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Abstract: 
Effects of irrigation frequency, nitrogen fertilizer levels and mixing ratio of 
Egyptian clover-oat on forage yield were evaluated in a split split plot design with 
four replicates. Three irrigation intervals, 7, 14 and 21 days consuming 500, 650 
and 800 m3 ha-1 /irrigation with water consumption of 13000, 9200 and 7600 m3 

ha-1 in the season, respectively were assigned to the main plots. Four nitrogen 
fertilizer levels, 45, 90, 135 and 180 kg N ha-1 were assigned to the sub plots. The 
sub sub-plots were assigned to the following mixing ratio: solid Egyptian clover 
or oat (100%), 75% Egyptian clover + 25% oat, 50% Egyptian clover + 50% oat 
and 25% Egyptian clover + 75% oat. Combined analysis of data over all cuts in 
both seasons showed that irrigation every 7 days showed the highest fresh and dry 
forage yields ha-1. Increasing nitrogen level (180 kg N ha-1) produced the highest 
fresh and dry forage yields. The monoculture of Egyptian clover produced the 
highest fresh yield/ ha /season. However, the mixtures of 25 or 75 % Egyptian 
clover and 75 or 25 % oat produced the highest dry forage yields ha-1 in the 
season. The interaction between irrigation intervals X nitrogen levels, irrigation 
intervals X mixing ratio and nitrogen levels X mixing ratio had significant effects 
on forage fresh and dry yields. Mixing 25 % Egyptian clover with 75 % oat seeds 
and fertilizing with 180 kg N ha-1 under irrigating interval of 7 days showed the 
highest dry forage yield under Al-Hassa conditions, Saudi Arabia.   

Introduction: 
The sustainability of grass cropping system could be improved by adding 

legumes. Egyptian clover (Trifolium alexandrinum L.) is one of the most 
important forage legume crops in some world countries particularly that has 
long winter season with cold-moderate temperature. In the Kingdom of Saudi 
Arabia, Egyptian clover has been introduced with special emphasis to the 
agriculture sector as untraditional forage crop. The importance of this crop lies 
on its low irrigation water requirements and the high forage productivity and 
quality during winter and spring seasons (Al-Khateeb 2004). It can be grown 
during winter seasons to overcome the water shortage recently appeared in 
Saudi Arabia. Recent studies have been done under the Saudi Arabia 
conditions to evaluate the cultivation of Egyptian clover and grasses mixtures 
in terms of forage quality and quantity (Al-Khateeb et al. 2001 and Al-Khateeb 
2004).  
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Water soil deficit reduced the productivity of legume-grass mixture 
(Lucero et al.1999; Al-Khateeb 2004). If the component of the mixture is 
different in responses to drought conditions, the response of mixtures 
productivity will be substantially disturbed (Lucero et al.1999).  

Numerous investigators found advantages in forage yield and quality for 
mixing clover with oat (Ghaffarzadeh 1997; Holland and Brummer 1999; 
Thorsted et al. 2002; Bassal and Zahran 2003; Ross et al. 2003; McAnderws et 
al. 2004; Ross et al. 2004). Grass-clover mixtures have been reported to out 
yield clover or grass in solid planting (Ghaffarzadeh 1997; Al-Khateeb et al. 
2001; McAnderws et al. 2004; Ross et al. 2004). 

The grass/clover relationship is highly affected by nitrogen fertilization 
(Davidson and Robson 1986; Caradus et al.1993; Shareif et al. 1996). Frame 
(1992) reported that increasing level of nitrogen fertilization on grass/white 
clover sward increased total herbage production linearly up to N rates of 250–
350 kg N ha-1. However, 90 % of maximum herbage production was achieved 
with only 50-60 % of the nitrogen needed to attain the maximum production. 
Al-Khateeb (2004) showed that increasing nitrogen levels up to 180 kg N ha-1 
was associated with marked increases in fresh and dry forage yields of 
Egyptian clover-ryegrass mixture.  

This study was aimed to evaluate effects of irrigation frequency, nitrogen 
fertilizer levels and mixing ratio of Egyptian clover and oat on fresh and dry 
forage yields.  

