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ABSTRACT
Oat is winter season forage crop cultivated throughout the country. It is a fast growing, palatable, succulent and
nutritious fodder crop. In this frame, two years field study was carried out at PMAS- Arid Agriculture University
Rawalpindi, Pakistan during 2011-12 and 2012-13. It is hypothesized that row spacing and nitrogen (N) application
improves morphology and yield forage production of oat varieties. Experiment comprised of four oat varieties (PD 2LV65, S-2000, NZ0034 and NARC-11) grown under each three N levels (60, 90 and 120 kg haˉ1) with row spacing of 12,
24 and 46 cm. Results revealed that var. PD2-LV65 was found more efficient with respect to plant height, number of
leaves, biomass traits, green forage yield, dry matter yield and dry matter content than other tested varieties. The highest
N rate (120 kg haˉ1) significantly affected above parameters than low level (60 kg N haˉ1). Higher morphological
characters were recorded at 46 cm row spacing while maximum forage yield in narrow row spacing of 12 cm. From
these results, we can conclude that var. PD2-LV65 perform better than all the other oat varieties and N application of 120
kg haˉ1 gave maximum morphological traits and forage yield but row spacing show variable behavior under sub-tropical
conditions.
Keywords: Oat varieties, Nitrogen, Row spacing, Forage yield, sub-tropical conditions.
crop as crop geometry is related with the fertility status
and competition for resources so ultimately effect the
growth and forage yield. Harvesting stage is very
important in forage crop at which crop gives best green
forage yield (Kolb et al., 2010; Kristensen et al., 2008;
Olsen and Weiner, 2007).
There is great scarcity of green fodder during
winter months and farmers feed their animals on dry
stalks of kharif crops and grasses. Therefore, to maintain
production at high level, it is important to evaluate
varieties with more yield potential, high use efficiency of
nitrogenous fertilizers by managing it with agronomic
practice i.e. row spacing. In present study was planned to
evaluate the impact of nitrogen application and row
spacing on green forage yield of oat under rainfed
condition.

INTRODUCTION
Livestock is a main component of agri-based
economy of Pakistan. Its contribution towards GNP is
11.8% which accounts for 56.3% of the agriculture share
(GOP, 2014). In rainfed area, livestock progress is very
sluggish due to non-availability of forage. Sufficient and
nutritious forage directly affect the growth and milk
production of animals (Gulrez et al., 2007). Therefore,
more production of forage is one of the dire needs of the
country to conquer the forage scarcity.
Oat is amongst the major winter cereal forages
cultivated throughout the country. It is a fast growing,
palatable, succulent and nutritive fodder (Nawaz et al.,
2004; Alemayehu, 1997). Under favorable conditions oat
can provide quality forage from late autumn to mid
spring (Stuart et al., 2002; Kim et al., 1996). Oat is
mostly fed as green chop while spare is stored as a hey
which is used during periods when green fodder is not
available (Suttie and Reynolds, 2004).
Oat forage production is affected by different
agronomic factors viz., varieties, fertilizer and row
spacing. Out yielded forage varieties of crops is the entire
need to fulfill the dietary requirements of the animals.
High yielding varieties of forage oats produce three-time
higher fodder yield as compared to traditional fodder
crops (Nawaz et al., 2004). Increasing the nitrogen levels
enhanced green forage yield for long period of time. Row
spacing is also a key factor for increased forage yield of

MATERIALS AND METHODS
Site Description: A 2-yr (2011-12 and 2012-13) field
studies were carried out on sandy loam soil at University
Research Farm (33° 56’ N, 72° 52’ E), Pir Mehr Ali
Shah, Arid Agriculture University, Rawalpindi. The
weather data recorded during growing season (URF,
Rawalpindi) is presented in Figure 1. Moreover, Soil of
the experimental site (0–15 and 15–30 cm) has organic
matter (0.75 and 0.50%), available P (7.3 and 7.8), K
(120 and 120) mg kgˉ1 with pH (7.6 and 7.5),
respectively.
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Plant materials: Four oat varieties viz., PD2-LV65, S2000, NZ0034 and NARC-11 were approved by Punjab
Seed Council in collaboration with Seed Certification and
Registration Department. The variety PD2-LV65 is the
broader leaves, late duration, high yielding, more
nutritious, palatable, multi-cut and disease free varieties.
S-2000 is more seed yield, larger seed size and profuse
tillering capacity, early maturing. The NARC-11 is a
narrow leaves, low yield, small grain size and disease
susceptible for rainfed areas and is developed by Pakistan
Agricultural Research Council, Islamabad. Variety
NZ0034 is more palatability, more stay green, medium
plant height and better routoning capacity and is being
developed by Renewable Natural Resources Research
Centre, Bajo, Wangdue-Bhutan. These varieties were
sown under three nitrogen (N) levels (60, 90 and 120 kg
haˉ1) the whole dose was soil applied at the time of
sowing as urea source and dose were applied according to
the treatments and row spacing were 12, 24 and 46 cm
kept in main, sub and sub-sub plot, respectively. The trial
was laid out in Randomized Complete Block Design
(RCBD) in split-split plot arrangement with repeated
thrice. Seeds of all oat varieties were sown at 85 kg haˉ1.
A primary dose of phosphorus of 60 kg haˉ1 was applied
in the form of triple super phosphate.

