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Abstract: The paper aimed to evaluate fertilizing effects of spent mushroom substrate (SMS) and slurry on dry matter 
productivity and value of legume-grass mixtures.  The experiment was replicated three times, with a split-plot arrangement 
and plots of 3 m3 as experimental units.  These species were grown as three legume-grass mixtures: M1–Dactylis glomerata, 
Lolium perenne, Medicago x varia T.  Martyn; M2– Dactylis glomerata, Medicago x varia T. Martyn; M3–Lolium perenne, 
Medicago x varia T. Martyn.  The experiment consisted of the following units: control (no fertilization); SMS (30 t/hm2); 
slurry (60 m3/hm2) (G); SMS (10 t/hm2) + slurry (60 m3/hm2); SMS (20 t/hm2) + slurry (40 m3/hm2); SMS mushroom substrate 
(30 t/hm2) + slurry (20 m3/hm2).  During each growing season all the mixtures were harvested three times.  The fresh matter 
from each plot was weighted and a sample of 0.6 kg was taken for further analysis.  In the experiment the content of both total 
protein and crude fibre was dependent on the type of fertilizer and on the type of mixture.  Forage from the plots with 20 t/hm2 
of mushroom substrate and 40 m3/hm2 of slurry had the best nutritional value, with the highest amount of total protein.  The 
contents of protein and crude fibre in the forage were more favourably affected by slurry than by spent mushroom substrate.  
Out of the mixtures from all plots, regardless of the type of fertilizer, the mixture consisting of Lolium perenne and Medicago x 
varia T. Martyn contained the highest content of protein. 
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1  Introduction  

In crop rotation, growing grass after other crops repeatedly on 
the same field affects crop yields and soil quality in a positive way.  
In this type of farming the quality of the yield is also an important 
issue, while cultivation of legume-grass mixtures brings 
well-balanced fodder.  According to Gaweł[1] these mixture plays 
a large role in both integrated and organic production systems.  
Thus, legume-grass mixture is a source of very valuable fodder of 
balanced chemical composition, with components that absolutely 
necessary in animal nutrition[2-5].  In addition, crops are one of the 
cheapest fodder sources, and have beneficial effects on follow-up 
crops, leaving the soil in good condition[4,5].   

In organic farming, it is important to use organic fertilizer that  
safe for the environment.  In the meantime, it should favourably 
affect the yield and quality of crops.  Slurry and spent mushroom 
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(sms) substrate can be used as such fertilizer.  Poland is a leading 
producer of mushrooms.  This country leads in the creation of 
large amounts of spent mushroom substrate (SMS), an organic 
waste material which is a problem for the producers.  However, it 
is an extremely valuable organic fertilizermaterial which can be 
potentially used in agriculture as a good fertilizer[6-9].  It is an 
organic mass that can be converted into humus in the soil.  
Maszkiewicz[10] states that the content of macronutrients after the 
mushroom cultivation amounted (g/kg DM): nitrogen 13.0-26.0; 
phosphorus 1.0-10.0; potassium 5.0-25.0; magnesium 2.0-5.20; 
calcium 60.0-150.0; sodium 0.5-2.9.  The mushroom substrate is 
also characterized by high content of microelements and low heavy 
metals[11-15].  SMS is a valuable source of organic matter with a 
low C:N ratio[7,16-18,].  Many researchers also pointed that the high 
variability and unbalance of the chemical composition of the SMS 
is an unquestionable drawback, which oblige them to continually 
control their chemical composition and replenish the missing 
elements in order to improve the fertilizers propriety[19-22].  
Another valuable fertilizer is slurry, which is completely different 
from manure on both physical characteristics and effects on plants.  
It was pointed out that the nutrients in slurry are present in forms 
that more easily available to plants than in manure, which makes 
slurry a fast-acting fertilizer. 

The aim of this study was to evaluate fertilizing effects of 
mushroom substrate and slurry on dry matter productivity and 
value of legume-grass mixtures. 

2  Material and methods  

The three-year research was conducted in the experimental 
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field of the Department of Grasslands and Landscape Architecture 
Development, the University of Humanities and Natural Sciences 
in Siedlce from autumn 2012 to 2015.  The experiment was 
replicated three times, with a split-plot arrangement and plots of   
3 m3 as experimental units.  In the experiment the main research 
factors were legume-grass mixtures and organic fertilizers with 
high organic matter content (spent mushroom substrate and cow 
slurry, used separately and in various combinations). 

