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Abstract 

The allelopathic activity of Medicago sativa L. (alfalfa) residues on 

germination, growth and nutrient uptake of Zea mays L. (maize) grown 

under different soil moisture conditions were investigated. Germination 

percentage (GP) of maize plants was promoted by 1% Medicago sativa 

aqueous extract (MSAE) concentration under both full and half field 

capacity (FFC and HFC, respectively). At 8% MSAE concentration, both 

plumule and radicle length (PL and RL) of the examined species were 

significantly reduced under both water regimes. In addition, the 

application of Medicago sativa crude powder (MSCP) at 8% concentration 

was observed to significantly reduce the dry matter accumulation of 

different seedling parts upon decrease in soil moisture level. The study 

revealed that MSCP under both water treatment conditions have different 

effects (inhibitory and stimulatory) on nutrients concentration and 

uptake of the estimated elements like nitrogen, potassium and 

phosphorus (NPK). 

Key words: Allelopathy, Dry weight, Germination efficiency, Nutrient 

uptake, Medicago sativa L., Phytotoxicity, Soil moisture, Zea mays L.. 

INTRODUCTION 

Allelopathy is a natural phenomenon that takes place through secretion of 

phytochemicals from one plant which causes beneficial or harmful effect on other 

(Ferguson and Rathinasabapathi, 2003). From agricultural point of view, allelopathy 

plays an important role in biological weed management and crop productivity 

(Bhadoria, 2011). 

M. sativa (alfalfa) has showed different mode of alleopathic effects on a variety of crop 

plants such as maize, tomato and others. Allelochemicals of alfalfa have been detected in 

all plant parts and their concentrations are in the order of leaf > seed > whole plant > 

soil > root > flower > stem (Singh et al., 2001). Thus, the crops cultivated immediately 
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after harvesting of alfalfa showed poor growth and reduced yield. El-Darier and Youssef 

(2000) suggested that the addition of aqueous extract of alfalfa strongly affects the 

germination efficiency and growth characters of Lepidium sativum.  

The degree of allelopathic effect is more dependent on the extent of some stresses, such 

as environmental conditions (solar radiation, temperature levels) (Putnam, 1988), soil 

salinity (El-Darier and Youssef, 2007) and type (El-Darier et al., 2014), moisture (Blum 

et al., 1999), than others like optimal nutrients or biological factors (insect or disease 

pressure) that occur during the growing season. 

Soil plays an important role as the biological environment in which potential 

allelochemicals detoxified or toxified through the microbial action (Inderjit, 1998;  

Inderjit and Weiner, 2001; Ohno, 2001). The soil moisture level is the main soil physical 

factor which affects activity of soil microorganisms (Rizvi and Rizvi, 1992; Reinhardt et 

al., 1996). This is due to the fact that water serves as a solvent and carrier of 

allelochemicals and leachates from an aerial plant parts and in the soil. 

Z. mays (maize) plant is described as one of the most important crops in Egypt. The 

main objective of the contemporary study was to investigate the possible allelopathic 

effects of M. sativa crop residues on germination, growth and nutrient uptake of Z. mays 

under stress condition of water regime. This is in sequence will enable us to assess the 

relative response and validate the proper soil moisture condition in the cultivation 

system of this crop. 

MATERIALS AND METHODS 

Field observations were set up during summer 2012 - 2013 in an area of 15 feddans (6.3 

hectare) cultivated with maize in traditional cropping systems after harvesting of alfalfa 

at El-Hammam region; about 75 km southwest of Alexandria city. 

Preparation of Medicago sativa Aqueous Extract (MSAE) 

Stock aqueous extract was obtained by soaking air-dried alfalfa plant material in 10% 

(w/v) distilled water at room temperature (20 ±2oC) for 24 hours with occasional 

shaking. The mixture was filtered through Whatman No. 1 filter paper and the purified 

extract was adjusted to pH 6.8 with 1M HCl. Different concentrations (1, 2, 4 and 8%) 

were prepared from the stock solution using distilled water. 

