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ABSTRACT  

 
In order to investigate fertilizing and weed management effects on forage and morphological traits of alfalfa 

ecotypes, a field trial was conducted during 2009-2010 growing season at Khorasan Agricultural and Natural 
Resource Research Center, Mashhad-Iran. Alfalfa cultivars including (Ghareghozlo, Hoakmabad, Malekkandi 
and Ghahavand) were allocated to main plots; sub plots consisted of two levels of none fertilizing and 
fertilization treatments using simultaneous application of potassium sulphate and phosphate triple at rates of 150 
and 350 K/ha, respectively, and sub-sub plots were allocated to weeding and none weeding treatments based on 
a complete randomized block design in a split-split-plot scheme with three replicates. Results showed that the 
interaction of fertilization   variety, weeding   variety (p<0.01) and fertilization   weeding (p<0.05) on 
forage dry weight was significant at first and second cuttings. Highest forage dry weight was produced by 
Ghahavand ecotype (2195 and 3051 k/ha) at first and second cuttings, respectively. At first and second cuttings, 
the lowest forage dry weight was obtained by Hokmabad ecotype (1869, 2353 k/ha) respectively. Among the 
treatments, fertilization and weeding treatment gave the highest forage dry weight (2173 k/ha). And lowest 
forage dry weight was produced by none fertilization and none weeding treatment (1745 k/ha). The effect of 
application of phosphorous and potassium fertilizers and weeding on weed dry matter was significant (p<0.01). 
The interaction of fertilization   variety and weeding   variety was significant (p<0.01) for leaf/stem ratio, 
plant height and spring regrowth (p<0.05) at second cutting. For leaf/stem ratio, fertilization   weeding 
interaction was significant (p<0.05) and (p<0.01).  
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Introduction 
 

It has been documented that alfalfa (Medicago sativa L.) is one of the most important forage legumes which 
are grown at different weather condition around the world that provides forages with high amounts of nutrients 
for livestock (Al-Suhaibani, 2010; Radović et al., 2009). Davodi et al., (2011) reported that alfalfa which is 
called Lucerne was cultivated in Iran originally. Also, alfalfa forage legume is sown at more than 600000 ha 
with 7200 kg per hectare dry matter production annually. The necessity of alfalfa cultivation could be attributed 
to changeable morphological and physiological features such as allogamy and autotetraploidy which determine 
alfalfa high forage yield (Radović et al., 2009). Ceylan et al., (2009) showed that alfalfa cultivation has several 
advantageous such as nitrogen application reduction, improvement of soil physical properties and organic matter 
enhancement as well as soil erosion reduction. Alfalfa cutting at a proper time is important, because a certain 
period is required for appropriate vegetative growth, which is reflect in higher yields (Ibrahim, 1999).  

Berg et al., (2005) showed that alfalfa forage yield is greatly related to the shoots area and this feature 
enhanced by phosphorus application significantly. In spite of the fact that phosphorus and potassium fertilizers 
increase alfalfa forage yields but their interaction have not been evaluate. In general, alfalfa requirement to P 
and K nutrients is very high and crop production continuously leads to soil phosphorus and potassium reduction, 
therefore, soil fertility management is a crucial operation for higher production (Tag El-Din and Assaeed, 1995). 
Berg et al., (2007) reported that broadcast applications of K with P maintained more dense alfalfa stands than 
fertilization with P alone. Phosphorus and potassium are key elements for alfalfa establishment and can increase 
the ability of alfalfa stand to outcompete weeds (Malhi and Goerzen, 2010).  Liebman and Davis (2000) stated 
that weeds can accumulate mineral nutrients in their tissues faster and more effectively than crops. Although, 
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apparently nutrients promote crop growth, they may result in increased weed growth instead of increased crop 
yield (Bettmann et al., 2006). Enough phosphorus influences on root extension and so plants are able to make 
use of more soil volume, water and nutrients (Gourley et al., 1993). Dixon et al., (2005) announced that P 
application improves vigorous seedling growth and development. Potassium fertilizer is an essential nutrient for 
strong plants, winter hardiness and persistent stands. Strong belief is that when alfalfa plant stand is reduced, 
potassium and phosphorus application will enhance shoots per plant and maintaining high yields (Berg et al., 
2003).  

