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Abstract 
An experiment was conducted to compare the forage yield and qualify of oat (Avena sativa L.) ge-
notypes (F-413, SGD-46, F-408, F-301, SGD-2011, SGD-3, SGD-37, SGD-40, SGD-5 and S-2000) at 
Fodder Research Institute, Sargodha, Pakistan during the year 2011 to 2012. Experiment was laid 
out in randomized complete block design (RCBD) having three replications and a net plot of size 
1.6 × 5 m. The varieties were differed significantly (P ≤ 0.05) in yield, growth and quality parame-
ters. The variety SGD-40 produced significantly higher green forage yield (80.00 t·ha−1) and dry 
matter yield (10.95 t·ha−1) than other varieties due to taller plants (145.73 cm), more number of 
tillers (7.78 m−2) and leaf area per plant (95.08 cm2). It also had the highest crude protein percen-
tage (13.84%). Correlation analysis of quantitative and qualitative characters indicated the 
strongly positive association of green forage yield with dry matter, crude protein and ash content. 
While green forage yield was negatively correlated with the number of tillers per plant, keeping in 
view both forage yield and crude protein contents the genotype SGD-40 grown under the condition 
of Sargodha (Pakistan). 
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1. Introduction 
In agriculture sector livestock is a vital component because 30% - 35% rural population of Pakistan is involved 
in livestock rearing. The demand of milk, butter, meat, beef, and their byproducts is escalating due to rapidly 
growing population in Pakistan. In Pakistan animals are mainly deficient both in protein and energy by 60% 
and 40%, respectively [1]. For a more efficient and productive industry of livestock production of superior 
quality forage in huge quantity is the essential requirement. To run an efficient livestock industry high yield-
ing and nutritious fodder cultivars are needed. The present fodder supply is 1/3 less than the actual needs of 
animals [2].  

Fodder production and fodder species mainly depend on the climatic factors like (frost, temperature, availa-
bility of water, duration of winter, growth period length, distribution of rainfall) and the soils factors like (tex-
ture, structure) [3]. Oat is the main winter fodder which grows best at temperature of 16˚C - 32˚C and 400 mm 
healthy distributed rainfall [4]. Oat has the advantage of being winter hardy and serves as catch crop [5]. It pre-
fers feed of all animals and its straw is soft and grain is also valuable feed for dairy cows, horses, young breed-
ing animals and poultry.  

The farmers face fodder shortage in winter when they have only dry stalks of summer cereal fodders or dry 
summer grasses. The improved varieties of oat can produce three-fold green fodder, that is, 60 to 80 tones/ha 
and can feed double number of animals per unit area as against the traditional fodder crops [6]. With the intro-
duction of new high-yielding oat varieties, the farmers in KPK have recognized oat as important winter fodder 
for filling the fodder gap [7]. Many cultivars of oat have high feed value if cut at flowering stage or soon after it 
and it can meet the demand of rapidly growing livestock industry of Pakistan. Ideal variety is always one, which 
possesses general adaptation with higher yield potential [8]. Therefore, a field experiment with seven oat varie-
ties was under taken to evaluate and identify suitable variety for Sargodha area. 

2. Materials and Methods 
The study was carried out using a randomized complete block design (RCBD) with three replications at Fodder 
Research Institute, Sargodha, Pakistan during the year 2011 to 2012. The net plot size was 1.6 m × 5 m. The ex-
periment comprised 10 oat genotypes (F-413, SGD-46, F-408, F-301, SGD-2011, SGD-3, SGD-37, SGD-40, 
SGD-5 and S-2000) for their green forage yield. The fertilizer was applied @ 80: 60: 00 kg·ha−1 NPK, respec-
tively. All of phosphorous, and half of the nitrogen were applied at the time of sowing in the form of DAP (Di-
ammonium Phosphate) and Urea. Remaining nitrogen was applied with first irrigation. All the other practices 
maintained normal and uniform. 

The soil of the experimental site was subjected to physio-chemical analysis and its textural class was found to 
be clay-loam with slightly alkaline reaction (pH 8.3) and organic matter percentage of 0.74%. Total nitrogen, 
available phosphorus and potassium contents were 0.025%, 3.33 ppm and 380 ppm, respectively. Data collected 
on all parameters was analyzed statistically by using fisher’s analysis of variance technique and least significant 
(LSD) test at 5% probability level was applied to compare the treatment means [9].  

2.1. Yield Parameters 
Fresh fodder yield (t·ha−1): At 50% flowering stage, all treatments were harvested and weighed to get fresh 
fodder yield (FFY). The yields obtained were converted into t·ha−1. 

