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Effect of different irrigation regimes on the early development of
pot-grown black locust saplings
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Abstract: Black locust currently is considered to be the most important tree species of short-rotation forests
in Hungary with the purpose of either woody biomass or industrial wood. Despite the general supposition
on the drought tolerance of the species, water availability seems to be a more limiting factor to exploit the
growing potential of highly productive new varieties than nutrient amendments. Preliminary measurements of
the current study were made on the connection between the depth of the water-retaining soil layer and the
growth of saplings on black locust plantations. A significant negative correlation was found between the depth
of the water-retaining layer, the stem diameter and the height of the saplings. To investigate the phenomenon,
a model experiment was launched with loamy sand soil in the pots. During six weeks, pots were watered every
morning up to the weight referring to the 30, 40, 60 and 80% of field capacity (FC). Our results showed that
30% FC was only sufficient for the survival of the saplings, growth was only noticeable at plants with 40% FC
or more. During the first 4 weeks, differences in growth and cumulative evapotranspiration between the 60%
and 80% FC treatment were not considerable. However, in the last two weeks, saplings with the highest FC
produced substantially higher biomass, resulting in a one-third higher final weight than those of 60% FC. Even
with the limited soil capacity of the pots, water use of these saplings of 1 m height and 1 cm stem diameter
exceeded 1.5 L per day. Our results confirmed that black locust is a water-intensive species with a high water
use potential, which emphasizes the importance of irrigation on nurseries and the first years of plantations.
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Introduction

Black locust (Robinia pseudoacacia L.), be-
longing to the Fabaceae family, is consid-
ered to be one of the most commonly culti-
vated broad-leaved tree species in the World
(Schwärzel et al., 2018). Due to its high
adaptability, the species is one of the three
most widespread non-native tree species in
Europe (Lambdon et al., 2008). Black locust
is a widely cultivated tree especially on the
Chinese loess Plateau (Jiao et al., 2018), or
on the Great Plain in Hungary (Rédei et al.,
2008). Currently, the black locust is the most
important tree species in Hungary with a to-

tal surface of 445 000 hectares, represent-
ing 24% of the Hungarian forest area (KSH,
n.d.).
Black locust is diversely utilized for build-
ing, firewood or as an exceptional honey
plant for bees (Kurtz & Hansen, 2017),
even successfully applied in the reclama-
tion of lignite opencast areas in Germany
(Grünewald et al., 2009). The tree is com-
monly used in short rotation coppice forests
in Hungary and Germany (Grünewald et al.,
2009; Rédei & Veperdi, 2009).
A suitable environment, selected varieties
and intensive cultivation technology can help
to exploit its intensive growing potential and
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high-quality timber (Keresztesi, 1988; Rédei
& Veperdi, 2009). The yield on a biomass en-
ergy plantation was mainly affected by soil
water availability (Megyes, 2013). Our first
observations made on young, fertilized plan-
tations established with high-potential clones
seem to confirm the above findings (unpub-
lished observations).

Black locust originates from the humid
and sub-humid regions of the Appalachia
mountains and the Ozark Plateau with an-
nual rainfall between 800–1800 mm (Gaffin
& Hotz, 2000; Kurtz & Hansen, 2017).
Therefore, the species is considered to be
a water-demanding and drought-sensitive
plant (Wu, Huang, & Warrington, 2015; Yan,
Yamanaka, Yamamoto, & Du, 2009). Still,
black locust is proved to be a highly adapt-
able species to drought compared to other
broad-leaved species by numerous studies
(Han & Kakubari, 1995; Li et al., 2018;
Rolbiecki et al., 2019; Veste & Kriebitzsch,
2010). The plasticity of the species makes
the tree suitable for biomass plantations
throughout the arid regions of Central and
Eastern Europe (Mantovani et al., 2014b).
Black locust either can reduce leaf size and
transpiration (Mantovani et al., 2014a) or en-
hance its nitrogen fixation (Mantovani et al.
2015b) under long-term drought stress, how-
ever, the growth rate and biomass production
of the trees decline considerably (Mantovani
et al., 2013, 2014b; Veste et al., 2013).

