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Background and Purpose: In Hungary the black locust (Robinia pseudoacacia L.) can be considered 
as the most important fast-growing stand-forming exotic tree species. Due to its favourite growing 
technological characteristics as well as its wood utilization possibilities the present area occupied 
by black locust stands amounts to 460 thousand hectares. Of its growing districts Nyírség (North-
East Hungary) has a distinguished importance where the area of black locust stands is appr. 22 700 
hectares. The Nyírség region can also be considered as one of the best black locust growing regions in 
the Carpathian basin. To determine their growth rate and yield as exact as possible a local numerical 
yield table has been constructed on the basis of surveys of the experimental plots established in pure, 
managed black locust stands.

Material and Methods: The local black locust yield table was constructed from data gathered on 
105 sampling plots with average area of 1 000 m2. The total area of the experimental plots was 
9.295 ha. In the course of the stand surveys the key stand characteristics were measured, and then, 
on the basis of data collected, were calculated the average height, diameter (DBH), volume, basal 
area and stem number given separately for the main (remaining), secondary (removal) and total 
stands per hectare.    

Results and Conclusion: Black locust yield table presented in this paper is the first local one in the 
history of the Hungarian black locust research. The programmable editing procedure allows extension 
and formal change of information content of the yield table according to different demands. This 
type of yield tables (standards) somewhat reflects the local growing-technological (forest tending) 
characteristics better way, on the other hand refer to the trend of quality and quantity changing of 
black locust stands growing in a given area. 
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INTRODUCTION

Black locust (Robinia pseudoacacia L.) was 
introduced to Europe from its natural range 
in south-eastern United States more than 300 
years ago. It has been well adapted for growth 
in a wide variety of ecological conditions and 
planted throughout the world from temperate 
to subtropical areas. It is fast growing, excellent 
coppicing, drought tolerant, has high survival 
rates and yield as well as very hard durable wood. 
Due to its symbiosis with the nitrogen fixing 
bacteria, Rhizobium sp. black locust is capable 
of colonising very low nutrient substrates. 
Black locust is also a promising tree species for 
short rotation forestry (SRF) including energy 
plantations. The development of an integrated 
landscape includes forests, agricultural fields and 
shelterbelts. In these cases afforestation with 
black locust is focused on improving the natural 
environment and the living conditions of the 
population as well [1, 2].

In Hungary, black locust has played a role of 
great importance in the forest management for 
more than 280 years, covering approximately 
24% of the forested area (460 000 ha)  and 
providing about 20% of the annual timber output 
of the country. Being aware of the importance 
of black locust, forest research in Hungary has 
been engaged in resolving various problems of 
black locust management for a long time, and 
numerous research results have already been 
implemented in the practice [3-8]. In the country 
in the lowlands characterized with forest steppe 
climatic type, the annual precipitation is not 
more than 500 mm, most of which is outside 
the growing season. Thus, drought is a frequent 
phenomenon in the summer period coupled with 
very high atmospheric temperatures. Due to 
these facts about 40% of the black locust stands 
in Hungary grow under marginal site conditions 
[9, 10]. Several countries have started research 
programmes on improving black locust wood 
quality and/or increasing production of biomass 
for energy purpose. Black locust has also been 
considered as a promising tree species for animal 
feeding and for recultivation of drying out 
devastated lands as well as nectar production. 

At present, black locust breeding and 
improvement is undertaken in the United States 
[11, 12] Greece [13], Germany [14, 15], Slovakia 
[16], Poland [17], Turkey [18], India [19, 20], 
China [21] and South Korea [22]. Increasingly 
number of countries are interested in black 
locust improvement and management paying 
special attention to its response to climate 
change effects. In the future there are two 
regions where the fast spread of black locust 
can be expected. In Europe the Mediterranean 
countries (Italy, Greece and Turkey), while in 
Asia China and Korea may become the most 
prominent black locust growers [23].

On the other hand it can be said that the 
literature reviews related to the yield and above 
ground dendromass of black locust stands 
have primarily domestic aspects [3, 24-27] with 
moderate international communication [28-
31].

