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ABSTRACT 
A field experiment was conducted during 2005 and 2006 at Bikaner to evaluate the different rejuvenation tech- 

niques and sources of nutrient supplementation on the productivity of old sewan (Lasiurus sindicus L.) pastures. 
Stubbles burning treatment proved superior, recording maximum growth attributes, viz. number of tillersltussock, 
tiller height and tussock diameter, green fodder (7.75 and 9.49 Vha), dry matter (2.78 and 3.26 Vha), crude protein 
(230.0 and 276.1 kglha), NPK uptake, energy ratio (10.98), energy productivity (679 gIMJ), net returns (Rs 2,5631 
ha), benefit : cost ratio (1.51), and residual soil available P (8.86 and 9.14 kglha), and available K (174.3 and 167.1 
kglha) compared with other treatments. Among fertilization sources, 50% each through organic and inorganic 
source of plant nutrients (20 kg each NPK + 5 Vha sheep manure) being on a par with 100% inorganic sources re- 
corded higher growth attributes, viz. green fodder (7.66 and 9.37 tiha), dry matter 2.81 and 3.24 Vha, crude protein 
243.7 and 281.3 kglha, NPK uptake, energy output (48,833 MJIha) gross returns (Rs. 7,573lha) and available N, P 
and K status. However, maximum net returns (Rs 3,035lha) were given by 100% application of inorganic sources. 
Rejuvenation of old sewan pastures through stubble burning and fertilized with 50% each organic and inorganic 
source of plant nutrients gave maximum biomass yield. However, 100% application of inorganic sources (40 kg 
each NPWha through chemical fertilizers) gave the most economical pasture-grass production. 
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Amongst pasture-grass species, sewan (Lasiurus 
sindicus L.) is a most suitable perennial grass for hyper 
arid climate and available land resources of western 
Rajasthan. It has high palatability, good fodder quality and 
most prominent drought resistance capacity to bear long 
dry spells and drought situations. After a few years of 
sewan pasture establishment, its forage productivity de- 
creases due to death of the tillers of tussocks if proper care 
is not taken. A well established sewan pasture in arid habi- 
tat is likely to remain productive for 6 to 10 years (Yadav 
and Rajora, 1995). To maintain good growth of desirable 
grass species in grassland, it is important to eradicate the 
unwanted plants and follow rejuvenation techniques. 
Burning has been an important tool in grassland manage- 
ment (Chatterjee and Das, 1989), but burning at large 
scale may harm the environment. Moreover, such a prac- 
tice has not been tested so far in hot arid condition pas- 
tures. Practical experience with sewan pastures shows 
that removal of above-ground hardy portion of old tus- 
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socks and disturbing the tap root system are essential at a 
certain interval for better new sprouting and growth of 
tussocks of old sewan pastures. Further, there is need to 
supply adequate plant nutrients to sewan grass which is 
associated with efficient source to sink relationship, lead- 
ing to higher forage productivity. Various experiments 
conducted on manures and fertilizers in different crops 
proved that neither the chemical fertilizers nor the organic 
sources exclusively can achieve the production 
sustainability of soil and crop. Thus, conjoint use of or- 
ganic manure and chemical fertilizers can help in enhanc- 
ing the productivity of pastures. In view of this, the 
present experiment was conducted. 

