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Abstract 

Alfalfa and perennial grass mixture fertilized with moderate doses of mineral fertilizers can 
provide a forage with a better chemical composition compared with the alfalfa forage in pure 
culture. To emphasize the effects of combined influence of the mixture and fertilization on the 
chemical composition of the forage there were tested three different mixtures between alfalfa 
(Medicago sativa L.) and orchard grass (Dactylis glomerata L.), which were applied to four doses 
of mineral fertilizers. On cycle I, the highest value of crude protein (CP) content in plants was 
recorded on alfalfa fertilized with N100P50 dose (17.78% CP), with 2.31% CP higher compared to 
the control (unfertilized alfalfa, 14.77% CP). On cycles II and III, the highest values in CP were 
obtained from alfalfa unfertilized (control), of 15.32% CP and 17.14% CP, respectively. The highest 
plant content of neutral detergent fiber (NDF) and acid detergent fiber (ADF) was recorded on all 
cycles, on the alfalfa 50% + 50% orchard grass mixture, fertilized with N100P50 dose. 
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INTRODUCTION1 

Alfalfa is a leguminous forage plant most 
often used in animal food recipes [8]. In contrast 
to pure cultures, mixture of alfalfa with orchard 
grass provides a better forage quality [5]. These 
mixtures also offer the possibility of a more 
successful ensiling, due to a higher content of 
sugars [13]. At the same time, these mixtures 
provide better use of nutrients in the soil and 
more economic efficient production due to 
reduced use of fertilizers with nitrogen [10]. 

Because of the ability of fixing atmospheric 
nitrogen by alfalfa it`s also ensured some 
nitrogen to orchard grass, which can reach up to 
80% [1], and consequently reduces the demand 
for nitrogen fertilizers and reduces the 
environmental pollution [2]. 

The chemical composition of the forage is 
both changed under the influence of the ratio 
between alfalfa and orchard grass in the mixture 
structure and under the influence of fertilization 
with mineral fertilizers, nitrogen being the 
element that most influences the quality of the 
forage [6], [11]. In this study, it was monitored 
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the influence of the combined effect of mixing 
different proportions of alfalfa with orchard 
grass and of fertilization with moderate doses of 
nitrogen per P50 agrofund on the forage 
chemical composition. 
 
MATERIAL AND METHODS 

In order to achieve our objectives it was 
established an experience on Ezăreni Farm of 
the Didactic Resort of USAMV Iasi.  

The experience is placed on a cambium 
chernozem soil with pH values between 6.7 and 
6.8 and humus content of 2.73-2.93%, 21-25 
ppm PAL, 226-232 ppm KAL and 112 - 139 ppm 
CaO. The present study covers quality data of 
forages collected on three production cycles 
of the experimental year 2010.  

The studied factors were: Factor A: type of 
crop, three graduations: a1- alfalfa 100% (Mt.), 
a2- alfalfa 75% + 25% orchard grass, a3- 
alfalfa 50% + 50% orchard grass. Factor B: 
mineral fertilization with four graduations: b1- 
N0P0 (Mt.), b2- N50P50, b3- N75P50, b4- N100P50. 
For sowing it was used mixture of seeds of 
Romanian alfalfa (Medicago sativa L.) Magnat 
cultivar and seeds of Danish orchard grass 
(Dactylis glomerata L.) Ambassador cultivar.  
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Fertilization was performed only on the 
establishment of the culture and products used 
for fertilization were ammonium nitrate (N33.5) 
and nitrogen-phosphorus complex (N20P20). 
During the year, harvesting was performed at 
different phenophases, as follows: on cycle I, at 
full bloom of alfalfa and beginning of boot of 
orchard grass, on cycle II, at full buds of alfalfa 
and end of boot of orchard grass and on cycle 
III, at full buds of alfalfa and blossom ear 
emergence of orchard grass. At harvest time, 
corresponding to the dose of fertilizer applied 
(from unfertilized to dose of N100P50), the ratio 
between alfalfa-other plants (%) in the canopy 
cover structure varied as follows: on cycle I, it 
was 86:14, 87:13, 89:11 and 91:9, on cycle II, 
it was 94:6, 97:3, 98:2 and 98:2 and on cycle 
III, it was 98:2, 98:2, 99:1 and 99:1. 