Materials and methods

The Nyírség black locust growing district 
can be found in the north-eastern part of 
Hungary. The main ecological conditions of 
the region: forest-steppe climate where the 
relative air humidity between 50 and 55%, 
hydrology: free draining, dominant soil type: 
humus sand soil, annual precipitation varies 
between 500 and 550 mm. One of the main 
characteristics of the region is the large 
temperature fluctuation which is a very typical 
feature of the continental climate. Besides 
the cold winters and hot summers the daily 
variation is also very significant factor.

The yield table was constructed from data 
gathered on 105 subcompartments (sampling 
plots) (Figure 1). The sampling plots in pure, 
managed black locust stands were square 
shaped, their area 1 000 m2 on average and 
their boundaries were marked by lasting white 
paint. The total area of the experimental plots 
was 9.295 ha. The following parameters were 
measured in the plots: number of stems, tree 
height, dbh (diameter at breast height) over 
bark. We classified each tree according to 
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their height (1-4) and tending operation (1-3) 
classes.

On the basis of data, the average height, 
diameter (DBH), volume (V), basal area (G) and 
stem number (N) were calculated separately 
for the main (remaining), secondary (removal) 
and total stands per hectare. 

Stem volume was estimated by the follo-
wing volume function (Sopp-Kolozs, 2000) 
[27]: 

where
 is stem volume (m3),
 is diameter at breast height (cm), 
 is tree height (m).

In the course of separating the main (remai-
ning) and secondary (removal) stands, the prin-
ciples and regulations of the national black lo-
cust tending operation model were taken into 
consideration, namely:

a. the ecological conditions and the 
continuation of basal area and the stem 
number per hectare close to the optimum 
at different periods of the growing cycle 
depending on the growing target,

b. production of the target assortments 
during the shortest possible time by 
controlling of certain factors of the stand 
structure.

FIGURE 1. Locations of the sampling plots

Age group 
(years)

Number of 
stands

Rate 
(%)

1-5 2 1.9
6-10 10 9.5

11-15 9 8.6
16-20 13 12.4
21-25 13 12.4
26-30 18 17.1
31-35 19 18.1
36-40 10 9.5
41-45 5 4.8
46-50 6 5.7
Total 105 100.0

TABLE 1. Distribution of the measured stands 
by age groups

Yield class Number of 
stands

Rate 
(%)

I 26 24.7
II 36 34.3
III 23 21.9
IV 14 13.3
V 3 2.9
VI 3 2.9

Total 105 100.0

TABLE 2. Distribution of the measured stands 
by yield class [26]

The age and origin of the measured stands 
were identified on the basis of the particular 
forest management plans (Table 1, 2).

Yield class is called the intensity of height 
growth of a given stand compared to the all same 
tree species of the country, from best to worst 
from I to VI marked by Roman numerals (stands 
are classified into the yield class I-VI).
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Results

The yield table was constructed from 
data measured on 105 stands. To control 
main basic correlation of the yield table 
construction (mean height of the main stand 
plotted against the age) further 90 data of 
the Hungarian Forest Research Institute stand 
survey made for other purposes were also 
used. Evaluation of the data proved that as 

Yield class I.

5 7.7 6.4 33 6.0 1887 5.8 3.4 8 1.5 1587 7.2 5.2 41 7.5 3474 8 19.8 41 8.3 0.0
10 13.6 11.9 84 10.7 963 10.4 8.0 37 4.6 924 13.1 10.2 121 15.4 1887 45 34.7 129 12.9 17.5
15 18.2 16.6 141 14.6 673 13.8 11.5 29 3.0 290 17.6 15.3 169 17.6 963 73 34.3 214 14.3 17.0
20 21.5 20.6 194 17.8 535 16.4 14.0 23 2.1 138 20.8 19.4 217 19.9 673 97 33.2 291 14.5 15.4
25 23.8 23.8 241 20.4 457 18.2 15.8 18 1.5 78 23.1 22.8 259 21.9 535 115 32.2 356 14.2 13.0
30 25.4 26.5 280 22.4 407 19.4 17.0 14 1.1 50 24.7 25.6 294 23.6 457 129 31.5 409 13.6 10.6
35 26.5 28.8 312 24.2 373 20.2 17.8 11 0.8 34 25.8 28.0 323 25.1 407 140 30.9 452 12.9 8.7
40 27.3 30.8 341 25.8 347 20.8 18.4 9 0.7 26 26.6 30.1 350 26.5 373 149 30.4 490 12.3 7.6
45 28.1 32.8 369 27.3 323 21.4 19.0 9 0.7 24 27.3 32.1 378 28.0 347 158 30.0 527 11.7 7.5

