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Abstract. The objective of this study was to examine the effect on the dry biomass yield of two
dfferent sorghum hybrids (H1 and H2) under five different N-fertilization levels (0, 70, 140, 210
and 280 kg ha!) in a soil which was formed by lacustrine deposits of Karla Lake and is
characterized from the downward movement of calcium carbonate from the surface horizons due
to leaching (Fluventic Xerochrept) during 2017. The results demonstrated a significant effect
(P < 0.05) of fertilization only for one hybrid. Biomass yield ranged from 22.2 to 37.5 t ha™'. For
both hybrids, sorghum accumulated a high amount of biomass in stems. Dry stem/total biomass
ratio was rather constant throughout the different fertilization treatments achieving 81.6 and
77.5% for the first (H1) and the second hybrid (H2), respectively. The second hybrid (H2) had a
higher percentage of leaf biomass (20.1 vs. 13.8%) than the first (H1), but lagged behind in seed
production (2.4 vs. 4.6%). Biomass dry matter partitioning and total dry weight are important
selection criteria for energy crops, due to different gross calorific value and ash content but also
because of the different economic importance they may have e.g. the seed is also used as animal
feed. The above high biomass yields of sorghum, confirming the high potential of this crop,
should be taken into serious consideration regarding land use planning, but further investigation
for the gross calorific value and the ash content is needed as well as biomass characteristics that
are quite important in case to improve the combustion process.
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INTRODUCTION

Nowadays countries all over the world are facing a problem due to the depletion of
the conventional fossil fuel sources and the prediction of doubling the energy demand
within a decade, and thus have raised concerns about unsure energy supply in the coming
future (Rehman et al., 2013; Nurmet et al., 2019). Therefore, the interest of new
environmental friendly energy sources, has increased as well as the development of new
technologies, which are the main reasons for using biofuels (Vitazek et al., 2018).

Bioenergy production from biomass has an increased interest during the last
decades. Today the most known and cultivated energy crop due to its high specific
biomass yield, the growing knowhow of almost all farmers worldwide and the
investigation on its breeding, is maize (Zea mays L.; Gral} et al., 2015). Bioenergy
production results to green environmental friendly energy. Therefore, sustainable
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biomass and bioenergy production systems should adapt to climate and care for the
environment (Lobell et al., 2013; Semenov et al., 2014). Biomass is one of the most
important sources of producing energy and synthetic fuels. Therefore, carbon-trading
laws are good motivation for greater usage of biomass (Urbancl et al., 2019).

One of the crops that attracted worldwide attention during the last fifteen years is
sorghum, which produces non-food feedstock, enhancing energy production while
helping to reduce greenhouse gas emissions (Liu et al., 2015). There are many reports
where sorghum is reported for its short growth cycle, the high water and nitrogen use
efficiency, the low-input requirements (Stone et al., 2001; Farré & Faci, 2006, Ananda
et al., 2011), the high soil-climatic adaptability (Teetor et al., 2011) and finally due to its
C4 photosynthesis efficient the high biomass yield (Wortmann et al., 2010; Zegada-
Lizarazu et al., 2012; Xu et al., 2018). According to its use sorghum can be classified in
groups and one of them is the energy sorghum (Shakoor et al., 2014), which can further be
divided in two categories 1) the sweet and ii) the biomass sorghum (Rooney et al., 2007).

Energy crops must produce high biomass quantities (Sanderson & Wolf, 1995).
Sorghum biomass may be a reasonable alternative energy crop because it could easily fit
into existing production systems and it has high biomass production (Rocateli et al., 2012).

In order to increase biomass yield, farmers are applying higher amounts of nitrogen
(Sheriff, 2005; Le Noé et al., 2017), which is one of the most important nutrients and it
could increase sorghum biomass yield (Zhao et al., 2005; Almodares et al., 2008; Good
& Beatty, 2011; Han et al., 2011; Sowinski & Glab, 2018).

Nitrogen plays a crucial role in plant growth (Stals & Inze, 2001; Zhao et al., 2005;
Saraswathy et al., 2007) and a deficiency of N results in lower sorghum biomass
production due to reductions in LAI (leaf area index) and photosynthetic rate (Zhao et
al., 2005). The need to maximize biomass yield for biofuel production makes nitrogen
management research a priority.