On mixture alfalfa 75% + 25% orchard 
grass according to fertilizer doses applied, 
the ratios in canopy cover structure (alfalfa-
orchard grass-other plants,%) were: on cycle 
I, 79:13:8, 79:14:7, 78:17:5 and 77:20:3; on 
cycle II, 82:17:1, 82:18:0, 77:23:0 and 
75:25:0, on cycle III, 82:17:1, 82:18:0, 
77:23:0 and 75:25:0. On mixture alfalfa 50% 
+ 50% orchard grass the canopy cover 
structure (alfalfa-orchard grass-other 
plants,%) was: 62:33:5, 61:36:3, 56:42:2 and 
52:46:2 on cycle I, on cycle II, 61:38:1, 
59:41:0, 55:45:0 and 52:48:0, and on cycle 
III, 57:42:1, 52:48:0, 46:54:0 and 44:56:0. 

Chemical composition of forage was 
determined using the following methods of 
analysis: dry matter (DM) by drying at 
105°C, total nitrogen by the Kjeldahl method, 
crude protein (CP) by %Total-N x 6.25, acid 
detergent fiber (ADF) and neutral detergent 
fiber (NDF), using Raypa Fiber Test 
equipment and Van Soest method, 
hemicellulose (Hem.) by NDF-ADF, crude 
fiber (CF) using the formula CF = (ADF x 
0.75) + 3.56 [3], ash content (Ash) by 
calcination of forage sample in an oven at 
500-600°C.  

The statistical interpretation of data was 
performed by analysis of variance and limit 
differences calculation using the SPSS - 
ANOVA (Statistical Package for the Social 
Sciences) software. 

 

RESULTS AND DISCUSSIONS 
The influence of mixture and fertilization 
upon chemical composition of the forage 

Generally, alfalfa has a higher content in 
protein and lower in cell walls compared to 
orchard grass and to its mixtures with orchard 
grass [12]. Changes in forage CP content are 
positively correlated to participation percentage 
of alfalfa in the mixture, and NDF content is 
positively correlated to the percentage of 
participation in a mixture of orchard grass [4]. 

Some authors consider that the application 
of higher doses of fertilizer then N90 to the 
mixtures of alfalfa with orchard grass, generally 
leads to a decrease of CP content in forage as a 
result of decrease in the proportion of 
participation in mixture of alfalfa [1].  

However, most research shows that 
application of increasing doses of nitrogen, 
even up to N210, leads also to an increase in CP 
content, on DM basis [6], [2]. NDF in plants, is 
the amount of cellulose, hemicellulose, lignin 
and insoluble substances, and it`s an indicator 
of forage fiber easy to consume [2].  

Many authors have studied the effect of N 
fertilizers on NDF content in plants and 
concluded that it significantly increases with the 
addition of N fertilizer and is caused by changes 
in botanical composition of grasslands by 
reducing the share of leguminous and 
increasing grasses participation rate that occur 
as a result of a plus addition of N [1], [9], [2]. 
ADF, as a measure of the plant energy is not 
significantly changed under the influence of 
fertilization with N [7], [9], [2].  

On the harvest cycle I (Table 1), in terms 
of the influence of mixture, the tendency was 
of increasing the cell walls content of plant 
and of reducing the plants crude protein (CP) 
content as the proportion of alfalfa in the 
canopy cover structure was reduced and 
increased the share of orchard grass.  

In terms of the influence of fertilization, 
the tendency was of both increasing the 
protein content and the cell walls content of 
plant with increasing doses of N.  

Thus, due to differences between the two 
species, the chemical composition of alfalfa 
forage was characterized by higher values of 
the parameters DM, CP, Ash., and by lower 
of the parameters NDF, ADF, CF and Hem., 
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compared with the two mixtures, at all doses 
of fertilizer.  

