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 The research conducted during March-October 2011, on the Ezăreni 

farm, has sought the influence of innoculation, fertilization and plant growth stage 

at harvest on the magnesium (Mg) content at the alfalfa crop (Medicago sativa L.) 

in the second year after sowing, first cut. Factor A - inoculation with two 

graduations (a1 without seed inoculation, a2 with seed innoculation); factor B - 

fertilization with four graduations (b1 -unfertilized, b2 -N50P50, b3 -N75P50, b4 -30 

t/ha manure); factor C - plant growth stage at harvest with six graduations: early 

bud (c1), mid bud (c2), late bud (c3); early bloom (c4), 10% bloom (c5) and full 

bloom (c6). The results showed that each of the three studied factors had a 

different impact on the Mg content in the plants. From the analysis of the 

influence of seed inoculation on the Mg content in alfalfa it was observed that 

this factor had not a significant influence. In fact, the differences were as small 

as 0.01 g·kg
-1

 DM or there was no difference. On Mg content in alfalfa plants, 

fertilization has not caused the recording of differences in the variant fertilized 

with N50P50. When fertilized with N75P50 differences were negative, insignificant, 

of 0.02 g·kg
-1

 DM, and variant fertilized with 30 t·ha
-1

 manure, the difference 

0.19 g·kg
-1

 DM was highly significant. The influence of harvest time on Mg 

content in the entire alfalfa plant, leaves or stems showed that as plants are 

aging, the concentration of this element decreases. 
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INTRODUCTION 
 

Productivity and quality of 

alfalfa forage crop depends on a 

number of factors, including 

climatic conditions, genetic 

potential of the variety used, 

cultivation technology, seed 

inoculation, fertilization and 

harvesting time, all with great 

significance. Just like any other 

crop, the ability to control growth 

factors which influences the 

quality of alfalfa, will be found 

in the volume and quality of 

output yield. 

Of all the factors involved in 

determining alfalfa productivity 

and feed quality, harvesting time 

is the decisive factor. Plant 

growth stage at harvest 

influences both the production 

and the quality of this forage 

crop (Rimi F. et al, 2010). 

In the nutrition process of plant 

species, magnesium plays an 
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important role, along with N, P, 

K, S and Ca. Magnesium is a 

representing about 10-15% of 

total Mg in the plant. Unlike 

calcium, magnesium has the 

largest concentrations in young 

growing tissues, and seeds, 

where phosphorus is also found. 

It is found in the phytin in the 

core layer of the cell membrane 

in the form of pectate in 

carotenoids and pigments. 

 In plant metabolism processes, 

the physiological role of 

magnesium is multiple: 

participating in the process of 

photosynthesis, by activating the 

process of phosphorylation, with 

the formation of the 

adenozintrifosforic (ATP) acid, 

processes underlying absorption 

and conversion of solar energy to 

plant; it plays an important role 

in the synthesis, transport and 

degeneration of carbohydrates 

and nitrogen metabolism (Rusu 

In the organism of animals, 

minerals play an 

plastic/structural function - they 

are included in the skeleton, 

some internal fluids (blood, 

lymph), animal products (milk, 

eggs, wool, fetuses) - and a 

functional role - ensuring bone 

strength, maintaining osmotic 

pressure, maintaining acid-base 

balance, activating enzymes 

Magnesium, together with Ca 

and P, is part of bone structure, 

half of the total amount of Mg is 

found in bones, and is also found 

in the liver and muscles. 

In ruminants, deficiency of this 

element is manifested by grass 

tetany (hypomagnesemia), with 

pigs by weight loss, weakness of 

legs, tetany (Șara A., 2007). 

 

 

The research was conducted in 

2011 (March-October), on the 

Ezăreni farm (47°05'-47°10' 

North latitude and 27°28'-

27°33' East longitude), farm 

belonging to the University of 

Agricultural Sciences and 

Veterinary Medicine Iaşi. The 

soil from the region is a cambic 

chernozem characterized by the 

indicators presented in table 1.  

