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Abstract: Legumes are one of the major nitrogen sources in arable organic farms. Often the aboveground mass of perennial legume is used 

for green manure. The study was aimed to explore the aboveground mass of perennial legumes and their mixtures with festulolium, used as 

mulch, to estimate soil mineral N variation under organic cropping conditions. The perennial legumes (Trifolium pratense L., Medicago 

sativa L.) and their mixtures with festulolium (x Festuliolium) and their aboveground mass management methods: removed from the field 

(cut twice for forage), mixed management (the first cut – removed from the field, the second and third cuts – mulched), mulching (4 times) in 

organic arable farming system were applied. After ploughing up of mulches, the dynamics of soil mineral nitrogen content depended on the 

incorporated carbon and nitrogen of mulch, its C/N and meteorological conditions during the whole vegetation period. The compatibility of 

nitrogen release from incorporated organic matter and cereal nitrogen demand was established not every years. The amount of soil mineral 

N in the autumn can be controlled by growing mixtures of legumes and festulolium and by incorporating a limited amount of mulch into the 

soil. 
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1. Introduction 
 

Many scientists in European countries suggest using flexible 

technological units in organic farms: enriching biodiversity, 

mobilizing nutrients (nitrogen), incorporating them into the 

metabolic cycle of biogenic elements within the agro-system, 

reducing nutrient (especially nitrogen) leaching, halting soil 

degradation, humus depletion, promoting natural biological 

processes and effectively balancing organic carbon and nitrogen 

metabolism in fields [4, 7, 5]. This is very important in crop farms, 

where most of the nutrients are removed from the farm with the 

produce sold and the use of legumes is limited. Numerous studies 

have been carried out using legumes as a green fertilizer, thus 

enriching the soil with low-cost symbiotic nitrogen [6, 9]. This type 

of nitrogen is still underutilized and used inefficiently [1, 3, 10]. 

However, there is considerable amount of data in literature on the 

rapid mineralization of legume biomass [2, 3, 8] and the potential 

for nitrogen to leach into groundwater [10, 12]. The more 

intensively the incorporated organic matter decomposes, the more 

mineral nitrogen accumulates in the soil [1]. If it is not bound into 

soil organic compounds at that time or is not absorbed by growing 

plants, nitrogen losses can occur in early spring or late autumn.  

The aim of this study was to examine the chemical 

composition, the mineralization intensity and the influence on 

mineral soil nitrogen of aboveground mass mulch of perennial 

legume herbage and their mixes with festulolium in clay loam soils. 

 

2. Materials and methods 
 

 Three similar field experiments were done in the northern part of 

Central Lithuania’s lowland at the Lithuanian Research Centre for 

Agriculture and Forestry’s Joniškėlis Experimental Station 

(56o21′N, 24o10′E) in 2008-2009 (I experiment),  2009-2010 (II 

experiment), and 2010-2011 (I experiment). The parental rock of 

the experimental site is limnoglacial clay on morenic loam, 

according to the current classification – Endocalcari 

Endohypogleyic Cambisol, Cmg-n-w-can (WRB 2015). The soil 

texture is clay loam (at a depth of 0–25 cm) on silty clay (at a depth 

of 26–76 cm) with deeper lying sandy loam (at a depth of 77–135 

cm). The topsoil (0–25 cm) pH is close to neutral, medium in 

phosphorus, high in potassium and moderate in humus.   

Experimental designs and details. The experiments were 

conducted in the following crop rotation sequence: legume and 

legume-festulolium mixtures → winter wheat (Triticum aestivum 

L.).  Design of field experiment: Factor A. Legume and legume-

festulolium mixtures: 1) festulolium ( x Festuliolium), Fl; 2) red 

clover (Trifolium pratense L.), RC; 3) mixture of red clover and 

festulolium, RD+Fl; 4) lucerne (Medicago sativa L.), L; 5) mixture 

of lucerne and festulolium, L+Fl. Factor B. Management methods 

of the aboveground mass of perennial grasses: 1) removed from the 

field (cut twice for forage), 2R; 2) mixed management (the herbage 

of the first cut was removed from the field, the herbage of the 

second and third cuts was mulched), R-2M; 3) mulching (herbage 

was cut four times and mulched), 4M. Control treatment were Fl, 

aboveground mass removed from the field. The experimental plots 

were laid out in a randomised complete two-factor block design in 

four replicates. In 2008, 2009 and 2010, year of forage grasses 

cultivation, herbage were cut for forage at flowering stage, for 

mulching at bud formation stage. Herbage for green manure 

(mulch) was cut by a self-propelled mower, equipped with a 

mulching device. In the end of August mulch mass was 

incorporated by a disk cultivator at 10 cm depth before ploughing at 

25 cm depth. In the first year after perennial grasses and their mulch 

incorporation, winter wheat, was grown. In field experiments, the 

plants were grown according to organic farming standards.  