MATERIALS AND METHODS 

A field experiment was conducted for 2 years during 
rainy (kharif) season of 2005 and 2006 at Research Farm 
of Central Sheep and Wool Research Institute, Arid Re- 
gion Campus, Bikaner (Rajasthan). The soil was sandy 
with pH 8.57 and EC 0.63 dSIm, being low in organic C 
(0.24%), available N (158.4 kgha) and available P (8.54 
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kg Plha), and medium in available K (155.4 kg Kfha). The 
total rainfall received during 2005 and 2006 was 245.8 
and 152.4 mm in 19 and 11 days, respectively. The trial 
was laid out in split-plot design with three replications. 
The experiment comprising 20 treatment combinations of 
5 levels of rejuvenation techniques in main plots, viz.-the- 
control (without any rejuvenation technique), burning of 
stubbles (light burning, at least 75% of above-ground por- 
tion of hardy grass leaving out after grazing, to remove it 
for giving adequate space for good sprouting and growth 
of new plants), pruning of stubbles (removal of 2/3'd part 
of old tussocks mechanically to loosen the soil, disturbing 
the below-ground root system and to give space for better 
sprouting and growth of newly emerged plants and tillers), 
shaving of stubbles (complete removal of above-ground 
portion of old tussocks to give sufficient space for better 
activation of below ground apical bud of sewan grass, for 
better sprouting and growth of plant and tillers) and culti- 
vator ploughing (running of cultivator in pasture to loosen 
the soil for better moisture absorption, disturbing the root 
system and increase the new germination of buried sewan 
seed); and 4 fertilization sources treatments in sub-plots, 
viz. control (without fertilization), 100% application of 
organic source of plant nutrients (10 t sheep manureka), 
100% inorganic sources (recommended dose of 40 kg 
each of NPK/ha) for sewan grass through chemical fertil- 
izers and 50% application of each organic and inorganic 
sources (5 tlha sheep manure + 20 kg each of NPK 
through chemical fertilizers). The old sewan pasture estab- 
lished in 1996 at the institute farm was utilized for the 
trial. The sizes of experimental plot were: main plot 6 x 24 
m, subplot 6 x 5 m and net plot 5 x 4 m. All the rejuvena- 
tion techniques were followed on 15 June and 18 June and 
fertilization sources, viz. half the dose of nitrogen through 
urea and full dose of phosphorus through single super- 
phosphate and potassium through muriate of potash, and 
sheep manure were applied on 4 and 1 July in the first and 
second years respectively. The remaining N was applied 
on 29 July in 2005 and on 28 July in 2006. The crop was 
raised with recommended package of practices and the 
grass was harvested once on 2 October in 2005 and 6 Oc- 
tober 2006 at complete flowering stage. The second-year 
trial was followed in the same block but different place to 
avoid the residual effect of previous-year treatments. 

RESULTS AND DISCUSSION 

Growth and fodder yield 
All the rejuvenation techniques, viz. burning, pruning, 

shaving and cultivator ploughing, significantly increased 
the growth attributes and grass yields compared with the 
control during both the years (Table 1). The highest values 
of growth attributes, viz. number of tillers/tussock, tiller 

height and tussock diameter, were recorded with the 
stubbles burning in both the years, except tiller height in 
2005; whereas, maximum tiller height was observed with 
shaving treatment. Green-fodder yield recorded with 
stubbles burning (7.75 t/ha in 2005 and 9.49 t/ha in 2006) 
was significantly higher than the rest of the treatments 
except shaving and pruning treatments in 2005, where the 
differences were non-significant. The magnitude of in- 
crease in green-fodder yield was of 71 . l ,  8.39, 2.92, and 
34.5% during 2005, and 127.6, 12.3, 16.1 and 14.1% dur- 
ing 2006 over the control, pruning, shaving and cultivator 
ploughing, respectively. Similarly, the differences in 
green-fodder yields recorded with pruning and shaving in 
2005 and pruning, shaving and cultivator ploughing dur- 
ing 2006 were statistically non-significant but significantly 
higher over the control. Almost similar trend was observed 
for dry-matter yields during both the years. In spite of 
higher growth attributes during 2006 in the control plots 
compared with previous years, the green-fodder and dry- 
matter yields recorded with the control plots were lower 
than these observed in 2005. It was due to thmner and less 
compact tillering in the second year in the control plots 
compared with the rejuvenation techniques, resulting in 
lower grass yield. It was also noted that in spite of higher 
annual rainfall (245.4 mm) during 2005, the values of 
grass-growth attributes and yields were better during 2006, 
except in the control. It may be due to the combined effect 
of stage of occurrence of rainfall (28.0 mm) in the last 
week of June during 2006 and lower mean sunshine hours 
of 6.67 hdday compared with 7.27 hrlday in 2005 during 
the experimental period, which might have favoured bet- 
ter growth of grass, resulting in higher biomass produc- 
tion. The higher fodder yield with different rejuvenation 
techniques was the function of higher growth attributes. 
Maximum yield of sewan grass with the burning of 
stubbles treatment could be attributed to the deposition of 
that ash provides P, K, Ca and Mg, which is favourable to 
regrowth and revival of grass soon on receipt of moisture 
(Paulsamy, 1992). Paulsamy et al. (2003) also reported 
that surface firing increased the importance value index 
and hgher forage yields of grasses and legumes. In case of 
fertilization of crop, 50% each application of organic and 
inorganic plant nutrients significantly increased the growth 
attributes, viz. number of tillers/tussock, tiller height and 
tiller diameter, and fodder yield compared with the con- 
trol, and 100% organic fertilization in both the years. 
However, it remained statistically on a par with 100% ap- 
plication of inorganic source of plant nutrition. Similarly, 
the green-fodder and dry-matter yields recorded with 
100% inorganic sources were significantly higher than the 
control and 100% source of organic manure application. 
Yadav and Rajora (1 995) also reported similar results. The 
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higher values of green-fodder and dry-matter yields with 
50% each organic and inorganic sources was due to im- 
proved growth attributes, viz. lughernumber of tillerdtus- 
sock, more tiller height and increased tussock diameter. 
These were higher for green fodder by 55.4, 19.1 and 
6.98% and for dry matter 56.1, 21.1 and 7.12% during 
2005; and green fodder 102.4, 14.5 and 7.58% and dry 
matter 103.8, 14.5 and 7.64% during 2006 over the con- 
trol, 100% organic sources and 100% inorganic sources of 
fertilization respectively. It might be due to the fact that 
organic manure has stimulatory effect of better efficiency 
of chemical fertilizers and mitigates micronutrient defi- 
ciency in addition to supplying major nutrients and im- 
proving the physico-chemical properties of soil. 