  

component of chlorophyll, M. et al, 2005). 
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Table 1  

Physico-chemical characteristics of the soil on Ezareni Farm 

 

Horizon 
Clay 

(<0.002) 
pH 

Humus 

(%) 

N 

total 

(%) 

Nitrogen 

index  

IN 

P-Al 

(ppm) 

K 

mobile 

(ppm) 

Ca 

exch. 

(me) 

Ap 0-20 cm 41.8 6.68 2.24 0.178 2,19 26.00 242 15.21 

Atp 20-28 cm 38.8 6.78 2.40 0.149 2,35 10.43 178 15.38 

 

The research was focused on the 

influence of innoculation, 

fertilization and plant growth 

stage at harvest onto the 

magnesium (Mg) content at the 

alfalfa crop (Medicago sativa L.) 

in the second year after sowing, 

first cut. The experimental design 

was a trifactorial split plot design 

2x4x6, arranged as subdivided 

plots in three replicates. The plot 

harvested area was 10 sq. Meters 

(2m x 5m).  

The factors that were studied 

were: factor A - innoculation 

with two graduations (a1 - 

without seed innoculation, a2 with 

seed innoculation); factor B - 

fertilization with four graduations 

(b1 - unfertilized, b2 -N50P50, b3 -

N75P50, b4 - 30 t·ha
-1

 manure); 

factor C - plant growth stage at 

harvest with six graduations early 

bud (c1), mid bud (c2), late bud 

(c3); early bloom (c4), 10% bloom 

(c5) and full bloom (c6) (Ball 

S.T., 1998; Mueller S.C. and 

Teuber L.R., 2007).  

The leaf/shoot ratio was 

determined by separating the 

petiole, lamina, buds and flowers 

from the shoot, weighing them 

separately and calculating the 

ratio by weight. The forage yield 

was determined by weighing 

green plants harvested from an 

area of 10 sq m. The dry matter 

content was determined by drying 

plant samples at a temperature of 

105 ºC for three hours. Leaf and 

shoot yields were calculated 

using the leaf/shoot ratio.  

The magnesium content was 

determined by atomic absorption 

spectrometry. 

The biological material used was 

represented by Sandra alfalfa 

variety (F 660-94) registered in 

2003 to I.N.C.D.A. Fundulea 

(Schitea Maria and Martura T., 

2004. The innoculation of seeds 

was done 1 hour before seeding 

selected strains of Rhizobium 

meliloti Dangeard. The manure 

had the following chemical 

composition: N - 0.445%, P2O5-

0,212% and K2O-0,695%. The 

fertilization was done at the 

seedbed preparation. Harvesting 

was done using the motocultivator 

Bertoloni 411 at a height of 7 cm.  

The results were statisticaly 

analyzed by the analyses of 

variance and limit differences. We 
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also determined the correlation 

equations and the significance of 

the square regression between 

harvesting growth stage and the 

magnesium content of leaves, 

shoots and entire plants and the 

amount of magnesium exported 

by leaves, shoots and entire 

plants. 

 

 

By analyzing the influence of 

interaction between inoculation, 

fertilization and harvesting time 

on magnesium content in alfalfa 

plants, we observed that the 

variant a2b4c1 with inoculated 

seeds, under organic fertilization, 

harvested in early bud stage of 

plants has registered the highest 

Mg content in plants, 3.77 g·kg
-1 

DM, and the lowest 2.01 g·kg
-1

 

DM was recorded at variant 

a2b1c6 with inoculated seeds, 

unfertilized, harvested at full 

flowering stage. Except variants 

a2b4c1 and a1b2c1 where 

differences were without 

significance, all other differences 

were statistically assured, but 

only a1b2c1 and a1b2c1 variants 

had positive differences (Table 

1). 

Each of the three studied factors 

had a different impact on the Mg 

content in the plants. Regarding 

seed inoculation factor, between 

inoculated treatments (a2) and 

zero inoculation (a1), there was a 

negative nonsignificant 

difference of 0.01 g·kg
-1

 DM 

(Figure 1). 
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Table 1 

Influence of interaction between inoculation, fertilization and growt stage at 

harvest on the alfalfa plants magnesium content 

 

Indicator 

Mg 

content 

(g·kg
-1

 

DM) 

Diff.  

(g·kg
-1

 

DM) 

Diff. 