number of leaves per plant of 15.4 and 22.7 vs 40.8 and
43.2 was recorded by var. PD2-LV65 than NARC-11 at
successive growth stages and years. Regardless to
varieties, row spacing has direct effect on number of
leaves. Maximum and minimum were recorded in 46 cm
and 12 cm row spacing, respectively (Table 1). The N
dosage positively affected number of leaves. The higher
dose (120 kg N haˉ1) produced more number of leaves as
compared to lowest, (60 kg N haˉ1) at successive growth
stages and years. Plant height and number of leaves per
plant are major attributes that involved in the forage yield
of crop that associated with growth and biomass.
Variation in traits might be due to deflection in cell
division and hormonal imbalance caused by the
environmental conditions or genetic makeup of varieties
(Zaman et al., 2006). These results are in line with the
finding of Beyene et al. (2015); Lodhi et al. (2009);
Mekasha et al. (2008); Bakhsh et al. (2007) who also
reported that variation in environmental conditions and
genetic makeup cause the variation in plant height and
number of leaves. The increase in plant height at narrow
row spacing might be due to competition for obtaining
light (Steiner, 1986) and may also be the result of severe
competition resulting in an increased partition of
assimilates to stem and enhances stem elongation
(Ballare et al., 1990). The maximum plant height was
because of plant enjoying of full benefits of available
resources and sunlight as compared to dense population
(Rasul et al., 2012). However, Ayub et al. (2013) found
that no significance difference in plant height and number
of leaves with changing the row spacing. In current study,
increase the N levels increased the morphological traits.
Our results conceded with results of Ahmad et al. (2011)
and Makhash et al. (2008) who narrated that increasing
the level of N enhanced the plant height and number of
leaves as compare to the low levels of N fertilizer. The
increase in plant height with different N levels can be
attributed to the fact that N promotes plant growth,
increase the number and length of the internodes which
results in progressive increase in plant height (Gasim,
2001). While, Henson et al. (1999) observed that N
application has no significant effect on plant height.

Data Collection: Randomly ten plants were selected
from each plot to record the agronomic traits viz., plant
height, number of leaves, stem, shoot and root dry
weight. For root dry weight, ten randomly selected plants
were uprooted from each plot. Root fresh weight was
measured after thoroughly washing and then drying these
samples in oven at 70°C until the constant weight
(AOAC, 1980). Roots samples were taken from top 15
cm soil by digging wet soil through spade. An area of 1
m2 from each plot was harvested to determine green and
dry forage yield at two harvest stages i.e. booting and
50% heading stage.
Statistical Analysis: Calculated data was analyzed by
using the Fisher’s analysis of variance (ANOVA)
techniques and treatment’s means were compared using
Least Significance Difference (LSD) test at 5%
probability level (Steel et.al., 1997).

Biomass Traits: Amongst varieties, cv. PD2-LV65
produced the maximum biomass traits i.e. stem, shoot
and root dry weight per plant than NARC-11. Regardless
to varieties, N fertilizer had positive effect on the dry
biomass traits (Table 1). The N applied at rate of 120 kg
haˉ1 produced significantly higher above parameters.
Row spacing also showed the significant effect on the
biomass traits (Table 1). Maximum stem and shoot dry
weight was recorded at higher row spacing (46 cm). In
contrast, maximum root dry weight was recorded at
narrow row spacing (12 cm). Biomass traits i.e. stem,
shoot and root dry weight could be the result of more
nutrients uptake by the root that is only possible under the