Under well-watered conditions, transpiration
of the tree increases without an improvement
in photosynthetic activity, for this reason,
black locust cannot be treated as a water-
saving tree species (Mantovani et al., 2011,
2014a). The water use efficiency (WUE)
value of the black locust ranges on a wide
scale from 0.03 kg m−3 in humid to 0.74 kg
m−3 in semi-arid areas (Hu et al., 2001). Yet,
Mantovani et al. (2014b, 2014a, 2015) mea-
sured remarkably higher values of 2.3-2.8 kg
m−3 with three-year-old saplings under arid
conditions. Nevertheless, those WUE values

of black locust were still markedly lower
than the 4-6 kg m−3 values of willow and
poplar trees, both widely used as biomass
producers. Contrary to poplar, precipitation
can affect the growth of black locust not
only in the storage (Nov–Apr) and the main
growth (May–June) period but also in the
late growth period (Aug–Nov)(Manninger,
2008). Black locust can exploit the whole
water resource of the soil even under humid
circumstances (Veste & Kriebitzsch, 2010),
resulting in the drying out of plantation soil
(Jiao et al., 2019; Y.-L. Wang et al., 2010;
Wu et al., 2015).

Saplings are sensitive to spring/summer
drought after the establishment of a planta-
tion, so suitable water management is nec-
essary in dry areas (Rolbiecki et al., 2019;
Veste & Kriebitzsch, 2010). A former study
proved that irrigation in the first year can
improve growth by 80%, while biomass in-
crease dropped to 50% by the third year.
Addition of 200–500 mm water, represent-
ing the half of the in-season precipitation
enhanced biomass production by 75%. In
the same experiment, the growth-stimulating
effect of irrigation and nitrogen fertiliza-
tion accumulated (Bongarten et al., 1992).
Yet, irrigation under humid environment of
the Appalachian did not affect plant sur-
vival in a two-year-experiment (Brinks et
al., 2011). Note that in lower, water-affected
spots, 100% plant mortality was registered
(Bongarten et al., 1992). Airy environment
around the roots is necessary with a soil wa-
ter level not higher than 150 cm (Megyes,
2013).

Kurtz and Hansen (2017) estimated black lo-
cust yearly water demand between 400 and
1650 mm. Daily evapotranspiration (ET) of
the species is calculated 3–4 mm for the sum-
mer season (L. Wang et al., 2011), confirmed
by a Polish value of 3.5 mm. However, due to
global climate change, yearly ET increased
by 9 mm in a decade during a period of
1980–2010 (Rolbiecki et al., 2019). Above

44 DOI: https://doi.org/10.18380/SZIE.COLUM.2022.9.1.43

https://doi.org/10.18380/SZIE.COLUM.2022.9.1.43


Columella – Journal of Agricultural and Environmental Sciences Vol. 9. No. 1 (2022)

the potential evapotranspiration value (PET)
of 3.2–4.0 mm, depending on soil type, ET
of the black locust would not grow higher
(Wu et al., 2015). In Hungary, black locust is
generally planted on looser soils. Under opti-
mal water circumstances, ET of black locust
was higher and more dependent on weather
in sandy soils than on loamy, clayey ones
(Wu et al., 2015).
High survival rate and fast early growth of
young black locust saplings is essential in
intensive short rotation woody plantations.
Literature findings and the authors’ own ob-
servations both confirm that water availabil-
ity can even have higher impact on biomass
production than variety or nutrient content
of the soil. Our objective was to run a sim-
ple experiment to investigate the connection
between soil hydrology parameters and the
initial sapling growth in a newly established
black locust plantation. Effect of soil water
content on early (first 3 months) growth of
black locust saplings ’Turbo Obelisk’ variety
was also investigated in a pot experiment.

Materials and Methods

Examination on the plantation

The investigated plantation of 1.3 ha was
planted on the outskirts of Tápiószele
(N 47.306484, E 19.885437) on 7 April
2018, for nutrient supplementation experi-
ment and variety comparison. After planting,
the seedlings were cut back to trunk. The
clones of the fast growing cultivar ’Turbo
Obelisk’ OBE-01, OBE-34, OBE-53, OBE-
69 were planted in 2m x 2m spacing. The
area is characterised by an altitude of 95 m
above sea level, an average annual air tem-
perature of 10.0–10.3°C and an annual rain-
fall of 530–550 mm. The area is dry and
poorly drained, with groundwater depths of
between 2 and 4 m. Soil analysis carried out
during the pre-planting survey shows that the
soil is sandy, alkaline, high in lime (5–10%)