Materials and methods: 
Two field experiments were conducted at the Agricultural and Veterinary 

Training and Research Station, King Faisal University, Al-Hassa (latitude 25° 
21' and 25° 37' N and longitude 49° 33' and 49° 46' E) during the winter 
seasons of 2000/2001 and 2001/2002. A split split-plot in randomized 
complete block design with 4 replicates was used. Three irrigation intervals, 7, 
14 and 21 days with 500, 650 and 800 m3/ha/irrigation, consuming water of 
13000, 9200 and 7600 m3 ha-1/season, respectively were assigned to the main 
plots. Four nitrogen fertilizer levels, 45, 90, 135 and 180 kg N ha-1, were 
assigned to the sub plots. The sub sub-plots were assigned to the following 
mixing ratio: solid Egyptian clover or oat (100%), 75% Egyptian clover + 25% 
oat, 50% Egyptian clover + 50% oat and 25% Egyptian clover + 75% oat. The 
experimental unit dimension was 2.5 x 4.0 m.  



 
 

Scientific Journal of King Faisal University (Basic and Applied Sciences)      Vol. 7 No. 1   1427H (2006) 
 
 

 

  
 

63 

Soil samples from the experimental site were taken at random from the 
upper 30 cm of the soil surface for physical and chemical analysis. Results of 
soil analysis showed that the soil was sandy loam in texture (sand= 55.2 %,  
silt = 36.0 %, clay = 8.3 %) with pH 7.5, ECe = 4.5 dsm-1, CaCO3 = 20.8 % 
and organic matter= 0.11%. N, Na, K, and Ca contents were 15.8, 13.7, 20.4 
and 10.4 meq L-1, respectively.  

Temperature, rainfall, relative humidity and transpiration rate readings at 
the experimental field site during the experiment period are shown in Table 1. 
Seedbed for the experimental field was well prepared and the field area was 
divided into experimental units by constructing alleys and shallow irrigation 
channels. 

Seeds of the mixture with the aforementioned seeding rates were hand-
sown in 10 cm apart rows. Seeds of Egyptian clover (Trifolium alexandrinum 
L.) cv. “Meskawi” at the rate of 75 kg ha-1 and oat (Avena fatua L.) cv. “Coker 
227“ at 120 kg ha-1 were used. Sowing took place during the last week of 
October in both seasons. After sowing, all plots were fertilized with 50 kg 
P2O5 ha-1. Nitrogen in the form of urea (46 % N) with the previously 
mentioned rates was added into 4 equal portions, 30 days after sowing and 
after the first, second and third cuts. Four cuts were taken. The first cut was 60 
days after sowing, while the other three cuts were taken at about 40 days 
between. In each cut, fresh forage yield in the inner 2.0 m2 was estimated to 
the nearest gram and converted to record fresh yield (t/ha). Plant samples of 
forage yield were dried at 85 °C for 48 hours to determine dry matter content 
(DM %). The dry forage yield was estimated by multiplying fresh forage yield 
x DM %. 

Data of each cut and their total in every season were statistically analysed 
using the technique of the Analysis of variance of the split split plot design 
(Gomez and Gomez 1984). Thereafter, the assumption of normality and the 
homogeneity of variance of the experimental errors was checked according to 
Bartlet method which showed an appropriate homogenous of errors variance. 
Therefore, the combined analysis over both seasons was done using the SAS 
version 8.0 (SAS, 2001). The treatment means were compared using the 
Baysian Least Significant Difference (BLSD) at 5 % level of probability 
(Waller and Duncan, 1969). 
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Table (1) 
Temperature, Relative humidity, RH (%), rainfall (mm/month) and transpiration rate, 

TR (mm/day), over 2000/2001 and 2001/2002 seasons in Al-Hassa area. 

Temperature 
Month 

Maximum Minimum Average 
RH% Rainfall 

mm/month
TR 

mm/day 

October 38 22 30  52 0 12 

November 32 17 25 60 0 8 

December 26 12 19 66 6 6 

January 21 9 15 65 9 5 

February 24 12 18 64 12 7 

March 29 16 23 55 15 10 

April 34 20 27 48 3 14 

 
Results and discussion: 
Irrigation treatments:  

Fresh and dry forage yields of Egyptian clover-oat mixture in all cuts and 
their total over both seasons were significantly affected by irrigation intervals 
(Tables 2 & 3). Irrigation every 7 days showed the highest fresh and dry forage 
yields in all cuts and their total. Total fresh forage yield decreased from 46.526 
to 40.401 and 34.138 t ha-1, with about 13.2 and 26.6 % reduction as water 
deficit increased due to increasing the irrigation intervals from 7 to 14 and 21 
days, respectively. Also, increasing the irrigation frequency from 14 to 21 days 
resulted in 15.50 % reduction in the fresh forage yield. The dry forage yield in 
all cuts and total showed the same trend of the fresh forage yield which was 
significantly decreased from 7.825 to 6.283 t ha-1 with increasing irrigation 
intervals from 7 to 21 days (Table 3). The reduction in the total dry fodder 
yield was 10.53 and 19.71 % with increasing irrigation frequency from 7 to 14 
and 21 days, respectively. The reduction in dry forage yield due to the increase 
of irrigation intervals was much pronounced with the increase of water deficit 
time. The reduction in dry forage yield under 21 days irrigation interval was 
13% in the first cut compared with 40% in the fourth cut. Such effects were 
also noticed by other investigators on grass-clover mixture (Lucero et al. 1999; 
Al-Khateeb 2004).  
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Table (2) 
Fresh forage yield (t ha-1) of the Egyptian clover and oat mixture in response to 
irrigation intervals, N levels and seeding rates (Combined over both seasons)  