Sampling and analysis of plant and soil. The aboveground 

mass of perennial grasses of each cut were measured.  After plant 

mass weighing, the dry matter was determined (dried to constant 

mass at 105 ° C) and the aboveground mass of perennial grasses 

was calculated. All plant samples were dried, milled and analysed 

for: carbon (C) content by wet chemistry dichromate oxidation 

method spectrophotometrically at wavelength of 590 nm and using 

glucose as a standard; nitrogen (N) content (by Kjeldahl method). 

Soil mineral N was measured 3 times during the experimental 

period: in the first year before ploughing-in of perennial grasses and 

after ploughing-in – in late autumn; in the second years – in spring  

when the winter wheat vegetation renewed (N–NO3 by ionometric 

and NH4  by spectrophotometric methods). Samples for soil mineral 

N (N-NO3 + N-NH4) analyses – in 1mol L-1 KCl extract, w/v ratio 

1:5 was collected from 0-60 cm layer. The meteorological 

conditions of the study periods are presented in Table 1. The data 

were statistically processed using a two-factor analysis of variance 

as well as correlation and regression methods [11]. The data of the 

experiment were analyzed when the factual Fisher criterion (Ffact.) 

was higher than the theoretical one (Ftheor.). The significance of 

differences between the means (control and individual treatments) 

was estimated according to the least significant difference (LSD) at 

the 0.05 and 0.01 probability levels. 

 

3. Results and discussion 
 

3.1. Characteristic of herb mulches 

 
Maximum aboveground mass yield was of forage legume-

festulolium mixture (I and II experiments) or of lucerne and 
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Table1. The meteorological conditions of the study periods   

Periods Description of periods 

 

Experiment I 

2008-2009 

Sum of active temperatures in summer was 1519.3 ºC and in autumn - 305.6 ºC. August and October were months of 

excess moisture, October and November were unusually warm. Winter did not start immediately, November and early 

December were changeable. Above zero temperatures (<0 °C) lasted until 13 December, 2008. Winter was warmer than 

the standard climate rate (average data for 30 years) and December was abnormally humid. Winter had one extended 

warm (>0 °C) period (21-26 January). March was very changeable, with positive mean daily temperature (>0 °C) 

stabilizing since 29 March. 

Experiment II 

2009-2010 

Sum of active temperatures in summer was 1429.8 ºC and in autumn - 393.1 ºC. June, July and October were months of 

excess moisture. September and November were significantly warmer compared to the standard climate rate. Mean 

daily temperature dropped below 0 ºC on 11 December. Winter was close to the standard climate rate, with more 

pronounced deviations: December - changeable and humid, January - very cold. The mean daily temperature rose above 

0 ºC on 19 March. 

Experiment III 

2010-2011 

Sum of active temperatures in summer was 1767.6 ºC and in autumn - 319.0 ºC. Precipitation during the summer was 

optimal and mean daily temperatures were significantly higher than the standard climate rate. Autumn was dry except 

for the humid and unusually warm November. The constant negative mean daily temperature (<0 °C) was recorded on 

25 November. Winter was close to the standard climate rate, December and February - unusually cold. Winter had one 

extended warm (>0 °C) period (1-8 February). March was changeable with very little precipitation. Positive mean daily 

temperatures (>0°C) were recorded only from 31 March. 