and low in organic matter (less than 1%).
In some parts of the plantation, there were
serious differences in size between adjacent
seedlings of the same clone and fertilization
treatment, which could not be explained by
plant health reasons. In mid-April 2020, in
five such areas, we made 6 m long and 2 m
deep narrow trenches next to 3–3 trees, in
which we measured the depth of the aquifer
layer under the trunks of the trees to an ac-
curacy of 5 cm. In addition, we measured
the stem diameter of the trees above ground
with a caliper to the nearest millimetre and
the height of the trees with a tape measure
to the nearest 10 cm. The 15 trees measured
were clones OBE-01 (3), OBE-34 (3) and
OBE-53 (9). Correlation analyses between
aquifer layer depth and plant characteristics
were performed to find correlations, without
separating data from different clones during
this data analysis.

Container experiment
The containerized water supply experiment
was conducted at the Department of Hor-
ticulture, Szent István University, Gödöllő-
Szárítópuszta, in an unheated, plastic cov-
ered multi span greenhouse equipped with
automatic roof ventilation. The temperature
was recorded every half hour with a ther-
mometer (TR 71-S, T & D Corporation,
Japan) placed between the containers. The
data showed that the average air temperature
during the experiment was 26.4°C, which is
about the same as the temperature on a hot
summer day in the Hungarian Great Plain,
a typical area of black locust plantations. Ir-
radiance data were obtained from the Priva-
type climate computer of a glasshouse, lo-
cated 20 m from the experiment site. The
daily average solar irradiance was 269 W
m−2.
For the experiment, micropropagated clone
of the very intensive growing cultivar Turbo
Obelisk, OBE-01 was used. The small plants,
initially grown in 25 × 25 × 40 mm rock-
wool starter plugs, were transplanted into 12
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cm diameter polypropylene pots on 8 June
2020. The pots were filled with the same
soil - fertilizer mixture that was later used
in the container phase. We used 370 g of
dry soil per pot. The seedlings were grown
in the pots until 30 June, after which 40
seedlings of average height were selected
and transplanted into pots for the experiment.
The soil used for the experiment was col-
lected from a loamy sand top soil layer of
one of the farm’s fields. The laboratory anal-
ysis showed that the soil was slightly alka-
line (pHKCl = 7.4), with low humus (0.83%),
salt (<0.02%) and lime (<0.2%) content. Al-
though the soil contained moderate amounts
of nutrients, to ensure that nutrient levels,
especially nitrogen, did not limit seedling
growth, a controlled release Osmocote fertil-
izer (8–9 months 12:11:17 + microelements)
was mixed into the soil. The dose applied
was 2.5 kg m−3, which is the same rate used
for black locust seedlings in the nurseries.
The field capacity of the soil was measured
as 33.2 % gravimetric water content.

The soil to be used for the experiment was
air-dried, crushed to pass through a 2-mm
sieve, mixed with the fertilizer, and then
poured into 12 L polypropylene containers.
The amount of soil loaded in one container
corresponded to 11.28 kg of soil with 0%
water capacity, dried at 105 °C to constant
weight. We planted a seedling in the centre
of each container, then watered each with 0.5
litres of water to ensure safe rooting.

Treatment started 3 days after the transplant.
Four water availability levels were applied,
maximum 30, 40, 60 and 80% of the field
capacity (FC), corresponding to successively
10.0, 13.3, 20.0 and 26.6 wt% water content.
10–10 containers of each treatment were set
up. Based on our preliminary studies, using
a baseline water capacity level below 30%
would no longer have ensured the safe sur-
vival of the seedlings. We achieved the spec-
ified water capacity levels in the experiment
by measuring the weight of each container

on a digital balance to the nearest 10 gram
from 8:00 to 9:00 every morning from July
3 until the end of the experiment, and then
watering to the weight required to achieve
the specified water capacity level. The re-
quired amount of water was slowly poured
onto the surface of the soil, allowing time for
infiltration without the water staying on the
surface. The soil surface was regularly loos-
ened to avoid soil compaction. The daily ET
rate was calculated based on the weight mea-
surements, then daily values were summed
up. Due to the continuous weight gain of the
growing black locust seedlings, a weight cor-
rection was applied to the measurements at
increasing rates throughout the experiment.
At the very end of the experiment, the rates
of correction in the 30, 40, 60 and 80% water
capacity treatments were 10, 50, 150 and 200
g, respectively.