(%) 
Sig. 

Mg 

content 

(g·kg
-1

 

DM) 

Diff.  

(g·kg
-1

 

DM) 

Diff. 

(%) 
Sig. 

Variant a1-without innoculation a2-with innoculation 

b1-N0P0 

c1 3.37 Mt 100 - 3.34 -0.03 99.1 oo 

c2 2.70 -0.67 80.1 ooo 2.68 -0.69 79.5 ooo 

c3 2.64 -0.73 78.3 ooo 2.64 -0.73 78.3 ooo 

c4 2.52 -0.85 74.8 ooo 2.54 -0.83 75.4 ooo 

c5 2.29 -1.08 68.0 ooo 2.28 -1.09 67.7 ooo 

c6 2.02 -1.35 59.9 ooo 2.01 -1.36 59.6 ooo 

b2-

N50P50 

c1 3.38 0.01 100.3  3.34 -0.03 99.1 o 

c2 2.78 -0.59 82.5 ooo 2.74 -0.63 81.3 ooo 

c3 2.61 -0.76 77.4 ooo 2.61 -0.76 77.4 ooo 

c4 2.51 -0.86 74.5 ooo 2.50 -0.87 74.2 ooo 

c5 2.20 -1.17 65.3 ooo 2.20 -1.17 65.3 ooo 

c6 2.06 -1.31 61.1 ooo 2.05 -1.32 60.8 ooo 

b3-

N75P50 

c1 3.35 -0.02 99.4 o 3.36 -0.01 99.7  

c2 2.75 -0.62 81.6 ooo 2.72 -0.65 80.7 ooo 

c3 2.54 -0.83 75.4 ooo 2.53 -0.84 75.1 ooo 

c4 2.46 -0.91 73.0 ooo 2.45 -0.92 72.7 ooo 

c5 2.22 -1.15 65.9 ooo 2.22 -1.15 65.9 ooo 

c6 2.06 -1.31 61.1 ooo 2.06 -1.31 61.1 ooo 

b4- 

30 t·ha
-1

 

manure 

c1 3.66 0.29 108.6 *** 3.67 0.30 108.9 *** 

c2 3.01 -0.36 89.3 ooo 3.02 -0.35 89.6 ooo 

c3 2.76 -0.61 81.9 ooo 2.76 -0.61 81.9 ooo 

c4 2.66 -0.71 78.9 ooo 2.64 -0.73 78.3 ooo 

c5 2.34 -1.03 69.4 ooo 2.35 -1.02 69.7 ooo 

c6 2.19 -1.18 65.0 ooo 2.18 -1.19 64.7 ooo 

LSD 

5% 0.02    0.02    

1% 0.03    0.03    

0.1% 0.04    0.04    

 

 

On Mg content in alfalfa 

plants, fertilization has not 

caused the recording of 

differences in the variant 

fertilized with N50P50. When 

fertilized with N75P50 differences 

were negative, insignificant, of 

0.02 g·kg
-1

 DM, and variant 

fertilized with 30 t·ha
-1

 manure, 

the difference 0.19 g·kg
-1

 DM 

was highly significant (Figure 1). 

Harvesting time was the factor 

that had the greatest influence on 

the Mg content in alfalfa plants. 

The difference between control 

variant, harvested in early bud 
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stage (c1) and the variant with the 

lowest Mg content in plants (c6, 

harvested at full flowering) was 

1.35 g·kg
-1

 DM (Figure 1).

 

 

on the alfalfa plants magnesium content 

 

Results indicate that, in the case 

of interaction between 

fertilization, inoculation and 

harvest age influence on 

magnesium content in alfalfa 

leaves, the differences were 

between -40.6% and +7.7%. At 

the variant a2b4c1 (inoculated 

seeds, fertilized with 30 t·ha
-1

 

manure, harvested in early bud 

stage) was obtained, in plant 

leaves, the highest Mg content of 

4.91 g·kg
-1 

DM, and the lowest 

2.71 g·kg
-1 

DM was recorded in 

variants a1b1c6 without 

inoculation, unfertilized, 

harvested at full bloom and 

a2b1c6 inoculated seeds, 

unfertilized, harvested at full 

bloom (Table 2). 