Dry matter (%): For dry matter determination, firstly aluminum containers were oven dried and weighed by 
electric balance. 10 g of plant sample was weighed in each container and placed in an oven at 105˚C till constant 
weight was attained. Dry matter percentage was calculated by the given formula. 

Dry Matter (%) = (Wt. of oven dry sample/Wt. of sample before drying) × 100 
Dry matter yield (t·ha−1): Dry fodder yield (DMY) was calculated by applying this formula. 
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DMY (t·ha−1) = FFY × DM (%)/100 

2.2. Quality Parameters 
Quality parameters like crude protein, crude fibre, ash and ether extractable fat were determined by following 
methods.  

Crude protein (%): To 1.0 g of an oven dried plant material, 25 ml of commercial H2SO4 and 5 g of diges-
tion mixture (K2SO4:FeSO4:CuSO4 = 85:5:10) was added and then digested the plant material in the digestion 
chamber unless transparent and colorless contents appeared, cooled and made the volume up to 250 ml and then 
10 ml was taken from this for distillation. Nitrogen evolved as ammonia was collected in receiving flask con-
taining boric acid solution (4%) and mixed indicator (methyl red) till the end point that was appearance of gol-
den colour. The boric acid solution titrated against N/10 H2SO4 till pink colour appears. The volume of acid used 
was recorded and N% was calculated by the formula given below. 

( )
2 4Vol. of N 10  H SO Vol. of sample sol. 0.0014

N% 100
Wt. of sample Vol. of sample sol. Used 10 ml

× ×
= ×

×
 

Crude protein percentage was obtained by multiplying nitrogen percentage with factor 6.25.  
Crude fiber (%): One gram of oven dried material was taken in 250 ml beaker and then added 200 ml of 

1.25% H2SO4. It was placed on flame for 30 minutes at simmering temperature and filtered the contents through 
thick linen cloth and washed the residue three times with distilled water. The residue was transferred in another 
beaker containing 1.25% NaOH solution (200 ml), heated it again for 30 minutes at simmering temperature, fil-
tered and washed. The sample was placed in pre-weighed crucible (W1) and placed the crucible on flame and ig-
nited. When smoke disappeared, placed it in a muffle furnace 27 and heated up to 600˚C - 650˚C for 3 - 4 hours. 
Then cooled it in the desiccators and reweighed (W2). The crude fiber percentage was calculated by using fol-
lowing formula.  

( ) ( )1 2Crude fiber % W W Sample Weight 100= − ×  

Total ash (%): An empty dried crucible was taken and weighed. Then a sample of 2.0 g (W1) of dried plant 
material was taken in it. It was burn on the flame then was placed in a Muffle furnace at 600˚C - 650˚C until 
white and grey ash was obtained. After this, the crucible was placed in desiccators for cooling and recoded the 
weight (W2). Total ash percentage was calculated as under. 

( ) ( )1 2Ash % W W Sample Weight 100= − ×  

Analysis procedures described by [10] were followed for the determination of crude protein, crude fiber and 
total ash. 

3. Results and Discussion 
3.1. Quantitative Traits in (Avena sativa L.) 
3.1.1. Plant Height 
Plant height is a major factor contributing towards forage yield of different crops. The data presented in table 1 
shows that different genotypes significantly affected the plant height of oat genotypes. The genotypes SGD-37 
produced the maximum plant height (145.67 cm) but it did not statistically different with SGD-40, showed plant 
height (144.73 cm) while the minimum plant height (119.17 cm) indicated by genotype SGD-46. High yielding 
varieties of oat tend toward more plant height these were also reported by [11] [12] and [13]. The main cause of 
those differences in plant height is due to differences in genetic makeup of genotypes. Significant differences 
among the varieties regarding plant height have also been reported by [14] and [15]. 

3.1.2. Leaf Area 
In the production of final biomass of the crop and fodder quality leaf area plays an important role. The data giv-
en in Table 1 shows that different genotypes significantly differ from one another regarding to leaf area. The 
results showed that maximum leaf area of (95.08 cm2) of genotype SGD-40 it is also statically at par with 
SGD-2011 compared to all other genotypes while minimum leaf area (80.09 cm2) was recorded in genotype  
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Table 1. Mean values of some yield traits of oat as affected by different cultivars.                                     