Crude-protein yield 
Maximum crude protein (CP) yields (230.0 and 276.0 

kglha) were recorded with the treatment stubbles burning 
in both years (Table 1). These yields were equal to the 
treatment of shaving and pruning during 2005, but signifi- 
cantly higher than the rest of the treatments. Similarly, CP 
yields recorded with the treatment pruning, shaving and 
cultivator ploughing were significantly greater than that of 
control plots. The CP yields recorded with stubbles burn- 
ing were 75.3, 3.88, 0.88 and 31.1% more during 2005, 
and 143.9, 14.8, 16.3 and 17.9% more during 2006 than 
the control, pruning, shaving and cultivator ploughing, 
respectively. The improved CP yield with stubbles burning 
and other rejuvenation treatments was due to higher N 
uptake and increased biomass yield. Regarding fertiliza- 
tion sources, conjoint use of nutrient sources recorded the 
highest value of CP yield (243.7 and 281.3 kgha) in both 
the years, which were 7.12, 28.2 and 91.1% more during 
2005, and 9.37,22.0 and 151.4% more during 2006 than 
100% inorganic, 100% organic sources of plant nutrients 
and control, respectively. 

Nutrient uptake 
All the rejuvenation techniques significantly increased 

the N, P and K uptake compared with the control. The 
highest nutrient uptake was recorded with stubbles burn- 
ing by sewan grass (Table 2), giving an increase of 75.2 
and 144.2% in N uptake, 79.6 and 137.8% in P uptake, 
and 71.4 and 128.3% in K uptake over control during the 
first and second year respectively. Higher nutrient uptake 
with rejuvenation treatments may be attributed to the in- 
creased N content in grass and higher biomass yield com- 
pared with the control. Among nutrient sources, 50% ap- 
plication of each organic and inorganic sources recorded 
the hlghest values of NPK uptake, which was statistically 
on a par with 100% inorganic nutrient sources but signifi- 
cantly higher over rest of the treatments. Higher N, P and 
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K uptake under conjoint use of fertilization sources might 
be due to better utilization of applied nutrients by improv- 
ing the microbial activity of soil, leading to improved nu- 
trient content in fodder and higher biomass yield, which 
recorded increased nutrient uptake. 
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Energy relationship 
Among rejuvenation techniques, maximum energy ra- 