There are a few studies where minimal or statistically insignificant effectsof
increased N-dressings on sorghum biomass yield have been reported (Barbanti et al.,
2006; Wortmann et al., 2010; Tamang et al., 2011; Erickson et al., 2012; Adam et al.,
2015). Furthermore, it is reported (Erickson et al., 2012) that the optimum requirement
based on yield and nutrient recovery responses is about 90—-110 kg N ha™', while rates
lower than the 80 kg N ha™ are not affecting sorghum biomass (Wortmann et al., 2010).

Although in previous studies it is reported that N-fertilizers had significant effects
on sorghum growth (Ayoubet al., 2003; Almodares et al., 2008), only few are known for
different nitrogen application rates on sorghum biomass yield, especially for higher rates
over the 150 kg of nitrogen per hectare.

The aim of this study was to identify the efficient nitrogen fertilizer application
rates for sustainable energy sorghum cultivation in a soil characterized from the
downward movement of calcium carbonate from the surface horizons due to leaching
with focuses on improvement of dry biomass production yield.

MATERIALS AND METHODS

Two field experiments were established for the study in the main agricultural plain
of Greece (Thessaly; Velestino area) to evaluate the effect of different nitrogen
fertilization levels on two new hybrids (H1: EJ7281 and H2: ES5200) of energy sorghum
yield in 2017. The experimental site is located at 39°02" N and 22°45" E (Velestino area;
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Magnesia). Velestino soil was classified as Calcixerollic Xerochrept, according to
USDA (1975). Soil analysis of a depth 0—40 cm showed average organic matter of 2.4%,
pH 8.1, total N 0.2 mg kg™', available P and K, 5 and 197 mg kg™’ respectively.

Sowing took place on the 20™ of June (due to the fact that there was pea cultivation
in the field which was incorporated as green manure) with sowing distances, 75 cm
between rows and 8 cm on the row (according to the instructions of the production
company for the hybrids).

Five different nitrogen fertilization levels were applied under 4 replications
(blocks) for each tested hybrid. Plot size was 20 m? (5 m width x 4 m length), while the
total plots per crop were 20 (5 N-fertilization levels x 4 blocks). The type of fertilizer
that was used wasurea 46-0-0, while all plots were irrigated using a drip irrigation
System.

Final biomass yield measured on final samplings (end of October for both hybrids),
where the whole aerial biomass were cut 8—10 cm above ground. From the center lines
of each plot was selected for cutting 1 meter (0.75 m?) so as to avoid any border effect.
The samples were weighed in the field and then a sub-sample was taken for further
laboratory measurements and air drying. Thereafter, the dry samples sub-samples were
weighed.

Complete weather data were recorded on a daily basis by an automated
meteorological station, which was installed in the experimental farm of the University
of Thessaly.

Finally, the statistical package GenStat (7" Edition) was used for the analysis of
variance (ANOVA) within sample timings for all measured and derived data. The
LSDoos was used as the test criterion for assessing differences between means (Steel &
Torrie, 1982) of the main and/or interaction effects.

RESULTS AND DISCUSSION

Weather conditions

The study area is characterized 110 - 40
by a typical Mediterranean climate 100 s Precepitation | 34
with cold humid winters and hot-dry g 9 —*—Temperature + 3
summers. E gg f\ T 28 %;

In particular, the average air S 60 I3 gg E
temperature ranged from 21 °C to & 50 i 2
27.4 °C during the summer 2017. % 38 F 12 g
Precipitation in the same period was r;“_) 20 - 8 |E
146.4 mm, while the 108 mm were 10 I I I I [ 4
observed during the second ten days o = - -0
of July (Fig. 1). J;n 1 3 A;g 1 3 020t

The best temperature for Ten Days period
sorghum growth is 20-30 °C, while
its base temperature is 13 °C Figure 1. Temperature and precipitation (10-days
(Ferraris and Charles-Edwards, mean values) occurring in studied site during the

1986). Therefore during this field growing periods of sorghum in 2017.
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study, mean temperature between 20 °C to 30 °C was consistently reached by June and
maintained until almost end of September.