All differences were statistically 

significant and in the case o 

variants harvested at the early 

bloom stage, fertilized or 

unfertilized, inoculated or not 

inoculated, differences were 

positive.  

As for the influence of 

inoculation on the Mg content of 

the leaves we observed that there 

is no difference between a1 

treatment without inoculation 

(control) and a2 with inoculation 

(Figure 2). 

Analyzing the influence of 

fertilization on magnesium 

content in leaves it was observed 

that the differences obtained 

ranged from 0.07 to 0.26 g·kg
-1

 

DM, all statistically assured 

(Figure 2). 

Analysis on influence of the time 

of harvesting alfalfa on Mg leaf 

content shows that the 

differences obtained were 

negative, ranging from 0.43 to 

Figure 1. Influence of inoculation, fertilization and growt stage at harvest  
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1.92 g·kg
-1

 DM. Highest Mg 

content in the leaves was 4.71 

g·kg
-1

 DM obtained from control 

variant c1, harvested in early bud 

stage and in c6 variant, the 

magnesium content of leaves had 

the lowest value of 2.79 g·kg
-1

 

DM. All differences were highly 

significant (Figure 2). 

 

Table 2 

Influence of interaction between inoculation, fertilization and growt stage at 

harvest on the alfalfa leaves magnesium content 

Indicator 

Mg 

content 

(g·kg
-1

 

DM) 

Diff.  

(g·kg
-1

 

DM) 

Diff. 

(%) 
Sig. 

Mg 

content 

(g·kg
-1

 

DM) 

Diff.  

(g·kg
-1

 

DM) 

Diff. 

(%) 
Sig. 

Variant a1-without innoculation a2-with innoculation 

b1-N0P0 

c1 4.56 Mt 100 - 4.59 0.03 100.7 * 

c2 4.17 -0.39 91.4 ooo 4.14 -0.42 90.8 ooo 

c3 3.93 -0.63 86.2 ooo 3.89 -0.67 85.3 ooo 

c4 3.72 -0.84 81.6 ooo 3.71 -0.85 81.4 ooo 

c5 3.13 -1.43 68.6 ooo 3.13 -1.43 68.6 ooo 

c6 2.71 -1.85 59.4 ooo 2.71 -1.85 59.4 ooo 

b2-

N50P50 

c1 4.66 0.10 102.2 *** 4.68 0.12 102.6 *** 

c2 4.26 -0.30 93.4 ooo 4.23 -0.33 92.8 ooo 

c3 4.00 -0.56 87.7 ooo 3.96 -0.60 86.8 ooo 

c4 3.80 -0.76 83.3 ooo 3.79 -0.77 83.1 ooo 

c5 3.19 -1.37 70.0 ooo 3.19 -1.37 70.0 ooo 

c6 2.77 -1.79 60.7 ooo 2.76 -1.80 60.5 ooo 

b3-

N75P50 

c1 4.70 0.14 103.1 *** 4.72 0.16 103.5 *** 

c2 4.29 -0.27 94.1 ooo 4.27 -0.29 93.6 ooo 

c3 4.04 -0.52 88.6 ooo 4.00 -0.56 87.7 ooo 

c4 3.83 -0.73 84.0 ooo 3.82 -0.74 83.8 ooo 

c5 3.22 -1.34 70.6 ooo 3.22 -1.34 70.6 ooo 

c6 2.79 -1.77 61.2 ooo 2.79 -1.77 61.2 ooo 

b4- 

30 t·ha
-1

 

manure 

c1 4.89 0.33 107.2 *** 4.91 0.35 107.7 *** 

c2 4.47 -0.09 98.0 ooo 4.44 -0.12 97.4 ooo 

c3 4.20 -0.36 92.1 ooo 4.16 -0.40 91.2 ooo 

c4 3.99 -0.57 87.5 ooo 3.98 -0.58 87.3 ooo 

c5 3.35 -1.21 73.5 ooo 3.35 -1.21 73.5 ooo 

c6 2.90 -1.66 63.6 ooo 2.90 -1.66 63.6 ooo 

LSD 

5% 0.03    0.03    

1% 0.04    0.04    

0.1% 0.05    0.05    

 

