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Abstract

The pot experiment was conducted in a greenhouse to study the effect of
nitrogen nutrition of 0, 200, 400, 600 and 800 mg N.kg™ soil on the concentration
of nitrogen, phosphorus and potassium in sorghum plants. The plants were
analyzed in 4-5 leaves growth stage by dividing the leaves, stems and roots. It
was established that the sorghum plants formed the largest amount of dry
biomass when grown at Ngy level. Higher levels (Ngoo and Nggo) increased the
nitrogen content of stems and roots and phosphorus in all plant parts, but they
significantly reduced the nitrogen concentration in the leaves. The concentration
of potassium in the leaves and stems increased in parallel with the levels of
nitrogen from 3.64% K,0O and 4.02% KO at Ny to 4.42% K,0 and 5.03% KO at
Ngoo, respectively. The nitrogen level very strongly positively correlated with the
nitrogen concentration of roots (r = 0.927**) and the potassium concentration of
leaves (r = 0.993**) and stems (r = 0.985**). The relationship between nitrogen
fertilization and the nitrogen concentration of leaves was negative (r = - 0.535%).
The positive and proven relationship was established between the nitrogen level
and the phosphorus concentration of plant organs.
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Introduction

Sorghum (Sorghum bicolor L. Moench) is a multipurpose crop
belonging to the Poaceae family, which are C, carbon cycle plants with high
photosynthetic efficiency and productivity (Tari et al., 2012). It is one of the
five major crops in the world and it can be used as food (grain), feed (grain and
biomass), fuel (ethanol production), fiber (paper), fermentation (methane
production) and organic by-products (Fernandes et al., 2013). In the European
Union, the production is mainly concentrated in France, Italy and Spain and the
total consumption of 850,000 tons in Europe exceeds production (lvanov,
2006). In Bulgaria the production of grain sorghum has increased in recent
years and sorghum is one of the top ten grown crops in the country (Bulgarian
Ministry of Agriculture and Foods, Agrostatistics, 2016).

The modern varieties are hybrids with high productivity potential
appropriate for application of intensive forage grain production technologies
(Kertikov, 2007; Kikindonov et al., 2008). Many agricultural soils have a
limited ability to supply available nitrogen for target yields and nitrogen is the
most limiting nutrient for cereal crops, including sorghum production (Gerik et
al., 2014). The level of nitrogen nutrition has greater effect on growth and yield
of sorghum plants than any other essential plant nutrient (Enchev &
Kikindonov, 2015). Proper nitrogen nutrition is critical to meet crop needs and
indicate considerable opportunities for improving nitrogen use efficiency
(Murrel, 2011). The objective of the present study was to establish the effect of
different levels of nitrogen nutrition on the dry biomass and concentration of
main nutrients - nitrogen, phosphorus and potassium in sorghum plants at 4-5
leaves growth stage.

Material and Methods

The pot experiment was conducted in greenhouse conditions to study
the effect of nitrogen nutrition level at 0, 200, 400, 600 and 800 mg N.kg™ soil
on the concentration of nitrogen, phosphorus and potassium in sorghum plants.
The levels of nitrogen were made by adding of ammonium nitrate dissolved in
water. Five plants per pot of hybrid EC Alize were grown under optimal water
regime in plastic 5L pots. Each pot contained 3.8 kg air-dry soil and drainage.
The soil had slight alkaline reaction (pH = 7.80), low content of mineral
nitrogen (13.8 mg Nmin.kg™? soil) and it was well supplied with available
phosphorus (178 mg P,0s.kg™ soil) and potassium (240 mg K,0.kg™ soil). The
plants were analyzed in 4-5 leaves growth stage by separating them as leaves,
stems and roots.

