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1. Introduction 

Nowadays there is an increasing need for ecological restoration, the process of assisting the 

recovery of an ecosystem that has been degraded, damaged, or destroyed in order to stop biodiversity 

loss (Aichi Target 15: SCBD 2011; Aronson and Alexander 2013). In recent decades semi-natural 

habitats, among others dry grasslands have become strongly reduced and fragmented due to the 

intensification of agricultural production and land use (Pereira et al. 2012; Török et al. 2018b), which 

justifies the extension of restoration of semi-natural habitats to a larger scale. To compensate for the 

large decline of natural areas, it is proposed to extend restoration from agricultural and semi-natural 

areas to urban and industrial sites (Klaus 2013). 

Widespread use of seeds of native species and broadening of knowledge on the survival of seeds 

are essential for the extension of habitat restoration for large-scale (Merritt and Dixon 2011). However, 

there are many difficulties in achieving this. One of the most important limiting factors is the lack of 

seed market of native species in Hungary. The use of native species stored in ex situ seed banks for 

habitat restoration can be a solution to this problem (Merritt and Dixon 2011). Another limitation of 

restoration is the scattered knowledge on germination capacity and early life stages of native plant species 

(James et al. 2011; Larson et al. 2015). This knowledge is essential for estimating the establishment 

success of seeded species and the required sowing rates. 

A prerequisite of successful restoration is the availability of propagules of target species. 

Spontaneous succession is often hindered by the lack of seeds of target species due to the depletion of soil 

seed bank and limited seed dispersal in fragmented landscapes (Bakker and Berendse 1999). These 

limitations can be overcome by several seed introduction methods, among others seeding or hay transfer 

that accelerate the succession and can contribute to the development of the target habitat (Hedberg and 

Kotowski 2010; Kiehl et al. 2010; Török et al. 2011). Hay transfer can significantly increase species 

richness, protect seedlings and suppress the cover of early weed species (Kiehl et al. 2010; Török et 

al. 2011). Sowing of seed mixture can ensure the rapid establishment of a dense vegetation cover, 

suppress the cover of invasive and weed species and reduce the risk of erosion (Török et al. 2011). 

Sowing of a single or a few dominant matrix species can be a solution for the paucity of the native 

seed market (Török et al. 2018a).  

2. Aims 

Effect of seed quality on in situ field establishment  

I studied first the germination and second year field establishment of some native species 

introduced by sowing or transferred hay in the frame of the reconstruction of semi-natural vegetation 

at the Lego factory in Nyíregyháza. The following questions were addressed: 1) For which species is 
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cold-stratification necessary to break dormancy of seeds? 2) Is there a positive correlation between 

germination and second year in situ establishment? 3) What is the amount of seeds of the target 

species provided by hay transfer (hay and mulch)? (4) How similar is the species composition of 

germinated hay samples to the species composition established in the field? 

In a second research, I studied the effect of short-term storage of seeds on the in situ 

establishment of ten sandy species in the frame of the Pannon Seed Bank project. I tested the survival 

success of plants after reintroduction from the seed accessions of the Pannon Seed Bank at an 

abandoned arable field in Fülöpháza. My questions were: (5) How does the short-term storage (0-2 

years) of seeds affect the first and second-year survival of the studied species? (6) How does the 

sowing year (2011-2013) influence the first- and second-year survival success of the species?  

Effectiveness of different seed introduction methods in dry grassland restoration 

In the second chapter, I studied the effectiveness of different seed introduction methods 

(sowing of commercial seed mixture; sowing of seeds of a single dominant species and hay transfer) 

in the reconstruction of semi-natural grassland vegetation at an urban-industrial area, Nyíregyháza, 

Hungary. First, I examined the temporal changes of the vegetation composition of restored sites 

(combining all treatments) in comparison with two types of control (an extensive park grassland and 

a non-seeded control site) and with primary open and closed reference sites. My questions were: (7) 

Does the developmental trajectory of restored vegetation point towards the reference grasslands? (8) 

How does the total cover and the species number of restored vegetation change due to seed 

introduction compared to control and reference sites? 