Of the two mixtures, due to higher 
percentage of participation in mixture of 
alfalfa, higher values of the parameters CP, 
Ash., DM and lower of the parameters NDF, 
ADF, CF, Hem., were recorded on the 
mixture of alfalfa 75% + 25% orchard grass, 
compared with the mixture of alfalfa 50% + 
50% orchard grass. On alfalfa 100% 
fertilized with N100P50 dose was recorded the 
highest DM content, of 26.45% DM, and 
significant differences from unfertilized 
alfalfa - control (22.26% DM) were obtained 
at all doses of fertilizer applied, that ranged 
between 1.78% DM and 4.20% DM. The 
highest content of the mixture of alfalfa 50% 
+ 50% orchard grass, was 25.80% DM on 
N100P50 dose.  

The mixture of alfalfa 75% + 25% 
orchard grass, had the highest content of 

24.85% DM also on N100P50 dose. On dosage 
of N100P50 were recorded the highest protein 
content in plants.  

Thus, alfalfa 100% had the highest 
content and was 17.78% CP and significant 
differences compared to the control (15.47% 
CP) were recorded on each of the doses of 
fertilizer applied (differences of 1.18% CP on 
N50P50 dose, 1.83% CP on N75P50 dose and 
2.31% CP, respectively, on N100P50 dose).  

The mixture alfalfa 75% + 25% orchard 
grass highest content in CP was 15.50% CP, 
without positive significant differences 
compared to the control. The mixture of 
alfalfa 50% + 50% orchard grass highest 
content was 15.10% CP and no positive 
significant differences were obtained from 
control (Table 1). 

 
Table 1 The influence of mixture x fertilization interaction on the chemical composition of the forage on 
cycle I, 2010 
 

Variant 
DM 
% 

CPa 
% 

NDFa 
% 

ADFa 
% 

CFa 
% 

Hem.a 
% 

Ash.a 

% 
Mt- unfertilized 22.26 15.47 40.21 32.48 27.92 7.73 13.46 

N50P50 24.03* 16.64* 43.27 34.95 29.77 8.32 14.48 

N75P50 25.30* 17.29* 44.96* 36.31* 30.79* 8.65 15.04* 
Alfalfa 100% 

N100P50 26.45* 17.78* 46.22* 37.33* 31.56* 8.89* 15.47* 

Unfertilized 21.98 13.660 43.45 32.96 28.28 10.49* 12.290 

N50P50 23.44 14.210 46.96* 35.62* 30.28* 11.33* 13.28 

N75P50 24.25* 14.93 49.35* 37.44* 31.64* 11.91* 13.95 

Alfalfa 75% + Orchard 
grass 25% 

N100P50 24.85* 15.50 51.33* 38.94* 32.76* 12.39* 14.51 

Unfertilized 22.27 13.220 45.11* 32.94 28.27 12.17* 11.030 

N50P50 23.84 13.760 49.24* 35.95* 30.52* 13.29* 12.040 

N75P50 24.91* 14.370 52.18* 38.10* 32.14* 14.08* 12.76 

Alfalfa 50% + Orchard 
grass 50% 

N100P50 25.80* 15.10 54.85* 40.05* 33.60* 14.80* 13.41 
LSD 0.05 1.6% 0.8% 3.7% 2.1% 1.9% 1.1% 1.1% 

a- contents of dry matter (DM) 
 

The highest content in cell walls was 
recorded using dose of N100P50. Thus, on the 
mixture of alfalfa 50% + 50% orchard grass 
was recorded the highest content of cell 
walls, of 54.85% NDF, of 40.05% ADF, 
33.60% CF and 14.80% Hem. and significant 
difference in NDF and ADF content of plants 
compared to the control (alfalfa unfertilized, 
40.21% NDF, 32.48% ADF of DM) were 

obtained at all doses of fertilizer applied 
ranging between 4.90% NDF and 14.64% 
NDF and between 3.47% ADF and 7.57% 
ADF, respectively.  

