage. 

Among the grasses, buffle grass was found more nutrious as compared to other grasses. In the 

light of these finding, application of FYM is recommended for Thal range area. 

In future, more indigenous grasses should be tested for their germination vigor. More efforts 

should be made to increase germination vigor by employing different kinds of seed priming 

agents. Primed seeds of grasses be tested in various ecological zones (rangelands) of the 
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country.Application time and rate of Nitrogen and phosphorous be tested against different 

grasses to increase the quantity and quality of forage for range livestock. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 



117 
 

Chapter 6 

Literature cited 

 

  

Afzal,  I. S., M. A. Basara. 2005.The effect of seed soaking with plant  growth regulators on 

seedlings vigor of wheat under salinitystress. J. Stress.physiology. pp: 6-14. 

Afzal,  I. S., M.  A.  Basra and A. Hameed. 2006. Physiological Enhancement for alleviation of 

salt sress in wheat. Pak. J. Bot: 1649-1659. 

Ahmad, I., M. A. Khan and M. Qasim.2003.Growth and development of different turf grasses as 

influenced by nitrogen Application and leaf nitrogen contents. J. Agri and 

Biology..5:175-178. 

Ahmed, K., M. Mineral Contentsram, Z. I. Khan and E. I. Valeem. 2008. Evaluation of macro-

mineral concentrations of forage in relation to ruminant requirements. A case study in 

valley, Punjab, Pakistan. Pak. J. Bot.  40(1): 295-94. 

Ahmed, K., Z. I. Khan, M. Mineral Contentsram, M. Mineral Contentsraf and I. E. Valeem. 

2008. Forage evaluation for some trace elements. A case study in the soon valley, 

Pakistan. Pak. J. Bot. 40(3): 999-1004. 

Ahmed,  S., M. Anwar, H. Ullah.1998. Wheat seed presoaking for improved germination. 

J.Agron. Crop.Sci; 181:125-127 

Aldridge, C. D., and R. J. Probert.1992. Effect of partial drying on seed germination in aquatic 

grasses Zizania palustris L. and porteresia coarctata(Roxb.) Tateoka. Seed Sci. Res. 21. 

199-205. 

 

Aliero, B. L. 2004. Effect of sulphuric acid mechanical scarification and wet heat treatments on 

germination of seeds of African locust bean tree.Paria biglosa. African J. 

Biotechnol.#:179-181 

AlKaraki, G. N. 1998. Response of wheat and barley during germination to Osmopriming at 

different water potential.J.Agron.Crop.Sci. 181:229-235 



118 
 

Al-Mudaris,  M. A. and S. C. Jutzi .1999.The influence of fertilizer based seed priming 

treatments on emergence and seedling growth of sorghum bicolor and Pennisetum 

glaucum in pot trials under green house conditions.J.Agron.crop Sci.18:135-14. 

Anderson, R. H., D. F. Samuel and D. M. Engle. 2006. Soil Nitrogen Availability in Tallgrass 

Prairie Under the Fire–Grazing Interaction. Rang. Ecol. Manag. 61(6): 625-631. 

Anonymous, 2008a. Animal feed resources of Pakistan. Rangeland management issues. Letter 

number. 178/112-11, PC/ AGR/2007. Dated 9 April. 2008. MINFAL. Govt. Pakistan. 

Planning Commission Agri and food section, Islamabad. Pakistan.  

Anonymous, 2008b. The shortage of green fodder can be overcome through the use of fodder 

seed giving multiple harvests. Daily Nawa-e- waqat, Lahore, 26th  

Annonymous, 2009. Economic Survey of Pakistan. Govt. of Pakistan 

 

AOAC. 1990. Association of Official Analytical Chemists. Official methods of analysis. 13 ed. 

Association of Official Analytical Chemists, Washington DC, USA. 

 

Arafa,  A. A., M. A. Khafagy. (2009). The effect of glycinebetaine or ascorbic acid on grain 

germination and leaf structure of sorghum plants grown under salinity stress 3(5):294-

304(2009). 

Arnon, I. Crop production in dry regions Johnwiley sons, Toranto, Canada.vol; 1 pp: 75. 

 

Arshad-Ullah, M., A. Razzaq and R. Saleem. 2006. Performance of various forage grasses 

under Spring and Moonsoon season at Pothowar Plateau ( Pakistan). Inter. J. Agri. Biol. 

3: 398-401. 

Asiegbu, J. E., O. A. Agba and C. P. F. Omalike. 2004. Effect of priming with poly-ethylene 

glycol and sulphuric acid on seed germination and early seedling growth of mucuna 

flagellipes.Tropical Sci. 44: 169-173 

Association of official seed analysis.(AOSA).Rules for testing seeds.J.Seed Technol 12: 1-112. 

Ayan, I., Z. Acar, H. Mut, U. Bosorn and D. Asci. 2006. Morphological, chemical and 

nutritional properties of forage plants in a natural rangeland in Turkey. Bang. J. Bot. 

35(2):133-142. 
 



119 
 

 

Bali,  A.  S., M.  H.  Shah,  B. Hassan and K. N. Singh. 1998. Influence of various nitrogen, 

phosphorus and seed rates on herbage yield and quality of newly released oat genotype 

SK-0-7 (Sabzar) in temperate Kmineral contentsmir. Forage Res. 24: 67-70. 

Barton, L.;G.G.Y.Wan,R.P.Buck and T.D.Colmer,2009.Nitrogen increases evapotraspiration and       

              growth of a warm season turf grass.Agron.J.101:17-24. 

 

Baryram, G., M. Turk, E. B. Capici and N. Celik. 2009.The effect of aeration application of 

manure and fertilizer on the hay yield, its quality and botanical composition of the 

abanedoned Range. J.Affrican.Agri. 4: 498-504. 