In a final study, I compared the results of the three seed introduction methods (sowing of 

commercial seed mixture; seeds of a single dominant species and hay transfer) to different reference 

grasslands: open and closed primary (semi-natural) and secondary (old-field) references. I formulated 

the following questions: (9) What differences can be detected between the different seed introduction 

methods and the reference areas in terms of species composition, species richness and total cover of 

vegetation in the third year after treatment? (10) Do treatments differ regarding the naturalness of the 

resulting vegetation?  

3. Material and Methods 

Reconstruction of semi-natural grassland vegetation at LEGO factory  

Part of my research was related to the reconstruction of semi-natural grassland vegetation at 

the Lego factory in Nyíregyháza, Hungary. The restoration of sandy grassland started from 2014 

using different sowing and hay transfer on 15 hectares. I compared the development of restored 
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grasslands with open and closed primary (semi-natural) and secondary grasslands (old-field), and 

with two types of control sites (an extensive park grassland and a non-seeded control site). The study 

sites were monitored by 5 random 2 m x 2 m coenological quadrats. The restored grasslands were 

monitored in the period 2014-2017, control areas in two years (2015-2016) and reference areas at one 

time each (2015; 2016; 2017).  

For the comparison of germination success and second year field establishment I studied 

laboratory germination of 8 x 100 seeds of 12 native sandy species with and without cold-

stratification. I estimated the seed content of transferred hay (hay as seed transfer and mulch as soil 

cover) by ex situ field germination based on the number of germinated species. I compared the 

germination with second year field establishment based on cover data of coenological quadrats. The 

effect of cold-stratification on germination was analysed by linear model. Correlation of germination 

with second year field establishment was studied by Pearson correlation in case of seed germination 

with or without cold-stratification, while by Spearman correlation in case of germination from 

transferred hay. 

The effectiveness of different seed introduction methods was examined in two steps. In the 

first step, I studied the temporal changes (in the first two years) of the vegetation composition of 

restored sites (combining all treatments) in comparison with control and primary open and closed 

reference sites by principal component analysis (PCA). I used generalized linear mixed model 

(GLMM) for the comparison of total cover and species richness between study sites. In the second 

step, I compared the three-year old vegetation composition, total cover, species richness and social 

behaviour types as a result of the three seed introduction methods (sowing of commercial seed 

mixture; seeds of a single dominant species and hay transfer) to primary and secondary reference 

sites. I analysed the vegetation composition by non-metric multidimensional scaling (NMDS) and 

analysis of similarities (ANOSIM). I used generalized linear mixed model (GLMM) to compare total 

cover, species richness and naturalness between study sites.  

Effect of seed storage on in situ field establishment in Fülöpháza 

The other part of my research was related to the Pannon Seed Bank project (LIFE08 

NAT/H/000288). I tested the applicability of seed accessions of the Pannon Seed Bank for 

reintroduction at an abandoned field in Fülöpháza with the aim to restore sandy grassland. Ten native 

sandy species were seeded after 0 to 2 years of storage in the seed bank in three consecutive years 

(2011-2013). I monitored each seeding with 5 replicates for 2 years along 2 m x 25 m transects by 

counting the number of seedlings and established individuals. I used linear mixed models (lmer) to 

analyse the effects of seed storage and sowing year on the survival of studied species. 
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4. New scientific results 

Effect of seed quality on in situ field establishment 

(1) Cold-stratification was important to break dormancy for one dicot (Silene vulgaris) of the 12 

species studied in laboratory germination test. Cold-stratification decreased significantly the 

germination capacity of all studied grass species. 

(2) Positive correlation was detected between laboratory germination (with or without cold 

stratification) and second-year field establishment. 

(3) Tranferred hay (hay and mulch) provided low amount of seeds of target species based on the 

hay germination test. 

(4) Despite the low seed content of tranferred hay, vegetation of restored sites in the second year 

after hay transfer had high total cover. 

(5) The storage of seeds had no significant effect on the survival rate of studied species. My study 

confirmed that short-term seed storage does not reduce the applicability of seeds of native species in 

restoration. 

(6) I have found that the weather of the sowing year and the following years had a significant role 

in the survival of seeded sandy grassland species. 

Effectiveness of different seed introduction methods in dry grassland restoration 

 (7) The vegetation of restored parcels became similar to the reference grasslands in two years 

after seed introduction, while became different from that of control areas. 