It has been known that weed control is a crucial practice in every crop production system. Weeds presence 
in cropped fields is related to a number of undesired incidents such as reduced quality and quantity of crop 
yield, increased harvesting costs, and afflicted on-farm beneficial insect population (Gesimba and Langat, 
2005). Competition capability is not just a measurable and inherent feature but it is related to other plant 
characteristics. The higher amounts of food reserves stored in plant organs, greater root and stem systems 
(Kruepl et al., 2006), faster canopy expansion (Callaway, 1992), increased plant height (Vollmann et al., 2010), 
higher rate of leaf surface expansion (Gomes et al., 2007) are of crucial factors determining competitively 
dominant plant species and can provide a higher level of crop competitive ability against weeds.  

One of the methods that can be implemented to minimize the competition between weeds and agronomic 
crops is manual weeding.  It is considered to be an effective form of weed control, especially in less developed 
countries, where farmers can not afford to purchase chemical herbicides or farming is done on small scale. 
Manual weeding can contribute substantially to suppress weed growth and increase crop yield (Tawaha et al., 
2002; Abusuwar and Bakri, 2009). Dillehay et al., (2011) showed that weed control during establishment period 
of alfalfa stands increased seedling weight, leaf number and forage crop yield.  Soon et al., (2004) found that 
hand weeding promoted the amount of N absorption by roots and improves nitrogen fixation in pea.  

Weeds compete with alfalfa for water, nutrients and light and negatively impact crop quality and quantity 
(Lillak et al., 2005). An important problem in alfalfa establishment is that seedlings are not vigor competitor 
(Dixon et al., 2005) versus weeds especially turf grasses (Ullah et al., 2009), thus, the weed occurrence at early 
growth stages of alfalfa could lead to severe yield losses (Canevari et al., 2007). However, in well established 
alfalfa which received nutrients sufficiently, weeds are not a crucial problem but after a couple of years, alfalfa 
population declines and weed intrusion will be resumed (Peterson et al., 1998). Primarily, cultural practices such 
as sowing at soils with pH 7, excellent soil fertility, selection of long-lasting and strong cultivars, cutting 
management, pest controlling and crop rotation in weed management programs should be considered (Green et 
al 2003; Stritzke and Caddel 2001). Harvest timetable influences on weed invasion. So that, alfalfa cuttings 
which operated at short intervals, makes weed infestation a big problem (Ullah et al., 2009). Furthermore, these 
authors reported that weed infestation will be increased by alfalfa density reduction. Alfalfa stands will be 
affected by weeds at different growth stages: prior to establishment, seedling stage and established stand and 
among these three stages, weeds reduce alfalfa seedlings growth considerably. But if alfalfa stand established 
healthy, weeds effectiveness will be decreased (Celebi et al., 2010). These authors found that alfalfa forage 
protein content was reduced to 9 percent by weeds and it was increased to more than 20 percent with weed 
controlling. Dimitrova and Marinov-Serafimov (2008) stated that alfalfa forage chemical composition and its 
palatability will be reduced by the presence of weeds. Normally, alfalfa plants which receive phosphorus 
produce larger crown and root volume that increase alfalfa competitive ability versus weeds (Berg et al., 2003). 
Summer annual weeds such as foxtail (Setaria spp.), pigweed (Amaranthus spp.) and lambsquarter 
(Chenopodium album) or perennial weeds such as field bindweed (Convolvulus arvensis L.), curly dock (Rumex 
crispus L.), and dandelion (Taraxacum officinale Wigg.) are the most troublesome weed species found in many 
alfalfa fields. Having a rapid growth rate, these weeds can significantly reduce alfalfa stand establishment 
(Canevari et al., 2007). Different alfalfa ecotypes may respond differently to weed competition and utilization of 
nutrients during the competition. Little work, however, has been done to evaluate these competitive aspects of 
alfalfa ecotypes against weeds in Iran. The aim of this research was to investigate fertilizing and weed 
management influences on forage and morphological traits of four alfalfa cultivars.  