Basra, S .M . A.;M. Farooq, R. Tabassum and N .Ahmad.2005.Physiological and biochemical 

aspects of seed vigor enhancement treatments in fine rice(Oryza sativa). Seed 

Sci.Technol; 33:623-628 

Basra, S. M. A, M. Farooq, K. Hafeez and N. Ahmed. 2004. Osmohardening: a new technique 

for rice seed invigoration. Int. Rice Res. Notes, 29: 80-81. 

  

Basra, S. M. A., M. Farooq and A. Khaliq. 2003. Comparative study of pre-sowing seed 

enhancement treatments in indica rice (Oryza sativa L.). Pak. J. Life and Soc. Sci.1: 5-9 

 

Basra, S. M. A., M. Farooq, R. Tabassum and N. Ahmed. 2005. Physiological and biochemical 

aspects of seed vigor enhancement treatments in fine rice ( Oryza sativa L.). Seed. Sci. 

Tecnol., 33: 623-628. 

  

Basra, S. M. A., M. N. Zia, T. Mahmood, I. Afzal and A. Khaliq. 2002. Comparison of 

different invigoration techniques in wheat ( Triticum aestivum L.). Seeds. Pak. J.Arid. 

Agric., 5: 11-16. 

Basra, S. M. A., M. N. Zia, T.  Mahmood, I.  Afzal and A.  Khaliq. 2002. Comparison of 

different invigoration techniques in wheat ( Triticum aestivum L.). Seeds. Pak. J.Arid. 

Agric., 5: 11-16. 

Basra, S. M. A., E. A. Waraich and A. Khaliq. 2006. Optimization of hydropriming techniques 

for rice seed Invigoration. Seed Sci. & Technol. 34: 529-534. 



120 
 

Bayble, T. S. Melaku and N. K. Prasad. 2007. Effects of cutting dates on nutritive value of 

Napier (Pennisetum purpureum) grass planted sole and in association with Desmodium 

(Desmodium intortum) or Lablab (Lablab purpureus). Ls. Res. Rural Develop.19 (1):? 

2007 

Beckman,  J. J. L .E. Moser, K .Kubish and S. S. Waller.1993.Big Bluestem and switch grass 

establishment as influenced by seed priming.Agron.J:85:199-202 

Bell, J. M., C. A. Robinson, and R. C. Schwartz. 2006. Changes in Soil Properties and enzymatic 

activities following manure applications to a rangeland. Rang. Ecol. Manag.: 59(3): 314–

320.  

Bennet, L. T and M. A. Adams.2001. Response of perennial grasslands to nitrogen and 

phosphorous addition in sub tropical, semiarid,  Australia. J.Arid Environ 48: 289-308. 

Bewle, J. D and M. black. 1994. Seed physiology of development and germination.Plenum press, 

New York, pp: 230-268 

Bhattarai, S. P., J. Fox and Y.Gyasi-Agyei.2008.Enhancing buffel grass seed germination by acid 

treatment for rapid vegetation establishment on railway batters .J.Arid.Environ.72:255-

262. 

 Black, A. L. and J.R.wight .1979.Range fertilization plant responses and water use.  

            J. RangeManag.32: 349-353. 

 

Ble,  A. T. and W.keller.1974.Emergence and yield of six range grasses planted on four dates 

using natural and treated seeds.J.RangeMgt , 27:225-227 

Bonner, J. and A. W. Galston,1985.Principles of plant physiology .Freeman and company,San 

Francisco.pp:424-437. 

Booker, J. D., K. F. Broson, C. L. Trostle., J. W. Keeling and A. Malapati. 2007. Nitrogen and 

phosphoros fertilizer and residual response in cotton-sorghum and cotton-cotton 

sequences. J.Agron.99:607-613.  

Bosworth, S. C., C. S. Hoveland and G. A. Buchanan. 1985. Forage quality of selected cool 

season weed species. Weed Sci., 34: 150-154. 

 Bowman, D. C. 2003.Daily vs periodic nitrogen addition affects growth and tissue in  

                   Perennial Rye grass turf. Crop Sci.43: 631-638. 

  



121 
 

Bowman, D. C., C. T. Cherney and T. W. Rufty. Jr.  2002. Fate and transport of nitrogen applied 

to six warm season turfgrass. Crop Sci.42: 833-841. 

Bray,  C. M.1995.Biochemical processes during the osmopriming of seed development and 

germination.Kigel,J.Higgins and Y.J.Turner 1975.Invigoration of seeds.Seed Sci; 

Technol;3:881-88. 

Bulter, J. E. 1985. Germination of buffal grass,  Cenchrus ciliaris . Seed science and technol. 

13:583-592. 

Burns,  J. C.,  M. G. Wagger and D. S. Fisher.2009.Animals and pasture product of coastal and 

Tiffton 44, Bermuda grass at three nitrogen rates and associated soil nitrogen status. 

J.Agron.101:32-40. 

Bush. E. W., D. wilson, D. P. Shepard and G. Mc Cleansc 2000.Enhancement in seed in 

germination common carpet grass and centipede grass.Hort.Sci;35;769-770 

 Butler, T. J. and J. P.Muir.2006. Dairy manure compost improves the soil and increases tall 

           heat grass yield.Agron.J.98:1090-1096. 

 

Cahill, S.  Osmond, C. Crozer., D.  Israel and Raudy Wiez. 2007. Winter Wheat and Maize 

response to Urea ,Ammonium nitrate and new Urea Farmaldehyde polymer fertilizer. J. 

Agron. 49: 1645-1653. 