 (8) Seed introduction methods significantly increased the total cover and the species richness of 

restored sites compared to baseline vegetation in the industrial area. 

(9) In three years the restored vegetation in the industrial area reached a state similar to that of 

non-restored, abandoned agricultural fields of over 30 years in terms of vegetation composition, cover 

and species richness. Sowing of commercial seed mixture and of a single dominant species resulted 

in similar cover, whereas seeding of commercial seed mixture and hay transfer resulted in similar 

species richness to reference grasslands.  

(10) The cover of natural constituents of seeded plots reached that of reference grasslands, while 

hay addition resulted in lower cover, but higher number of natural constituents.  

5. Conclusion 

The aim of my doctoral dissertation was to study the effect of seed quality (stored or non-

stored seeds and hay) and different seed introduction methods (hay transfer, sowing of commercial 

seed mixture and seeds of a single dominant species) on in situ establishment of species in restored 
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dry grassland. My reseach contributes to our knowledge of the germination capacity of some native 

plant species, supports the applicability of seeds of native species after short-term storage in ex situ 

seed bank for restoration, and provides new insights into the relationship between the seed content of 

the transferred hay and the vegetation composition of the two-year old restored sites. In the study of 

the effectiveness of the different seed introduction methods, I proved that these methods can be used 

in urban-industrial area for the restoration of native grasslands. Based on my main results and 

conclusions, I have prepared a list of suggestions for the practical utilization of my results obtained 

during experimental restoration of sand grasslands. 

Based on the positive correlation between laboratory germination and second-year field 

establishment, I recommend preliminary testing of germination capacity of dominant species to 

estimate establishment success and the required seed quantity. Performance of species with low 

germination capability in the laboratory is very hard to predict in the field. In such cases, it can be further 

investigated whether multiple repeated germination tests based on a higher sample number can be a 

solution for a better estimation of germination ability. It is also recommended to test other methods than 

cold stratification to break the dormancy to achieve a higher germination percentage. Field establishment 

could not be estimated by preliminary germination of transferred hay (hay and mulch). The selection 

of donor sites, the timing of the hay collection and the application of fresh hay can improve the 

efficiency of seed introduction. Further monitoring of restored grasslands may shed light on how later 

germinating species (third, fourth year) can enrich the species composition (Kiehl et al. 2010). With 

my research I proved that short-term storage of seeds does not reduce the success of the studied sandy 

species in grassland restoration. My results support the importance of seed banks in biodiversity 

conservation and ecological restoration (Merrit and Dixon 2011). Based on my results, the lack of 

seeds due to weak seed yields and the paucity of the native seed market can be bridged by using stored 

seeds. I proved that the weather of the sowing year and the following years had a significant role in 

the survival of seeded sandy grassland species. Among others, high temperatures, high precipitation 

and the impact of drought have proved to be decisive. To eliminate the negative impacts of weather 

and to increase the restoration success, scheduled seed introduction over several years is 

recommended.  

In the second part of my dissertation, I studied the effectiveness of different seed introduction 

methods (sowing of commercial seed mixture; seeds of a single dominant species and hay transfer) 

in the restoration of sandy grassland at an urban-industrial area. The vegetation of restored parcels 

became similar to the reference grasslands in two years after seed introduction, while became 

different from that of control areas. In three years the restored vegetation in the industrial area reached 

a state similar to that of non-restored, abandoned agricultural fields of over 30 years in terms of 
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species composition, cover and species richness and naturalness. I produced a guideline helping to 

select the most appropriate seed introduction methods taking into account different priorities 

(treatment effort, cost effectiveness, shortage of local propagules). 

The potential of unused urban-industrial areas for enhancing biodiversity is widely ignored, 

although their restoration could be very important for nature conservation (Klaus 2013) and green 

infrastructure development (Hostetler et al. 2011). Based on my results, the restoration of native dry 

grasslands at urban-industrial areas is encouraging, the dispersion constraints can be successfully 

bridged by using different seed introduction methods. Finally, I conclude that the revegetation of 

unused agricultural (old-fields) or urban-industrial sites with native species opens up a new 

perspective for habitat restoration and the resulting rapid increase in biodiversity can contribute to 

the development of the European green infrastructure network. 
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