
Irrigation scheduling effect on oats forage production 

J. Agric. Res., 2013, 51(2) 

141

 
 
 

EFFECT OF IRRIGATION SCHEDULING ON OATS 
FORAGE PRODUCTION  

 
Naveed Akhtar*, Javed Iqbal, Syed Anees-ul-Husnain, Muhammad Arshad, 

Arbab Jahangeer** and Zahid Ashfaq Ahmad*** 
 

ABSTRACT 
 

This study was conducted in Forage Production Section, AARI, Faisalabad, 
Pakistan during the years 2010-11 and 2011-12. The objective was to find out 
critical stages of irrigation for increasing forage productivity of newly evolved 
oats variety CK-1. Seven irrigation treatments viz. one irrigation at 20 days after 
sowing (DAS) (T1), 40 DAS (T2), 60 DAS (T3), two irrigations at 20 and 40 DAS 
(T4), 20 and 60 DAS (T5), 40 and 60 DAS (T6) and three irrigations at 20, 40 and 
60 DAS (T7) were tried on loam soil. Layout system was RCBD. The results 
showed that three irrigations at different stages of crop growth (T7) responded 
positively as compared to other treatments. On mean basis, maximum plant 
height (80.91 cm) was observed in T7 against minimum plant height (64.68 cm) 
in T1 (one irrigation at 20 DAS). T7 also showed maximum tillers (26.08/plant) 
against minimum in T5 (17.4). Similar trend was observed for the number of 
leaves per tiller with maximum value (4.31) in T7.  In case of green fodder yield 
also maximum value (46.19 t/ha) was recorded in T7 and minimum (31.69 t/ha) 
in T5. The data elucidated that green fodder yield during second year was more 
than first year which may be attributed to more rainfall (72mm) than first year 
(35 mm). 
 

KEY WORDS: Avena sativa; irrigation scheduling; critical stages; agronomic 
characters; green fodder yield; Pakistan. 

 

INTRODUCTION 
 

Water is considered by many researchers to be the most precious and 
heavily scrutinized natural resource. Water saving for crop production is need 
of the day which affects the socioeconomic status of farmers (11). Energy 
crisis in Pakistan has further increased irrigation costs. Bauder et al. (5) state 
that when irrigation water is not available to meet crop demand, managers 

                                                 
*Agronomist, **Assistant Research Officers, Forage Production Section, Ayub 
Agricultural Research Institute, Faisalabad, ***Assistant Agricultural Chemist, Soil 
Chemistry Section, Ayub Agricultural Research Institute, Faisalabad, Pakistan. 
  
 
 



N. Akhtar et al.  

J. Agric. Res., 2013, 51(2) 

142

need strategies to achieve the highest possible economic return with limited 
water. Irrigation efficiency and management is critical when dealing with 
limited water supply. Selection of crops that match water requirements to 
water availability and careful irrigation management at critical crop growth 
stages can help maximize yield and minimize quality losses associated with 
moisture stress. Jerry and Berger (9) concluded that by selecting the right 
forages and using efficient management practices under limited irrigation or 
drought conditions, producers can achieve reasonable forage production with 
reduced input costs. Water-use efficiency in forage production is greatly 
improved by scheduling irrigation when plants use the water most effectively. 
 