Campbell, T. A. and D. G. Hewitt. 2005. Nutritional Value of Guajillo as a Component of Male 

White-Tailed Deer Diets. Rang. Ecol. Manag. 58(1): 58-64 

Cherney, D. J. R; J. H. Chenery and E. A. Mikhailowa 2002.Orchard grass and tall fescue  

     Utilization   of nitrogen from dairy manure and commercial fertilizer.Agron.J.94:405-412. 

 

Chowdhary, A. Q. and Q. A. Baset.1994.Effect of soaking period and subsequent dry storage and 

aging.Seed.Sci.Res;7:323-331. 

Clarkes,  and K. French. 2005.Germination response to heat and smoke of 22 poaceae species 

from grassy woodlands. Aust. J.Bot.53:445-454 

Cook, S. J and G. R. Dolby .1981.Establishment of buffel grass ,green panic and Sirataro from 

seed broadcasting in to a spear grass pasture in southern Queensland.Aust 

.J.Agr.Res,32:749-759 



122 
 

Crush, J. R and J. P. M. Evans. 1990. Shoot growth and herbage element concentrations of 

grasslands Puna Chichory ( Cichorium inthybus L.) under varying soil pH. Proc. N. Z. 

Grassl. Assoc., 51:163-166. 

Daly, M. J., R. M. Hunter, G. N. Green and L. Hunt. 1996. A comparison of multi species 

pasture with rye grass white clover pasture under dry land conditions. Proc. N. Z. 

Grassl. Assoc., 58: 53-56. 

Dezfuli, P. M. Farzad, sharif Mohsen. J. (2008) influence of priming techniques on seed 

germination behavior of maize inbred lines(zea.mays L.) vol.3,No.3. 

 

Dixon. K. W., S. Roche and J. S.pate.1995.The promotion effect of smoke derived from burnt 

native vegetation on the seed germination of western Australlion plants. 

Oecologia.101:185-192 

 

Dorivar, A., R. Diaz and J.sawyer.2008 plant avail nitrogen from poultry manure as affected  

     by time of applications. 

 

Dabo,  S. M., C. M. Taliaferro, S. W. Colemn, F.P. Horn and P. L. Claypool. 1987. yield and 

digestibility of old world Bule stem grasses as affected by cultivar, plant part oil maturity, J. 

Range Marge. 40: 10-15. 

 

Dabo, S. M., C. M. Taliaferro, S. W. coleman, F. P. Horn oil P. L. Claypool. 1988.  Chemical 

composition of old world blue stem grasses as affected by cultivar and maturity.  J.  Range 

Manage. 14:10-15. 

 

 

 

Dutt, T. E., R.. G.  Harvey and R. S. Fawcett. 1982. Feed quality of hay containing perennial 

broad leaves weeds. Agron. J., 74: 673-676. 

 Ebdon, J. S.,A. M. Perovic and R. A.White.1999.Interaction of nitrogen, phosphorous  

             and     potassium on evapotranspiration  rate and growth of Kentucky blue grass. 

           Crop Sci.; 39:209-218.  



123 
 

Ellis,  R. A., T. D. Hang and E. H. Robert. 1985. Handbook of seed technology for gene benk. 

Vol. 1. Principles and methodology. International board for gtenetic responses, Rome, Italy. 

 

Evenari. M., Germination Inihibitors Botan.Rev;15-153, 1949. 

 

Farooq, M. 2005.Assesment of physiological and biochemical aspects of presowing treatments in 

transplanted and direct seeded rice .Ph.D thesis .Uni.of Agr;Faisalabad, Pakistan. 

Farooq, M., S. M. A. Basra and K. Hafiz. 2006. Rice seed invigoration by osmohardening. 

Seed. Sci. Thnol., 34: 181-187. 

Farooq, M., S. M. A. Basra and K. Hafiz. 2006. Rice seed invigoration by osmohardening. 

Seed. Sci. Thnol., 34: 181-187. 

Farooq,   M., S.  M.  A. Basra. H. R. and B. A. Saleem 2008.Seed priming enhance the 

performance of late sown wheat (Triticum aestivum L.) by improving chilling 

tolerance.Journal compilation, 194. 155-60. 

Farooq,  M.,  S. M. A. Basara 2007.Improving the performance of transplanted rice by seed 

priming.Plant growth Regul 2007.51:129-137. 

Franks,  A. J. 2002. The ecological consequences of buffal grass (Cenchrus ciliaris) 

establishment within remment vegetation on seed germination of Queenslands.Pacific 

biology 8:99-107. 

Gaudreau, J. E, D. M. Vietor., R. H. white. T. L. Provin and C. L. Munster.2002. J. Environ.31: 

1316-1322. 

Genin, D. T. Khorchani and M.  Hamamdi. 2006. Improving nutritive value of a North African 

range grass (Stipa tenacissima):Effect of dung mineral contents and urea treatment on 

digestion by goats. J. anifeed Sci: 08-013. 

  Gillen, R. L and W. A. Berg. 1998. Nitrogen fertilization of a native grass planting in West 

Oklahoma. J. RangeManage.51:436-441. 

Gomez, K. A and A. A. Gomez.1983.Statistical procedures for agricultural research. Johnwiley + 

sons.New York,  USA. 

Gonzalez-Castaneda, J., M. V. Angoa-Perez, J. T. Frias-Hernandez, J.T., Oland-Portugal, V., 

Flores – Ancira, E., Terrones-Rincon, T. R. L., Van Cleemput, O., Dendooven, L., 2004. 

Germination of seeds of huisache (Acacia schaffneri) and catchlaw (Mimosa 



124 
 

monancistra) as affected by sulphuric acid and mechanical scarification and subsequent 

growth and survival in a greenhouse and field experiment.Seed Science and technology 

32: 727-738.                          

GOP. 1974. Feasibility survey report for management of range lands of Punjab (pre-

investment survey). Range Management Division, Development and Working Plan 

Circle, Punjab Forest Department, Lahore, Government of Pakistan. 