tio (10.98) and energy productivity (679.1 g N J )  were re- 
corded with stubbles burning (Table 2). Energy ratio and 
energy productivity in burning treatment were respectively 
89.3 and 89.2% more than the control, with only addi- 
tional mere energy input use of 3.65%. Their higher values 
in burning treatment were due to maximum biomass pro- 
duction and comparatively lower input energy use. Among 
fertilization sources, 100% organic manure application 
recorded the maximum value of input energy due to bulk 
use of sheep manure. Among fertility schedules (other 
than the control), 100% inorganic nutrient supplementa- 
tion consumed minimum input energy and recorded the 
highest energy ratio (9.78) and energy productivity (604.8 
gNJ) ,  followed by 50% each through organic and inor- 
ganic sources of nutrient supplementation. 
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Economics 
The economic analysis of different treatments showed 

that stubbles burning proved superior and recorded the 
maximum net retwn (Rs 2,563lha) and B:C ratio (1.5 I), 
followed by cu'ivator ploughing (Table 2). These higher 
values were obt; ined due to higher biomass yield and 
lower input use co npared with other treatments. Among 
fertilization sources, although maximum gross returns 
were recorded with 50% each organic and inorganic 
sources (Rs 7,573/ha), but the highest net returns (Rs 
3,035lha) were given by 100% inorganic source of nutri- 
ent supplementation. It may be due to lower cost of chemi- 
cal fertilizers used than the organic source applied in bulk 
in the treatments 100% organic source as well as 50% 
each organic and inorganic sources of plant nutrition. 
However, in spite of lowest biomass yield, highest B:C 
ratio (1.87) was observed with control due to the lowest 
cost of cultivation. 
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The total addition of N, P and K through different fer- 
tilization sources under different treatments was 216, 106 
and 148 kg NPWha in 100% organic sources; 40 kg each 
NPK in 100% inorganic sources; and 128,73 and 94 kg 
NPWha in 50% each NPWha. Soil pH, EC, organic C and 
the available N, P and K status of soil showed marked 
variation due to rejuvenation techniques and fertilization 
sources compared with their initial values (Table 3). The 
differences in pH and EC values were non-significant. The 
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Table 3. Physico-chemical properties of soil as influenced by treatment variables 
-- - - - 

Treatment PH EC (dS1m) Organic C (%) Available N Available P Available K 
2005 2006 2005 2006 2005 2006 ( k g w  ( k g m  ( k g w  

2005 2006 2005 2006 2005 2006 

Rejuvenation technique 
Control 
Burning 
Pruning 
Shaving 
Cultivator 

SEm* 
CD (P=0.05) 

Fertilization source 
Control 
100% organic 
100% inorganic 
50% each organic and 

inorganic 
SEm* 
CD (P=0.05) 

organic C of the soil, and the available N, P and K status 
of the soil revealed positive balance due to use of the re- 
juvenation techniques, except organic C and available N 
during 2006, where the values recorded with control plots 
were almost similar to those of other rejuvenation tech- 
niques. Comparatively higher values of organic C and 
available N with the control during 2006 might be attrib- 
uted to lower biomass production of grass, which resulted 
in lower nutrient uptake and better organic C and available 
N status of the soil. Singh (1999) also reported improved 
available P and K status of the soil after grasses. But the 
application of organic manure (full as well as half dose) 
decreased the values of pH and EC, and increased the or- 
ganic C content and availability of soil N, P and K during 
both the years. Slight decrease in pH and EC on applica- 
tion of organic manure might be due to decomposition of 
organic manure, which produces organic acids and in- 
creases the cation-exchange capacity of soil (Tan, 1992). 
Among fertilization sources, 50% each of organic and in- 
organic sources recorded significantly higher values of 
available N, P and K status of the soil compared with other 
treatments in both the years, except available K content in 
100% organic sources, where the differences were non- 
significant. 

It was concluded that maximum fodder yield may be 

obtained by stubbles burning of old sewan grass pastures 
and application of 50% each of organic and inorganic 
sources of nutrients supplementation. However, 100% 
inorganic source of nutrients provided energy efficient 
and economically viable pasture-grass productivity in hot 
arid region of Rajasthan. 
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