CutTreatments First Second Third Fourth
Total 

A. Irrigation intervals:
  7 days 14.934 15.729 12.872 2.991 46.526 
14 days 13.196 13.969 10.983 2.252 40.401 
21 days  11.269 11.846 9.328 1.696 34.138 

BLSD(5%) 1.285 1.217 1.134 0.895 1.761 
B. Nitrogen Levels  

  45 kg N/ha 12.561 13.024 10.234 2.188 38.006 
  90 kg N/ha 12.917 13.869 11.051 2.319 40.156 
135 kg N/ha 13.439 13.726 11.103 2.310 40.578 
180 kg N/ha  13.615 14.775 11.855 2.434 42.680 

BLSD(5%) 0.608 0.594 0.542 0.457 0.772 
C. Mixing rate  

Clover100%  6.053 16.444 16.762 4.373 43.632 
Oat 100% 17.396 11.758 3.481 0.163 32.797 

75% Clov+25% Oat 12.879 14.157 12.059 3.242 42.338 
50% Clov+50% Oat 13.898 13.728 11.557 2.190 41.373 
25% Clov+75% Oat 15.439 13.153 11.445 1.599 41.636 

BLSD(5%) 0.458 0.418 0.311 0.289 0.512 
  

Table (3) 
Dry forage yield (t ha-1) of the Egyptian clover and oat mixture in response to 
irrigation intervals, N levels and seeding rates (Combined over both seasons) 

CutTreatments First Second Third Fourth
Total 

A. Irrigation intervals:
  7 days 2.200 2.675 2.360 0.590 7.825 
14 days  2.055 2.411 2.077 0.457 7.001 
21 days  1.907 2.151 1.868 0.356 6.283 

BLSD(5%) 0.208 0.200 0.228 0.191 0.382 
B. Nitrogen Levels  

  45 kg N/ha 1.878 2.2 1.883 0.427 6.388 
  90 kg N/ha 1.970 2.372 2.076 0.467 6.885 
135 kg N/ha 2.157 2.458 2.137 0.474 7.227 
180 kg N/ha  2.212 2.619 2.310 0.503 7.644 

BLSD(5%) 0.180 0.189 0.139 0.148 0.218 
C. Mixing rate  

Clover100%  0.806 2.553 2.973 0.821 7.153 
Oat 100% 2.946 2.247 0.732 0.036 5.961 

75% Clov+25% Oat 1.924 2.462 2.300 0.676 7.363 
50% Clov+50% Oat 2.145 2.426 2.235 0.461 7.267 
25% Clov+75% Oat 2.450 2.373 2.270 0.345 7.437 

BLSD(5%) 0.138 0.141 0.123 0.108 0.199 
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Nitrogen fertilizer levels:  
Fresh and dry forage yields in all cuts and their total were significantly 

affected by nitrogen levels (Tables 2 & 3). Each increase in nitrogen level from 
45 to 180 kg N ha-1 was associated with significant  increases in fresh and dry 
forage yields in all cuts and their total. Total fresh yields also increased from 
38.006 to 42.680 t ha-1. This increase in fresh forage yield represented 12.3 %. 
Dry forage yield was increased from 6.388 to 7.644 t ha-1 as nitrogen level 
increased from 45 to 180 kg N ha-1 (Table 3). The corresponded increases in 
dry forage yield with an increase in nitrogen levels from 45 to 180 kg N ha-1 
was 1.256 t ha-1, representing an increase of 19.7 % in dry forage yield. The 
increase in forage yield might be attributed to the active role of nitrogen in 
enhancing mixture plants growth and development. The nitrogen supply to the 
plant increases the amount of protein, protoplasm and chlorophyll formed. In 
turn, this influences cell size and leaf area, and thus photosynthetic activity 
(Gardner et al. 1985; Salisbury and Ross 1994). Increasing forage yield of 
mixture under N fertilization have been reported by Frame (1992), Schenk et 
al. (1997) and Al-Khateeb (2004).  