  

lucerne-festulolium mixture (III experiments). This determined the 

mass of mulch that was incorporated into the soil in late summer (as 

green manure). It was determined that in case of mixed 

management of legumes and their mixtures with festulolium, the 

weight used for mulch was 3532-5749 kg DM ha-1 and in case of 

mulching - 5683-8208 kg DM ha-1 (data not show). The amounts of 

carbon (C) and nitrogen (N) accumulated in herbage mulch are 

shown in Table 2. The species and management methods of 

aboveground mass of perennial grasses had significant impact (p 

<0.01) on changes in these (C and N) indicators. The mixed 

management of legumes and their mixtures with festulolium 

resulted in a mulch yield of 1832 to 2987 kg C ha-1 for all study 

periods. In Experiment II (2009-2010) the largest amount of C was 

accumulated in red clover and red clover-festulolium mulch, in 

Experiment III (2010-2011) - in lucerne and lucerne-festulolium 

mixture and in Experiment I (2008-2009) - the amounts varied little 

between plant species. When applying mulching method to the mass 

of legumes and legumes-festulolium, the carbon content was from 

2969 to 4577 kg ha-1. The largest 

amount of carbon in herbage mulch was accumulated when 

applying the mulching method of aboveground mass of red clover 

and red clover-festulolium. In Experiment III, the amount of carbon 

was the least and did not differ between species of legumes and 

legumes-festulolium mulch. The lowest amount of carbon was 

found in festulolium mulch, regardless of the type of management 

of the aboveground mass. 

In legume and legume-festulolium mulch, nitrogen accumulation 

was significantly higher than in festulolium mulch. According to 

mean values, mulching perennial grass mass yields 1.7 times more 

nitrogen accumulation than using mixed management. This value 

was lower (1.3) in Experiment III. Most of the nitrogen was 

accumulated in pure legume mulch, using a combination of mixed 

management and mulching techniques of aboveground mass (except 

II experiment). Red clover-festulolium mulch had 34-49 kg ha-1 and 

31-35 kg ha-1 less nitrogen, lucerne-festulolium mulch had 12-35 kg 

ha-1 and 34-71 kg ha-1 less nitrogen than pure legume mulch using 

mixed and mulching management methods, respectively. 

 

Table 2. The amount of carbon and nitrogen in the mulch of perennial forage legumes and their mixtures with festulolium 

Legume 

and 

legume-

festulolium 

mixture (A) 

Management methods of parennial grassses (B) 

R-2M 4M R-2M 4M R-2M 4M R-2M 4M R-2M 4M R-2M 4M 

Carbon (kg ha-1) Nitrogen (kg ha-1) / C and N ratio 

I experiment 

2008-2009 

II experiment 

2009-2010 

III experiment 

2010-2011 

I experiment 

2008-2009 

II experiment 

2009-2010 

III experiment 

2010-2011 

Fs 1042 2419 778 2340 933 2237 30/35 55/44 24/32 62/38 28/33 57/39 

RC 2703 4367 2357 4082 2460 3424 148/18 254/17 153/15 269/15 149/17 211/16 

RC+Fs 2488 4577 2410 4173 2034 3540 114/22 219/21 114/21 238/18 100/20 177/20 

L 2483 3634 2141 2969 2987 3446 149/17 250/15 151/14 216/14 172/17 230/15 

L+Fs 2500 4039 1832 3455 2840 3472 121/21 195/21 116/16 182/19 160/18 159/22 

Mean  2243 3807 1904 3404 2251 3224 112/22 195/23 112/20 193/21 122/21 167/22 

Note: Fl – festulolium; RC – red clover; RC+Fl – red clover + festulolium; L – lucerne; L+Fl – lucerne + festulolium;  R-2M  - mixed 

management, 4M  - mulching.  

 

3.2. Mineralization of herb mulches 
 

The decomposition intensity of herbage mulch applied to the soil 

surface was determined by the C/N ratio. The highest value of this 

indicator was in festulolium mulch. The C/N value of herbage 

mulch decreased while increasing number of mulches (mulching 

method). Comparison of different legume species showed that C/N 

value of lucerne mulch was slightly lower than that of red clover 

mulch. The C/N value of the legume-festulolium mulch increased 

from 14 to 22. This indicator was slightly lower in Experiment II. 

During plant growing period, when spread on the soil surface, the 

herbage mulch decomposed, its weight, carbon and nitrogen content 

 

 

 

decreased. According to mean values, mulch has a greater reduction  

in carbon (from 51.2 to 65.0%) than nitrogen (from 15.8 to 46.8%). 