Guevara, J. C., R. S. Carlos, E. R. Oscar and N. L. Henry. 2000. N and P fertilization on 

Rangeland production in Midwest Argentina. J. RangeManage. 53: 410-414. 

Gyasi- Agyei, y., S. P. Bhattarai , J. Fox and D. Nilson. 2005. Simulationeous multisite railway 

embarkment slopes (batters) erosion control for anew spur line.In. Proceedings of the 

Enlish International Railway conferrence, London, UK. 29-30 June. 

Haan,  M. M., J. R. Russell, J. L. Kovar, W. J. Powers and J. L. Benning. 2007. Effects of Forage 

Management on Pasture Productivity and Phosphorus Content.  Rang. Ecol. Manag. 

60(3): 311-318. 

Hacker, J. B. and D. Ratecliff.1989.Seed dormancy and factors controlling dormancy break 

down in buffel grass accessions from contrasting provisinces J.Appl.Ecology.26:201-212 

Hacker, J. B.1989. The potential for buffel grass renewal from seed in 16 year old buffel grass – 

Siratro pasture in southeast Queenslands .J.Appl.Ecology 26: 213- 222 

Haghpanah,  A., O. Younesi  and A. Moradi. 2009. The Effect of Priming on Seedling 

emergence of differentially matured Sorghum (Sorghum bicolor L.) seeds. J. Appl. Sci.  

Haigh, A.  M.and E.W.R. Barlow.1987.Germination and priming of tomato, carrot, onion and 

sorghum seed in arrange of osmotica.J.Amer.Soc.Hort Sci; 112:202-208. 

 

Harddegree,S. P. and W.E.Emmerich.1992.Effect of matric priming duration and priming water 

potential on germination of four grasses.J.EXP.Bot;43:233-238 

 Harddegree, S. P. and W.E.Emmerich.1992.Seed germination and response of four south 

western   

 

Hardegree, S. P., T. A. Jones and S. S. V. Vactor.2002. Variability in thermal response of primed 

and  non primed seeds of squirreltail (Elymus elymoides). Swezey and Elymus 

multisetus(J.G.Smith M.E Jones).Annals Bot.89: 311-319. 



125 
 

Hardegree, S.P and S . S .V . vactor.1998.  Predicting germination response of four cool season 

range grass to field variable temperature regimes.Environ. Exp. Bot. 41:209-217. 

Hardegree, S. P. and S. S. V. Vactor.2000.  Germination and emergence of primed grass seeds 

under field and simulated field temperature regimes. Annals Bot. 85: 379-390. 

Hardegree, S. P. 1998.Optimizing of seed priming treatments to increase low temperature 

germinations rate. Range Management; 49:87-92. 

Hardwood,  M. R., J. B. Hacker and J. J. Mott. 1999. Field evalution of seven grasses for use in 

the revegetation of lands distribution by coal mining in central Queenslands. Aust . J. 

EXP. Agr .39: 307-316. 

Harris,  D; A. Joshi,P. A. Khan,P. Gotkhar,P. S. Sodhi.1999.On farm seed priming in semi aride 

agriculture development and evaluation in maize, rice and chick pea in india using 

participatory methods.Exp.Agri;35:15-29 

Harris, D.1996. The effect of manure, genotype, seed priming, depth and date of sowing on the 

emergence and early growth of sorghum bicolor (L.). moench in Semi-arid 

Botswana.Soil.Tie.Res.40:73-88  

Harris, W. N. T. W. Boutton, and R. J. Ansley. 2008. Plant Community and Soil Microbial 

Carbon and Nitrogen Responses to Fire and Clipping in a Southern Mixed Grassland. 

Rang. Ecol. Manag. 61(6): 580-587.   

Hattab, E. A. H. and M.Y. Harb,1992. Effect of planting dates and nitrogen levels and forage 

yield and quality in sorghum sudangrass hybrid in the central Jordan valley. Department 

of plant production, University of Jordan, pp:17-18. 

Hernandez, V.Olande-Portugal,E.Flores –Ancira,T.R.L.Terrones-  

 

Heydecker, W. and P. Coolbear. 1977. Seed treatments for improved performance-survey and 

attempted prognosis. Seed Sci. Technol. 5:353- 425 

 .  

Houston,  R. W and D. H. Vandersluis.1973. Foliar applied urea and Ammonium Nitrate 

Fertilizers on shortgrass range. J.Range Manage.26: 260-364. 

 



126 
 

Holechek, J. I., R. D. Pieper and C. H. Herba. 1998. Range management principles and practices. 

3rd ed. Prentice hall., Upper Saddel River. New Jersey. 07458. 

 

Hussain, F and M. J. Durrani. 2009. Nutritional Evaluation of some forage plants from Harbboi 

Rangelands,Kallat, Pakistan. Pak.J.  Bot. 41: 1137-1154. 

Hussian, F. and M.J. Durrani. 2008. Mineral composition of some range grasses and shrubs 

from Harbboi rangeland kallat, Pakistan. Pak. J. Bot. 40(6):2513-2523. 

Iljin, W. S. 1957.Drought resistant  plants and physiological processes.A.Rev.Pl.Physiol;8,257-

74. 

In Proceedings of English International Railway conference, London UK, 29-30 June,  2005. 

 

Iqbal,  M. A. 2005. Changes in growth ,photosynthetic capacity and ionic relation in spring 

wheat(Triticum aestivum L.) due to presowing treatment with polyamines. Plant 

growthRegule .46:19-30. 

Iqbal, A.  A. J. and S.R.2006.Does seed priming induce changes in the level of some 

Endogenous plant hormones in Hexaploid wheat plants under salt Stress.J.integ, plant 

Biolog 48(2):181-189. 