Knowledge of water requirements will help optimize the use of available water 
to achieve production goals. Al-Khateeb et al. (2) reported 46.5 tons per 
hectare fresh green fodder yield when irrigation interval was 7 days which 
subsequently reduced to 40.4 tons per hectare with irrigation interval of 14 
days and 34.13 tons per hectare if irrigation interval was 21 days in Egyptian 
clover and oats mixture. Amanullah et al. (3) studied four surface irrigation 
levels i.e. 0.4, 0.6, 0.8 and 1.0, IW/CPE ratios and found 0.6 and 0.8 IW/CPE 
ratio irrigation rates statistically at par for fodder yields and cost benefit ratios 
were also comparable. Khatun et al. (10) evaluated the effect of three 
different irrigation and N treatment levels on forage yield of maize and 
concluded that two irrigations only were better for growth and maximum 
biological and economic yields of maize. Amini et al. (4) studied three 
irrigation levels based on pan evaporation levels (80,100 and 120 mm) with 
four barley cultivars. They obtained the highest TDM and LAI at stem 
elongation stage, anthesis stage and physiological ripening stage related to 
80 mm pan evaporation level. Similarly, cultivars also varied for different 
growth parameters. Frizzone et al. (7) used three irrigation levels (0.7, 0.9 
and 1.1 IW/CPE ratio) and different N levels and concluded that forage yields 
were significantly affected by method of N application while irrigation 
increased production and stand of crimson clover. Craig and Crowder (6) 
studied effect of supplemental irrigation and nitrogen fertilization on forage 
oat (Avena sativa L.) and reported that maximum total dry matter production 
(6.96 t/ha) was obtained for 319.22 mm water depth and 152.4 kg per 
hectare N level. Moosavi et al. (12) investigated four irrigation intervals 
(5,10,15 and 20 days) and two planting patterns and reported that irrigation 
intervals had significant effect on yield components and forage yield and 
qualitative traits of sorghum. They further observed that increase in irrigation 
interval from 5-20 days decreased dry weight of leaf, stem weight, ear weight 
and total fresh weight. Their results also showed that water stress had 
negative effect on forage production and qualitative traits while planting 
patterns had no significant effect. Mushari and Naeem (13) concluded that 
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water use efficacy was higher for irrigation at field capacity moisture level 
than other irrigation stages and it was most critical stage to get higher yield of 
alfalfa. Naseer and Suhaibani (14) concluded that irrigation scheduling 
significantly affected yield and yield parameters. Another study (15) revealed 
that successive increase in irrigation frequency increased nutrient uptake and 
forage yield of oats. Likewise successive N increase and azotobactor 
inoculation also enhanced nutrient uptake and forage yield in oats. Saberi et 
al. (16) noted significant differences in stem diameter of frequently watered 
plants and water stressed plants. Plants firing impact was significantly higher 
in less frequently watered plants. Similarly, plant height, number of leaves 
and leaf area also reduced in less frequently watered plants.  
 

Irfan et al. (8) while studying the effect of irrigation on plant growth and yield 
of pea concluded that number of irrigations in a crop play a crucial role in 
crop growth reproduction and ultimately the yield. Moosavi et al. (12) further 
reported that irrigation intervals had significant effect on yield components 
and forage yield and qualitative traits of sorghum. Moisture stress at critical 
stages definitely affects growth, yield components, nutrient uptake and yield 
of crop. Present study was planned to evaluate critical stages of irrigation in 
oats to get maximum forage yield under Faisalabad conditions. 
 

MATERIALS AND METHODS 
 

This study was carried out in the field area of Forage Production Section, 
Ayub Agricultural Research Institute, Faisalabad, Pakistan during winter 
season 2010-11 and 2011-12. Oat variety CK-1 was sown in second week of 
October during both years using seed rate of 80 kg per hectare. Layout 
system was randomized complete block design with four replications. Soil 
was loam in nature, alkaline deficient in organic matter, while sufficient P and 
K were present (Table 1). Previous  crop  sown  at  this experimental site was 
 

Table 1. Physico-chemical analysis of experimental soil (0-30 cm). 
 

Soil analysis 2010-11 2011-12 
Physical analysis  
Sand 40.69 41.64 
Silt 42.93 41.95 
Clay 16.38 16.35 
Textural class Loam Loam 
Chemical analysis   
PH 8.7 8.6 
Total soluble salts 0.22 0.21 
Organic matter 0.43 0.38 
Available P (ppm) 10.5 10.2 
Potassium K (ppm) 390 388 

Source: Agricultural Chemist (Soil Fertility), Ayub Agricultural Research Institute, 
Faisalabad. 
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pearl millet. Soil was prepared by two cultivations followed by one planking. 
The recommended dose of N and P (80-60 kg/ha) was used. All P alongwith 
½ N was applied at sowing while remaining ½ N was applied at 45 DAS by 
broadcast method. Crop was sown in 30 cm apart rows with single row hand 
drill. Plot size of 3×6 meter was maintained for each treatment and to 
separate treatments from each other, a buffer zone of one meter was 
provided so that irrigations can be safely applied. To check the response of 
irrigation on fodder growth and productivity, irrigations were applied after 
different intervals. 
 