Biomass and seed yield

No statistical significant effects of nitrogen fertilization on total dry biomass yield
for both tested sorghum hybrids were found (Tables 1, 2). Total dry yield was fluctuated
between 22.2 to 37.5 t ha™', with the higher dry yield corresponding to the hybrid 2 under
the higher N-fertilization level
(280 kg N ha’l), while the lower Table 1. Effects of different N-fertilization levels

corresponded to the hybrid 1 without (0, 70, 140, 210, 280 kg N'ha™) biomass and

fertilization. Hybrid 1 had a negative seed yield of sorghum hybrid 1 (H1: EJ7281)

effect of N-supply above the Total  Dry  Dry  Seed

210 kg N ha™', while hybrid 2 followed lizationlry  Stem - Leaves Weight
.. . . Fertilization ycioht Weight Weight

the principle the higher the nitrogen h g h & th g ko ha'l

supply, the higher yield can be (tha’) (tha’) (tha’) (kgha™)

obtained indicating that hybrid 2 did 2224 1771 3.60 931
not reach the potential biomass yield. 70 3531 29.66 424 1414
In both hybrids, sorghum 140 31.55 2542 431 1,822
accumulated a high amount of biomass 210 3477 2877 446 1,534
in stems, while the stem/total biomass 280 2010 2354 422 1341

ratio was rather constant in each

hybrid. Hybrid 1 produced higher stem LSDoos  ms 9.072 ns 491.5
yield than hybrid 2, which was affected Cv() 223 235 211 227
from nitrogen fertilization (Table 1).

This ratio achieved the 81.6 and 77.5%for the first (H1) and the second hybrid (H2),
respectively. In the case of leaves the second hybrid (H2) had a higher percentage of leaf
biomass (20.1 vs. 13.8%) than the first (H1). Petrova Chimonyo et al (2018) reported
that the leaves yield at the harvest was the 30% of the total biomass, percentage
higherthan found in the current study. Furthermore, it has been reported that in case of
energy crops the gross calorific value of leaves is always lower comparing to the caloric
value of the rest biomass (Gravalos et

al., 2016) and thus the reduced biomass Table 2. Effects of different N-fertilization levels
of leaves will lead to increased total (0, 70, 140, 210, 280 kg N'ha™) biomass and
calorific value for the studied hybrids. seed yield of sorghum hybrid 2 (H2: ES5200)
Hybrid 1 produced double the seed Total Dry Dry

yield of hybrid 1 (1,400 vs. 720 kg ha™'; Fertilization Dry Stem  Leaves Seed
Tables 1, 2), which can be used as (kg Nha') Weight Weight Weight Weight
animal feed. (tha!) (tha!) (tha') (kgha')

. . . 0 2598 19.88 5.27 830
The produced biomass yield is
. . 70 24.17 18.51 5.08 580
higher than the reported yield (Buxton 140 2528 1941 525 620
et al., 1999; Regassa & Wortmann., 210 29026 2301 567 580
2014; Wannasek et al., 2017) and in 280 3744 2928 7.17 990
agreement with previous reports for LSDy 05 ns ns ns ns

sweet sorghum (Zhao et al., 2009), CV (%) 223 235 21.1 227
biomass sorghum (Rooney et al., 2007)

and forage sorghum hybrids (Venuto & Kindiger, 2008). The produced sorghum dry
biomass of the unfertilized treatments in the current study agrees with the reported yield
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of 23 t ha' (Pannacci & Bartolini, 2018). In the case of hybrid 1, stems dry yield had
been significant affected by nitrogen fertilization which has been reported in previous
studies (Ayoub et al., 2003; Pholsen & Sornsungnoen, 2004; Pholsen & Suksri, 2007).
Nitrogen fertilization (up to 140 kg ha™) had the same effect on sorghum dry biomass
yield as with the reported effect to sunflower biomass (Skoufogianni et al., 2019).

CONCLUSIONS

The tested sorghum hybrids showed that high dry biomass yield can be produced
even under low nitrogen fertilization or even without fertilization when pea cultivation
is the previous one and has been used as green manure. Furthermore, a sufficient amount
of seed yield could be produced and could boost animal feed production. A general
conclusion could be that sorghum, should be taken seriously into consideration in land
use planning, producing high dry biomass yields for solid biofuels, but further
investigation of the gross calorific value and the ash content is needed.
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