 

Jacobsen, J. S.,S. H. Lorbeer, H. A. R.Houlton, and G. R. Carlson. 1995. Nitrogen fertilization of 

drylands grasses in the Northern Great plains J. RangeMange.49:340-345. 

Jensen,  N. K. and A. Boe.1991.Germination of mechanically scarified necrotic Switch grass 

seed .J.Range Mgt.44;299-301. 

Johnson,  B. J., R. N. Carrow and R. E. Burns. 1987. Bermuda grass turf Response to Moving 

Practices and fertilizer. J. RangeMange.38: 455-457. 

Johnson C. R; B. A.Reiling, P.mislevy and M. B. Hall.2001.Effect of nitrogen fertilization   

     and harvested on yield,digestability,fiber and protein fractions of  

                   tropical grasses.J.Anim.Sci.79:2439-2448 

  

Janskopp, D. and D. Bohnert. 2001. Nutritional dynamics of Northern great basin grasses. J. 

Range Mange. 54: 640-647. 

 



127 
 

Johnthon, D., H. Carl and D. Thill. 2007. Structural composition,Growth stage,and cultivar 

affects on Kentucky Bluegrass forage yield and nutrient composition.J. Agron .99: 195-

202. 

Jung, G. A. , J. A. Shaffer, G. A. Varga and G. R. Everhart. 1996. Performance of grasslands  

Puna chicory at different management levels. Agron. J., 88: 104-111. 

Kandasmy,  P., P. surnarum and K. K. Krisno-murthy,1973. Nitrogen and phosphorous 

application and the age of crop on the crude protein content in Panicum maximum 

(Guinea grass). Madras Agric. J., 60: 970-972. 

Khaled, R., M. Duru, V. Decruyenaere, C. Jouany, and P. Cruz. 2006. using leaf traits to rank 

native grasses according to their nutritive value. Rang. Ecol. Manag. 59(6): 648-654. 

Khalique, A. 2008.Rangelands of Pakistan: Threats and prospects. Minutes of meeting of animal 

feed resources of Pakistan Issues of rangeland management held on 23-4-2008 at 

Islamabad. Pakistan. 

Khan, C. M. A. 1966. A note on effect of site on success of reseeding in Thal. Pak. J. Forestry. 

16: 274-277. 

Khan, C. M. A. 1968. Sand dunes rehabilitation in Thal in Pakistan. J. R. Manag. 21: 316-321.  

Khan, M.J., M.Shahjalal and A. R. Sarkar,1996. Yield, Chemical composition and  nutritive 

value of oat (Avena sativa) fodders Bangladesh J. Animal Sci.,25:109-115.  

Khan, C. M. A. 1970. Effect of clipping intensities on forage yield of Cenchrus ciliaris in Thal, 

Pakistan. Pak. J. Forestry. 20: 75-87. 

Khan, Z. H; A. Majeed, A. U. R. Tocee, S. yaqoob and Z. Aslam. Responsc of some cool season 

Range grasses to different levels of salinity at their germination stage.Pak.J.Sci;59:61-67. 

Khandar, Z. H. and M. M. Islam, 1988. Effect of nitrogen fertilizer and stage of maturity on yield 

and quality of fodder maize (zea mays) ) and oat ( Avena sativa) fodders.Bangladesh j. 

AnimalSci.,17: 47-53. 

Khan, Z. H., R. A. Khan, S. Hafeez and S. Afzel. Livestock production under agro-grazing 

system as compared to open range/ forest grazing and stall feeding system in Pakistan. 

 

Kranberg, B. and S. Klemencic. 2003. Effect of harvest date on the chemical composition and 

nutrient value of Certatium holosteoides. Grass and Forage Sci. 58: 12-16. 

 



128 
 

 Lee, D. K; V. N. Owens and J. J. Doolittle 2007.Switch grass and soil carbon sequestration  

                Response to ammonium nitrate, manure and harvest frequency on conservation   

                 Reserve programmeland.Agron.J.99:462-468. 

 Loeke, T. D; M.Liebman, C. A. Cambardella and T. I. Richard.2004.Corn response to  

                  composting and time of application of solid swine manure.Agron.J.96:214-223. 

  

Lutwick, L. E and A. D. Smith. 1979. Yield and N uptake by seven perennial grass species as 

affected by high rates of N fertilizer. J. Range Manage. 32:433-437. 

 

 Misra. M. K. 1998.Seed enhancements.Seed sci.Res;8:245-256. 

 

Matin, G. C., C. C. Sheaffer and B. L. Wyse. 1987. Forage nutritive value and palatability of 

perennial weeds. Agron. J. 79: 980-986. 

Mauromicole, G. and V. Cavellaro. 1996. Effects of seed osmopriming on germination of three 

herbage grasses at low temperature. Seed Sci. Tech. 24(2):331-338.   

Mayer, S. E; S. B. Debene-Gill and P. S.  Alten.2000.Hydro thermal time changes to model seed 

germination response to temperature, dormancy and priming effect on Elymus elimoides.   

Seed Sci.Res; 10:213-333 

Mazzola, M. B., K. G. Allcock, J. C. Chambers, R. R. Blank, E. W. Schupp, P. S. Doescher, and 

R. S. Nowak. 2008. Effects of nitrogen availability and cheat grass competition on the 

establishment of vavilov siberian wheatgrass. Rang. Ecol. Manag. 61(5): 475-484. 

Mc Laughlin, M. R; T. E. Fairbrother and D. E.  Rowe.2004.Nutrient uptake by 

         warm season perennial grasses in a swine effluent spray field.Agron.J.96:484-493. 

McDonald, M. B. 2000. Seed priming. In: Seed technology and its biological basis (eds.). Black, 

M and J. D. Bewley. Sheffield Accad. Press, Sheffield, England, Pp: 287-326. 