From planting to the end of the experi-
ment, the stem diameter, height and rela-
tive chlorophyll content of the leaves of each
seedling were measured approximately every
two weeks (0, 16, 30, 43 days after planting
on 30 June, 16 July, 30 July and 13 August
2020). Stem diameters were measured with a
digital caliper, to the nearest tenth of a mil-
limetre, perpendicular to the stem axis, 3–4
cm above the soil surface. Plant height was
measured from the soil surface to the grow-
ing tip using a measuring rod, with an accu-
racy of centimetres. The relative chlorophyll
content of the leaves was measured to the
nearest tenth of a SPAD value using a Mi-
nolta SPAD 502. The measurement was per-
formed on the middle leaflets of the youngest
mature leaves, 4 leaves per plant.

At the end of the experiment (14 August
2020), the fresh and dry weight and dry mat-
ter content of the above-ground parts of the
plants were also determined. The fresh plant
mass was obtained by cutting the stems at
ground level two hours after morning water-
ing and immediately measuring their mass
on a digital precision balance, to the nearest
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hundredth of a gram. The cut stem sections
were then dried in a drying oven at 70°C until
constant weight was reached. The dry mass
was also measured to the nearest hundredth
of a gram. The dry matter content was cal-
culated as the ratio of fresh to dry weight,
expressed as a percentage.
Statistical evaluation of the data was car-
ried out using a one-way analysis of variance
to examine the effect of water supply level
on each of the characteristics examined. For
mean separation of the treatment averages
statistically, the Fisher’s least significant dif-
ference test was used as a post-hoc test with
a 5% level of significance (LSD5%).

Results and discussion

Results of the plantation survey

The results of the survey confirmed the
exceptional growth vigour of the ’Turbo
Obelisk’ clones, as they were able to reach
trunk diameters of over 40 mm and heights
of up to 5 m two years after pruning back to
trunk. While the least developed specimens
were around 2.5 m tall and 10–15 mm stem
diameter. The depth of aquifer layer in the
trenches varied between 40 and 130 cm (Fig-
ure 1).
Despite the fact that data from individuals
of the three different clones included in the
study were analysed together, a significant
negative correlation between aquifer depth
and tree size was found. The correlation was
slightly stronger for plant height than for
trunk diameter (Figure 1). Thus, during the
first two years, the depth of the aquifer layer
beneath a given plant was a major deter-
minant of its development. Differences of
up to 100% in stem thickness and height
could occur between neighbouring individu-
als. Where the plantation had a loamy aquifer
in the sandy soil at a depth shallower than 80
cm, a markedly better growth was observed
due to better water supply. This result is con-

sistent with literature claims that black locust
is a water-demanding tree species (Kurtz &
Hansen, 2017; Wu et al., 2015; Yan et al.,
2009).

Results of the container experiment

Trends in water consumption

The daily weight loss of the containers con-
sisted of two factors, evaporation of the soil
surface and transpiration of the seedlings. In
the treatments with higher FC, evaporative
water loss was higher due to a more wet
soil surface. This is evidenced by the results
of the first days, when there was no signifi-
cant difference in plant size and thus presum-
ably transpiration between treatments, yet
the daily water consumption of the 60 and
80% treatments (0.35–0.50 L per container)
was much higher than that of the 30 and 40%
treatments (0.08–0.25 L per container).
In the 30% maximum FC treatment, the daily
ET was very low throughout the experiment,
between 0.08 and 0.30 L, and did not in-
crease much with the progress of the experi-
ment. Accordingly, the cumulative ET of this
treatment showed a linear trend (Figure 2).
The tendency was similar for the 40% treat-
ment, except that the average daily ET value
over the whole period was 50% higher (0.25
L) than for the 30% treatment (0.16 L). Daily
ET values in the 40% treatment had a wider
range, with values between 0.12 and 0.39
L. By the end of the experimental period,
the cumulative ET per container for the 30%
treatment was 6.61 L and for the 40% treat-
ment 10.41 L. This difference between the
two treatments increased steadily throughout
the experimental period (Figure 2).
During the first four weeks of the experi-
ment, the daily ET per container of the 60%
and 80% treatments varied between 0.34 and
0.44 L and did not show a large increase dur-
ing this period. The cumulative water con-
sumption of the two treatments was then still
completely the same (Figure 2). We attribute
this to the fact that, based on the results of
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Figure 1. Correlation between aquifer level depth and trunk diameter and height of ’Turbo
Obelisk’ black locust trees next to the sample trenches in a plantation, two years after plant-
ing (Tápiószele, 2020)