RESULTS AND DISCUSSION
Plant Height and Number of leaves: Amongst the
varieties, PD2-LV65 produced the taller plants (40.3 and
48.3 cm) at booting and 102.2 and 123.8 cm) at 50%
heading stage than NARC-11 which produced the dwarf
plants of 30 and 38 cm; 74.5 and 95.5 cm, during 201112 and 2012-13, respectively (Table-1). Increasing row
spacing affected plant height negatively. The N
application has significant effect on plant height.
Maximum plant height was obtained at higher rate of N
(120 kg haˉ1) at successive years and stages. Maximum
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dense sown plants which is contradictory under wider
row spacing plants. Results of current study in line with
the finding of Shangguan et al. (2004), Ahmad et al.
(2011) and Amanullah and Stewart (2013) also narrated
that biomass traits are increased with increasing the level
of N while opposite association with root penetration.

capacity. For example, dwarf cultivars with low tillering
capacity sown in narrowly spaced rows, and cultivars
exhibiting lower tillering potential with medium row
spacing produced better yield (Hussain et al., 2012,
2013). Findings of the current study highlighted that
narrow row spacing improved the fodder production of
each tested cultivars due to substantial increase in
productive tillers per unit area in both years of study. It
might be due to the scarce competition of plants for soil
moisture and solar radiation under row spacing (Farooq et
al., 2015; Hussain et al., 2016a; Ayub et al., (2013);
Pradhan and Mishra, 1994). Therefore, to get higher
resource use efficiency and output, dwarf and low
tillering cultivars should be planted under narrow row
spacing and vice versa (Hussain et al., 2013).
Nonetheless, crops sown under wider rows compete with
weeds and have higher evapotranspiration, thus resulting
in inefficient utilization of applied resources (Ayaz et al.,
1999). Higher evaporative losses decrease the WUE due
to more available space between crop rows (Farooq et al.,
2015; Hussain et al., 2016b). The N has direct effect on
GFY and DMY. The current finding indicates that effect
of N level are in agreement with the results of Bassegio et
al. (2013), Mahale et al. (2003); Johnston et al. (2004),
Thakuria and Gogoi (2001). Likewise, Ahmad et al.
(2011) observed the considerable increase in yield with
increasing the level of N. The results are accordance with
the findings of Iqbal et al. (2013) who also reported that
120 kg N haˉ1 enhanced the maximum yield of oat crop.

Green Fodder and Dry Matter Yield: Data regarding
mean green forage yield (GFY) of oat varieties is
presented in Table 5. Var. PD2-LV65 produced the
maximum GFY than NARC-11 at respective stage. The
GFY increased with increasing N levels. Maximum GFY
was recorded at higher N dose (120 kg haˉ1). Similarly,
row spacing significantly affected the GFY, maximum
GFY (10.5 and 13.7 t haˉ1) at booting and (45.8 and 53.9
t haˉ1) at 50% heading stage was observed at 12 cm row
spacing during both years. Amongst varieties, PD2-LV65
produced maximum dry matter yield (DMY) of 3.6 and
5.5; 19 and 23.6 t ha-1 while minimum DMY of 1.4 and
2.6; 11.2 and 15.1 t haˉ1 was recorded by NARC-11 at
booting and 50% heading stage, respectively during
consecutive years (Table 2). The N application was also
found to be statistically significant on DMY. Maximum
DMY at higher N dose (120 kg haˉ1), those increased to
58-61% with lower N application (60 kg haˉ1).
Decreasing row pacing progressively promotes the DMY.
Maximum DMY was recorded at 12 cm row spacing than
46 cm row spacing at succeeding growth stages.
Significant differences in GFY and DMY among the oat
varieties in present study match with the findings of
Beyene et al. (2015); Hussain et al. (2011); Lodhi et al.
(2009); Ali et al. (2003) reported that yield of oat
varieties varies due to variation of number of leaves and
plant height. More yield of oat varieties might be due to
the more adoptability and better performance of that
variety (PD2-LV65) under local agro-ecological conditions
than other varieties. Likewise, significant variation
among oat varieties were also reported by Gill et al.
(2013); Amanullah et al. (2013). In addition, Mekasha et
al. (2008) reported that various oat varieties differ
significantly in dry matter accumulation that occurs due
to the variation in nutrients uptake and environmental
condition. Row spacing is another important agronomic
practice, which can be used to improve the fodder
production of oat. However, different cultivars should be
planted considering the plant stature and tillering