 

Meena, L. R., J. S. Mann and Chand. R. 2007.Response of Dhaman grass(Cenchrus setigerus) 

and Cow pea(vigna ungiculata) to intercropping and rates and integrated plant nutrient 

management in semi-arid region. J. Range Mgt and Agroforestry. 2:02-05. 

Muhammad, N. 1989. Rangeland management in Pakistan. International center for mountain 

development (ICIMOD). Khatmandu, Nepal. Pp: 1-193 



129 
 

Mushtaque, M. 2004. Influence of morphological stage of range grasses on chemical 

composition and insitu digestion kinetics in buffalo bulls. Ph D thesis, Institute of Animal 

Nutrition and Food echnology, University of Agriculture, Faisalabad. Pp: 1-220.  

Moretto and Distel. 2002. Soil nitrogen availability under grasses of different palatability in a 

temperature semi arid rangeland of central Argentina. Austral Ecology. 27:509-514. 

 

Morisawa, T. L. 2000.Wildlife invasive spicies program,The nature conservancy;weed alert I 

Cenchrus ciliaris. 

Morison, F. B. 1984. Feeds and feeding CBS  Publishers and distributors. India. PP: 1-22. 

 

Mineral contentsraf,  Y., A. H. Gilani and S. A. Nagra. 1995. Effect of harvesting intervals and 

varieties on the chemical composition of indigenous fodder. 1: Proximate composition. J. Agri. 

33: 31-43. 

Mislevy, O., F. G. Martiv and M. B. Adjei. 1989. Changes in eleplcet grass plant components 

with maturity: 11. Crude protein and digestibility.  In. R. Desroches (ed) Proc. Int. Grass. Congr., 

16th,  Nice, France, 4-11 Oct. French Grass. Soc.,  Versailles. 

 

Muhammad, S. and N. A.  Amusa.2003.Effect of sulphuric acid and hot water treatments on seed 

germination of tamarind(Tamarindus indica L.).African J.Biotechnol. 2:295-300. 

  Mulkey,  V. R; V. N. Owens  and D. K. Lee. 2006. Management of switch grass  

           dominated Conservation Reserve Program lands for biomass production in South Dakota.     

Crop Sci; 46:712-720. 

Nagar, R. P., M. Dadlani and S. P. Sharma. 1998. Effect of hydropriming on field emergence and 

crop growth of maize genotypes. Seed Sci. Res. 26: 1-5. 

Nayyar, H.,  D. P. Wilia and B. L. Kaishta. 1995. Performance of bread wheat(Triticum 

aestivumL.).Seed primed with growth regulaters and inorganic 

salts.J.Agric.Sci;65(2):112-116. 

Nichols, J. T., P. E. Reece, G. W. Hergert, and L. E. Moser. 1990. Yield and Quality Response of 

subirrigated meadow vegetation to nitrogen, phosphorus and sulfur fertilizer. Agron. J. 

54:47-52. 



130 
 

Norjisse, h. 2000. Rangelands issues and trends in developing countries. In: Rangelands 

Desrtification (eds. O. Arnalds and S. archer). Kluwer Academic Publishers, Do rdecht, 

118-195. 

 Osborne, S. L; W. R.Raun,G. V. Johnson,J. I. Rogers and W. Alton.1999.bermuda grass 

response 

        to high nitrogen rates, source and season of application.Agron.J.91:438-444. 

 

Pare. K., M. H. Chantigny., K. Carey., W. J. Johnson and J. Dionne. 2006.Nitrogen uptake and 

leaching under Annual Blue grass ecotypes and Bent grass species:A lysimeter 

experiment Crop Sci. 46:847-853. 

Petersen, J. L. and D. N. Ueckert. 2005. Fourwing Saltbush Seed Yield and Quality: Irrigation, 

Fertilization, and Ecotype Effects. Rang. Ecol. Manag. 58(3): 299-307. 

Perveen, A. I.I. N., R. Shah and A. Hussain 2008. Comparative germination of Barely seeds 

(Hordem vulgare) soaked in alkaline media and effects on starch and soluable proteins. J. 

Appl. Sci. Environ.Manage. 12: 5-9.  

Pieper, R. D.,  R . J.  Kelsey and A. B.  Nelson, 1974.Nutritive quality of nitrogen fertilizer and 

unfertilized blue grama. J. Range Manage. , 27:470-472.   

Pill, W. G. and A. D. Necker.2001.The effect of seed treatment on germination and 

establishment of Kentucky blue grass(Poa Pratensis L.) .Seed Sci.Technol;29:65-72. 

Polat, T., B. Bhukan and M. Okant. 2007. Dose response effect of nitrogen and phosphorus on 

forage quality, yield and economic return of range lands. Pak. J. Bot. 39(5):807-816. 

Powell, J. M; D. B. Jackson-Smith. D. F. McCory, H Saam and M. Mariola. 2007.Nutrient  

       Management behavior on Wisconsin dairy farm.Agron.J.99:211-219. 

 

Quarishi, M.A.A.1992.Practical manual for introductory course on RangeMangement,A-one 

publisher Lahore,Pakistan.pp.1-223. 

 

Quarishi, M. A. A; G. S. Khan and M. S. yaqoob.1993.RangeManagement on Pakistan.pp.4-229. 

 

Quarishi, M. A. A; M. A. Zia and M. S. Quarishi.2006.Pakistan Agriculture Management 

anddelopmant.A-one publisher, Lahore,Pakistan.pp.829. 



131 
 

Rabbani, S. 2008. Livestock feed resources and rangeland use for livestoick feedind in Pakistan. 

Minutes of meeting of animal feed resources of Pakistan issues of rangeland management 

held on 23-4-2008 at Islamabad. Pakistan. 