 
Material and Methods 

 
The study was carried out during the 2009-2010 growing seasons  at Khorasan Agricultural and Natural 

Resource Research Center (36˚ 13 ́11˝ N latitude, 59˚ 38  ́ 19˝ E longitude and an altitude of  1029 m above sea 
level) located in  Mashhad, Iran . Four different genotypes of alfalfa ecotypes including Ghareghozlo, 
Hoakmabad, Malekkandi and Ghahavand were used in the study. The experiment was laid out in a randomized 
complete block design with split-split plot arrangement having three replicates. Alfalfa ecotypes were assigned 
to the main plots, whereas no-fertilizer treatment and a simultaneous application of potassium sulphate and 
triple phosphate, respectively, were allocated to subplots and non-weeding or hand weeding were allotted to 
sub-sub plots. Field preparation was done according to typical practices in Research Station, which involved 
primary and secondary tillage operations such as disc plowing and leveling in summer-fallow field. Based on 
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soil test result (Table 1), 150 kg potassium sulphate and 350 kg triple phosphate per hectare were 
simultaneously applied on November 19 2009 and 20 July 2010 to evaluate fertilizer effectiveness on dry matter 
yield and alfalfa morphological traits. The fertilizers were applied at a depth of 5 cm below the soil surface and 
a distance of 10 cm away from the plant stands. Alfalfa ecotypes were irrigated at 7-9 day intervals, depending 
on growth stage. In order to measure the biomass, number and diversity of weed species, a four-stage weed 
sampling was done. The weed samples were identified and then collected from each sub-sub plot prior to the 
application of fertilizer treatments, before the first and second cutting of alfalfa and at the end of growing season 
when alfalfa ecotypes were seeded. To determine the dry matter production of weed species, the collected 
samples were put into separate pockets and dried in an oven at 72 ⁰C for 48 hours to constant weight, and 
weighed. The net sub-sub plot (2 m2) was harvested after removing the border rows. At every cutting stage, a 
250-gram sample of harvested alfalfa ecotypes from each plot was analyzed for determination of forage dry 
weight. Three guarded plants were randomly selected from each sub-sub plot to estimate the following traits: 
dry matter yield, plant height and spring regrowth. Statistical analysis was conducted using the MSTAT-C 
statistical package. Microsoft Excel was used to make graphs of the collected data. Duncan's multiple rang test 
(DMRT) at the 0.05 probability level was applied to compare treatment means. 

 
Results and Discussion 

 
1- Dry matter yield: 
 

Analysis of variation showed that the effects of ecotype, fertilizer and weeding on dry matter yield were 
significant (p<0.01) at both cuttings (Tables 2 and 6). Also, the interactions of ecotype   fertilizer and ecotype 
  weeding on dry matter yield were significant (p<0.01) at both cuttings (Tables 2 and 6). Fajri (2006) 
announced that Interaction of cultivar   fertilization for alfalfa dry matter production was significant. However, 
fertilizer   weeding interaction was significant (p<0.05) at first cutting but at second cutting, it wasn’t (Tables 
2 and 6). Table 3 shows that maximum yield was produced by Malekkandi ecotype (2287 and 3366 k/ha) in 
fertilizer treatment at both cuttings, respectively. Minimum yield was obtained by Hokmabad ecotype (1767 
k/ha) and Ghahavand ecotype (1952 k/ha) in non-fertilizer treatment at first and second cuttings. Highest forage 
yield was recorded in fertilizer and weeding treatment (2173 k/ha) and the lowest forage yield was observed in 
non-fertilizer and non-weeding treatment (1745 k/ha) (Table 5). Since, alfalfa ecotypes produced different 
values of dry matter; it seems that there is genetic variation for dry matter yield among the ecotypes. Our results 
were in line with Ullah et al., (2009) and Altinok and Karakaya (2002) who reported because of genotypic 
diversity, dry matter production was differed among alfalfa ecotypes. Afsharmanesh (2009) and Berg et al., 
(2007) stated that alfalfa varieties which have longer stems (low leaf-to-stem ratios) would be more responsive 
to P and K fertilizer applications and produce higher yield compared to other varieties. Jennings and Nelson 
(2002) reported that autotoxicity within alfalfa plants can effectively reduces dry matter production. 
Furthermore, Simon et al., (2004) declared that alfalfa forage yield is associated with weather condition, 
genotypic diversity, levels of C and N, cutting regimes and growth and development of leaf area. Due to the leaf 
area differences of alfalfa ecotypes which are remained after cutting, hence, forage dry matter will be enhanced 
more than 30 percent if residual leaf area increased. Tan et al., (2003) observed that alfalfa ecotypes with 
enough carbohydrates in roots produce more yield. Berg et al., (2005) observed that the highest forage yields 
were obtained with application of both P and K fertilizer rather than single application of the nutrients. It was 
reported by Berg et al., (2003) that the effect of potassium fertilizer on larger forage production was due to mass 
per shoot enhancement. Abusuwar and Bakri (2009) declared that due to the various canopy structure and form 
of growth and development, dry matter production of alfalfa varieties will be different.   