Mixing ratio:  
Significant differences were found in the fresh and dry forage yields in all 

cuts and their total due to the variation in the evaluated mixing ratio of the 
Egyptian clover and oat mixture (Tables 2 & 3). The monoculture of oat 
recorded the highest fresh  (17.396 t ha-1) and dry (2.946 t ha-1) forage yields in 
the first cut, while it recorded the lowest fresh and dry yields in the second, 
third and fourth cuts and in the total. Similar finding was observed by Ross et 
al. (2004). However, the monoculture of Egyptian clover produced the lowest 
fresh and dry forage yields in the first cut only, while it surpassed all tested 
mixing ratio in the second, third and fourth cuts as well as in the total fresh 
yield/ ha/ season. Mixing 25 % Egyptian clover with 75 % oat produced the 
highest dry forage yield (7.437 t ha-1). While, mixing 75% clover with 25 % 
oat ranked the second in total fresh and dry forage yields (7.363 t ha-1). 
However, fresh and dry forage yields of mixing Egyptian clover and oat with 
any ratio significantly surpassed the monoculture of oat. Holland and Brummer 
(1999) found that adding oat to clover increased total crop biomass and forage 
plant health. This trend was also noticed by other working with other grasses-
clover mixtures (Bassal and Zahran 2003; Al-Khateeb 2004).   
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 Interaction effects:  
The interaction between irrigation intervals and nitrogen fertilizer levels 

had significant effects on fresh and dry forage yields in all cuts and their total 
(Tables 4 & 5). Shortening irrigation interval to 7 days with the addition of 180 
kg N ha-1, produced the highest fresh forage yield (49.321 t ha-1) and dry forage 
yield (8.496 t ha-1). On the contrary, the lowest fresh and dry forage yields 
(32.828 and 5.823 t ha-1) were produced under 21 days irrigation interval and 
fertilizing with 45 kg N ha-1. However, the increase in fresh and dry forage 
yields under 21 days intervals and 180 kg N ha-1 was lower compared with 7 
days irrigation intervals and 180 kg N ha-1 which indicates a significant role of 
frequent irrigation in N absorption and utilization.  

Fresh and dry forage yields were significantly affected by the interaction 
between irrigation intervals and seeding rates of Egyptian clover and oat 
mixture (Tables 6 & 7). The highest fresh forage yields in all cuts and their 
total was noticed with the mixture of 75 or 50 % Egyptian clover with 25 or 50 
% oat under the irrigation period of 7 days.  Monoculture of clover and oat was 
relatively equal in their response to water deficit. The reduction in forage yield 
in the monoculture of Egyptian clover and oat under water deficit (irrigation 
every 21 days) reached about 29.1 and 24.8 % in fresh forage yield and 18.4 
and 16.7% in dry forage yield, respectively. This trend was also reported by 
Al-Khateeb (2004) on monoculture of clover and ryegrass. Therefore, it is 
expected that mixing Egyptian clover and oat will not be affected by drought 
probably due to the high rate of compatibility of both crops under drought 
conditions. However, Thomas (1984) reported that clover was much affected 
by drought in the mixture of clover and ryegrass.  

The highest dry forage yield was obtained from the treatment of mixing 
clover with oat and from the monoculture of the Egyptian clover when irrigated 
every 7 days. The monoculture of oat with prolonging the irrigation intervals to 
21 days showed the lowest dry yield, and this tend was noticed in all cuts 
(Table 7).  

Fresh and dry forage yields were significantly affected by the interaction 
between nitrogen levels and seeding ratio of Egyptian clover and oat. The 
highest dry forage yields in all cuts and their total were produced from the 
mixture of 25 % Egyptian clover + 75% oat when fertilized by 180 kg N ha-1. It 
was followed by the mixture of 50 % Egyptian clover + 50 % oat and 
monoculture of oat with the addition of 180 kg N ha-1. 
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Table ( 4 ) 
Fresh forage yield (t ha-1) of the Egyptian clover and oat   mixture in response to the  

interaction between irrigation intervals and nitrogen rates (Combined over both seasons) 