Raebild,  A. L. Graudal S.R. Khan. 2003.Evaluation of prosopis cineraria Provenance trial at 

Dagar kotli,  Pakistan. Joint publication of PFI, Pakisatn.FAO.Rome. and 

D.F.S.Denmark.pp:1-28. 

Rajora,  M. P., M. S. Yadev. S. k. Sherma.2002.Effect of crop age and seed handering on seed 

germination in buffal grass. Annels of Aridezone 41:75-78. 

 Ranall, G. W. and J.A.Vetsch.2005.Corn production on a sub surface drained mollisol as 

affected by fall versus spring application of nitrogen and nitrapyarin.Agron.J.97:472-478. 

 

 Ranall,  G. W; J. A.Vetsch and J.R.Huffman.2003. Corn production on a sub surface  

       drained mollisol as affected by time of nitrogen application and nitrapyrim. 

Agron.J.95:1213-1219. 

          

Rao, A. S., K. C. Singh and J. R. Wight. 2003. Productivity of Cenchrus ciliaris in relation to 

rainfall and fertilization. J. Range Manage. 49: 143-146. 

Rao, A. S., K. C. Singh and J. R. Wight. 2003. Productivity of Cenchrus ciliaris in relation to 

rainfall and fertilization. J. Range Manage. 49: 143-146. 

M., H. Ali and T. Mahmood. 2004. Impact of nitrogen and sulfur application on growth and yield 

of maize (zea mays l.) crop. J. res. Sci., 2004, 15(2), 153-157. 

  

Rehman, H.2007.Field appraisal of direct seeded and transplanted rice (Oryza sativa L.)by 

employing seed priming M.sc.Thesis.Uni.Agr;Faisalaba,P:20 

Rincon, O. Vancleemput and L.Dendooven.2004.Germination of seed of huisache(Acacia 

schaffneri) and catclaw (Mimosa monancistra) as affected by sulphuric acid and 

mechanical Scarification and subsequent growth and survival in green house and field 

experiment .Seed Sc; and Technol.32;727-738. 

Rodríguez, A. M., E. J. Jacobo, P. Scardaoni and V. A. Deregibus. Effect of Phosphate 

fertilization on flooding pampa grasslands (Argentina). Rang. Ecol. Manag. 60 (5): 471–

478.   



132 
 

 Roudy,  B. 1996. Germinatin of warm season grasses and dynamics. J. Range Mgt. 49:425-431. 

 

Rubio, H. O., M. K. Wood, A. Gomez and G. Reyes,1996. Native forage quality, quantity and 

profitability as affected by fertilization in Northern Mexico. J. Range Manage. 49:315-

319. 

Ruan, S., Q. Xue and K. Tylokowska. 2002. Influence of priming on germination of rice (Oryza 

sativa L.). Seed and seedling emergence performance in flooded soils. Seed. Sci. 

Technol., 30: 61-67. 

Salehi, H. and M. Khosh-Khui.2005.Enhencing seed germination rate of  turf grass genera by 

acid treatments J.Agron.and Crop Sci.191:346-350. 

 

 Sameni, A. M. and R. Soleimanii. 2007. Crude protein, phosphorous , common salt, and mineral 

composition of Range plants and their nutritive value for grazing ruminant in southern 

Iran. Commun. Soil.  Sci .Plants – Anal.38:1-13. 

Sanderson, M. A; R. M. Jones, M. J. Mc.Farmland, J. Stroup, R. L. Reed and J. P. Muir.2001. 

       Nutient movement and removal in a switch grass biomass filter strip system treated  

       with dairy manure J.Environ.30:210-216 

 

Sarkar, B., S.S. Islam, Z.H. Khander, S. M. E. Irshad, A. and M. I. Hussain. 2004. Effect of 

different nitrogen fertilizer on yield and chemical composition of Zamboo grass. Pak.J. 

Biol. Sci., 7(6):1046-1049. 

Sarwar, M. A. K and Z. Iqbal. 2002. Feed sources for livestock in Pakistan. Int. J. Agri. Biol. 

4: 182-186. 

Schlooberg, M. and J. P. Scmidt.2007.Influence of nitrogen rate and form on quality of  

       putting green cohabited by creeping bent grass and annual bluegrass.Agron.J.99:-106 

 

Schwinning, S., B. I. Starr, N. J. Wojcik, M. E. Miller, J. E. Ehleringer, and R. L. Sanford Jr. 

effects of nitrogen deposition on an arid grassland in the Colorado Plateau Cold Desert. 

Rang. Ecol. Maneg. 58(6): 565-574. 

  



133 
 

Scott, S. J. and W.A. Willams.1984.Review of data analysis methods for seed germination. Crop 

Sci; 24:1192-1199 

 

Seiler, G. J. 1998. Seed maturity, storage time and temperature and media treatments effects on 

germination of two wild sunflowers. Agron. J. 90:221-226. 

 

Shahjalal,  J. M., A. S. M. Selim and A. Rahim. 1996. Composition and in vitro digestibility of 

maize (zea mays) and oat (Avena sativa) fodders.Bangladesh j. AnimalSci.,17:65-72. 

  

Sharif Zedeh, F and A. J. Murdoch.2001.The effect of temperature and moisture  after ripening 

of cenchrus ciliaris seeds.J.Aride Environ.49:823-831. 

 

Siebert, E. T and M. D. Richardson. 2002. Effect of Osmopriming on Bermuda grass 

germination and establishment.Horticultural studies:36-38.  

Silcock, R.G. and F. T. smith . 1990. Viable seed retention under field conditions by western 

Queenslands Australia Pasture species.Tropical Grasslands 24:65-74 

 

Sims, K.A;C.P.BeckWirh, A.G.Chalmers and D.R.Jackson.2002.Nitrate leaching following 

autumn and winter application of animal manure to grasslands.  