Germination Bioassay  

Twenty five seeds of maize were arranged in 9-cm diameter Petri-dishes lined with two 

discs of Whatman No.1 filter paper under normal laboratory conditions with day 

temperature ranging from 19-22oC and night temperature from 12-14oC.  6 and 10 cm 

of each level of the alfalfa extract (1, 2, 4 and 8%) representing the field capacity were 

added daily to three replicates. Germination percentage (GP), plumule (PL) and radicle 

(RL) length were recorded after 15 days at the end of the experiment. Seed germination 

index (SGI) was calculated according to Scott et al., (1984) as follow:  

SGI = ∑ Ti Ni / S 

Where,  

Ti = is the number of days after sowing 

Ni = is the number of seeds germinated on day i 

S = is the total number of seeds planted 

Likewise, phytotoxicity (PT) of the donor species extract was expressed as a percentage 

of germination of the recipient species in different concentration levels with respect to 

control. Higher values indicate lower toxicity (Cayuela et al., 2007).  
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Phytotoxicity (PT) = [1- (allelopathic/control) /100] 

Growth Experiment 

Pot experiment was carried out to test the effect of different concentrations of M. sativa 

crude powder (MSCP) (w/w) on dry matter accumulation, nutrient concentration and 

uptake in sandy loam soil under different water condition. Grains of maize plant were 

obtained from the Breeding Program of the Agricultural Research Center, Giza, Egypt. 

Soil analysis  

Six soil samples from natural sites where the alleged allelopathic materials are not 

present were used to undergo the pot experiment. The samples were air-dried and 

passed through 2mm sieve to eliminate the gravels and debris, and finally 

analyzed for some of their chemical and physical properties according to Allen 

et al., (1974). 

Implantation    

Ten seeds of maize were sown in plastic pots (diameter 20cm x height 22cm) The 

electrical conductivity (EC) of soil- water extract (1:1 w/v) was measured using 

conductivity meter. Soil pH was determined in 1:1 (w/v) soil: water suspension 

using glass electrode. Soluble calcium and magnesium were determined 

volumetrically in soil –water extract 1:1 by the varsinate method (EDTA) using 

ammonium purpurate as an indicator for calcium and Eriochrome black T for 

calcium plus magnesium. Soluble chlorides were determined by titration with 

0.01 1 N silver nitrate solution and potassium chromate as indicator. Soluble 

carbonate was determined volumetrically, in the soil water extract (1:1) by 

titration against 0.05 N hydrochloric acid solution using methyl orange as an 

indicator. Soluble sulphate with sandy loam soil completely mixed with electrically 

crushed crude powder of alfalfa plant (w/w) (MSCP) concentrations of 1, 2, 4 and 8 % 

under full (FFC) and half (HFC) field capacity. The experiment was performed under 

normal laboratory conditions with day temperature ranging from 19 - 22oC, light 

duration was 12 hours and light intensity was 1350 foot-candle (F.C.). The plants were 

watered every two days on the average with normal tap water. Pots were carefully 

irrigated from the top the first time and sub-irrigated thereafter to avoid seedling 

disturbance. The amount of water corresponding to average soil-plant-transpiration 

calculated from weight loss over 24-hours for three replicates. Seedlings of maize were 

harvested one month after planting. One treatment was run as control without any 

percent of the crude powder.  

Complete morphologically homogenous maize seedlings from each treatment were 

harvested, washed and separated into different organs which were dried at 65oC till 

constant weight to determine the weights of stem (SW), leaf (LW), root (RW) and total 

weight (TW). A part of the dried samples were ground in a Wiley Mill to pass 1.0 mm2 

screen. Nitrogen (N), phosphorus (P) and potassium (K) were determined according to 

procedures described by Allen et al. (1974).  At the end of the experiment (one month 

after sowing) the total nutrient uptake (mg plant-1 month-1) at each MSCP concentration 

was calculated according to the following relation: 

Total nutrient uptake = Nutrient concentration × Total dry weight 

Statistical Treatment of Data 

         Data obtained were subjected to standard analysis of variance (ANOVA) using the 

COSTAT 2.00 statistical analysis software manufactured by CoHort Software Company 

(Zar, 1984). Significance of differences was accepted when P ≤ 0.05. 
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RESULTS 

Germination Bioassay 

  GP, SGI and PT of maize grains were apparently varied with MSAE 

concentrations under FFC (Fig.1) and HFC (Fig.2). The attained GP values at control 

conditions (68.3 % under FFC and 60% under HFC) were increased upon applying 1 % 

MSAE concentration (82% and 72.6 % under both water regimes). However, this 

current motivation goes to a marked reduction (42.3%, 37.7% under FFC and HFC, 

respectively) at 8% concentration. Comparatively, SGI values demonstrate the 

stimulatory effect of 1 % MSAE concentration; the control values (10.2 and 9) rose to 