128 Agroznanje, vol. 19, br. 2, 2018, 127-136



The dry weight of all plant parts was determined after drying for 48
hours at 60 °C. The concentration of nitrogen, phosphorus and potassium was
analyzed in each plant part. The sub-samples of 0.5 g ground and dry plant
material were mineralized using a wet digestion by H,SO, and H,0, as a
catalyst (Mineev, 2001). The concentration of nitrogen and phosphorus in plant
samples were determined by colorimetric methods and potassium concentration
was analyzed by the flame photometer model PFP-7 (Tomov et al, 2009). An
overall analysis of variance (ANOVA) was performed to evaluate the effect of
experimental treatments on the referred variables, and the Duncan (1955)
multiple range test (p = 0.95) was used in order to determine the difference
among the means.

Results and Discussion

Young sorghum plants accumulated 2.39 g DM.pot™ an average when
grown under conditions of good water supply and nitrogen fertilization levels 0
— 800 mg N.kg™ soil (Table 1). The largest share from the total dry biomass of
plants was distributed to dry mass of roots (41.8 %), followed by the leaf dry
biomass (33.9%), and stem dry biomass was the lowest share (24.3%). The
nitrogen level had a positive effect on the accumulation of dry biomass in the
sorghum organs (Table 1 and Figure 1). Plants formed the largest amount of dry
biomass when grown at Nggo level. The dry mass of roots at this level exceeded
twofold the dry mass of unfertilized root at No. The accumulation of dry mass
in the leaves and stems of sorghum plants grown at Nggo level exceeded the dry
mass of the same parts of sorghum without nitrogen Ny by 65.2% and 21.8%,
respectively (Table 1).

Tab. 1. Effect of nitrogen level on the leaf, stem and root dry biomass of sorghum,
g DM.pot™
Ymuyaj nueoa hybperwa asomom ua cygy macy aucmosa, cmabia u
Kopjena cupxa, y Q cyge mace no cakcuju

Nllgsglen Leaves | %toNy | Stems | %toNy | Roots | %to Ny | Plants | % to Ny
No 0.63° 100 0.43° 100 0.96 ® 100 2.02 ° 100
N2oo 0.70 ¢ 110.3 0.45° 104.8 1.03% 107.2 217" 107.7
N0 0.93% | 1480 | 0.68% | 157.3 1.08% | 1128 | 2.69 ® | 1332
Nsoo 1.04% | 1652 | 0.88% | 2055 | 1.17% | 1218 | 3.09 ® | 1531
Negoo | 0.74™ | 1177 | 047" | 1088 | 0.75° 779 | 196 ° | 969
Average 0.81 0.58 1.00 2.39
*Values in each column followed by the same letters are not S|gn|f|cantly different at p<0 05

according to Duncan’s multiple range test.

Agro-knowledge Journal, vol. 19, no. 2, 2018, 127-136

129



The dry biomass of the aerial plant parts (leaves + stems) increased
from 1.05 g DM.pot™ at No level to 1.92 g DM.pot™ at Neggo level, or the
increase was by 83.3%. The positive effect of the level of nitrogen nutrition on
the root dry mass was established as a trend without proven significant
differences.

The influence of low Ny fertilization on the accumulated leaf and stem
dry mass of sorghum was insignificant compared to unfertilized control.

1922

1.61®
1.05°¢ 1.15¢ 1.21be
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Fig. 1. Effect of nitrogen level on leaf + stem dry biomass of sorghum, g DM.pot™
Ymuyaj nusoa hybperwa azomom na cygy macy auwha+cmabna cupxa,
¥ g cyge mace no caxcuju

The growing of sorghum plants at nitrogen levels exceeding Ngoo
resulted in significantly less dry mass accumulation and of individual organs,
namely leaves, stems and roots.