Analyzing the interaction 

between inoculation, fertilization 

and harvesting time on 

magnesium content in stems of 

alfalfa, we observed that the 

differences were between -34.4% 
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and +5.7%. a1b4c1 variant 

(without inoculation, fertilized 

with 30 t·ha
-1

 manure, harvested 

in early bud stage) has obtained 

the highest Mg content in stems, 

of 2.88 g·kg
-1

 DM, and the 

lowest 1.77 g·kg
-1

 DM was 

registered at the variant a2b1c6, 

unfertilized, harvested at full 

bloom. All differences compared 

to the control were statistical 

significant in the case of early 

bud harvesting, fertilized, with or 

without inoculation differences 

were positive (Table 3). 

Seed inoculation prior to sowing 

did not significantly affect the 

Mg content between control 

variant and variant with 

inoculation, as there was no 

difference (Figure 3). 

 

 

on the alfalfa leaves magnesium content 

 

Influence of fertilization on the 

content of Mg in plant stems 

differ between organic and 

mineral fertilization (Figure 3). 

The differences due to this factor 

were significant and distinctly 

significant to all variants 

fertilized with mineral fertilizers 

b2 and b3 (fertilized with N50P50 

and N75P50) and very significant 

for the variant b4 (fertilized with 

30 t·ha
-1

 manure). 

Analyzing the influence of the 

harvesting time on the Mg 

content of plant stems we 

observed that the difference 

between control variant (c1, 

harvested in early bud stage) and 

the variant where it was obtained 

the lowest Mg content in stems 

(c6, harvested at full bloom) was 

0.94 g·kg
-1

 DM. compared with 

control variant c1 (harvested in 

early bud), all the differences 

obtained in the following 

collection periods were negative, 

Figure 2. Influence of inoculation, fertilization and growt stage at harvest  
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very significant (Figure 3). Also 

in the case of magnesium content 

in stems of alfalfa, harvesting 

time was the factor that caused 

the biggest differences. 

Regardless of the influence of 

many factors on the quality of 

alfalfa (cultivar, climatic 

conditions, fertilization, harvest 

time, etc.), the Mg content was 

determined by the nature of plant 

organ. Thus, in alfalfa leaves the 

Mg content is 33% higher than in 

stems. Therefore, the ratio 

leaves/stems is the indicator that 

largely influences the Mg content 

in alfalfa. 

 

Table 3 

Influence of interaction between inoculation, fertilization and growt stage at 

harvest on the alfalfa stems magnesium content 

 

Indicator 

Mg 

content 
(g·kg-1 

DM) 

Diff.  

(g·kg-1 

DM) 

Diff. 
(%) 

Sig. 

Mg 

content 
(g·kg-1 

DM) 

Diff.  

(g·kg-1 

DM) 

Diff. 
(%) 

Sig. 