The mixture of alfalfa 75% + 25% 
orchard grass values recorded for the content 
of plant cell walls were lower compared with 
the mixture of alfalfa 50% + 50% orchard 
grass and higher than those of alfalfa in pure 
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culture, and ranged between 43.45% NDF, 
32.96% ADF (unfertilized) to 51.33% NDF, 
38.94% ADF (on N100P50 dose). Because of 
more vigorous root system of alfalfa and 
better plant development than orchard grass, 
the ash content was significantly higher than 
that of mixtures (Table 1). Thus, it varied on 
alfalfa 100% between 13.46% Ash. (control) 
to 15.47% Ash. (on N100P50 dose). On 
mixture of alfalfa 75% + 25% orchard grass 
it ranged between 12.90% Ash. (unfertilized) 
to 14.51% Ash. (on N100P50 dose), and on 
mixture of alfalfa 50% + 50% orchard grass 
between 11.03% Ash. (unfertilized) to 
13.41% Ash. (on N100P50 dose). 

On the cycle II of harvesting (Table 2), the 
tendency was of growing the plant cell walls 
content with increasing proportion of orchard 
grass in canopy cover structure and of 
decreasing the content of plants in CP. Also, 
from unfertilized variants to variants fertilized 
with maximum dose of fertilizer (N100P50), there 
was an increase in cell wall content and a 
decrease in CP content. For DM content of 
plants, higher values were recorded on N100P50 
dose of fertilizer. Alfalfa in pure culture had the 
highest content, ranging from 25.93% DM 

(control) to 29.66% DM, followed by alfalfa 
50% + 50% orchard grass mixture of which 
values recorded ranged from 24.26% DM to 
26.84% DM. Lower values were obtained from 
the mixture of alfalfa 75% + 25% orchard 
grass and ranged from 24.05% DM to 25.80% 
DM. The highest plant contents in CP were 
recorded on unfertilized variants and the lowest 
on variants that were fertilized with N100P50 
dose. Alfalfa in pure culture had highest 
contents in CP and ranged from 15.32% CP 
(control) to 14.14% CP.  

The contents of mixture of alfalfa 75%+ 
25% orchard grass ranged from 14.94% CP 
(unfertilized) to 12.85% CP (on N100P50 dose). 
The contents of mixture of alfalfa 50% + 50% 
orchard grass ranged from 14.42% CP 
(unfertilized) to 12.84% CP (on N100P50 dose). 
The mixture of alfalfa 50% + 50% orchard 
grass, fertilized with the highest dose, N100P50, 
had the highest content in cell walls (50.47% 
NDF, 38.93% ADF, 32.76% CF), and 
registered significant differences compared to 
the control (simple alfalfa unfertilized, 39.59% 
NDF, 31.82% ADF, 27.42% CF) at all doses of 
fertilizer.

 
Table 2 The influence of mixture x fertilization interaction on the chemical composition of the forage on 
cycle II, 2010 
 