 
2- Leaf/stem ratio:  

 
The data presented in table 2 and 6 indicated that alfalfa ecotype, fertilizer application and weeding had a 

significant effect (p<0.01) on leaf/stem ratio at both cuttings. At first cutting, fertilizer   weeding interaction 
was significant (p<0.05) (Table 2). However, all the interactions were significant (p<0.01) at second cutting 
(Table 6). The interaction of ecotype   fertilizer revealed that highest amount of leaf/stem ratio was obtained 
by Ghareghozlo ecotype (0.92) in fertilizer treatment and the lowest amount was produced by Ghahavand 
ecotype (0.61) in non-fertilizer treatment (Table 3). Ecotype   weeding interaction showed that the maximum 
amount of leaf/stem ratio was produced by Ghareghozlo ecotype (0.96) in weeding treatment and the minimum 
amount was produced by Ghahavand ecotype (0.59) in non- weeding treatment (Table 4). The results of 
fertilizer   weeding interaction indicated that at first and second cuttings, the highest amount of leaf/stem ratio 
was recorded in fertilizer and weeding treatment (0.36 and 0.94), respectively. Furthermore, the lowest amount 
of leaf/stem ratio was recorded in non-fertilizer and non-weeding treatment (0.28 and 0.61), respectively at both 
cuttings (Table 5). Afsharmanesh (2009) observed that leaf/stem ratio contributes in more than 95% of alfalfa 
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yield differences. This author found that alfalfa cultivars did not have significant differences regarding the 
leaf/stem ratio. Lamb et al., (2003) announced that genetic diversity is the main reason for leaf/stem ratio 
differences among alfalfa ecotypes. These authors reported that leaf/stem ratio was enhanced in alfalfa ecotypes 
which had higher leaflet number and larger leaflet. Therefore, higher leaf/stem ratio will be obtained in ecotypes 
which have multifoliolate characteristic. It was showed by Dineshkumar (2007) that alfalfa leaf/stem ratio was 
improved by potassium application. However, various levels of fertilizer did not necessarily affect leaf/stem 
ratio. The effect of phosphorus and potassium fertilizers could be enhancement of leaf photosynthesis, growth 
and development (Berg et al., 2009).   

 
3- Plant height:  

 
The results of table 2 and 6 clearly revealed that alfalfa ecotype, fertilizer application and weeding had a 

significant effect (p<0.01) on plant height at both cuttings. At first cutting, ecotype   weeding interaction was 
significant (p<0.05) (Table 2) and at second cutting, ecotype   fertilizer and ecotype   weeding interactions 
were significant (p<0.01) (Table 6). Ecotype   fertilizer interaction indicated that highest amount of stem 
length was produced by Malekkandi ecotype (76.17 cm) and lowest amount was produced by Ghahavand 
ecotype (56.50 cm) (Table 3). The interaction of ecotype   weeding showed that maximum plant height was 
recorded for Ghahavand (105.2 cm) and Malekkandi (85.33 cm) ecotypes in weeding treatment at first and 
second cutting, respectively and minimum plant height was recorded for Ghareghozlo (58.67 cm) and 
Ghahavand (54.33 cm) ecotypes in non-weeding treatment (Table 4). Our results were in line with Altinok and 
Karakaya (2002) and Sengul (2000) who reported that there were statistically significant (P<0.01) differences 
among the alfalfa cultivars regarding plant height. Ullah et al., (2009) claimed that differences in alfalfa plant 
height are a genotypic feature and articulated as an adjustment to ecological situation. Bowley and Christie 
(l981) found that because of additive gene action, alfalfa plant height was varied among different ecotypes. 
Dineshkumar (2007) observed that alfalfa plant height was enhanced by phosphorus application in comparison 
with control. It was announced by Mohseni Mohammadjanloo et al., (2009) that the main effect of the variety 
and the interaction of variety × fertilizer on plant length was significantly positive (p = 0.05).  