Variant a1-without innoculation a2-with innoculation 

b1-N0P0 

c1 2.70 Mt 100 - 2.69 -0.01 99.6 o 

c2 2.07 -0.63 76.7 ooo 2.09 -0.61 77.4 ooo 

c3 1.95 -0.75 72.2 ooo 1.95 -0.75 72.2 ooo 

c4 1.89 -0.81 70.0 ooo 1.87 -0.83 69.3 ooo 

c5 1.81 -0.89 67.0 ooo 1.80 -0.90 66.7 ooo 

c6 1.78 -0.92 65.9 ooo 1.77 -0.93 65.6 ooo 

b2-N50P50 

c1 2.72 0.02 100.7 ** 2.71 0.01 100.4 * 

c2 2.09 -0.61 77.4 ooo 2.11 -0.59 78.1 ooo 

c3 1.97 -0.73 73.0 ooo 1.97 -0.73 73.0 ooo 

c4 1.91 -0.79 70.7 ooo 1.88 -0.82 69.6 ooo 

c5 1.82 -0.88 67.4 ooo 1.82 -0.88 67.4 ooo 

c6 1.80 -0.90 66.7 ooo 1.79 -0.91 66.3 ooo 

b3-N75P50 

c1 2.75 0.05 101.9 *** 2.74 0.04 101.5 *** 

c2 2.11 -0.59 78.1 ooo 2.13 -0.57 78.9 ooo 

c3 1.99 -0.71 73.7 ooo 1.99 -0.71 73.7 ooo 

c4 1.93 -0.77 71.5 ooo 1.90 -0.80 70.4 ooo 

c5 1.84 -0.86 68.1 ooo 1.84 -0.86 68.1 ooo 

c6 1.82 -0.88 67.4 ooo 1.81 -0.89 67.0 ooo 

b4- 

30 t·ha-1 

manure 

c1 2.88 0.18 106.7 *** 2.87 0.17 106.3 *** 

c2 2.22 -0.48 82.2 ooo 2.23 -0.47 82.6 ooo 

c3 2.09 -0.61 77.4 ooo 2.09 -0.61 77.4 ooo 

c4 2.02 -0.68 74.8 ooo 2.00 -0.70 74.1 ooo 

c5 1.93 -0.77 71.5 ooo 1.93 -0.77 71.5 ooo 

c6 1.91 -0.79 70.7 ooo 1.90 -0.80 70.4 ooo 

LSD 

5% 0.01    0.01    

1% 0.02    0.02    

0.1% 0.03    0.03    
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From the analysis of the 

influence of seed inoculation on 

the Mg content in alfalfa it was 

observed that this factor had not 

a significant influence. In fact, 

the differences were as small as 

0.01 g·kg
-1

 DM or there was no 

difference. The results confirm 

the research of other authors, 

who studied in conditions similar 

to those present and reached 

similar results (Mauries M., 

1994; Ibriz M. et al., 2004; 

Stancheva I. et al., 2008).  

Fertilization is one of the 

important factors on which the 

production is determined, but 

most importantly the quality of 

feed. 

By analyzing the influence of 

harvest time on Mg content in the 

entire alfalfa plant, leaves or 

stems is visible that as plants are 

aging, the concentration of this 

element decreases. The 

correlation between the advanced 

plant growth stage and the Mg 

content in alfalfa plant, leaves 

and stems is negative, significant 

and distinctly significant (Figure 

3). 

 

 

on the alfalfa stems magnesium content 

Figure 3. Influence of inoculation, fertilization and growt stage at harvest 
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from leaves, stems and whole plant, in the second year of vegetation at the first 

cut 

 

Analyzing the influence of 

harvesting time on the content of 

Mg exported through the 

production obtained it was 

observed that during the early 

bud - end of flowering stage, the 

total magnesium quantity 

exported through stem 

production has a continuous 

growth, with the succession of 

these phenophases, and the case 

of leaves, the largest amount of 

magnesium is exported at the end 

bud stage. Between phenophase 

and the total amount of Mg 

exported through the production 

of stems and leaves there is a 

significant correlation (Figure 4). 

 

 

and the amount of magnesium obtained from leaves, stems and whole plant,  

in the second year of vegetation at the first cut 

Figure 3. Correlations between the growth stage at harvest and magnesium content 

Figure 4. Correlations between the growth stage at harvest 
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CONCLUSIONS 

 

Interaction between inoculation, 

fertilization and harvesting time 

on magnesium content in alfalfa 

plants resulted in statistically 

assured positive differences, but 

with some exceptions. 

Inoculation had no significant 

influence on alfalfa Mg content, 

virtually the differences were 

0.01 g/kg DM or there was no 

difference. 

On Mg content in alfalfa plants, 

fertilization has not caused the 

recording of differences in the 

variant fertilized with N50P50. 

When fertilized with N75P50 

differences were negative, 

insignificant, of 0.02 g·kg
-1

 DM, 

and variant fertilized with 30 

t·ha
-1

 manure, the difference 0.19 

g·kg
-1

 DM was highly 

significant. 

With the advance of vegetation, 

magnesium content in entire 

plants and leaves decreases, the 

correlation between growth stage 

at harvest and content of plant 

and leaves of alfalfa in Mg is 

negative. 

Between growth stage at harvest 

and magnesium quantities 

production exported by leaves 

there is a negative significant 

correlation and for the stems 

there is a positive correlations 

and the amount of magnesium is 

decreasing with early flowering 

stage in whole plant. 
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