Variant 
DM 
% 

CPa 
% 

NDFa 
% 

ADFa 
% 

CFa 
% 

Hem.a 
% 

Ash.a  

% 

Mt- unfertilized 25.93 15.32 39.59 31.82 27.42 7.78 13.33 

N50P50 27.78 15.05 41.08 33.01 28.32 8.07 13.09 

N75P50 28.93* 14.67 42.14 33.86* 28.96 8.28 12.76 
Alfalfa 100% 

N100P50 29.66* 14.140 42.90* 34.47* 29.41* 8.43* 12.30 

Unfertilized 24.05 14.94 42.41 32.13 27.65 10.28* 11.820 

N50P50 24.84 14.53 44.88* 34.00* 29.06* 10.88* 11.630 

N75P50 25.40 13.600 47.95* 36.33* 30.80* 11.62* 11.150 

Alfalfa 75% + Orchard 
grass 25% 

N100P50 25.80 12.850 49.30* 37.35* 31.57* 11.95* 10.540 

Unfertilized 24.26 14.420 44.94* 34.67* 29.56* 10.27* 11.500 

N50P50 25.49 14.180 48.58* 37.48* 31.67* 11.10* 11.190 

N75P50 26.45 13.880 49.63* 38.29* 32.27* 11.34* 10.690 

Alfalfa 50% + Orchard 
grass 50% 

N100P50  26.84 12.840 50.47* 38.93* 32.76* 11.54* 9.890 
LSD 0.05 1.9% 0.8% 3.2% 1.9% 1.6% 0.6% 1.4% 

a- contents of dry matter (DM) 
 

The mixture of alfalfa 75% + 25% orchard 
grass recorded for the content of plant cell walls 

lower values (average: 46.13% NDF, 34.95% 
ADF, 29.77% CF) than those of mixture alfalfa 
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50% + 50% orchard grass (average: 48.41% 
NDF, 37.34% ADF, 31.57% CF) and higher than 
those of alfalfa in pure culture (average: 41.43% 
NDF, 33.29% ADF, 28.53% CF), except only 
for the hemicellulose values which were higher 
(average 11.18% Hem.) from both the other 
mixture (average 11.06% Hem.) and from alfalfa 
in pure culture (average 8.14% Hem.). The two 
mixtures and the fertilized variants showed 
significantly lower content in ash than alfalfa in 
pure culture and unfertilized (Table 2).  

Thus, on alfalfa in pure culture it ranged 
from 13.33% Ash. (control) to 12.30% Ash. 
(on N100P50 dose). On the mixture of alfalfa 
75% + 25% orchard grass it ranged from 
11.82% Ash. to 10.54% and on the mixture 
of alfalfa 50% + 50 % orchard grass 
between 11.50% Ash. (unfertilized) and 
9.89% Ash. (on N100P50 dose). 

On the cycle III of harvesting (Table 3) there 
was a certain uniformity between variants 
fertilized and the only differences were generally 
caused by mixture with the tendency of 
increasing plant contents in cell walls and of 
decreasing the CP content caused by decreasing 
the proportion of alfalfa in the canopy cover 
structure and increasing the proportion of orchard 
grass. Compared with the chemical composition 
of forage produced from harvesting cycles I and 
II, the cycle III was harvested at lower content of 
plants in DM, with lower values for the contents 
of CP and Ash. to cycle I, but higher compared 
with the cycle II and lower values for the 
contents of the NDF, ADF, CF and Hem., 
compared to both cycles. For DM content of 
plants, higher values were recorded for alfalfa in 
pure culture, ranging from 22.22% DM (control) 
to 24.59% DM (on N100P50 dose). 

 
Table 3 The influence of mixture x fertilization interaction on the chemical composition of the forage on 
cycle III, 2010 
 

Variant DM 
% 

CPa 
% 

NDFa 
% 

ADFa 
% 

CFa 
% 

Hem.a 
% 

Ash.a   

% 

Mt- unfertilized 22.22 17.14 37.14 30.11 26.15 7.03 14.91 

N50P50 23.46 17.05 37.56 30.46 26.40 7.11 14.83 

N75P50 24.21* 16.92 37.85 30.69 26.58 7.16 14.72 
Alfalfa 100% 

N100P50 24.59* 16.73 38.05 30.85 26.70 7.20 14.56 

Unfertilized 22.16 15.730 39.80* 30.22 26.22 9.58* 12.900 

N50P50 22.37 15.610 41.18* 31.26 27.01 9.91* 12.800 

N75P50 22.52 15.250 42.15* 32.00* 27.56* 10.15* 12.510 

Alfalfa 75% + Orchard 
grass 25% 

N100P50 22.63 14.740 42.47* 32.25* 27.74* 10.22* 12.090 

Unfertilized 22.22 15.290 40.15* 30.21 26.22 9.94* 11.770 

N50P50 22.89 15.020 42.75* 32.17* 27.69* 10.58* 11.570 

N75P50 23.36 14.490 44.31* 33.34* 28.57* 10.96* 11.160 

Alfalfa 50% + Orchard 
grass 50% 

N100P50  23.51 13.610 45.11* 33.94* 29.02* 11.16* 10.480 
LSD 0.05 1.3% 1.1% 2.6% 1.6% 0.9% 0.7% 1.1% 

a- contents of dry matter (DM) 
 