12.3 (under FFC) and 10.9 (under HFC). As higher MSAE concentrations were applied, 

PT values were increased, 38% and 37.2% were recorded at 8% under FFC and HFC, 

respectively.  Measurements of PL after emergence from maize grains give a good 

indicator about the possibility of water supplement as a factor controlling the 

germination process. The demonstrated data pointed up that PL, RL were significantly 

affected (P ≤ 0.05) by MSAE concentrations under FFC and HFC (Fig. 3 and 4, 

respectively). There was a noticed reduction in values of PL under both water regimes. 

At 8% concentration 12.7, 9.7 cm were attained under FFC and HFC, respectively. 

Surprisingly, the same RL was achieved at 8% concentration under both water regimes 

(4.77 cm). The control value of RL in sandy soil was 23 and 21cm under FFC and HFC 

respectively, which clarify water shortage consequence on elongation of the radicle. 

There was an explicable inhibitory effect of MSAE concentrations to radicle elongation 

among the applied concentrations. At 8% MSAE concentration, values of about 8.3 and 

7.3 were obtained under FFC and HFC respectively. 

Growth Experiment 

  Dry matter accumulation  

  There was a significant reduction (P ≤ 0.05) of TW as a consequence of raising 

MSCP concentrations and water stress (Table 2). At 8% concentration, the values 

reduced to 2.5 and 2 g under FFC and HFC compared to the control values which were 

11.8 and 10.9 g under both water regimes, respectively. Definitely, water stressed 

seedlings have demonstrated relatively lower values of SW. The values of SW were 

about 2.8 and 2.7 g, which reduced to 0.8 and 0.6 g at 8% concentration under FFC and 

HFC, respectively. The control values of LW were about 6.7 and 5.7 g under FFC and 

HFC, respectively which exhibit their maximum reduction at 8% MSCP concentration 

(1.06 and 0.9 g under FFC and HFC, respectively). Due to the allelopathic influence of 

MSCP, RW decreased significantly (P ≤ 0.05) under both water regimes. Higher MSCP 

concentrations have illustrated more reduction. For example, at 8% concentration, RW 

reduced to 0.7 and 0.5 g under FFC and HFC, respectively. 

Concentration and uptake of some nutrients 

The response of NPK concentrations (mg g-1 d. wt.) in maize plant to MSCP 

concentrations is represented in table 2. A gradual decrease in N concentration in maize 

plant was significantly correlated (P ≤ 0.05) to MSCP concentrations especially under 

water stress conditions. The highest N concentrations (21 and 19 mg g-1d.wt. under FFC 

and HFC, respectively) were achieved at control level.  At 8% concentrations were 

reduced to 12.5 and 10.5 mg g-1d. wt. under both water regimes, respectively. 

Frequently, lower N concentrations were attained under HFC compared to that 

estimated under FFC (P ≤ 0.05). P concentration suffered a gradual reduction (P ≤ 0.05) 

under both water regimes. At control, the values were about 11 and 8.5 mg g-1 d. wt. 

under FFC. Continuously, the values reduced to about 8.5 and 4.5 mg g-1d.wt. under FFC 

and HFC, respectively, at 8% concentration. On the other hand, K concentration 
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increased under both water regimes. At control, K concentrations were 20 and 18 mg g-1 

d. wt. under FFC and HFC, respectively. Under FFC, K concentration has increased 

gradually to 31 mg g-1 d. wt. at 8% concentration level. Under HFC, K concentrations 

have decreased to 17.5 and 16.5 mg g-1 d. wt. at 1 and 2 % concentration levels, 

respectively. Continuously, at 4 and 8 % concentrations, the value increased to about 21 

and 24.5 mg g-1 d. wt.  

N uptake in maize plant decreased (P ≤ 0.05) along with higher MSCP 

concentrations as well as water stress (P ≤ 0.05) is demonstrated in Fig.5. At control, the 

values were about 253.7 and 207 mg plant-1 month-1 under FFC and HFC, respectively. 