 
4- Spring regrowth:  

 
Analysis of variance showed that the effects of alfalfa ecotype, fertilizer application and weeding were 

significant (p<0.01) on spring regrowth at both cuttings (Tables 2 and 6). All of the interactions between 
different treatments were not significant except between ecotype   fertilizer (p<0.01) and (p<0.05) at first and 
second cuttings, respectively (Tables 2 and 6). Ecotype   fertilizer interaction indicated that maximum amount 
of spring regrowth was recorded for Ghreghozlo (39.50 cm) and Malekkandi (42.67 cm) ecotypes in fertilizer 
treatment at first and second cuttings, respectively and minimum plant height was recorded for Ghareghozlo 
(30.00 and 28.17 cm) ecotype in non-fertilizer treatment (Table 3). Fankhauser et al., (1989) reported that 
different values of alfalfa ecotypes shoot regrowth could be attributed to the composition of root starch which 
differs among alfalfa ecotypes. Habben and Volenec (1990) claimed that since starch degradation participates in 
alfalfa spring regrowth and defoliation reduces root starch values, the rate of spring regrowth varied among 
alfalfa ecotypes. It was documented by Dhont et al., (2006) that two factors C reserves availability and N 
mobilization and translocation to new leaves influence on alfalfa regrowth. These authors stated that asparagine, 
aspartic acid amino acids and 15, 19, 32 and 57 kDa proteins which are called vegetative storage proteins (VSP) 
contribute in alfalfa regrowth. Alfalfa regrowth could be reduced by early fall harvest operation noticeably. 
Since fall harvest causes a great reduction in root carbohydrate amounts (Dhont et al., 2004). Simon et al., 
(2004) reported that low amounts of N in taproot leads to regrowth reduction. Additionally, alfalfa regrowth 
model will be varied among different ecotypes. Alfalfa production is strongly connected with cutting regimes as 
well as weather conditions. These groups of external factors affect the accumulation of storage carbohydrates 
and spring regrowth (Lillak et al., 2005). Justes et al., (2002) stated that Lucerne regrowth mainly depends on 
root total non-structural carbohydrates (TNC). These authors found that shoot regrowth after defoliation is more 
dependent on the availability of reserve N pools than C reserves. Taproot N reserves (mainly soluble proteins 
and amino acids) are needed to sustain early leaf regrowth. It was revealed by Berg et al., (2005) that spring 
regrowth was faster in alfalfa ecotypes which were provided by phosphorus and potassium compared with 
unfertilized plants. Since nutrients movement enhancement was happened between above and below grounds. It 
was stated by Cunningham et al., (2001) that non-fall dormant alfalfa varieties which produce higher forage, 
begin shoot growth in advance and their shoot regrowth is faster compared to fall dormant varieties. 
Furthermore, it was estimated that the rate of shoot elongation of nondormant alfalfa is about twofold than fall 
dormant ones.  
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5- Weed dry weight:  
 
Analysis of variance revealed that all of the main effects except fertilizer treatment were significant 