CutIrrigation 
interval 

Nitrogen  
Rate First Second Third Fourth 

Total 

  7 days   45 kg N/ha  14.240 14.857 11.651 2.765 43.514 
  7 days   90 kg N/ha 14.570 15.482 12.685 3.185 45.922 
  7 days 135 kg N/ha 15.257 15.891 13.170 3.029 47.348 
  7 days 180 kg N/ha 15.670 16.684 13.982 2.984 49.321 
14 days   45 kg N/ha  12.459 13.013 10.079 2.125 37.677 
14 days   90 kg N/ha 12.945 13.68 10.992 2.164 39.782 
14 days 135 kg N/ha 13.663 14.297 11.219 2.293 41.472 
14 days 180 kg N/ha 13.717 14.889 11.640 2.427 42.673 
21 days   45 kg N/ha  10.983 11.200 8.970 1.674 32.828 
21 days   90 kg N/ha 11.235 12.445 9.476 1.608 34.765 
21 days 135 kg N/ha 11.398 10.989 8.921 1.608 32.916 
21 days 180 kg N/ha 11.460 12.750 9.942 1.892 36.045 

NLSD(5%) 1.063 1.022 0.935 0.798 1.338 
 

Table (5) 
Dry forage yield (t ha-1) of the Egyptian clover and oat   mixture in response to the interaction 

between irrigation intervals and nitrogen rates (Combined over both seasons) 

CutIrrigation 
interval 

Nitrogen 
Rate First Second Third Fourth 

Total 

  7 days   45 kg N/ha  1.981 2.482 2.059 0.521 7.043 
  7 days   90 kg N/ha 2.098 2.601 2.277 0.628 7.605 
  7 days 135 kg N/ha 2.293 2.781 2.469 0.612 8.155 
  7 days 180 kg N/ha 2.428 2.834 2.635 0.599 8.496 
14 days   45 kg N/ha  1.841 2.181 1.858 0.419 6.299 
14 days   90 kg N/ha 1.940 2.315 2.076 0.440 6.772 
14 days 135 kg N/ha 2.208 2.531 2.128 0.467 7.335 
14 days 180 kg N/ha 2.232 2.617 2.247 0.501 7.598 
21 days   45 kg N/ha  1.811 1.936 1.733 0.341 5.823 
21 days   90 kg N/ha 1.872 2.201 1.876 0.331 6.280 
21 days 135 kg N/ha 1.970 2.060 1.816 0.344 6.191 
21 days 180 kg N/ha 1.977 2.405 2.047 0.408 6.838 

NLSD(5%) 0.318 0.332 0.247 0.265 0.378 
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Table (6) 
Fresh forage yield (t ha-1) of the Egyptian clover and oat   mixture in response to the interaction 

between irrigation intervals and mixing rates (Combined over both seasons) 
 

Cut Irrigation 
intervals 

Mixing  rate 
First Second Third Fourth 

Total 

7 Clover100% 6.701 18.016 18.852 5.568 49.137 
7 Oat 100% 19.111 13.009 4.024 0.219 36.363 
7 75% Clov+25% Oat 15.495 16.369 14.285 4.124 50.272 
7 50% Clov+50% Oat 16.005 15.856 13.635 2.857 48.354 
7 25% Clov+75% Oat 17.360 15.394 13.564 2.186 48.505 

14 Clover 100% 5.920 16.718 16.797 4.272 43.707 
14 Oat 100% 17.725 11.686 3.327 0.156 32.895 
14 75% Clov+25% Oat 12.817 14.551 12.035 3.208 42.610 
14 50% Clov+50% Oat 13.910 13.921 11.493 2.064 41.388 
14 25% Clov+75% Oat 15.607 12.974 11.261 1.563 41.404 
21 Clover 100% 5.538 14.599 14.639 3.277 38.052 
21 Oat 100% 15.351 10.579 3.091 0.113 29.135 
21 75% Clov+25% Oat 10.327 11.554 9.857 2.393 34.131 
21 50% Clov+50% Oat 11.780 11.406 9.541 1.647 34.376 
21 25% Clov+75% Oat 13.348 11.093 9.509 1.049 34.999 

NLSD(5%) 0.791 0.727 0.539 0.510 0.887 

Table (7)  
Dry forage yield (t ha-1) of the Egyptian clover and oat   mixture in response to the interaction 

between irrigation intervals and mixing rates (Combined over both seasons) 
Cut Irrigation 

intervals 
 Mixing  rate 

First Second Third Fourth 
Total 

7 Clover100% 0.826 2.654 3.251 1.026 7.758 
7 Oat 100% 3.095 2.430 0.828 0.047 6.400 
7 75% Clov+25% Oat 2.149 2.807 2.590 0.827 8.374 
7 50% Clov+50% Oat 2.320 2.765 2.528 0.587 8.202 
7 25% Clov+75% Oat 2.608 2.717 2.603 0.461 8.390 