The experiment consisted of the following units:  
1. control (no fertilization) (0);  
2. SMS  (30 t/hm2) (PP);   
3. slurry (60 m3/hm2) (G);  
4. SMS  (10 t/hm2) + slurry (60 m3/hm2) (PP10 + G60); 
5. SMS  (20 t/hm2) + slurry (40 m3/hm2) (PP20 + G40);  
6. SMS  (30 t/hm2) + slurry (20 m3/hm2) (PP30 + G20). 
In the experiment three plant species were involved: Medicago 

x varia T. Martyn (alfalfa hybrid), the variety of Tula, Dactylis 
glomerata (cock’s foot) of the Bora variety, and Lolium perenne 
(perennial ryegrass) of durable variety Info.  These species were 
grown as three types of legume-grass mixtures:  

M1 – Dactylis glomerata, Lolium perenne, Medicago x varia T. 
Martyn;  

M2 – Dactylis glomerata, Medicago x varia T. Martyn;  
M3 – Lolium perenne, Medicago x varia T. Martyn. 
In the above mixtures the amount of each component was the 

same.  In the experiment, organic fertilizer was used in the form 
of slurry and SMS.  SMS was applied once at the start of the 
experiment, before the growing season, in different doses mixed 
with the soil.  Slurry was used every year throughout the 
experiment, in equal doses after each harvest.  Table 1 presents 
chemical composition of slurry and SMS. 

 

Table 1  Concentration of selected macro-elements (g·kg-1 DM) 
in mushroom substrate and slurry 

Nutrient SMS Slurry 

N 24.50 48.00 

P 9.50 12.64 

K 13.20 43.16 

Ca 58.20 30.75 
 

 

Table 2  The value of Sielianinov’s hydrothermal coefficient 
(K) in the growing season 

Year 
Month 

April May June July August September October

2013 2.56 
(sw) 

3.07  
(ew) 

2.11  
(w) 

0.84 
(d) 

0.78  
(d) 

2.53  
(sw) 

0.60 
(sd) 

2014 1.36  
(o) 

1.87  
(mw) 

1.64  
(mw) 

0.59 
(sd) 

1.92  
(mw) 

0.64  
(sd) 

0.12 
(ed) 

2015 1.22  
(md) 

2.63  
(sw) 

0.87  
(d) 

1.08 
(md) 

0.18  
(ed) 

1.46  
(o) 

1.94 
(dw) 

Note: K ≤ 0.4 extreme drought (ed).  0.4 < K ≤ 0.7 severe drought (sd).  0.7 < 
K ≤ 1.0 drought (d).  1.0 < K ≤ 1.3  moderate drought (md).  1.3 < K ≤ 1.6 
optimal (o).  1.6 < K ≤ 2.0 moderately wet (mw).  2.0 < K ≤ 2.5 wet (w).  2.5 < 
K ≤ 3.0 severely wet (sw).  K > 3.0 extremely wet (ew) 

 

The experiment was set up on the soil of the granulometric 
composition of loamy sand, of the order of anthropogenic, the type 
of culture earth soil, and the subtype of hortisole.  Chemical 
analysis of the soil indicated high content of absorbable forms of 
phosphorus and magnesium.  However, absorbable forms of 
potassium were within the limits of the average content.  
Sielianinov’s hydrothermal coefficient was calculated in order to 

determine temporal variation of meteorological elements and their 
effects on vegetation. 

Optimal temperature and moisture conditions occurred only in 
April 2014 and September 2015.  In the remaining months of the 
growing periods, the weather conditions were not favourable, 
varying from extremely wet in May 2013 to extremely dry in 
August 2015.  Throughout the experiment the best conditions 
occurred at the beginning of each growing period.  It can be 
concluded that the most difficult situation for plants was in 2015.  
Except May 2015 and the end of the growing period, the weather 
ranged from moderately dry to extremely dry. 