At 8 % concentration, the values decreased to 31.3 and 21 mg plant-1 month-1 under FFC 

and HFC, respectively. Likewise, there was a significant reduction (P ≤ 0.05) of P and K 

uptake process at higher MSCP concentration levels. At control, P uptake began with 

values about 129.8 and 92.7 mg plant-1 month-1 under FFC and HFC, respectively which 

reduced at 8 % concentration (21.3 and 9 mg plant-1 month-1 ) under both water 

regimes. At control, K uptake values were about 236 and 196.2 mg plant-1 month-1 

under FFC and HFC, respectively, which decreased (77 and 49 mg plant-1 month-1 under 

FFC and HFC) at 8 % concentration.  

DISCUSSION 

In view of increasing demand on food, study of the natural factors that may influence 

the productivity and yield of crops become a topic of great interest (Verbruggen et al., 

2012). Zea mays as one of essential food crops faces a number of growth challenge 

factors like water stress, allelochemicals, salinity and others. In agreement with Singh et 

al., (2009), the first two factors induce oxidative damage in corn and lead to generation 

of reactive oxygen species. These in turn have a consequence of several physiological 

disorders and crop productivity. 

Reduction of seed germination and seedling growth is known to take place in alfalfa 

when it is cultivated continuously in one field (Miller, 1983). Particularly, in maize 

seedling, 1% MSAE concentration was promoting for germination process only under 

both water regimes. The physiological roles of allelochemicals have not been fully 

studied in plants. An allelochemical can be beneficial in one plant, or harmful in another. 

This action depends on allelochemical nature, concentration and treatment duration 

(Whittaker and Feeny, 1971; Rice, 1979; Hale and Orcutt, 1987). A similar trend was 

described by El-Darier (2002) during the estimation of the allelopathic effect of 

Eucalyptus rostrata on the growth and metabolite accumulation of broad bean and maize 

plants. The last mentioned author found that in clay soil, 1% of Eucalyptus leaf-litter 

water extract revealed a distinct stimulatory effect on the germination of the two species 

(maize and broad bean). Concerning MSAE concentration in the present study, this 

response could be explained by the presence of some allelochemicals which can be 

considered as promoters. Moreover, these phytochemicals indirectly enhance plant 

growth through reduction of aluminum toxicity in maize (Lambers et al., 1998). 

Additionally, such stimulation was supported by data provided by other studies (El-

Darier and Youssef, 2000). Besides, 1 % Beta vulgaris aqueous extract has encouraged 

wheat germination. On the other hand, application of concentrations above 1 % aqueous 

extract showed delayed germination (Hegab, 2008). Previously, Evenari (1949) stated 

that germination inhibition and stimulation appear in different concentrations, 

sometimes one after the other in the same concentration. All other MSAE concentrations 

were inhibitory to maize germination process (more Phytotoxicity was observed). 
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These assessments are also in a harmony with Chung and Miller (1995a) who reported 

that aqueous extracts of alfalfa reduce seed germination in corn and soybean.  

The obtained data elucidate the negative effect of water stress on the ability of 

maize grains to germinate. Allelochemicals production is activated under stress 

conditions; consequently the potential for allelopathic interference is raised.  For 

example, the inhibition of ferulic acid threshold concentration that affects seedling 

growth was reduced upon slight moisture stress or growth temperature than the 

highest end of the normal growth range for a species (Einhellig, 1996). 

Measurements of PL after emergence from maize grains give a good indicator about the 

possibility of water supplement as a factor controlling the germination process. 

Evaluation of RL correlated with higher MSAE concentrations has demonstrated their 

depressing influence on maize growth process. Comparatively, PL of maize seedling 

suffered more reduction relative to their radicle. Evidently, Siddiqui (2007) found that 

the more allelopathic effect of black pepper on shoot than root growth of Vigna mungo 

upon increasing the concentrations. In a parallel work, Oyerinde et al. (2009) found 

significant reductions in radicle and plumule lengths of Zea mays when treated with 

Tithonia diversifolia shoot aqueous extract. Roots are more sensitive to allelopathic 

effect than hypocotyle and shoot growth (Tefera, 2002). Alfalfa contains the secondary 

steroid saponine which inhibits growth of aerial parts and roots elongation in maize in 

addition to its antifungal, antibacterial and antiviral actions (Shi et al., 2008).  