After comparing perennial grass aboveground mass utilization 

methods, it was found that mulching resulted in a significant 

reduction in carbon and nitrogen content in the mulch in 

comparison to applying mixed management. Organic nitrogen 

compounds decomposed the least in festulolium mulch. In red 

clover mulch, the nitrogen content decreased similarly using both 

mixed and mulching management. In the lucerne mulch, the 

decomposition of nitrogen compounds had ambiguous values. 
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3.3. Soil mineral N 
 

At the end of summer, the amount of soil mineral N in the soil layer 

of 0-60 cm was determined before the grass plowing and mulch 

incorporation (Table 3). In different experiments, changes in soil 

mineral N were ambiguous. In Experiment I, leguminous and their 

mixtures with festulolium resulted in an increase in the soil mineral 

N content, and the management methods of aboveground mass had 

no significant effect. Red clover, red clover-festulolium mixture and 

lucerne significantly increased soil mineral 

N compared to festulolium. In Experiment II, the mixed 

management of aboveground mass significantly increased the soil 

mineral N content. Legumes tended to increase soil mineral N, and 

their mixtures with festulolium - to decrease. Most soil mineral N in 

0-60 cm layer was in Experiment III. Here, the increase of soil 

mineral N content was positively influenced by legumes, legume-

festulolium mixtures and mulching of their aboveground mass. The 

most of soil mineral N was found after mixed management of 

aboveground mass of red clover, lucerne and their mixtures with 

festulolium. 

  

Table 3. The effect of perennial grasses and their mulches, used for green manure, on mineral N in soil (0-60 layer) 

Legume and 

legume-

festulolium 

mixture (A) 

Management methods of parennial grassses (B) 

2R R-2M 4M 2R R-2M 4M 2R R-2M 4M 

I experiment (2008-2009)  II experiment (2009-2010) III experiment (2010-2011) 

Before legume and legume-festulolium mixtures ploughing in late summer 

Fs 27.1 33.6 30.6 20.7 45.4** 33.2 31.8 36.0* 39.1* 

RC 40.6* 43.2** 38.1* 34.6 35.3* 37.6* 41.7* 43.5** 38.1 

RC+Fs 33.8 41.2** 37.7* 33.3 32.0 29.6 42.5* 45.5** 37.8* 

L 34.5 37.8*  38.5* 23.3 49.3** 31.8 35.5* 48.1** 37.3* 

L+Fs 33.9 35.3 38.6* 22.9 29.0 30.6 31.8 42.7** 37.1* 

LSD05AxB   10.03   14.37   3.03 

 After perennial legumes ploughing in late autumn 

Fs 34.1 38.9 45.7 24.5 24.3 21.0 26.3 39.5 44.6* 

RC 69.4 50.5 59.1 39.9* 40.7* 36.0 92.1** 56.8* 100.8** 

RC+Fs 43.4 69.2 68.7 34.6 38.4 33.8 93.2** 73.4** 78.7** 

L 66.5 45.1 77.4* 37.2 33.2 31.3 68.3** 75.7** 120.2** 

L+Fs 52.9 49.1 72.6* 30.1 35.9 34.1 76.9** 58.2* 69.7* 

LSD05AxB   35.53   14.07   17.09 

 In spring 

Fs 37.1 37.0 44.1 41.0 45.6 44.3 39.1 55.3* 53.4* 

RC 49.3 60.3** 57.3* 66.5* 66.2* 68.1** 54.3* 65.7** 61.3** 

RC+Fs 43.1 46.7 50.5 64.8* 63.8* 67.3** 52.4* 55.6* 60.7** 

L 46.4 53.8* 64.2** 67.6* 71.4** 63.5* 53.7* 67.7** 56.2* 

L+Fs 43.4 52.7* 70.3** 57.5 62.6* 63.5* 51.5* 61.1** 56.9* 

LSD05AxB   15.20   18.37   12.26 

Note: Fl – festulolium; RC – red clover; RC+Fl – red clover + festulolium; L – lucerne; L+Fl – lucerne + festulolium;  R-2M  - mixed 

management, 4M  - mulching.  