TABLE 3. Yield table for black locust stands (Nyírség)
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FIGURE 2. Standard deviation of height growth plotted against the age and the mean height of the 
main stand (Yield classes: Hungarian national yield tables [26, 32])
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a mean height growth pattern of main stand 
of the investigated black locust stands can 
be considered analogous with that of the 
Hungarian national black locust yield table 
[26, 32] (Figure 2). 

The numerical yield table contains the main 
stand structural and yield data with respect to 
the main-, removal and total stands divided 
into six, equal relative height growth pattern 
and equal bandwidth yield class (Table 3).
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Yield class II.

5 6.9 5.7 28 5.4 2126 5.2 2.8 6 1.1 1802 6.5 4.6 34 6.5 3928 6 17.4 34 6.8 0.0
10 12.2 10.6 70 9.7 1085 9.3 6.9 28 3.9 1041 11.7 9.0 99 13.6 2126 34 32.8 105 10.5 14.2
15 16.3 14.9 117 13.2 758 12.4 10.0 23 2.6 327 15.7 13.6 140 15.7 1085 57 32.9 174 11.6 13.9
20 19.2 18.4 161 16.0 603 14.6 12.3 18 1.8 155 18.6 17.3 180 17.9 758 76 31.9 237 11.8 12.5
25 21.3 21.3 200 18.4 515 16.2 13.9 14 1.3 88 20.7 20.4 214 19.7 603 90 31.1 290 11.6 10.6
30 22.8 23.7 232 20.3 459 17.3 15.0 11 1.0 56 22.1 22.9 243 21.3 515 101 30.4 333 11.1 8.6
35 23.7 25.7 258 21.8 420 18.1 15.7 9 0.8 39 23.0 25.0 267 22.6 459 110 29.9 368 10.5 7.0
40 24.4 27.6 282 23.3 391 18.6 16.3 7 0.6 29 23.7 26.9 289 23.9 420 118 29.4 399 10.0 6.2
45 25.1 29.4 305 34.7 364 19.2 16.8 7 0.6 27 24.4 28.7 312 25.3 391 125 29.1 430 9.5 6.1

Yield class III.

5 6.1 5.0 24 4.8 2431 4.6 2.2 4 0.8 2070 5.7 4.0 28 5.6 4501 4 14.3 28 5.5 0.0
10 10.8 9.4 58 8.6 1241 8.2 5.8 21 3.2 1190 10.3 7.9 79 11.8 2431 25 30.3 83 8.3 11.1
15 14.3 13.1 95 11.7 867 10.9 8.5 17 2.1 374 13.8 11.9 113 13.9 1241 43 30.9 138 9.2 11.0
20 17.0 16.3 131 14.3 689 12.9 10.6 14 1.6 178 16.4 15.3 145 15.8 867 57 30.3 188 9.4 9.9
25 18.8 18.8 162 16.4 588 14.3 12.0 11 1.1 101 18.2 18.0 173 17.5 689 68 29.7 230 9.2 8.4
30 20.1 20.9 188 18.1 525 15.3 12.9 9 0.8 63 19.4 20.2 196 18.9 588 77 29.0 264 8.8 6.9
35 20.9 22.7 209 19.5 481 16.0 13.6 7 0.6 44 20.3 22.1 216 20.1 525 64 28.6 292 8.4 5.6
40 21.6 24.3 228 20.8 447 16.4 14.1 6 0.5 34 20.9 23.7 233 21.3 481 89 28.2 317 7.9 4.9
45 22.2 25.9 247 22.0 417 16.9 14.5 6 0.5 30 21.5 25.3 252 22.5 447 95 27.8 342 7.6 4.9

Yield class IV.