(p<0.01) on weed dry weight at first cutting. However, at second cutting, the effects of alfalfa ecotype, fertilizer 
application and weeding were significant (p<0.01) on weed dry weight (Tables 2 and 6). Moreover, ecotype   
fertilizer (p<0.01) and ecotype   weeding (p<0.05) were significant at first cutting (Table 2). Ecotype   
fertilizer, fertilizer   weeding (p<0.01) and ecotype   weeding (p<0.05) were significant at second cutting 
(Table 6). The interaction of ecotype   fertilizer indicated that the maximum weed dry weight was recorded for 
Ghreghozlo and Malekkandi ecotypes (43.03 and 26.51 k/ha) in fertilizer treatment at first and second cuttings, 
respectively and minimum weed dry weight was found in Ghahavand ecotype (19.61 and 33.05 k/ha) at both 
cuttings respectively in non-fertilizer treatment (Table 3). The data presented in table 4 showed that highest 
amount of weed dry weight was observed in Ghahavand and Ghreghozlo ecotypes (30.98 and 48.35 k/ha) in 
non-weeding treatment at first and second cuttings, respectively and lowest amount was observed in Hokmabad 
ecotype (16.16 and 26.64 k/ha) at both cuttings in weeding treatment. The interaction of fertilizer   weeding 
indicated that maximum weed dry weight was recorded in fertilizer and non-weeding treatment (48.48 k/ha) and 
minimum weed dry weight was recorded in non-fertilizer and weeding treatment (20.53 k/ha) (Table 5). These 
results revealed that Ghahavand and Ghareghozlo ecotypes are weak competitors and Hokmabad ecotype is a 
vigorous competitor versus weeds. Kazinczi et al. (2007) found that weed intra-specific competition is more 
severe as compared to crop and weed inter-specific competition. Nadeem et al. (2006) reported that application 
of phosphorus and potassium resulted in increasing dry weight and density of weeds, due to the fact that weeds 
were more efficient absorber of nutrients than crop. Based on findings of Baker et al. (2006), weeds may 
accumulate larger amounts of NPK compared to crops, which can lead to their superiority in competition with 
crops. In addition, Ullah et al. (2009) stated that weed management along with fertilizer application can reduce 
competitiveness of weeds against crops and increase the effectiveness of fertilizers. Blackshaw et al. (2002) 
observed that weeds vary greatly in response to phosphorus and potassium application. Some of them exhibit 
rapid growth and a substantial increase in biomass when phosphorus fertilizer is applied. Shrefler et al. (1994) 
reported that a luxurious absorption of NPK by several weed species caused inhibition of crop growth. Perpetual 
weeds increase their competitive advantage against crops through releasing allelopathic chemicals. Canevari et 
al. (2007) stated that Chenopodium album, Cynodon dactylon and Agropyron repense are species which release 
chemical substances in alfalfa fields.  

The types of weeds found in this experiment were identified and the percentage of each species was 
recorded (Tables 7 and 8). Annual and perennial weeds of both broadleaves and grasses were prevalent in the 
area. However, Convolvulus arvensis, Cynodon dactylon, Agropyron repenc, Chenopodium album and Setaria 
viridis were the most commonly occurring species, dominating the weed population in the experimental site 
(Table 8). The share of weed biomass in the total biomass differed between the weed species. In the first 
weeding Convolvulus arvensis accounted for 53.55% of the total weed number but decreased to 12.28% in the 
second weeding. Chenopodium album accounted for 28.15% of the total weed number which later declined to 
8.21 % (Table 8). 

 
Table 1: Soil test result 

Soil depth (cm) O.C Total N P (ava.) p.p.m K (ava.) p.p.m 
0-30 0.40 0.056 15.6 195 
30-60 0.30 0.046 8.8 125 

 
Table 2: Analysis of variation of alfalfa forage dry weight and its morphological traits at first cutting 

Source of 
variation 

df Forage dry weight  Leaf/stem ratio Plant height 
Spring 
regrowth 

Weed dry 
weight 

Mean squares 
Replication 2 37.127ns 0.002ns 180.896* 12.583ns 14.145* 
Variety 3 273933.165** 0.037** 1630.806** 174.583** 8.588* 
Error 6 1598.690 0.001 24.285 4.417 1.838 
Fertilizer 1 311309.649**   0.002** 1302.083** 208.333** 4.890ns 
V*F 3 19200.692** 0.000 ns 9.917ns 11.056** 44.956** 
Error 8 1898.196 0.000 6.021 1.375 2.005 
Weeding 1 849705.199** 0.008** 4294.083** 675.000** 2045.196** 
V*W 3 6472.885** 0.000ns 50.583* 2.389ns 8.747* 
F*W 1 6497.451* 0.000* 36.750ns 0.750ns 7.115ns 
V*F*W 3 12912.457** 0.000ns 111.028** 0.583ns 45.399** 
Error 16 1147.809 0.000 15.396 4.458 2.478 
CV (%)  1.72 2.38 4.89 6.31 6.87 