In a parallel experiment Bhowmik and Doll (1982) demonstrated greater 

inhibition of the donor species (maize and soybean) with the double-pot watering 

method than surface and surface watering methods, signifying the strong correlation 

between the allelopathic potential and stress conditions. However, corn does require 

more water right up to physiological maturity. As maize approaches physiological 

maturity more water can be removed from the soil profile without impacting final grain 

yield. 

Dry weight recordings had illustrated the negative allelopathic effect of MSCP 

toward the recipient plant. These findings agree with that obtained by Terzi et 

al.(2003), where the root and stem dry weights of cucumber seedlings was negatively 

influenced by decomposed walnut leaves and juglone, depending on the concentration. 

         NPK uptake in maize plant decreased along with higher MSCP concentrations as 

well as water stress. It was suggested that N should be applied to a water-sensitive 

variety of maize plant to bring out its potential under drought indicating the water- N 

level correlation (Zhang et al., 2007). More reduction in P uptake has occurred due to 

water stress. Plants response to water stress implied several mechanisms of adaptation. 

These include morphological, physiological and biochemical modificationes (Anjum et 

al., 2011).  Although P exists in high concentration in many soils, it is largely in 

unavailable form for uptake (Bieleski, 1973; Schactman, 1998). In an earlier work, 

Leachates of Chenopodium album caused significant reduction in shoot fresh and dry 

weights as well as in the accumulation of N, P, K, Ca and Mg of tomato shoots (Qasem 

and Hill, 1989).  In agreement with Singh et al., (2009), water stress has impaired the 

different growth and physiological parameters of Zea mays grown under allelopathic 

conditions. 

        In conclusion, soil moisture content is a key factor that controls the allelopathic 

activities of Medicago sativa L. and consequently affects the yield of subsequent 

cultivated crop.  
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Table (1): Variation in some physical and chemical 

characteristics of the soil applied to carry out the 
growth experiment. Considering that, a: dsm-1, b: 
% and c: mg g-1. 

Parameter Value 
Physical properties  
Texture Sandy clay loam 
Clay b 24± 
Sand b 58 
Silt b 18 
Chemical properties  
Electrical conductivity a  2.72  
Organic matter b 9.08  
pH 7.82 
Free carbon b 1.50  
N c 1.100  
P c 0.520  
K c 3.50 
Ca c 15.40  
Mg c 1.40  
Cl c 15.25  
CO3 

c 35.00  
SO4 

c 18.70  
 

Table (2): Allelopathic effect of different concentrations of Medicago sativa 
crude powder (MSCP) on dry weight (g) of Zea mays seedlings (30 
days) under full (FFC) and half field capacity (HFC). (Data are 
means of three replicates). 

Currency 

(g) 

Stem dry 
weight 

(SW) 

Leaf dry 
weight 

(LW) 

Root dry 
weight 

(RW) 

Total dry 
weight 

(TW) 

Soil water 
capacity 

FFC  HFC FFC HFC FFC HFC FFC HFC 

C
on

ce
nt

ra
ti

on
 (

%
) C 2.8 d 2.7 d 6.7d 5.7 d 2.3 d 2.5 d 11.8e 10.9 e 

1 2.2c 2.0 c 3.4 c 3.0 c 1.5 c 1.5 c 7.1d 6.5d 

2 1.5 b 1.5 b 2.3 b 2.0 b 1.1 b 1.0 b 4.9 c 4.5 c 

4 1.2 a 1.2b 1.7 b 1.5 b 0.8 a 0.6 a 3.7 b 3.3 b 

8 0.8a 0.6 a 1.06 a 0.9 a 0.7 a 0.5 a 2.5 a 2.0 a 

Different letters for each column indicate significance at p≤0.05. 
C: control 
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Table (3): Allelopathic effect of different concentrations of 
powder (MSCP) on concentration (mg
phosphorus (P) and potassium (K) 
under full (FFC) and half field capacity (HFC).
three replicates). 