5 5.2 4.4 19 4.2 2834 3.9 1.6 2 0.5 2453 4.9 3.4 22 4.7 5287 2 10.5 22 4.3 0.0
10 9.3 8.1 47 7.5 1447 7.1 4.7 15 2.4 1387 8.9 6.7 62 10.0 2834 17 27.1 64 6.4 8.5
15 12.4 11.4 76 10.3 1010 9.4 7.1 13 1.7 437 11.9 10.3 89 12.0 1447 30 28.4 106 7.1 8.4
20 14.7 14.1 104 12.5 803 11.2 8.8 10 1.3 207 14.2 13.2 114 13.8 1010 41 28.1 144 7.2 7.6
25 16.3 16.3 128 14.3 686 12.4 10.1 8 0.9 117 15.7 15.6 136 15.3 803 49 27.6 177 7.1 6.5
30 17.4 18.2 148 15.8 612 13.3 10.9 6 0.7 74 16.8 17.5 154 16.5 686 55 27.2 203 6.8 5.3
35 18.2 19.7 164 17.1 560 13.8 11.5 5 0.5 52 17.6 19.1 169 17.6 612 60 26.9 225 6.4 4.3
40 18.7 21.1 179 18.2 521 14.2 11.9 4 0.4 39 18.1 20.6 183 18.6 560 65 26.5 244 6.1 3.8
45 19.2 22.5 194 19.3 486 14.6 12.3 4 0.4 35 18.6 22.0 198 19.7 521 69 26.2 263 5.8 3.8

Yield class V.

5 4.4 3.7 15 3.6 3388 3.3 1.0 1 0.2 2964 4.1 2.8 16 3.8 6352 1 6.0 16 3.3 0.0
10 7.9 6.9 36 6.5 1730 6.0 3.6 10 1.7 1658 7.5 5.5 46 8.2 3388 11 22.7 47 4.7 6.1
15 10.5 9.6 57 8.8 1208 8.0 5.6 9 1.3 522 10.1 8.6 67 10.1 1730 19 24.8 78 5.2 6.2
20 12.5 11.9 79 10.7 961 9.5 7.1 7 1.0 247 12.0 11.1 87 11.7 1208 27 25.0 106 5.3 5.6
25 13.8 13.8 97 12.3 820 10.5 8.1 6 0.7 141 13.3 13.1 103 13.0 961 32 24.9 130 5.2 4.8
30 14.7 15.4 113 13.6 732 11.2 8.9 4 0.5 88 14.2 14.8 117 14.1 820 37 24.7 149 5.0 3.9
35 15.4 16.7 125 14.6 670 11.7 9.3 4 0.4 62 14.8 16.2 129 15.1 732 40 24.5 165 4.7 3.2
40 15.8 17.9 136 15.6 623 12.0 9.7 3 0.3 47 15.3 17.4 139 15.9 670 43 24.2 179 1.4 2.8
45 16.3 19.0 147 16.5 581 12.4 10.0 3 0.3 42 15.7 18.6 150 16.9 623 46 24.0 193 4.3 2.8

Yield class VI.