The contents in CP were generally lower 
on variants where fertilizers were applied at 
culture establishing compared to variants 
unfertilized and significantly lower on 
mixtures compared to alfalfa in pure culture. 

Thus, alfalfa`s in pure culture plants had 
highest contents in CP and varied between 
17.14% CP (control) and 16.73% CP (on 
N100P50 dose). The mixture`s of alfalfa 75% 
+ 25% orchard grass contents ranged from 
15.73% CP (unfertilized) to 14.74% CP (on 

N100P50 dose). The contents of mixture of 
alfalfa 50% + 50% orchard grass ranged 
between 15.29% CP (unfertilized) and 
13.61% CP (on dose of N100P50).  

The mixture of alfalfa 50% + 50% orchard 
grass had the highest content in cell walls on the 
variants that were fertilized with N100P50 dose 
(45.11% NDF, 33.94% ADF, 29.02% CF, 
11.16% Hem.) compared to the control (37.14% 
NDF, 30.11% ADF, 26.15% CF 7.03% Hem.) 
due to participation in higher proportions in the 
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mixture of orchard grass compared to alfalfa, 
followed by the mixture of alfalfa 75% + 25% 
orchard grass (42.47% NDF, 32.25% ADF, 
27.74% CF, 10.22% Hem., at a dose of N100P50). 
The on alfalfa in pure culture ash content in 
plants (Table 3), ranged from 14.91% Ash. 
(control) to 14.56% Ash. (on N100P50 dose). On 
the mixture of 75% alfalfa + 25% orchard grass 
it ranged from 12.90% Ash. (unfertilized) to 
12.09% Ash. (on N100P50 dose) and on the 
mixture of alfalfa 50% + 50% orchard grass 
between 11.77% Ash. (unfertilized) and 10.48% 
Ash. (on N100P50 dose). 

 
CONCLUSIONS 

On the harvest cycle I, in terms of the 
influence of mixture, the tendency was of 
increasing the cell walls content of plant and of 
reducing the plants crude protein content as the 
proportion of alfalfa in the canopy cover 
structure was reduced and increased the share of 
orchard grass. 

In terms of the influence of fertilization, the 
tendency was of both increasing the protein 
content and the cell walls content of plant with 
increasing doses of N. 

On the cycle II of harvesting, the tendency 
was of growing the plant cell walls content with 
increasing proportion of orchard grass in canopy 
cover structure and of decreasing the content of 
plants in CP. Also, from unfertilized variants to 
variants fertilized with maximum dose of 
fertilizer (N100P50), there was an increase in cell 
wall content and a decrease in CP content. 

On the cycle III of harvesting there was a 
certain uniformity between variants fertilized and 
the only differences were generally caused by 
mixture with the tendency of increasing plant 
contents in cell walls and of decreasing the CP 
content caused by decreasing the proportion of 
alfalfa in the canopy cover structure and 
increasing the proportion of orchard grass.  

On cycle I, the highest value of crude 
protein (CP) content in plants was recorded on 
alfalfa fertilized with N100P50 dose (17.78% CP), 
with 2.31% CP higher compared to the control 
(unfertilized alfalfa, 14.77% CP). On cycles II 
and III, the highest values in CP were obtained 
from alfalfa unfertilized (control), of 15.32% 
CP and 17.14% CP, respectively.  

The highest plant content of neutral 
detergent fiber (NDF) and acid detergent fiber 
(ADF) was recorded on all cycles, on the alfalfa 

50% + 50% orchard grass mixture, fertilized 
with N100P50 dose. 
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