During each growing season all the mixtures were harvested 
three times.  The fresh matter from each plot was weighed and a 
sample of 0.6 kg was obtained to determine dry matter content and 
to perform chemical analysis for the amount of total protein and 
crude fibre.  The chemical composition of the plants was 
determined with near-infrared spectroscopy (NIRS) using the 
NIRFlex N-500 spectrometer.  The results of the research were 
processed statistically using a three-factor analysis of variance.  
The Fisher-Snedecor test was done to determine the significance of 
the effects of experimental factors on the parameters tested in the 
study.  Tukey's test was used to compare means at the LSD0.05 

significance level.  All the calculations were made with the 
Statistica 6.0-2001 program. 

3  Results and discussion 

According to Burns et al.[23], minimum protein concentration 
of feed for dairy cows should be ranging from 150 g/kg to 170 g/kg.  
The increase of protein content in the feed increases its digestibility, 
regardless of its quality.  Protein content of the forage tested in the 
experiment was dependent on both the type of fertilizer applied and 
the type of legume-grass mixture (Table 3 and 4). 

Irrespective of the type of mixture (Table 3), the highest 
concentration of total protein was in the forage from the plot where 
20 t/hm2 of mushroom substrate was applied together with      
40 m3/hm2 of slurry (206.36 g/hm2), as well as from the object 
fertilized with slurry on its own (205.76 g/hm2).  On the other 
plots protein concentration in the forage was significantly lower, 
with the lowest obtained from the control unit (180.66 g/hm2).  An 
increase in protein content in crops after SMS application was also 
confirmed by Wiśniewska-Kadżajan and Jankowski[9].  Other 
studies also show the beneficial effect of the use of natural fertilizer 
on legume-grass mixtures[4].   

Protein content in the forage varied throughout the research 
(Table 3).  The highest protein concentration was obtained in the 
fodder harvested in the second year, i.e. 2014 (207.55 g/kg) and 
the lowest protein concentration was obtained in the third year, i.e. 
2015 (180.75 g/kg).  Differences in protein content in the 
mixtures harvested in different years of research were not 
statistically significant.  According to Wiśniewska-Kadżajan and 
Jankowski[9], reduction of protein content in the third year of their 
study stemmed from a short period of mushroom substrate effect 
as a nutrient.  This is due to the narrow C:N ratio and the 
nitrogen mineralization process[24].  The present findings point to 
relationship between the effects of the type of fertilizer and the 
type of legume-grass mixture.  The value of parameters 
examined in the fodder also varied depending on the type of 
legume-grass mixture and the harvest (Table 4).  Among all 
legume-grass mixtures, the highest content of protein was in the 
M3 mixture of Lolium perenne and Medicago x varia T. Martyn 
(198.54 g/kg), and lowest was in the M1 mixture with Dactylis 



May, 2018   Kazimierz J, et al.  Effects of spent mushroom substrate and slurry on nutritional value of grass and Medicago x varia T. Martyn   Vol. 11 No.3  63 

glomerata, Lolium perenne, and Medicago x varia T. Martyn 
(194.06 g/kg).  

There was also diversity in protein content of the fodder from 
individual harvests.  Regardless of the type of legume-grass 
mixture, the highest total protein concentration was obtained in the 
second harvest (199.54 g/kg), and slightly lower (negligible 

statistically) in the third harvest (198.60 g/kg).  In the first harvest 
total protein concentration was significantly lower (190.64 g/kg) 
than previous harvests.  The effect of the harvest on the protein 
content in the dry matter is confirmed in literature[7,25,26].  Thus, 
there was a correlation between the type of legume-grass mixture 
and both the harvest and the type of fertilizer. 

 

Table 3  Effects of fertilizer on total protein concentration in the dry matter (g·kg-1) 

Mixture (C) Year (B) 
Fertilizer applied (A) 

Mean 
0 PP G P10+G60 P20+G40 P30+G20 

M1 

2013 175.78 190.43 185.82 212.2 214.46 175.47 192.36 

2014 189 214.62 214.9 212.43 231.16 206.58 211.45 

2015 178.82 176.43 185.31 173.14 188.41 168.12 178.37 

M2 

2013 187.11 241.02 239.47 167.79 205.84 173.54 202.46 

2014 190.44 224.17 209.4 188.51 211.4 204.71 204.77 

2015 179.91 185.39 194.24 185.22 171.99 171.01 181.29 

M3 

2013 167.67 178.79 228.43 238.33 225.6 200.82 206.61 

2014 176.44 194.46 213.58 210.09 225.68 218.4 206.44 

2015 180.76 191.46 180.69 202.52 182.69 157.37 182.58 

Mean values of fertilizer effect 180.66 199.64 205.76 198.92 206.36 186.22 196.26 