Genotypes Plant Height  
(cm) 

Leaf Area  
(cm2) 

Number of  
Leaves Plant−1 

Number of  
Tillers per Plant 

Green Forage  
Yield (ton/ha) 

Dry Matter  
Yield (ton/ha) 

F-413 134.00c 87.43d 5.93d 7.67a 70.76de 8.25cde 

S-2000 127.50e 84.94e 5.87d 7.00ab 68.87e 7.40e 

SGD-46 119.17f 84.95e 6.61bc 7.07ab 76.59bc 8.76cde 

F-408 138.74b 85.67e 6.20cd 7.00ab 74.77c 7.92de 

F-301 133.97c 92.1b 6.67bc 7.03ab 76.63bc 8.67cde 

SGD-2011 131.37d 93.83a 7.13ab 6.33b 77.52b 10.58ab 

SGD-3 140.77b 90.07c 6.68bc 6.67b 78.02b 9.73abc 

SGD-37 144.67a 80.09f 6.99ab 7.67a 78.09ab 10.61a 

SGD-40 145.73a 95.08a 7.50a 7.78a 80.00a 10.95a 

SGD-50 139.57b 84.48e 6.32bc 6.33b 71.89d 9.01bcd 

LSD value 2.56 1.26 0.64 0.95 1.96 1.57 

Means not sharing same letter differ significantly using LSD at 5% probability level. 
 
SGD-37. The genetic makeup of the genotypes might have been the cause of these differences among the leaf 
area. Significant differences among the genotypes for leaf area per plant were reported by [16]. Higher leaf area, 
which is responsible for higher activities of photosynthesis and higher will be, assimilates of photosynthetic 
products [17]. These similar findings were also reported by [13] [18] [19]. 

3.1.3. Number of Tillers 
The data presented in the Table 1 regarding the number of tillers per plant of oat cultivars as affected by differ-
ent genotypes revealed that number of tillers per plant were significantly affected by different genotypes. 
SGD-40 showed maximum number of tillers (7.78) that was statistically at par with rest of the genotypes. All 
other treatments showing non-significant results but they are also promising line for this trait ranging from 6.33 
to 7.07 numbers of tillers per plant. Significant variation among the oat varieties for number of tillers have been 
reported by [11] and [20]. 

3.1.4. No. of Leaves Plant−1 
The number of leaves play vital role in growth and development of plant. The increase or decrease in number of 
leaves per tiller has a direct effect on the yield of forage crops. The data regarding number of leaves per plant is 
shown in Table 1. The effect of different genotypes on number of leaves per plant was significant and number 
of leaves per plant varied from 7.50 to 5.93 (Table 1). The genotype SGD-40 produced the maximum number of 
leaves per plant (7.50) and it did not differ significantly from SGD-2011 which produced (7.13) and SGD-37 
which produced (6.99) number of leaves per plant. The lowest numbers of leaves per plant (5.93) were produced 
by F-413. The results obtained are in line with those of [21]. 

3.1.5. Green Fodder Yield 
Data on green fodder yield (t·ha−1) showed that green fodder yield varied significantly among the varieties 
(Table 1). Green fodder yield maximum (16.16% over S-2000) increase in green fodder yield was observed 
when SGD-40 is used. It is followed by SGD-37, SGD-3, SGD-2011, F-301 and SGD-46, that were increase in 
green fodder yield ranging from (11.20% to 13.38%) as compared to respective S-2000 but all these treatments 
were statistically at par with SGD-40. While F-408 was also improved the green fodder yield up-to 8% but sta-
tistically significant in comparison with S-2000. The variety SGD-40 produced higher yield due to more plant 
height, number of leaves, leaf area per plant and number of tillers·m−2. [22] also reported significant differences 
among the oat cultivars regarding green forage yield. [17] stated that higher yields of fodder in oat cultivars can 
be possibly attributed to their greater leaf area, responsible for more photosynthetic activities, having high ca-
pacity to store assimilative products of photosynthesis. These results are inconformity with [13] [15] [18] [19]. 
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3.1.6. Dry Matter 
Statistical analysis of dry matter yield revealed that SGD-40 showed significant results by giving the maximum 
dry matter yield (10.95 t·ha−1) that was statistically at par with SGD-37 which gave (10.61 t·ha−1), SGD-2011 
which gave (10.58 t·ha−1) and SGD-3 which gave (9.73 t·ha−1) and of dry matter yield. While genotype S-2000 
gave the minimum dry matter yield (7.40 t·ha−1). Significant variation in dry matter of oat variety was also re-
ported by [7] and [17]. 

3.2. Qualitative Traits in (Avena sativa L.) 
3.2.1. Crude Protein 
Crude protein is the important factor which affects the quality of forage. Crude protein contents varied signifi-
cantly among the oat varieties (Table 2). The genotype SGD-40 had significantly higher crude protein contents 
(13.84%) and it was statistically at par SGD-50 which gave (12.76%) and SGD-2011which gave (12.66%). The 
genotype F-301 produced lowest crude protein contents (9.72%), however, it did not differ significantly from 
cultivars F-408 and F-413. These results confirmed the findings of [23] and [24]. However, these results are 
contradictory to those of [7] who reported that crude protein contents did not differ significantly among the va-
rieties. These contradictory results can be attributed to variation in soil fertility status and climatic conditions [7]. 