Seven irrigation treatments were included viz. T1 = one irrigation at 20 DAS 
(days after sowing), T2 = one irrigation at 40 DAS, T3 = one irrigation at 60 
DAS, T4 = two irrigations at 20 and 40 DAS, T5 = two irrigations at 20 and 60 
DAS, T6 = two irrigations at 40 and 60 DAS and T7 = three irrigations at 20, 
40 and 60 DAS. Meteorological data during crop growth period for both years  
 

Table 2. Monthly mean weather data recorded during crop growth period. 
 

 

were recorded at Physiology Section, AARI, Faisalabad (Table 2). Data 
regarding plant height, number of plants/m2 after germination, number of 
tillers per plant, number of leaves per tiller and green fodder yield were 
recorded. Green fodder yield was determined by harvesting the plot by hand 
in last week of April (only one cut yield was taken), weighed by a balance and 
then converted into green fodder yield per hectare. The plant height was 
measured by averaging the natural standing height of five plants per plot at 
maturity just before harvest of crop. The results were analyzed using MSTAT 
statistical software (17). 
 

RESULTS AND DISCUSSION 
 

Plant height 
 
Plant height was significantly influenced by the application of irrigation at 
different critical crop growth stages. Plants attained maximum height (80.91 

Sr. 
No. 

Month 
Year 2010-11 Year 2011-12 

Maximum 
tempera-

ture 
(ºC) 

Minimum 
temper-

ature 
(ºC) 

RH (%) RF 
(mm) 

Maximum 
tempera-
ture (ºC) 

Minimum 
tempera-

ture 
(ºC) 

RH 
(%) 

Rain- 
fall 

(mm) 

1 Oct 33.0 17.7 87.3 - 33.1 17.6 86.1 5 
2 Nov 28.2 10.4 87.7 - 28.1 10.5 88.9 2 
3 Dec 22.2 6.1 83.9 1 22.3 6.2 93.2 8 
4 Jan 19.4 4.8 8.05 34 19.5 4.7 90.6 16 
5 Feb 22.2 7.6 78.95 - 22.1 7.5 89 18 
6 March 27.4 12.6 77.8 - 27.3 12.7 84.8 23 

Total rainfall 35  72 
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cm) in T7 where three irrigations at 20, 40 and 60 DAS were applied (Table 
3). It was followed by T4 (74.35 cm) against minimum plant height (64.46 cm) 
in T6. In case of individual year maximum plant height was observed in T7 

(78.53 and 83.30 cm) during the year 2010-11 and 2011-12. However, T4 
stood at par with T7 (72.82 cm) in 2010-11.  
 
Minimum plant height (59.28 cm) was observed in T5 (two irrigations at 20 
and 60 DAS). During second year, again maximum plant height (83.3 cm) 
was recorded in T7 while T4 (two irrigations at 20 and 40 DAS) produced 
significantly lower plant height (75.88 cm) than T7. Minimum plant height 
(67.55 cm) was noted in T6 where two irrigations were applied at 40 and 60 
DAS. These results revealed that irrigation applied at three different stages of 
crop growth increased plant height significantly. In case skipping any of these 
irrigations, plant height reduced. These findings are in line with earlier 
observations (8, 14) where irrigation frequency significantly affected plant 
height and stem diameter in oat crop. 
 
Number of plants/m2 
 
The data revealed that irrigation application at different crop growth stages 
did not significantly affect number of plants after germination (Table 3). 
 
Number of tillers per plant 
 
The data (Table 3) showed that number of tillers per plant was highly 
influenced by applying irrigation at different crop growth stages. In case of 
pooled analysis, maximum tillers were observed in T7 (26.08) where three 
irrigations were applied at 20, 40 and 60 DAS against minimum (17.4) in T5. 
In 2010-11 maximum number of tillers (24.9) was produced by T7 against 
minimum in T1 (18) and T5 (17.8) and other all treatments were statistically at 
par with these two treatments. Almost similar results were observed during 
second year 2011-12, where maximum tillers (27.2) were observed in T7 and 
minimum in T5 (17.0). The data revealed that application of irrigation water at 
different crop growth stages play a vital role to enhance tillers per plant. 
These findings are similar to some earlier findings (14, 15) who found that 
irrigation frequency is significantly effective in determining stem diameter and 
number of leaves and tillers per plant in oat and sorghum crop, respectively. 
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Table 3. Effect of irrigation treatments on growth and yield of oat variety CK-1. 
 