 

After plowing the perennial grasses and mulch, winter wheat 

was sown. In late autumn, at the end of winter wheat growing 

period, soil mineral N content increased by 54.8% and 79.9% ( I 

and III experiment), respectively, compared with the data before the 

plowing of perennial grasses. Increase in soil mineral N during non-

growing season is a negative phenomenon. According to data 

collected during Experiment I, the most significant increase in the 

amount of soil mineral N was influenced by mulching management 

of whole aboveground mass of perennial grasses and the 

incorporation of this mulch into the soil. In this experiment, the 

following patterns of mineral N increase were observed: after the 

removal of the aboveground mass from the field - after legumes, 

using mixed management - after red clover and its mixture with 

festulolium and mulching - after lucerne and its mixture with 

festulolium. The maximum soil mineral N content was determined 

during Experiment III. Here, the variation in soil mineral N was 

significantly influenced by the interaction between perennial 

grasses and their aboveground mass utilization. Soil mineral N was 

reduced by the use of mixed management of aboveground mass and 

the cultivation of legumes in a mixture with festulolium. Soil 

mineral N was the most abundant when legume mulch was 

incorporated into the soil (mulching method). Experiment II showed 

little change in soil mineral N compared to period before grass 

plowing.  

When the growing season started in spring, soil mineral N 

increased (II experiment), decreased (III experiment) or remained 

slightly unchanged (I experiment) compared to autumn data (mean 

data). The soil mineral N content in spring indicates the N reserve 

for initial growing period of cereals. The soil mineral N content was 

significantly influenced by both investigated factors and their 

interaction. In Experiment I, the amount of mineral N decreased the 

most significantly: after the herbage was removed from the field - 

after legumes and mulching - after use of all grasses, compared to 

similar data in late autumn. The largest content of soil mineral N 

was after red clover, lucerne, their mixture with festulolium, using 

mixed and mulching management methods of aboveground mass. 

According to data collected during Experiment II, all leguminous 

and their mixtures with festulolium, regardless of aboveground 

mass management methods, increased soil mineral N content. In 

Experiment III, the amount of soil mineral N increased after 

festulolium, irrespective of their aboveground mass management. 

As in Experiment I, the most significant reduction in the amount of 
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soil mineral N was when the grass was removed from the field and 

mulching was applied. Aboveground mass management methods 

had no significant impact.  

Statistical analysis showed that soil mineral N correlated 

directly with C and N accumulated in herbage mulch. As these rates 

increased, soil mineral N increased in late autumn (r = 0.73, p < 

0.05; r = 0.73, p < 0.05 Experiment I and r = 0.72, p < 0.05; r = 

0.85, p < 0.01 Experiment III) and early spring (only in Experiment 

I r = 0.66, p < 0.05, r = 0.75, p < 0.05). According to data collected 

in Experiment II, nitrogen content in herbage mulch significantly 

positively correlated with soil mineral N in early spring (r = 0.77, p 

< 0.01). The decomposition intensity of herbage mulch incorporated 

into the soil was demonstrated by the C/N rate in mulch and its 

influence on the dynamics of variation of soil mineral N. According 

to data collected in Experiment I, as the C/N value of herbage 

mulch decreased, the amount of soil mineral N increased in late 

summer and early spring (r = –0.79, p < 0.01, r = –0.69, p < 0.05 

respectively). It can be argued that the mineralization of herbage 

mulch started relatively early. High levels of soil mineral N 

accumulated in late autumn, which was also influenced by 

meteorological conditions. In Experiment II, the dependence of soil 

mineral N on the C/N ratio of herbage mulch was more consistent. 

As the C/N value of herbage mulch decreased, the amount of soil 

mineral N increased in late autumn and early spring (r = –0.83, p < 

0.01, r = –0.95, p < 0.01 respectively). The influence of C/N in 

herbage mulch on soil mineral N variation was the weakest in 

Experiment III. Here, the C/N rate in mulch negatively correlated 

with the soil mineral N only in late fall (r = –0.70, p < 0.05). Further 

changes in mineral N content may have been affected by 

meteorological conditions. 

 

4.  Conclusion  
 

Summarizing the data, it can be concluded that high soil mineral N 

content in late autumn may lead to N losses and decrease of N 

content in spring. The amount of soil mineral N in the autumn can 

be controlled (reduced) by growing mixtures of legumes and 

festulolium and by incorporating a limited amount of mulch into the 

soil. 
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