      Soil Use Manage.18:428-434. 

 

Snyman, H .A. 2001. Short term response of rangeland botanical composition and productivity 

of fertilization (N and P) in a semi arid climate of south Africa, J.Arid .Environment, 

50: 167-183. 

Sodeinde, F. G., I. O. A. Adeleye, V. O. Asaolu, S. R. Amao and O. A. Olaniran. 2006. Yield, 

mineral content and nutritive value of Panicum maximum cv T58 in the derived savanna 

zone of Nigeria. Res. J. Biol. Sci., 1(1-4): 55-59. 

SSP. 1968. Reconnaissance soil survey of Thal , Soil Survey of Pakistan. (SSP), Lahore. 



134 
 

Stavast, L. J., T. T. Baker, A.L. Ulery, R. P. Flynn, M. K. Wood, and D.S. Cram.2005. New 

Mexico Blue Grama Rangeland Response to Dairy Manure Application.  Rang. Ecol. 

Manag. 58(4): 423-429. 

Stuart, P., Hardegree and W. E. Emmerich. 1992. Seed germination response of four 

Southwestern Range grasses to equilibration at sub-germination matric- potentials. 

Agron. J., 84: 994-998. 

 

Steel, R. G. D.; J. H. Torrie and J. H. Dickey. 1997. Principles and procedures of statistics: a 

biometrical approach 3rd Ed. McGrach Hill. Co. 

 

Sprgue, H. B. 1979. Managerment of range lands and other grazing lands of the tropics and sub 

tropics for support of livestock production. Technical series Bulletin No. 23. Agriculture 

Technology for Dereloping countries, office of agriculture Development support Bureau, Agency 

for international development, Wmineral contentsington, DC, 20523. 

 

Sultan, J. I., Inam-ur-Rehim, M. Yaqoob, H. Nawaz and M. Hameed. 2008. Nutritive value of 

free rangeland grasses of northern grasslands of Pakistan. Pak. J. Bot., 40(1):249-258. 

Taliaferro, C. M., F. P. Horn., B. B. Tucker; R. Totusek and R. D. Morrison. 19975. Performance 

of three warm season perennial grasses and a native range mixture as influenced by N 

and P fertilization. J. Agron 67: 289-292. 

Tergas,  L. E. and G.A. Urrea, 1985. Effect fertilization on the yield and nutritive value of 

tropical forage on an Ultisol in Colombia.Tropi. animal prod.,10:68-76. 

Tewari, M and H. Joshi. 1985. Effect of nitrogen fertilizer on biomass and growth behavior of 

two Range grasses. J. Plant Sci.95:41-46. 

Thomas, J. H. T., J. Butler, M. L. Mc Farmland, F.M.Hons and S.Mukhtar.2008. Effects of dairy 

manure compost and supplemental inorganic fertilizer on coastal bermuda grass. Agron. J. 

100:924-930.                   

 



135 
 

Thompson, J. P. and G. B .1989.Colonization of crop and pasture species with vasicular – 

arbuscular mycorrhizal fungi and anegative correlation with root infection by Bipolaris – 

sorokiniana Canadian J. Bot. 67: 687-693. 

Thompson, R. J. and P. L. Nuthall. 1976. Use of crop residues for beef production on mixed 

cropping farms. Newzeeland. Agri. Sci. 10: 58-61.  

Thomson,  (2005). Crop N utilization and leaching losses as affected by time and method of 

application of farmyard manure. J.Agron.22:1-9. 

 

Tomar, O. S., P. S. Minhas, V. K Sherma and R. K. Gupta. 2003.Reponse of nine forage grasses 

to saline irrigation and its schedules in a semi arid climate of  North – West india.J.  Arid 

Environ. 55: 533-544. 

Trenholm, L. E and J. B.Unruh. 2005. Warm season turf grass response to fertilizer rates and 

sources. J. Plant Nutirition, 28: 991-999.\ 

Usberti, R.and L.Martins.2007.Sulphuric acid scarification effects on Brachiaria brizmtha, 

B.humidicola and Panicum maximum seed dormancy releas Revista Brasileira de 

sementes, 29:143-147. 

Vallentine, J. F. 1990. Dairy management. Acadenmic Press, USA. 

 

 

Watt, L.A. Germination characteristics of several grass species as affected by limiting water 

potentials imposed through a creating black clay soil. Aus. J. Agri. Res. 33(2):223-23. 

 

 

World Bank. 1992. World Development Report. 

 

Went, F.W (1957).The effect of rain and temperature on plant distribution in the desert.pp.332-7 

in Desert Research, Research council of Israel, 641.pp; illutr. 

 

 Wight, J.R. and A.L.Black.1978.Soil water use and recharge in a fertilized mixed prairie  

       Plant community. Range Manage.31:280-282. 

 



136 
 

 

Y.L.Qian, J. A. Cosenza, S. J .wilhelm.(2006). Techniques for enhancing saltgrass.Crop 

Sci.46:2613-2616.2006. 

 

Yalco,  H., A Gunes and M. Turan. 2009. Evaluation of annual legumes and barley as sole crops 

and intercrop in spring frost conditions for animal feeding II. mineral composition. J. 

Animal Vet. Adv. 8(7): 1343-1348.  

 

Younge, J. A. B. L. Kay and R. A. Evans, 1977. Accelerating the germination of common 

Bermuda grass for hydro seeding. Agron. J. 69: 115-119.  

 

Zao, G. Q., B. L. Ma and C. Z.  Ren. 2009. Response of Nitrogen uptake and Partitioning to 

Critical Nitrogen Supply in Oat Cultivar. Crop Sci. 49: 43-47  

 

 

 

 

 

 


	title pages, lists
	thesis of Mr, Ihsan Qadir 96-ag-1754