Treatments Plant height (cm) No. of plants/m2 after 
germination 

 2010-11 2011-12 Mean 2010-11 2011-12 Mean 
T1 60.85bc 68.5de 64.68d 72 67 69.5 
T2 66.48b 75.47bc 70.97bc 73.25 67 70.2 
T3 66.05 b 73.10bcd 69.57c 71 70 70.5 
T4 72.82a 75.88B 74.35b 73.25 70 70.2 
T5 59.28c 70.35cde 64.81d 68.75 67 69.4 
T6 61.38bc 67.55e 64.46d 72.75 68.75 69.8 
T7 78.53a 83.3a 80.91a 73 69.76 70.8 
LSD at 0.05 
value 

5.87 5.36 3.83 NS NS NS 

 No. of tillers/plant No. of leaves/tiller 
 2010-11 2011-12 Mean 2010-11 2011-12 Mean 
 18.0b 19.13bc 18.5bc 3.2b 3.4b 3.3b 
 19.6b 19.54bc 19.5b 3.20b 3.5b 3.3b 
 20.3b 20.7b 20.5b 3.15b 3.1b 3.16b 
 19.6b 19.4bc 19.6b 3.22b 3.42b 3.32b 
 17.8b 17.0C 17.4c 3.45b 3.45b 3.45b 
 18b 18.B 19.6b 3.35b 3,35b 3.35b 
 24.9a 27.2A 26.08a 4.23a 4.4a 4.31a 

LSD at 0.05 
value 

3.01 2.92 2.02 0.40 0.555 0.333 

 Green fodder yield (t/ha)    
 2010-11 2011-12 Mean    
 25.6d 40.05cd 32.84c    
 31.2Bc 43.08bc 38.1b    
 32.50b 36.9d 34.08c    
 33.1ab 46.5b 39.5b    
 28.13cd 35.26d 31.69c    
 28.8bcd 36.25d 32.56c    
 36.8a 55.5 a 46.19a    

LSD 0.05 value 4.36 5.30 3.31    
T1 = One irrigation at 20 DAS, T2 = One irrigation at 40 DAS, T3 = One irrigation at 60 DAS, 
T4 = Two irrigations at 20 and 40 DAS, T5 = Two irrigations 20 and 60 DAS, T6 = Two 
irrigations at 40 and 60 DAS, T7 = Three irrigations at 20, 40 and 60 DAS. 
 
Number of leaves per tiller 
 
Irrigations at different crop growth stages also increased the number of 
leaves per tiller significantly. Same trend was observed in both years. 
Maximum number of leaves per tiller (4.31) was found in T7. In T5 (two 
irrigations at 20 and 60 DAS), leaves per tiller (3.45) were statistically same 
with rest of the treatments but significantly lower than T7. These findings are 
quite in line with earlier workers (12, 13) who reported that reduction in 
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irrigation produced less number of leaves, reduced leaf weight while firing 
impacts were increased in sorghum and alfalfa, respectively with lowering 
irrigation frequency. 
 

Green fodder yield 
 

Irrigations at different growth stages significantly increased green fodder 
yield also. On the basis of pooled analysis, maximum yield (46.19 t/ha) was 
noted in T7 against minimum (31.69 t/ha) in T5. On year basis also, maximum 
green fodder yield was observed in T7 (36.8 t/ha in 2010-11 and 55.5 t/ha in 
2011-12). It was statistically at par with T4 (33.1 t/ha) in 2010-11.  Minimum 
yield was observed in T1 (25.6 t/ha) in the year 2010-11 and in T5 in the year 
2011-12 (35.26 t/ha). However, T6 and T3 stood statistically at par with T5 in 
the year 2011-12. Data clearly demonstrated that irrigations at three critical 
stages of crop significantly increased the green fodder yield of oat crop. 
Similar results have been reported by Patel et al. (15) and Naseer et al. (14) 
who found that irrigation frequency with different intervals significantly 
affected fresh forage yields of oat and Sudan grass, respectively. The data 
further showed that three irrigations (at 20, 40 and 60 DAS) gave maximum 
green fodder yield. However, in case of two irrigations, one irrigation may be 
applied at 20 DAS and second at 40 DAS to obtain comparatively good green 
fodder yield. 
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