14 Clover 100% 0.779 2.571 3.005 0.806 7.162 
14 Oat 100% 3.015 2.248 0.700 0.034 5.997 
14 75% Clov+25% Oat 1.917 2.499 2.262 0.678 7.357 
14 50% Clov+50% Oat 2.127 2.416 2.203 0.431 7.176 
14 25% Clov+75% Oat 2.437 2.323 2.216 0.336 7.312 
21 Clover 100% 0.811 2.435 2.661 0.631 6.539 
21 Oat 100% 2.729 2.063 0.667 0.026 5.486 
21 75% Clov+25% Oat 1.706 2.079 2.049 0.524 6.359 
21 50% Clov+50% Oat 1.988 2.098 1.972 0.363 6.422 
21 25% Clov+75% Oat 2.296 2.074 1.987 0.236 6.594 

NLSD(5%) 0.239 0.244 0.217 0.187 0.343 
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Table (8) 
Fresh forage yield (t ha-1) of the Egyptian clover and oat mixture in response to the interaction 

between irrigation intervals and mixing rates (Combined over both seasons) 
Cut N Rate  Mixing  rate 

First Second Third Fourth 
Total 

45 Clover100% 5.828 15.941 15.588  4.251 41.609 
45 Oat 100% 16.450 11.044 3.200 0.111 30.806 
45 75% Clov+25% Oat 12.800 13.219 11.427 3.371 40.817 
45 50% Clov+50% Oat 13.491 12.552 10.727 2.146 38.917 
45 25% Clov+75% Oat 14.235 12.362 10.225 1.062 37.884 
90 Clover 100% 5.870 16.228 16.942 4.246 43.287 
90 Oat 100% 17.109 11.502 3.359 0.141 32.111 
90 75% Clov+25% Oat 12.973 14.988 11.983 3.308 43.254 
90 50% Clov+50% Oat 13.764 13.891 11.530 2.261 41.446 
90 25% Clov+75% Oat 14.867 12.735 11.440 1.640 40.682 
135 Clover 100% 6.043 16.449 16.827 4.425 43.744 
135 Oat 100% 17.708 11.886 3.535 0.186 33.316 
135 75% Clov+25% Oat 13.276 13.388 12.141 2.943 41.750 
135 50% Clov+50% Oat 14.280 13.567 11.556 2.04 41.444 
135 25% Clov+75% Oat 15.888 13.337 11.456 1.957 42.639 
180 Clover  100% 6.471 17.158 17.692 4.568 45.890 
180 Oat 100% 18.316 12.600 3.828 0.212 34.956 
180 75% Clov+25% Oat 12.468 15.034 12.684 3.344 43.531 
180 50% Clov+50% Oat 14.058 14.901 12.412 2.311 43.683 
180 25% Clov+75% Oat 16.764 14.180 12.658 1.736 45.338 

NLSD(5%) 0.917 0.838 0.628 0.571 1.024 

Table (9) 
Dry forage yield (t ha-1) of the Egyptian clover and oat   mixture in response to the interaction 

between irrigation intervals and mixing rates (Combined over both seasons) 
Cut N Rate Mixing  rate 

First Second Third Fourth 
Total 

45 Clover100% 0.699 2.328 2.697 0.791 6.514 
45 Oat 100% 1.712 2.237 1.800 0.416 6.166 
45 75% Clov+25% Oat 2.319 2.225 1.397 0.371 6.312 
45 50% Clov+50% Oat 1.966 2.190 2.032 0.578 6.767 
45 25% Clov+75% Oat 2.093 2.181 1.938 0.296 6.507 
90 Clover 100% 1.365 2.269 2.439 0.482 6.557 
90 Oat 100% 1.800 2.322 1.908 0.414 6.444 
90 75% Clov+25% Oat 2.359 2.374 1.515 0.400 6.649 
90 50% Clov+50% Oat 2.047 2.519 2.199 0.551 7.317 
90 25% Clov+75% Oat 2.207 2.337 2.191 0.405 7.140 

135 Clover 100% 1.460 2.427 2.670 0.591 7.148 
135 Oat 100% 1.971 2.471 1.918 0.449 6.810 
135 75% Clov+25% Oat 2.561 2.495 1.581 0.312 6.949 
135 50% Clov+50% Oat 2.168 2.364 2.263 0.554 7.350 
135 25% Clov+75% Oat 2.537 2.406 2.205 0.413 7.561 
180 Clover  100% 1.596 2.633 2.833 0.669 7.732 
180 Oat 100% 2.062 2.627 2.018 0.461 7.169 
180 75% Clov+25% Oat 2.548 2.563 1.708 0.431 7.252 
180 50% Clov+50% Oat 2.110 2.595 2.422 0.554 7.682 
180 25% Clov+75% Oat 2.580 2.598 2.471 0.455 8.104 