Dry Matter Content: Amongst varieties, PD2-LV65
produced maximum DM content than NARC-11 at
respective growth stages. Decreasing row pacing
progressively promotes the DM. The maximum and
minimum DM content was recorded at 12 and 46 cm row
spacing, respectively. The N levels effect on DM. The
highest DM of 32.4 and 40.9% was recorded at higher N
rate (120 kg haˉ1) at successive growth stages.
Differences were observed DM content among varieties
in present study match with the findings of Kim et al.
(2006). Increasing the N application enhanced the DM
contents in the current study. Wang et al. (2002); Iqbal et
al. (2009) observed that N application significant
improved the DM content. In contrast, Bassegio et al.
(2013) narrated that N application did not showed the
significant effect on DM content.
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Figure 1. Mean monthly rainfall Av. temperature and RH prevailed for the duration of the crop growth.

Table 1. Effect of variety, nitrogen application and row spacing of oat forage at different growth stages during
2011-12 and 2012-13.

Treatments

Plant height (cm)
Booting
50% heading
201120122011201212
13
12
13

Number of leaves per plant
Booting
50% heading
201120122011201212
13
12
13

Stem dry weight (g)
Booting
50% heading
201120122011201212
13
12
13

Varieties (V)
PD2-LV65
40.3a
48.3a
102.2a 123.8a
15.4a
22.7a
40.8a
43.2a
6.8a
8.3a
14.1a
18.9a
S-2000
36.1b
44.0b
92.1b
112.9b
14.5b
19.9b
34.8b
37.0b
6.1b
8.0b
13.0b
17.7b
NZ0034
33.2c
41.3c
87.3c
108.4c
13.6c
16.5c
31.9c
34.1c
6.0bc
7.9c
11.3c
16.0c
NARC-11
30.0d
38.0d
74.5d
95.5d
12.4d
14.3d
26.8d
29.1d
5.8c
7.1d
11.0d
15.7d
0.65
0.70
1.31
1.46
0.72
0.43
0.68
0.69
0.21
0.20
0.17
0.23
LSD
Nitrogen level (N) (kg ha-1)
60
32.6c
41.0c
83.4c
104.5c
11.9c
17.7c
30.2c
32.4c
5.9c
7.0c
10.7c
15.4c
90
35.0b
42.9b
87.9b
108.9b
14.0b
18.4b
34.1b
36.3b
6.1b
7.6b
12.4b
17.1b
120
37.2a
45.2a
95.8a
117.1a
16.1a
18.9a
36.4a
38.6a
6.5a
8.5a
13.9a
18.7a
0.56
0.61
1.13
1.24
0.63
0.38
0.58
0.60
0.18
0.17
0.15
0.20
LSD
Row spacing (RS) (cm)
12
37.9a
45.8a
92.4a
113.7a
13.0c
17.9b
32.4c
34.5c
5.8c
7.1c
11.8c
16.4c
24
34.5b
42.6b
88.5b
109.6b
13.9b
18.5a
33.1b
35.3b
6.2b
7.6b
12.3b
16.9b
46
32.4c
40.3c
86.2c
107.2c
15.1a
18.6a
35.2a
37.7a
6.6a
8.4a
13.0a
17.8c
0.56
0.61
1.13
1.24
0.63
0.38
0.58
0.60
0.18
0.17
0.15
0.20
LSD
Different letters indicate statistically significant-difference among the values in each column and individual factors (LSD test; P ≤ 0.05)
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Table 2. Effect of variety, nitrogen application and row spacing of oat forage at different growth stages during
2011-12 and 2012-13.

Treatments

Shoot dry weight (g)
Booting
50% heading
2011- 2012- 2011- 201212
13
12
13

Varieties (V)
PD2-LV65
6.8 a
7.2 a
b
S-2000
6.6
6.7 b
c
NZ0034
6.3
6.5 c
d
NARC-11
6.1
6.0 d
0.08
0.14
LSD
Nitrogen level (N) (kg ha-1)
60
6.2 c
6.2 c
90
6.5 b
6.6 b
120
6.7 a
7.1 a
0.07
0.12
LSD
Row spacing (RS) (cm)
12
6.0 c
6.1 c
b
24
6.5
6.6 b
a
46
6.8
7.1 a
0.07
0.12
LSD

Root dry weight (g)
Booting
50% heading
2011- 2012- 2011- 201212
13
12
13

Green fodder yield (t ha-1)
Booting
50% heading
2011- 2012- 2011- 201212
13
12
13