Mean values in subsequent years 

2013 176.85 203.41 217.91 206.11 215.3 183.28 200.48 

2014 185.3 211.08 212.63 203.68 222.74 209.9 207.55 

2015 179.83 184.43 186.75 186.96 181.03 165.5 180.75 

LSD0.05 for: A= 4.03; B= 2.33; C= 2.33;  B/C= 4.04; C/B= 4.04; C/A= 4.04; A/B= 6.97; A/C=4.93; B/A= 5.71 

Note: M1 – Dactylis glomerata, Lolium perenne, Medicago x varia T. Martyn; M2 – Dactylis glomerata, Medicago x varia T. Martyn; M3 – Lolium perenne, Medicago 
x varia T. Martyn. 

 

Table 4  Effects of fertilizer on total protein concentration in the dry matter (g·kg-1) 

Mixture (C) Harvest (B) 
Fertilizer combination (A) 

Mean 
0 PP G P10+G60 P20+G40 P30+G20 

M1 

I 177.89 195.72 199.48 193.70 214.83 167.02 191.44 

II 183.88 186.68 195.7;5 212.85 213.27 186.31 196.46 

III 181.84 199.09 190.80 191.23 205.92 196.84 194.28 

M2 

I 186.89 209.28 195.12 160.99 191.56 157.44 183.55 

II 179.78 207.86 212.49 188.10 194.40 179.42 193.67 

III 190.80 233.45 235.50 192.43 203.28 212.40 211.31 

M3 

I 170.00 176.96 211.33 235.20 207.98 180.12 196.93 

II 191.95 220.02 203.86 201.89 228.98 204.21 208.49 

III 162.92 167.73 207.51 213.85 197.01 192.25 190.21 

Mean values of species effect 

M1 181.20 193.83 195.35 199.26 211.34 183.39 194.06 

M2 185.82 216.86 214.3;7 180.51 196.41 183.09 196.18 

M3 174.96 188.24 207.57 216.98 211.32 192.20 198.54 

Mean values of harvest effect 

I 178.26 193.99 201.98 196.63 204.79 168.19 190.64 

II 185.20 204.85 204.03 200.95 212.22 189.98 199.54 

III 178.52 200.09 211.27 199.17 202.07 200.50 198.60 

LSD0.05 for: A= 3.29; B= 1.91; C= 1.91;  B/C= 3.30; C/B= 3.30; C/A= 3.30; A/B= 5.70; A/C=4.03; B/A= 4.67 

Note: M1 – Dactylis glomerata, Lolium perenne, Medicago x varia T. Martyn; M2 – Dactylis glomerata, Medicago x varia T. Martyn; M3 – Lolium perenne, Medicago 
x varia T. Martyn. 
 

The optimal concentration of crude fibre in feed for ruminants 
should be 200-250 g/kg DM, and it should not exceed 280 g/kg 

DM[23].  When the amount of fibre is too high, it causes a feeling 
of satiety in animals while demand for nutrients has not been met 
because of the low content of energy-yielding nutrients.  

According to Staniak and Księżak[27] raw fibre is essential for 
proper metabolism in the gastrointestinal tract of cattle.  In a 
well-balanced feed ration the minimum amount of crude fibre for 
cattle should be 13%, and for dairy cows 18%-22%.   

Crude fibre content in the mixtures varied from year to year 
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and was differentiated depending on the type of fertilizer applied 
and the harvest (Table 5 and 6).  Regardless of the type of 
mixture, the largest fibre concentration was in the forage from the 
control (268.92 g/kg DM) and from the plot with the highest dose 
of SMS and the lowest dose of slurry (264.80 g/kg DM).  The 
lowest concentration of fibre was in the fodder form the plots 
were fertilizers were used: PP20 + G40 (252.09 g/kg DM) and 
PP10 + G60 (252.47 g/kg DM).  These differences were 
statistically significant.  The results are confirmed by other 
authors[28], who show that organic fertilizer reduces fibre content 
in fodder. 