5 3.6 3.0 12 3.0 4200 2.7 0.4 0 0.0 3742 3.3 2.2 12 3.1 7942 0 1.4 12 2.4 0.0
10 6.5 5.6 27 5.4 2144 4.9 2.5 5 1.0 2056 6.1 4.4 32 6.4 4200 5 16.7 33 3.3 4.1
15 8.6 7.9 43 7.3 1497 6.5 4.2 5 0.9 647 8.2 7.0 48 8.2 2144 11 19.8 54 3.6 4.2
20 10.2 9.8 58 8.9 1191 7.7 5.4 5 0.7 306 9.7 9.0 63 9.6 1497 15 20.8 73 3.7 3.9
25 11.3 11.3 71 10.2 1017 8.6 6.2 4 0.5 174 10.8 10.7 75 10.7 1191 19 21.0 90 3.6 3.3
30 12.1 12.6 82 11.3 907 9.2 6.8 3 0.4 110 11.6 12.1 85 11.7 1017 22 21.1 104 3.5 2.7
35 12.6 13.7 91 12.2 831 9.6 7.2 2 0.3 76 12.1 13.2 93 12.5 907 24 21.0 115 3.3 2.2
40 13.0 14.6 98 13.0 772 9.9 7.5 2 0.3 59 12.5 14.2 100 13.2 831 26 21.0 125 3.1 2.0
45 13.3 15.6 106 13.7 720 10.1 7.8 2 0.2 52 12.8 15.2 108 14.0 772 28 20.8 134 3.0 2.0
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TABLE 3. Yield table for black locust stands (Nyírség) - continuation
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Editing procedure of the yield table in the 
order of columns is the following: 

1. Age of stand (A),

2. Hm = average height of main (remaining) 
stand (height of dominant and co-
dominant trees) in m:    
 
 
(base age: 25 year, where Hm% = 100)

3. Dm = average DBH of main (remaining) 
stand in cm: 
                           

4. Vm = volume of main (remaining) stand in 
m3∙ha-1: 
 
 
where H x F = form-height quotient 
 

5. BAm = basal area of main (remaining)stand 
in m2 ∙ha-1:

 

6. Nm = stem number of main (remaining) 
stand in ha-1:
 
      

7. Hr = average height of removal stand in m: 
 
 

8. Dr = average DBH of removal stand in cm:
 

 

9. Vr = volume of removal stand in m3 ∙ha-1:
 
                                                    

10. BAr = basal area of removal stand in 
m2 ∙ha-1:

         

11. Nr = stem number of removal stand 
computed from reduction of stem number 
of main crop in five year intervals in ha-1

12. Ht = average height of total stand in m:                          
	  

13. Dt = average DBH of total stand in cm:
                                                    

 
14. Vt = volume of total stand in m3 ∙ha-1:

 

15. BAt = basal area of total stand in 
m2 ∙ha-1:

16. Nt = stem number of total stand in ha-1:
                                                     

17. Cumulative volume of intermediate 
cuttings = total volume of removing 
stands in m3∙ha-1

18.     CVIC ∙ 100 (%)CTVSIC = 
where 
	 SIC	 -	 share of intermediate cuttings 
	 CVIC	 -	 Cumulative volume of  
	    		  intermediate cuttings 
	 CTV	 -	 Cumulative total volume

19. Cumulative total volume (∑Vt) = volume 
of total stand (Vt) in age A + volume of 
removal stand (Vr) in age A-5 in m3 ∙ha-1

20. Mean annual increment of cumulative 
total volume = (∑Vt) · A

-1 in m3∙ha-1∙yr -1

21. Current increment of cumulative total 
volume = one year increment of (∑Vt) in 
five year intervals in m3∙ha-1∙yr-1.

22. When using the yield table for determining 
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the actual volume per ha (Vact) of a stand, 
a basal area ratio is to be recommended: 

where: 
      Vtab = volume of the stand by yield table
      according to the age and yield class, 
      BAact = actual basal area of the stand 
      per ha,

 BAtab = basal area by yield table according 
 to the age and yield class of the stand.
For determining the actual basal area the 

stem number and the diameter at breast height 

can be used by calculation or by using one of 
the known measuring devices directly.

The rates of percentage difference related to 
the stem number of main stand in decreasing 
order of yield classes (with its deterioration) at 
age of 30 is the following: 92.3 – 91.4 – 90.1 – 
89.6 – 88.5 – 87.1. The main correlations of the 
yield table are presented in graphical form, too. 