11.3 a
9.8 b
9.0 c
8.8 c
0.15

16.3 a
14.7 b
13.9 c
13.6 d
0.22

7.4 a
6.8 b
6.3 c
6.1 d
0.12

8.6 a
8.2 b
8.0 c
7.7 d
0.10

10.2 a
9.6 b
8.9 c
8.6 d
0.11

12.7 a
12.2 b
11.3 c
11.3 c
0.18

11.4 a
10.4 b
7.9 c
5.7 d
0.49

14.5 a
13.6 b
11.0 c
8.9 d
0.46

45.5 a
43.6 b
35.7 c
33.2 d
2.02

52.4 a
50.3 b
43.5 c
41.0 d
1.89

8.8 c
9.8 b
10.6 a
0.13

13.8 c
14.6 b
15.5 a
0.19

6.4 c
6.7 b
6.9 a
0.10

7.8 c
8.1 b
8.4 a
0.09

8.5 c
9.2 b
10.3 a
0.10

11.0 c
11.7 b
13.0 a
0.16

7.1 c
8.8 b
10.6 a
0.42

10.5 c
11.9 b
13.5 a
0.40

31.8 c
38.0 b
48.6 a
1.75

40.0 c
44.9 b
55.4 a
1.64

9.2 c
9.7 b
10.3 a
0.13

14.0 c
14.6 b
15.3 c
0.19

7.1 a
6.6 b
6.2 c
0.10

8.4 a
8.0 b
7.8 c
0.09

9.9 a
9.4 b
8.8 c
0.10

12.6 a
11.9 b
11.1 c
0.16

10.5 a
8.6 b
7.4 c
0.42

13.7 a
11.7 b
10.4 c
0.40

45.8 a
39.1 b
33.5 c
1.75

53.9 a
46.0 b
40.4 c
1.64

Different letters indicate statistically significant-difference among the values in each column and individual factors (LSD test; P ≤ 0.05)

Table 3. Effect of variety, nitrogen application and row spacing of oat forage at different growth stages during
2011-12 and 2012-13.

Treatments

Dry matter yield (t ha-1)
Booting
50% heading
2011-12
2012-13
2011-12
2012-13

Varieties (V)
PD2-LV65
3.6 a
S-2000
3.1 b
NZ0034
2.0 c
NARC-11
1.4 d
0.23
LSD
Nitrogen level (N) (kg ha-1)
60
1.9 c
90
2.4 b
120
3.2 a
0.20
LSD
Row spacing (RS) (cm)
12
3.2 a
24
2.4 b
46
1.9 c
0.20
LSD

Dry matter content (%)
Booting
50% heading
2011-12
2012-13
2011-12
2012-13

5.5 a
4.8 b
3.4 c
2.6 d
0.27

19.0 a
17.2 b
12.7 c
11.2 d
1.11

23.6 a
21.5 b
16.9 c
15.1 d
1.07

31.3 a
29.0 b
25.1 c
23.1 d
0.59

37.6 a
35.4 b
31.4 c
29.3 d
0.61

41.3 a
39.0 b
35.1 c
33.1 d
0.59

44.6 a
42.3 b
38.4 c
36.4 d
0.60

3.3 c
4.1 b
4.9 a
0.23

11.4 c
14.3 b
19.4 a
0.95

15.6 c
18.3 b
23.9 a
0.93

25.2 c
26.9 b
29.3 a
0.51

31.5 c
33.3 b
35.6 a
0.53

35.2 c
36.9 b
39.3 a
0.51

38.5 c
40.2 b
42.6 a
0.52

5.0 a
4.0 b
3.3 c
0.23

18.4 a
14.8 b
11.9 c
0.95

23.4 a
18.9 b
15.6 c
0.93

29.5 a
27.2 b
24.7 c
0.51

35.8 a
33.5 b
31.1 c
0.53

39.5 a
37.2 b
34.7 c
0.51

42.8 a
40.5 b
38.0 c
0.52

Different letters indicate statistically significant-difference among the values in each column and individual factors (LSD test; P ≤ 0.05).

Conclusion: On the basis of two years field
investigations clearly indicated that var. PD2-LV65
performed more efficient with respect to plant height,
number of leaves, stem, shoot and root dry weight, GFY,
DMY and DM content than other tested varieties.
Increasing N level (60-120 kg haˉ1) significantly
increased plant morphology and yield traits. Row spacing

showed variations in above parameters. In conclusion,
var. PD2-LV65 gave maximum plant morphology and
yield traits at N application of 120 kg haˉ1 but row
spacing show variably behavior under sub-tropical
condition.
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