Wu et al. (2015), transpiration of black lo-
cust seedlings in sandy soils above 60% wa-
ter capacity is no longer limited by soil wa-
ter content. It is a well-known phenomenon
that transpiration of plants only starts to de-
cline below a critical soil water capacity level
(Sadras & Milroy, 1996). In the first month
of the study, there was not yet a difference in
seedling size and thus canopy area between
60 and 80% treatments that would have cre-
ated a significant difference in ET. During
this period, the cumulative ET of these two
treatments also followed a linear trend (Fig-
ure 2).
However, during the last two weeks of the
experiment, in the 60 and 80% treatments,
seedling growth accelerated greatly, with in-
creasing canopy area and a large increase in
transpiration water loss. The daily ET values
increased dramatically, always being above
0.7 L, and in the 80% treatment they even

exceeded 1.5 L per day on several occa-
sions at the end of the experiment. This also
meant that the 80% field water capacity value
achieved in these containers at morning ir-
rigation had dropped to around 30–40% af-
ter 24 h. This justified ending the experiment
just six weeks after it started. During these
final two weeks, a significant difference in
ET between the 60 and 80% treatments had
already developed. A similar trend was ob-
served by Mantovani et al. (2011). In their
lizymetric experiment, the cumulative water
consumption of the low water supply (35%
FC) black locust seedlings was already at
the very beginning largely below that of the
medium and high water supply treatments,
but only after a month did a difference start to
emerge between the latter two. In our study,
by the end of the experimental period, the cu-
mulative ET was 23.88 L, or 16% less in the
60% FC treatment than that of the 28.44 L of
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Figure 2. Evolution of the summed evapotranspiration values of containerized ’Turbo
Obelisk’ black locust seedlings under different maximum water capacity rate treatments
(FC = Field Capacity)

the 80 % FC treatment. The water consump-
tion of the 40% treatment (10.41 L) was 63%
lower than that of the 80% treatment, almost
identical to the 61% difference between tran-
spiration of well and scarcely watered black
locust seedlings recorded in the experiment
of Mantovani et al. (2013).

Plant height and stem diameter

At the end of the potted growing period,
at the first measurement after transplanting,
there was no significant difference in the
mean height of the seedlings. After almost
two weeks, at the 2nd measurement (16 July
2018), the effect of improved water supply
was already evident, despite the slow ini-
tial development. The plants in the 60% FC
and 80% FC treatments were significantly
taller than the seedlings in the two lower
FC treatments (Table 1). By the time of the
third measurement, one month after the start
of the treatment, there was also a signifi-
cant difference in plant height between the

30 and 40% FC treatments. Plants in the
30% FC treatment grew significantly slower
and overall grew only 7 cm taller during the
study. In contrast to the 30% FC treatment,
the 40% water capacity was already a high
enough water supply level for the seedlings
to not only survive but also grow signifi-
cantly. From mid-July onwards, their height
growth accelerated and by the end of the ex-
periment they had reached an average height
of nearly 60 cm. There was no significant dif-
ference in height between plants in the two
higher water treatments in any of the mea-
surements (Table 1). In these two treatments,
seedlings that were initially 12 cm tall grew
to an average height of 1 m during the month
and a half of the experiment.

Based on measurements taken immediately
after planting, there were statistically sig-
nificant differences in stem diameter be-
tween treatment averages, but these were
small and did not affect the final results of
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Table 1. Effect of soil water content on certain growth characteristics of ’Turbo Obelisk’
black locust seedlings (mean ± SD)

Plant height (cm) 30.06. 16.07. 30.07. 13.08.
30% FC 14 ± 1 16 ± 2b1 19 ± 3c 21 ± 6c