Fibre content varied from year to year (Table 5).  Forage 

collected in the last year of the experiment (2015) had the highest 
fibre concentration (267.49 g/kg DM).  A steady increase of fibre 
content in legume-grass mixtures in successive years of the 
experiment was also shown by Sosnowski[29,30].  However, quite 
different results were obtained by Wilczek and Ćwintal[31], with the 
content of fibre in alfalfa grown on its own being reduced in 
subsequent years.  Alfalfa is a plant with a high concentration of 
fibre (230-300 g/kg DM) in comparison with other legume plants[1].  
In the present experiment a significant increase in this content 
could be due to the fact that grass was replaced by alfalfa because 
of prolonged droughts and high temperatures in the growing 
periods (Table 2). 

 

Table 5  Effects of fertilizers on fibre concentration in the dry matter (g · kg-1) 

Mixture (C) Year (B) 
Fertilizer combination (A) 

Mean 
0 PP G P10+G60 P20+G40 P30+G20 

M1 

2013 277.22 267.36 258.71 232.02 263.71 277.99 262.84 

2014 275.22 260.46 260.17 252.62 238.63 270.07 259.53 

2015 233.81 283.11 265.93 276.16 271.59 280.7 268.55 

M2 

2013 256.33 239.4 223.41 233.23 238.06 267.99 243.07 

2014 259.33 236.72 258.92 269.69 266.86 254.28 257.63 

2015 274.22 262.71 254.19 258.48 264.11 272.08 264.3 

M3 

2013 294.22 306.37 238.31 233.73 221.22 247.48 256.89 

2014 273.33 257.96 256.21 258.79 246.1 242.21 255.77 

2015 276.6 278.89 279.35 257.5 258.55 304.36 269.61 

Mean values of fertilizer effect 268.92 265.89 255.02 252.47 252.09 264.4 259.8 

Mean values for subsequent years 

2013 275.93 271.04 240.14 233 241 264.49 254.26 

2014 269.3 251.71 258.43 260.37 250.53 255.52 257.64 

2015 261.54 274.9 266.49 264.05 264.75 273.19 267.49 

LSD0.05 for: A= 3.54; B=2.05; C= 2.05;  A/C= 4.34; C/A= 3.55; B/C= 3.55; C/B= 3.55; A/B=6.13; B/A= 5.03 

Note: M1 – Dactylis glomerata, Lolium perenne, Medicago x varia T. Martyn; M2 – Dactylis glomerata, Medicago x varia T. Martyn; M3 – Lolium perenne, Medicago 
x varia T. Martyn. 
 

The high proportion of alfalfa in the yield of the mixtures, 
especially in years with a deficiency of rain, was noticed by other 
authors[23].  In addition, Jankowski and Jodełka[6] proved in their 
studies that water stress increases fibre content in white clover.  
However, it was studied by Sosnowski[29,30] that the response of 
plants to water shortage depends on the species, and the same 
author concluded that water stress results in reduced amount of 
fibre in some grass species.  Additionally, Jankowski and 
Jodełka[6] noted an increase in fibre content caused by high 
temperature. 

By analyzing fertilizer effects throughout the research (Table 
5), it was shown that in 2015, as opposed to previous years, the 
application of SMS and slurry did not result in a reduction of fibre 
content, while the use of slurry significantly increased its content 
compared to previous years.  This phenomenon may be due to the 
fact that on the plot without fertilizer the plants grew slowly due to 
drought in 2015 (Table 2).  Application of organic fertilizer 
resulted in better development of legume-grass mixtures, plants 
were stronger, taller, and contained more fibre. 

Analysing the legume-grass mixtures further (Table 6)  
discovered that regardless of the fertilization the M1 mixture with 
Dactylis glomerata, Lolium perenne, and Medicago x varia T. 
Martyn accumulated the highest amount of crude fibre, while the 
M2 mixture with Dactylis glomerata and Medicago x varia T. 
Martyn contained the least fibre (255.00 g/kg).  The differences 

between the mixtures were statistically significant.  Gaweł[3] also 
confirmed different fibre content in different alfalfa-grass mixtures. 