Figures 3.a to 3.e show the height, DBH, and 
volume indices for main stand as well as the 
total volume and the mean annual increment 
of total volume indices in function of age and 
yield class. 

FIGURE 3. a-e. Data of stand structure and yield of black locust (Robinia pseudoacacia L.) stands as 
a function of the age
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FIGURE 3. a-e. Data of stand structure and yield of black locust (Robinia pseudoacacia L.) stands as 
a function of the age - continuation
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(Robinia pseudoacacia L.) Short-Rotation Crops 
under Marginal Site Conditions. Acta Silvatica and 
Lignaria Hungarica 7: 125-132

11.	 Bongarten B C, Merkle S A, Hanover J W 1991 
Genetically improved black locust for biomass 
production in short-rotation plantations. In: Klass D L 
(ed) Energy from Biomass and Wastes XV. Institute of 
Gas Technology, Chicago, IL, USA, pp 391-409

12.	 Bongarten B C, Huber D A, Apsley D K 1992 
Environmental and genetic influences on short-
rotation biomass production of black locust (Robinia 
pseudoacacia L.) in the Georgia Piedmont. Forest 
Ecol Manage 55 (1-4): 315-331. DOI: http://dx.doi.
org/10.1016/0378-1127(92)90108-L 

13.	 Dini-Papanastasi O, Panetsos C P 2000 Relation 
between growth and morphological traits and 
genetic parameters of Robinia pseudoacacia var. 
monophylla DC in northern Greece. Silvae Genet 49: 
37-44

14.	 Böhm Ch, Quinkenstein A, Freese D 2011 
Yield prediction of young black locust (Robinia 
pseudoacacia L.) plantation for woody biomass 
production using allometric relations. Ann For Res 54 
(2): 215-227

15.	 Liesebach H, Yang M S, Schneck V 2004 Genetic 
diversity and differentiation in a black locust (Robinia 
pseudoacacia L.) progeny test. Forest Genetics 11 (2): 
151-161

16.	 Chalupa V 1992 Tissue culture propagation of black 
locust. In: Hanover J W, Miller K, Plesko S (eds) Black 
locust: Biology, Culture and Utilization. Michigan 
State University, East Lansing, Michigan, USA, pp 
115-125

17.	 Kraszkiewicz A 2013 Evaluation of the possibility 
of energy use black locust (Robinia pseudoacacia L.) 
dendromass acquired in forest stands growing on 
clay soils. Journal of Central European Agriculture 
14 (1): 388-399. DOI: http://dx.doi.org/10.5513/
JCEA01/14.1.1212 

18.	 Dengiz O, Gol C, Sarioglu F E, Edis S 2010 
Parametric approach to land evaluation for forest 
plantation: A methodological study using GIS model. 
Afr J Agric Res 5 (12): 1482-1496

19.	 Sharma K R 2000 Variation in wood characteristics 
of Robinia pseudoacacia L. managed under high 
density short rotation system. In: IUFRO World 
Congress, Malaysia

20.	 Swamy S L, Puri S, Kanwar K 2002 Propagation 
of Robinia pseudoacacia Linn. and Grewia 
optiva Drummond from rooted stem cuttings. 
Agroforest Syst 55 (3): 231-237. DOI: http://dx.doi.
org/10.1023/A:1020579516144

21.	 Dunlun Z, Zhenfen Z, Fangquan W 1995 Progress 
in clonal selection and breeding of black locust 
(Robinia pseudoacacia L.). In: Forest Tree Improvement 
in the Asia-Pacific Region (Xihuan Shen). China 
Forestry Publishing House, Beijing, China, pp 152-156

22.	 Lee K J, Sohn J H, Rédei K, Yun H Y 2007 Selection 
of Early and Late Flowering Robinia pseudoacacia 
from Domesticated and Introduced Cultivars in Korea 
and Prediction of Flowering Period by Accumulated 
Temperature. Journal of Korean Forest Society 96 (2): 
170-177

23.	 RÉDEI K, CSIHA I, KESERŰ ZS, GÁL J 2012 Influence 
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