  **, *, ns: Significant at 1 and 5 % probability levels and non significant, respectively. 
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Table 3: Ecotype   fertilizer interaction for alfalfa forage yield and its morphological traits  

Treatment Ecotype 
Forage dry 
weight (k/ha) 

Leaf/stem 
ratio 

Plant 
height 
(cm) 

Spring 
regrowth (cm) 

Weed dry weight 
(k/ha) 

  
1st 

cutting 
2nd 
cutting 

2nd cutting 
2nd 
cutting 

1st

cutting 
2nd 
cutting 

1st 

cutting 
2nd 
cutting 

Fertilizer Ghareghozlo 1957 d 2919 b 0.926 a 75.83 a 39.50 a 40.67 a 25.61 a 39.94 b 
 Hokmabad 2022 c 2753 c 0.800 b 69.83 bc 34.83 c 38.33 b 25.46 a 39.10 b 
 Malekkandi 2287 a 3366 a 0.826 b 76.17 a 36.67 b 42.67 a 24.00 b 43.03 a 
 Ghahavand 2103 b 2737 c 0.820 b 71.50 b 37.50 b 42.17 a 24.71 ab 38.55 b 
Non-Fertilizer Ghareghozlo 1892 e 2610 d 0.760 c 66.83 d 30.33 d 36.10 c 22.60 c 35.33 c 
 Hokmabad 1767 f 2564 d 0.700 d 67.00 d 30.67 d 35.80 c 20.32 d 35.40 c 
 Malekkandi 1939 de  2105 e 0.693 d 60.00 e 31.17 d 35.67 c 19.94 d 34.94 cd 
 Ghahavand 1798 f 1952 f 0.618 e 56.50 f 30.00 d 28.17 d 22.61 c 33.05 d 

 Means, in each column, following similar letter(s) are not significantly different at the 5% level of probability- using Duncan's Multiple 
Range Test. 
 
Table 4: Ecotype   weeding interaction for alfalfa forage yield and its morphological traits 

Treatment Ecotype 
Forage dry 
weight (k/ha) 

Leaf/stem 
ratio 

Plant 
height (cm) 

Weed dry weight (k/ha) 

  
1st 

cutting 
2nd cutting 2nd cutting 

1st

cutting 
2nd 
cutting 

1st 

cutting 
2nd cutting 

Weeding Ghareghozlo 2045 b 2792 d 0.965 a 82.67 c 80.83 b 16.59 c 27.90 d 
 Hokmabad 2061 b 3433 b 0.851 b 89.83 b 64.83 d 16.16 c 26.64 d 
 Malekkandi 2310 a 3006 c 0.878 b 91.83 b 85.33 a 16.38 c 27.37 d 
 Ghahavand 2080 b 3961 a 0.775 c 105.2 a 75.83 c 16.34 c 27.46 d 
Non-Weeding Ghareghozlo 1728 e 2497 e 0.635 e 58.67 e 57.67 e 22.02 b 48.35 a 
 Hokmabad 1804 d 1591 g 0.685 d 71.83 d 59.84 e 29.77 a 45.63 b 
 Malekkandi 1999 c 1699 g 0.699 d 70.17 d 59.17 e 29.92 a 44.06 bc 
 Ghahavand 1738 e 2141 f 0.593 f 72.17 d 54.33 f 30.98 a 43.03 c 

Means, in each column, following similar letter(s) are not significantly different at the 5% level of probability- using Duncan's Multiple 
Range Test. 
 