Taking into account different mixtures and different fertilizer 
combinations, it was found that both the first and the second 
mixture accumulated the highest amount of crude fibre after 
applying 30 t of spent mushroom substrate and 20 m3 of slurry, 
while the mixture of Lolium perenne and Medicago x varia T. 
Martyn accumulated the most fibre on the control plot (281.38 g/kg) 
and on the plot with mushroom substrate (281.07 g/kg).  In the 
case of all three mixtures the use of slurry resulted in a decrease in 
fibre content. 

By analyzing fibre content in forage from individual harvests 
(Table 6), regardless of the type of fertilizer applied, it was shown 
that its content decreased in successive harvests.  However, taking 
into account both the type of mixture and the harvest, this 
relationship was different.  Only in the mixture of Dactylis 
glomerata and Medicago x varia T. Martyn, did fibre content 
significantly decrease in subsequent harvests.  The mixture of 
Dactylis glomerata, Lolium perenne, and Medicago x varia T. 
Martyn contained the most fibre in the second harvest      
(270.20 g/kg).  In the mixture of Lolium perenne with Medicago x 
varia T. Martyn, there was the least fibre in the second harvest 
(257.59 g/kg), and the most in the third (265.62 g/kg).  The 
decrease in fibre content in subsequent harvests of legume-grass 
mixtures was also recorded by other authors[4, 28,31,32] 
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Table 6  Effects of fertilizer and harvest on fibre concentration in the dry matter (g·kg-1) 

Mixture (C) Harvest (B) 
Fertilizer combination (A) 

Mean 
0 PP G P10+G60 P20+G40 P30+G20 

M1 

I 261.78 273.58 257.30 255.49 255.62 286.75 265.09 

II 263.08 284.85 267.83 254.90 262.59 287.96 270.20 

III 261.40 252.50 259.67 250.42 255.73 254.05 255.63 

M2 

I 278.89 248.89 245.51 255.25 252.70 296.49 262.96 

II 267.33 256.70 235.33 257.11 269.28 268.36 259.02 

III 243.67 233.25 255.68 249.05 247.04 229.50 243.03 

M3 

I 288.89 287.48 257.07 222.46 242.61 255.82 259.06 

II 264.03 263.64 261.20 278.99 232.10 245.59 257.59 

III 291.23 292.10 255.60 248.57 251.16 255.07 265.62 

Mean values of species effect 

M1 262.08 270.31 261.60 253.60 257.98 276.25 263.64 

M2 263.30 246.28 245.51 253.80 256.34 264.78 255.00 

M3 281.38 281.07 257.96 250.01 241.96 252.16 260.76 

Mean values of harvest effect 

I 276.52 269.98 253.30 244.40 250.31 279.69 262.37 

II 264.81 268.39 254.79 263.67 254.65 267.30 262.27 

III 265.43 259.28 256.99 249.35 251.31 246.21 254.76 

LSD0.05 for: A= 4.29; B= 2.91; C= 1.93;  B/C= 3.70; C/B= 3.80; C/A= 3.90; A/B= 3.70; A/C=3.13; B/A= 2.17 

Note: M1 – Dactylis glomerata, Lolium perenne, Medicago x varia T. Martyn; M2 – Dactylis glomerata, Medicago x varia T. Martyn; M3 – Lolium perenne, Medicago 
x varia T. Martyn. 
 

4  Conclusions 

In the experiment the contents of total protein and crude fibre 
were dependent on the type of fertilizer and the type of mixture.  
Regardless of the type of mixture, forage from the plots with    
20 t/hm2 of mushroom substrate and 40 m3/hm2 of slurry had the 
best nutritional value, with the highest amount of total protein.  
The contents of protein and crude fibre in the forage were more 
favourably affected by slurry than by spent mushroom substrate.  
Out of the mixtures from all plots, regardless of the type of 
fertilizer, the mixture consisting of Lolium perenne and Medicago x 
varia T. Martyn contained the highest content of protein.  Fodder 
from this mixture from the plot with 10 t/hm2 spent mushroom 
substrate with 60 m3 of slurry contained the highest amount of 
protein. 
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