Nutrient N

Soil water 
capacity 

FFC 

C
on

ce
nt

ra
ti

on
 (

%
) C 21.5e 

1 19.5d 

2 18.0c 

4 15.5 b 

8 12.5a 

Different letters for each column indicate significance at p
C: control 
 

Figure (1): Allelopathic effect of different concentrations of 
extract (MSAE) on germination percentage (GP), seed germination index (SGI) and 
phytotoxicity (PT) of Zea mays
are means of three replicates
difference at ≤ 0.05 level of probability as evaluated by ANOVA test.
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Allelopathic effect of different concentrations of Medicago sativa
powder (MSCP) on concentration (mg g-1 d. wt.) of nitrogen (N), 
phosphorus (P) and potassium (K) of Zea mays seedlings (30 days)

(FFC) and half field capacity (HFC). (Data are means of 

N P K 

HFC FFC HFC FFC 

19.0d 11.0 b 8.5 c 20.0 a 

18.5c 10.5b 8.5 c 23.0 b 

17.5c 9.5 a 7.5 b 25.5 c 

13.5 b 10.0 b 6.5b 29.5d 

10.5a 8.5a 4.5 a 31.0e 

significance at p≤0.05. 

Allelopathic effect of different concentrations of Medicago sativa
extract (MSAE) on germination percentage (GP), seed germination index (SGI) and 

mays seedlings (15 days) under full field capacity (
are means of three replicates). Different letters for each parameter indicate a significant 

 0.05 level of probability as evaluated by ANOVA test. 
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Medicago sativa crude 
wt.) of nitrogen (N), 

(30 days) 
(Data are means of 

 

HFC 

18.0 b 

17.5 a 

16.5 a 

21.0c 

24.5d 

 
Medicago sativa aqueous 

extract (MSAE) on germination percentage (GP), seed germination index (SGI) and 
full field capacity (FFC). (Data 

). Different letters for each parameter indicate a significant 
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Figure (2): Allelopathic effect of different concentrations of 
germination percentage (GP), seed germination index (SGI) and phytotoxicity (PT) of 
(15 days) under half field capacity (
parameter indicate a significant difference at 

Figure (3): Allelopathic effect of different concentrations of 
plumule (PL) and radicle (RL) length
seedlings (15 days) under full field capacity (
for each parameter indicate a significant difference at 
test. 
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): Allelopathic effect of different concentrations of Medicago sativa
germination percentage (GP), seed germination index (SGI) and phytotoxicity (PT) of 

half field capacity (HFC). (Data are means of three replicates). Different letters for each 
parameter indicate a significant difference at ≤ 0.05 level of probability as evaluated by ANOVA test.

 

Allelopathic effect of different concentrations of Medicago sativa
plumule (PL) and radicle (RL) lengths (cm) as well as total seedling length (TSL)

full field capacity (FFC). (Data are means of three replicates). Different letters 
dicate a significant difference at ≤ 0.05 level of probability as evaluated by ANOVA 
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Medicago sativa aqueous extract (MSAE) on 
germination percentage (GP), seed germination index (SGI) and phytotoxicity (PT) of Zea mays seedlings 

means of three replicates). Different letters for each 
 0.05 level of probability as evaluated by ANOVA test. 

Medicago sativa aqueous extract (MSAE) on 
(cm) as well as total seedling length (TSL) (cm) of Zea mays 

(Data are means of three replicates). Different letters 
0.05 level of probability as evaluated by ANOVA 
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Figure (4): Allelopathic effect of different concentrations of 
extract (MSAE) on plumule (PL) and radicle (RL) length
length (TSL) (cm) of Zea mays 
(Data are means of three replicates). Different letters for each parameter indicate a 
significant difference at ≤ 0.05
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Allelopathic effect of different concentrations of Medicago sativa

extract (MSAE) on plumule (PL) and radicle (RL) lengths (cm) as well as 
Zea mays seedlings (15 days) under half field capacity (

(Data are means of three replicates). Different letters for each parameter indicate a 
0.05 level of probability as evaluated by ANOVA test.
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Medicago sativa aqueous 
) as well as total seedling 

half field capacity (HFC). 
(Data are means of three replicates). Different letters for each parameter indicate a 

OVA test. 
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Figure (5): Allelopathic effect of different concentrations of 
(MSCP) on the uptake (mg plant
full field capacity (FFC). (Data are means of three replicates). 
parameter indicate a significant difference at 
ANOVA test.                                                                                          
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Allelopathic effect of different concentrations of Medicago sativa
(MSCP) on the uptake (mg plant-1 month-1) of N, P and K of Zea mays under 

(Data are means of three replicates). Different letters for each 
parameter indicate a significant difference at ≤ 0.05level of probability as evaluated by 
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Medicago sativa crude powder 

under half (HFC) and 
Different letters for each 

level of probability as evaluated by 
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