Table 5: Fertilizer   weeding interaction for alfalfa forage yield and its morphological traits 

Treatment Forage dry weight (k/ha) Leaf/stem ratio Weed dry weight (k/ha) 

 
1st 

cutting 
1st

cutting 
2nd

 cutting 
1st 

cutting 
F + W 2173 a 0.361 a 0.944 a 42.05 b 
F + NW 1930 c 0.301 c 0.722 c 48.48 a 
NF + W 2035 b 0.321 b 0.790 b 20.53 d 
NF + NW 1745 d 0.281 d 0.612 d 27.61 c 

 F+W: fertilizer + weeding             F+NW: fertilizer + non-weeding 
 NF+W: non-fertilizer + weeding           NF + NW: non-fertilizer + non-weeding 
 
Table 6: Analysis of variation of alfalfa forage dry weight and its morphological traits at second cutting 

Source of 
variation 

df Forage dry weight Leaf/stem ratio Plant height Spring regrowth 
Weed dry 
weight 

Mean squares 
Replication 2 42302.053ns 0.001ns 2.313ns 2.896ns 2.651ns 
Variety 3 1071907.494** 0.049** 533.743** 188.306** 17.969* 
Error 6 21780.022 0.001 13.701 1.451 2.364 
Fertilizer 1 4338343.234** 0.208** 379.688** 300.000** 120.841** 
V*F 3 279800.847** 0.011** 22.243** 9.889* 67.098** 
Error 8 4597.584 0.001 2.729 2.729 3.256 
Weeding 1 20786246.696** 0.480** 3056.021** 1160.333** 3757.002** 
V*W 3 1572940.153** 0.017** 216.243** 4.222ns 14.379* 
F*W 1 14809.411ns 0.006** 13.021ns 0.083ns 126.880** 
V*F*W 3 29799.589ns 0.022** 24.910* 12.083* 70.874** 
Error 16 13408.329 0.000 6.250 3.229 4.009 
CV (%)  4.39 2.45 3.67 4.75 5.50 

 **, *, ns: Significant at 1 and 5 % probability levels and non significant, respectively. 
 
Table 7: Common weeds associated with alfalfa production. 

Common name Scientific name Class Life cycle* 
Downy brome Bromus tectorum Grass WA 
London rocket Sisymbrium irio Broadleaf WA 
Creeping thistle Circium arvense Broadleaf CP 
Yellow goats-beard Tragopogon dubius Grass SP 
Field bindweed Convolvulus arvensis Broadleaf CP 
Bermudagrass Cynodon dactylon Grass CP 
Foxtail barely Hordeum jubatum Grass SA 
Dandelion Taraxacum officinale Broadleaf SP 
Quackgrass Agropyron repence Grass CP 
Russian knapweed Acroptilon repens Broadleaf CP 



799 
Adv. in Nat. Appl. Sci., 6(6): 793-801, 2012 

lambsquarters Chenopodium album Broadleaf SA 
Plantain Plantago spp. Broadleaf SP 
Italian ryegrass Lolium multiflorum Grass SA 
Green foxtail Setaria viridis Grass SA 
Barnyardgrass Echinicloa cruss-galli Grass SA 

*WA = winter annual                        SP = Simple perennial   
SA = Summer annual                     CP = Creeping perennial 
 
Table 8: Alfalfa weed species, average density and cover percentage 

Weed species Minimum Maximum 
Average density 
(Plants m-2) 

Cover (%) 
1st  
weeding 

2nd 
weeding 

3rd 
weeding 

Bromus tectorum 0 10 2.5 0.30 0.39 - 
Sisymbrium irio 0 9 0.69 2.55 - - 
Circium arvense 2 21 1.49 6.65 2.65 - 
Tragopogon dubius 1 4 0.66 0.61 0.26 - 
Convolvulus arvensis 10 151 3.98 53.55 12.28 - 
Cynodon dactylon 5 51 1.56 35.88 - - 
Hordeum jubatum 0 5 0.78 0.22 0.53 - 
Taraxacum spp. 0 3 0.41 - 0.41 - 
Agropyron repence 6 57 2.93 - 45.15 - 
Acroptilon repens 0 6 0.62 - 0.99 - 
Chenopodium album 2 83 2.51 - 28.15 8.21 
Plantago spp. 0 1 0.25 - 0.79 - 
Lolium multiflorum 0 16 1.68 - 1.79 - 
Setaria viridis 3 57 3.96 - 6.30 85 
Echinicloa cruss-galli 0 8 0.64 - - 6.5 
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