3.2.2. Crude Fiber 
Fiber contents greatly increased with delay in harvesting and ultimately reduced its digestibility. The data re-
garding the crude fiber percentage presented in Table 2 clearly showed that crude fiber percentage varied sig-
nificantly among the varieties. The genotype F-408 gave the maximum crude protein (36.95%) that was statisti-
cally at par with F-413 and SGD-46. The minimum (27.46%) crude fiber contents were noted in genotype 
SGD-37. These significant differences may be due to variation in plant growth stage at harvest. These results are 
in agreement with those of [15] and [25]. 

3.2.3. Ash Content 
Statistically analysis showed significant differences among genotypes for ash content percentage. The data re-
garding ash contents in Table 2 which showed maximum ash content (14.78%) for genotype SGD-40 followed 
by SGD-37 which gave ash content (13.52%) and F-408 which gave ash content (13.33%). The genotype F-413 
showed minimum ash content (10.47%). It can be concluded from these results that varieties varied in efficiency 
to absorb nutrients, which may be due to variable rooting depth and rooting pattern. 

4. Correlation Analysis 
Correlation analysis was used to determine the characters which are associated with green forage yield. Plant 
height (PH) was significantly associated with dry matter yield and ash content percentage (AC) but significant 
as shown in (Table 3). There was negatively association with crude fiber (CF). Non-significant association was  
 
Table 2. Mean values of some quality traits of oat as affected by different cultivars.                                   

Genotypes Crude Protein (%) Crude Fiber (%) Ash Content (%) 
F-413 10.56de 35.71ab 10.47d 
S-2000 11.84bcd 31.65d 11.72c 
SGD-46 11.78bcd 34.59abc 11.60cd 
F-408 10.86cde 36.45a 13.33b 
F-301 9.72e 32.43d 12.41bc 

SGD-2011 12.66ab 31.61d 13.57b 
SGD-3 12.20bc 24.49bc 12.72bc 
SGD-37 13.36ab 27.46e 13.52b 
SGD-40 13.84a 26.52e 14.78a 
SGD-50 12.76ab 33.27cd 10.51d 

LSD value 1.61 1.91 1.17 

Means not sharing same letter differ significantly using LSD at 5% probability level. 
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Table 3. Correlation coefficients of some yield and quality traits of oat as affected by different cultivars.                  

Characters PH LA NL NT GFY DM CP CF 
LA 0.0752        
NL 0.3343 0.4309*       
NT 0.2185 −0.0050 0.1607      

GFY 0.3173 0.3223 0.6851** 0.0303     
DM 0.4631** 0.2834 0.6756** 0.1272 0.7111**    
CP 0.3526 −0.0305 0.5363** 0.1122 0.3573* 0.7366**   
CF −0.4164* −0.1333 −0.5234** −0.2842 −0.4162* −0.5312** −0.5248**  
AC 0.4925** 0.4061 0.6148 0.2442 0.5976** 0.5812** 0.3761* −0.4707** 

Correlation coefficient among genotypes representing significant differences at 5%. PH: Plant Height; LA: Leaf Area; NL: Number of Leaves; NT: 
Number of Tillers; GFY: Green Forage Yield; DM: Dry Matter; CP: Crude Protein; CF: Crude Fiber; AC: Ash Content. 
 
found between PH with leaf area (LA), number of leaves (NL), number of tillers per plant (NT), green forage 
yield (GFY) and crude protein (CP). Leaf area showed significant (P ≤ 0.05) and positive association with NL, 
GFY and DM. Positive non-significant relation was found between LA with GFY, DM and AC. While nega-
tively non-significant (P ≤ 0.05) correlation was present between LA with NT and CF. Number of leaves per 
plant showed strong positive association with DM, LA, GFY, CP and AC. While non-significantly association 
was showed with NT. There was negatively relation between NL and CF but significant. Neither positive nor 
negative association was found between NT with GFY, DM, CP and AC. There was negatively relation (P ≤ 
0.05) was present between NT with CF but insignificant. GFY was positively strongly associated with DM, CP 
and AC. While negatively correlated with CF but significant. DM had strongly positive association with CP and 
AC while negatively correlation with CF. There was positively relation between CP with AC. Fiber content 
percentage showed negatively association with AC and CP but significant. 

5. Conclusion 
The results showed that oat genotypes have great variations regarding yield and quality parameters. There is a 
need to compromise between yield and quality, however, the genotype SGD-40 performed better than other ge-
notypes regarding yield. So for getting higher forage yield the variety SGD-40 should be sown under Sargodha 
conditions. 
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