NLSD(5%) 0.276 0.284 0.248 0.218 0.396 
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The stimulation effects of nitrogen fertilization in clover production may 

reflect the low nitrogen fixation under the hot climate area (Maheshwari and 
Anand 2003 and Huang et al. 2004). The monoculture of oat fertilized with 45 
kg N ha-1 produced the lowest fresh forage yield in all cuts and their total 
which probably due to low nitrogen level of the soil (15.4 meq/L). Also, it had 
been reported that N fertilizer depressed clover content in the mixture 
(Davidson and Robson, 1986; Caradus et al. 1993). However, this trend was 
often reflected under the high level of N fertilizer as reported by Frame (1992) 
who used 250-350 kg N ha-1 which was not reached under the present study.  

In the present study, the increase in dry forage yield with the addition of 
180 kg N ha-1 in Egyptian clover was 13.8 %, compared with 45 kg N ha-1, 
while in oat was 20.0 %. Since nitrogen fertilizers affected the growth of both 
Egyptian clover and oat differentially, it is expected that significant responses 
will be appear in their mixture due to N fertilization. Berdahl et al. (2001) 
reported that supplemental nitrogen fertilizers did not increase total forage 
yield of the grass–alfalfa mixture in all cuts, but they reported that N fertilizers 
favored the growth of grass components.  

Generally, it is accepted that nitrogen fertilization stimulates the grass 
component of grass-legume mixtures (Nuttal et al. 1991; Caradus et al. 1993; 
Berdahl  et al. 2001). 

Acknowledgment:  
The authors are grateful to the financial support from the Deanship of Scientific 

Research, King Faisal University. 



 
 

Effect of Irrigation Frequency, N-Fertilizer Levels …                                               S. A. Al-Kateeb e.t al. 
 
 

 

  
 

72 

References: 
1. Al-Khateeb, S. A., A. A. Leilah; S. S. Al-Thabet and K. M. Al-Barak (2001). 

Study on mixed sowing of Egyptian clover (Trifolium alexandrinum L.) with rye-
grass (Lolium multiflorum L.), barley (Hordeum  vulgare L.) and oat (Avena fatua 
L.) on fodder yield and quality. Egypt J. Appl. Sci.  16 (8): 159 – 171. 

2. Al-Khateeb, S.A. (2004). Impact of nitrogen fertilizer and water deficit on forage 
yield of Egyptian clover-ryegrass mixture. Egyptian Journal of Applied Sciences 
19 (7B):540 - 554. 

3. Bassal, S. A. A. and F. A. Zahran (2003). Effect of seeding rates and phosphorus 
fertilizer levels on forage yield and quality of Egyptian berseem and oat mixture.  
J. Product. & Dev., 8 (2): 253-268  

4. Berdahl, J. D.; J. F. Karrn and J. R. Hendrickson (2001). Dry matter yields of 
cool-season monocultures and grass-alfalfa binary mixtures. Agron. J. 93: 463-
467.  

5. Caradus, J. R; J. B. I. Pinxterhuis; R. J. M. Hay; T. Lyons and J. H. Hoglund 
(1993). Response of white clover cultivars to fertilizer nitrogen. New Zealand 
Journal of Agricultural Research, 36: 285-295. 

6. Davidson, I. A. and M. J. Robson (1986). Effect of temperature and nitrogen 
supply on the growth of perennial oat and white clover. 2. A comparison of 
monocultures and mixed swards. Annals of Botany 57: 709 – 719.     

7. Frame, J. (1992). Improved Grassland Management. Published by Farming Press 
Books. Wharfedal Road, Ipswich IP1 4LG, United Kingdom. Distributed in North 
America by Diamond Garm Enterprises, Box 537, Alexandria Bay, NY 
13607,USA. 

8. Gardner, F.P.; R.B. Pearce and R.L. Michell (1985): Physiology of crop plants. 
Iowa State University Press: Ames, Iowa.  

9. Ghaffarzadeh, G. (1997) Economic and biological benefits of intercropping 
berseem clover with oat in corn-soybean-oat rotations. Journal of Production 
Agriculture, 10(2): 314-319. 

10. Gomez, K. A. and Gomez, A. A. (1984). Statistical procedures for Agricultural 
research. 2nd. Ed. John Wiley & Sons, USA.   

11. Holland, J.B. and E.C. Brummer (1999). Cultivar effects on oat-berseem clover 
intercrops. Agron. J., 91 (2): 321 – 329. 