40% FC 12 ± 2 17 ± 4b 34 ± 5b 58 ± 5b

60% FC 12 ± 3 24 ± 4a 60 ± 7a 100 ± 5a

80% FC 12 ± 2 26 ± 6a 61 ± 7a 105 ± 5a

P-value 0.0687 1.28×10−5 7.79×10−13 5.34×10−24

LSD5% N.S. 4.2 7.4 5.3
Basal diameter (mm) 30.06. 16.07. 30.07. 13.08.
30% FC 2.2 ± 0.4a 2.4 ± 0.2c 2.8 ± 0.3c 3.4 ± 0.5d

40% FC 2.0 ± 0.1ab 2.9 ± 0.4b 3.9 ± 0.5b 5.9 ± 0.5c

60% FC 2.1 ± 0.2a 3.3 ± 0.3b 6.0 ± 0.6a 9.7 ± 0.9b

80% FC 1.8 ± 0.0b 3.7 ± 0.4a 6.6 ± 0.8a 11.0 ± 0.9a

P-value 0.0334 1.52×10−5 1.07×10−10 1.11×10−18

LSD5% 0.2 0.4 0.8 0.7
Relative chlorophyll

30.06. 16.07. 30.07. 13.08.
content (SPAD value)
30% FC 33.3 ± 2.7 36.8 ± 3.8 34.8 ± 2.8 39.0 ± 2.0b

40% FC 31.4 ± 3.7 39.1 ± 4.3 37.3 ± 3.4 41.6 ± 2.1a

60% FC 34.5 ± 2.0 38.8 ± 4.9 33.8 ± 1.6 40.1 ± 1.3ab

80% FC 31.5 ± 3.6 37.3 ± 4.7 34.4 ± 3.2 38.2 ± 3.3b

P-value 0.1579 0.6750 0.0876 0.0316
LSD5% N.S. N.S. N.S. 2.3

1Average values of the same parameter, date and letter mean no significant differences at
95% probability based on Fischer’s least significant difference test

the experiment. As in the height measure-
ment, the effect of different watering lev-
els was already evident in the second mea-
surement two weeks later. Significantly the
largest stem diameter was obtained in the
80% FC treatment and the smallest in the
30% FC treatment, while no significant dif-
ference in stem diameter was observed be-
tween the 40% FC and 60% FC treatment
seedlings (Table 1). Thus, the developmen-
tal difference between the 30% FC and 40%
FC seedlings based on stem diameter was
already apparent at this time, earlier than
based on height. At the third measurement,
the difference between the mean stem diam-
eter of 80% FC and 60% FC increased fur-
ther in numerical terms, but due to the larger

deviations, this difference did not prove to
be significant at this time. Similar to the
trend in the height data, the development of
the 30% FC and 40% FC seedlings was in-
creasingly lagging behind the two treatments
with higher water availability and the differ-
ence between the two was also increasing in
favour of the 40% FC. At the end of the ex-
periment, the four treatments became statis-
tically completely distinct, with each treat-
ment having a significantly different stem
diameter from the other ones. The average
stem diameter of the 80% FC seedlings ex-
ceeded 1 cm, and the average of the 60% FC
was close to this value (Table 1). In the 40%
FC treatment, the average stem diameter was
6 mm, which was the same level reached by
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plants in the two better water supply levels
two weeks earlier. In the 30% FC treatment,
stem diameter increased to only one and a
half times during the month and a half of
the study, but for this parameter a greater
improvement was observed in this treatment
than for height.

Relative chlorophyll content
The relative chlorophyll content results did
not show as clear a trend as for plant height
and stem diameter. The order of treatments
differed between measurement times and
significant differences were only found for
the last measurement time (Table 1). Even
then, there was only a verifiable difference
between the highest SPAD mean of 40% FC
and the mean values of 30% FC and 80% FC
(Table 1). All containers were supplied with
the same amount of nutrients, including ni-
trogen. Relative chlorophyll content is pos-
itively correlated with nitrogen supply (Li
et al., 2018) and negatively correlated with
foliage volume at the same nitrogen dose.
Improved water supply can promote more
efficient nitrogen uptake and stimulate bet-
ter vegetative growth and canopy develop-
ment. In turn, more intensive growth requires
more nitrogen and consequently reduces the
amount of nitrogen available for uptake in
the soil. As a result of these relationships,
the relative chlorophyll content was highest
in the 40% FC treatment and lowest in the
80% FC treatment.

Plant mass
During the experiment, we were able to mon-
itor the development of the black locust
seedlings by measuring height and stem di-
ameter, but the most reliable way to charac-
terise the degree of development of the veg-
etative parts is by the production of plant
mass. In our experiment, different water
availability levels had a strong influence on
plant mass production. There was a com-
plete statistical separation between the treat-
ment averages for both fresh and dry mass,

with the average value of each treatment be-
ing significantly different from all others (Ta-
ble 2). The results showed a clear trend, the
higher the water availability rate, the higher
the plant mass. Plant weight showed a strong
positive correlation with the amount of water
used in the experiment (Figure 3), in agree-
ment with the results of Mantovani and co-
workers (2013, 2015a). The water demand
of black locust is clearly shown by the fact
that the fresh and dry plant mass was one
third higher in the 80% FC treatment than
in the 60% FC treatment. The difference be-
tween the plants in the two treatments was
not in height but in stem diameter (Table 1)
and lateral shoot development. Seedlings in
the 80% FC treatment increased their fresh
above-ground plant weight from 1-2 grams
to 190 grams over a period of one and a
half months. However, in terms of mass pro-
duction in grams, the largest jump was ob-
served between the 40% FC and 60% FC
treatments, and in terms of proportions be-
tween the 30% FC and 40% FC treatments,
where plant mass increased more than six-
fold with only a 10% increase in water ca-
pacity (Table 2). The above ground dry mat-
ter content of young, leafy seedlings ranged
between 27 and 33%. As expected, the re-
sults were significantly higher in the low wa-
ter treatments with 30 and 40% FC than in
the 60 and 80% FC treatments.

WUE was calculated based on the above
mentioned plant mass and the cumulative ET
data. On fresh weight basis WUE was 0.81,
3.11, 6.14 and 6.93, while on dry weight ba-
sis it was 0.26, 0.93, 1.70 and 1.87 kg m−3

for the 30, 40, 60 and 80% FC treatments,
respectively. With the exception of the 30%
FC treatment these values can be considered
high. This is probably mainly due to the very
young age of the saplings and the protected
conditions.
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Figure 3. Correlation between evapotranspiration and the above-ground plant mass of the
containerized ’Turbo Obelisk’ black locust seedlings summed over the duration of the ex-
periment

Table 2. Effect of soil water content on weight of ’Turbo Obelisk’ black locust seedlings
(mean ± SD)

fresh weight dry weight dry matter content
(g) (g) (%)

30% FC 5.2 ± 3.3d1 1.6 ± 1.0d 33.0 ± 2.3a

40% FC 34.2 ± 4.5c 10.4 ± 1.6c 30.5 ± 1.3b

60% FC 143.4 ± 19.3b 39.3 ± 6.9b 27.2 ± 1.4c

80% FC 190.4 ± 19.4a 50.9 ± 7.5a 26.6 ± 1.4c

P-value 1.01×10−21 7.84×10−18 6.88×10−6

LSD5% 14.3 5.3 2.2
1Average values of the same parameter, date and letter mean no significant differences at
95% probability based on Fischer’s least significant difference test

Conclusions

Both our plantation survey and our container
experiment showed that soil water avail-
ability has a strong influence on the ini-
tial growth of black locust seedlings and
saplings. It is therefore advisable to pay close
attention to the hydrological conditions and

the water holding capacity of the soil when
selecting the area for planting. In areas with
less favourable conditions, irrigation may be
considered after economic calculations. It
would be advisable to carry out irrigation ex-
periments in plantations to find out the level
of water supply which will still result in a
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satisfactory growth rate without adversely af-
fecting the wind and winter hardiness of the
seedlings and the quality of the wood prod-
uct.

In nursery production. irrigation is essential
during drier summers. Our results show that
in loamy sandy soils, a soil water capacity
level of 30% was only sufficient for the sur-
vival of the trees, not for the initiation of
growth. For this, a water capacity level of at
least 40% is required. During the first month,
it is enough to maintain a soil water content
of 60% to ensure a sufficient growth rate.
After that, however, it is advisable to main-
tain an even higher water capacity level of

80% to better exploit the growth potential
of fast-growing varieties. At the end of our
study, the daily water consumption of the
1 m tall and 1 cm stem diameter black lo-
cust seedlings reached one and a half litres
even with the limited soil volume of the con-
tainers. It can be assumed that in a nursery
or plantation the daily water consumption of
plants of similar size would exceed even this
level.
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