12. Huang W., Huang Z. , Lin Q., Zhang N. , Cai  KeQiang , Zou X. 2004. Effect of 
climatic factors on nitrogen fixation in three leguminous trees. Journal of Tropical 
and Subtropical Botany, 12 (5):455-458. 

13. Lucero, D. W., P. Grieu and A. Guckert (1999). Effects of water deficit and plant 
interaction on morphological growth parameters and yield of white clover 
(Trifolium repens L.) and oat (Lolium perenne L.) mixtures. European Journal of 
Agronomy Volume 11, Issues 3-4 : 167-177. 



 
 

Scientific Journal of King Faisal University (Basic and Applied Sciences)      Vol. 7 No. 1   1427H (2006) 
 
 

 

  
 

73 

14. Maheshwari, R. U. and Anand, N. 2003. Sensitivity of the cyanobacterium 
Tolypothrix scytonemoides isolated from temple rocks to low water potentials. 
Tropical Ecology, 44 (2): 255-257 

15. McAndrews, G.M.; K. Franke; K. Moore and R. George (2004). Forage yield and 
nutritive value of oat interseeded with berseem clover and sweetclover. Crop 
Management No. March: 1-8. 

16. Nuttal, W. F., D. H. Mc-Cartney, S. Bittman , P. R. Horton and J. Waddington 
(1991). The effect of N, P, S fertilizer , temperature and pre capitation on the yield 
of bromegrass and alfalfa pasture established on a Luvisolic soil. Can. J. Plant 
Sci., 71: 1047-1055.  

17. Ross, S. M; J. R. King; J. T. O’Donovan and D. Spaner (2004). Forage potential 
of intercropping berseem clover with barley, oat, or triticale. Agron. J. 96 (4): 
1013 – 1020. 

18. Ross, S. M; J. R. King; J. T. O’Donovan and R. C. Izaurralde (2003). Seeding rate 
effects in oat-berseem clover intercrops. Canadian J. of Plant Sci., 83 (4): 769-
778. 

19. Salisbury, F. B. and C. W. Ross (1994). Plant physiology. Wadsworth publishing 
Company. Belmont, California Berkeley. California Agric. Exp. Station. 

20. SAS Institute (2001). SAS/STAT user's guide: Statistics. Version 8.0. SAS 
Institute, Inc Cary, NC. USA. 

21. Schenk, U; H. J. Jager and H. J. Weigel (1997). The response of perennial 
oat/white clover swards to elevated atmospheric CO2 concentration. New Phytol. 
135: 67-79. 

22. Shareif, A. E.; A. N.  Attia; A. A. Leilah and S. A.  Abo El-Goud (1996). Effect of 
seeding rates of berseem-ryegrass  mixtures and N-fertilizer levels on yield and 
quality of forage. Proc. 7th. Conf.  Agron.,  Mansoura Univ.,  Mansoura,  Egypt ,   
9 -10 Sept., 1996 :  589 -599. 

23. Thomas, H. (1984). Effects of drought on growth and competitive ability of 
perennial oat and white clover. Journal of Applied Ecology 21:591-602.   

24. Thorsted, M. D.; J. E. Olesen and N. Koefoed (2002). Effects of white clover 
cultivars on biomass and yield in oat/clover intercrops. J. of Agric. Sci., 138 (3): 
261-267. 

25. Waller, R. A. and D. P. Duncan (1969). A bays rule for symmetric multiple 
comparison  problem. Amer. Stat.  Assoc. J. December : 1485- 1503. 

 

 



 
 

Effect of Irrigation Frequency, N-Fertilizer Levels …                                               S. A. Al-Kateeb e.t al. 
 
 

 

  
 

74 

א א ، א
א מ א −א א

אאאא 

אאאא،אאא Jא 
א–אאא 

אW 

אאאאאא
אאאאא

אאאKאאF٧א،١٤،٢١
٥٠٠،٦٥٠،٨٠٠٣LL،١٣٠٠٠،٩٢٠٠،

٧٦٠٠٣LLEא،אאא
F٤٥،٩٠،١٣٥١٨٠LE،אאא

אאF١٠٠٪،٧٥٪H٢٥٪،٥٠٪
H٥٠٪،٢٥٪H٧٥٪EאאאK

אאאאא
אLKא

א١٨٠Lאא
אLKאאאא

،٢٥٧٥٪٧٥٢٥٪
LLKאאאאx 

אאאאx אא
אx אאאאK

א،٢٥٪א
٧٥٪אא١٨٠L

אאאא
אאא،א. 
 