Tab. 2. Effect of nitrogen level on the concentration of nitrogen (N %) in sorghum plants
Ymuyaj nusoa hyopersa azomom na xonyenmpayujy azoma (N %) y busxama cupka

Nlltg\(;glen Leaves % to Ng Stems % to Ng Roots % to N
No 5.01°% 100 3.72° 100 1.78 ¢ 100
Naoo 491%® 98.0 3.75° 100.9 2.22°¢ 124.9
Naoo 485%® 96.8 3.87%® 104.0 2.23°¢ 125.3
Neoo 4.66° 93.0 4.07° 109.4 2.48° 139.2
Nagoo 462° 92.2 4.06 2 109.1 2.95°% 165.9

Average 481 - 3.89 - 2.33 -

*Values in each column followed by the same letters are not significantly different at p<0.05
according to Duncan’s multiple range test.
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The average nitrogen concentration of sorghum plant organs in 4-5 leaf
stage was 4.81 % N in the leaves, 3.89% N in the stems and 2.33% N in the
roots (Table 2). The plant leaves grown without nitrogen fertilization contained
5.01% N. The effect of nitrogen level on the nitrogen concentration of different
plant organs was unidirectional. The percentage of leaf nitrogen changed from
4.62% N in the plants grown at Ngg level to 5.01% N in the leaves of control
plants No. No proven differences were found in the leaf nitrogen concentration
in the plants grown using Ny — Nggo fertilization levels. The results
demonstrated that higher levels of nitrogen, Ngoo and Ngo led to significantly
lower leaf nitrogen concentration compared to the control leaves at the N level.
This was probably due to the "dilution effect™ established for other crops, when
leaf growth and dry mass accumulation exceed the nitrogen absorption per unit
of dry mass. Unlike leaves, nitrogen fertilization increased the percentage of
nitrogen in the stems and the differences were significant at higher Nggo and
Ngoo levels compared to the non-fertilized plants.

The root nitrogen content increased in parallel with the increasing of
nitrogen level and ranged from 1.78% N at Ny to 2.95% N at Ngg. The
differences between the investigated nitrogen levels were mathematically
proven, with the exception of the difference relating to the root nitrogen
concentration between the Nag and Nygo levels.

Tab. 3. Effect of the nitrogen level on the concentration of phosphorus (P,05%) in
sorghum plants
Ymuyaj nusoa hybperwa azomom na xonyenmpayujy gpocgopa (P,0s %) y
bumkama cupka

Nitrogen

level Leaves % to Ng Stems % to Ng Roots % to N
No 0.558 ¢ 100 0.634° 100 0.528° 100
Noo 0.589 ° 105.6 0.631° 99.6 0.506 ° 95.8
N.oo 0.633°? 1135 0.661° 104.2 0.560 ® 106.0
Neoo 0.655 2 117.4 0.762 2 120.1 0.628 2 118.9
Naoo 0.632°2 1132 0.751° 118.4 0.601 2 113.8
Average 0.613 - 0.688 - 0.565 -

*Values in each column followed by the same letters are not significantly different at p<0.05
according to Duncan’s multiple range test.

The average concentration of phosphorus in the sorghum plants was of
similar value - 0.613% P,0Os in the leaves, 0.688% P,0Os in the stems, and
0.565% P,0s in the roots (Table 3). Growing plants at higher level (Ngop and
Ngoo) resulted in significantly higher P,Os content of the sorghum organs.
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The highest average potassium concentration of 4.59% K,O in a 4-5
leaf growth stage was found in the stems, followed by the potassium content in
the leaves - 4.00% (Table 4).

Tab. 4. Effect of nitrogen level on the concentration of potassium (K,0%) in
sorghum plants
Ymuyaj nusoa hyoperwa azomom na xonyenmpayujy xkamujyma (K0 %) y
buvkama cupka

N'Iter\‘l’gle” Leaves % to Ny Stems % to Ny Roots % to No
No 3.64¢ 100 4.02° 100 1.72"™ 100
Naoo 3.79 ¢ 103.9 4391 109.2 1.78 103.5
Naoo 3.97°¢ 109.1 464°¢ 115.4 1.84 107.0
Nsoo 420" 1154 487" 121.1 1.82 105.8
Ngoo 442 a 1214 5.032 125.1 1.79 104.1

Average 4.00 - 459 - 1.79 -

*Values in each column followed by the same letters are not significantly different at p<0.05
according to Duncan’s multiple range test.

The roots contained 1.79% K,O on average and the level of nitrogen
nutrition slightly affected this concentration. The concentration of potassium in
leaves and stems increased in parallel with the level of nitrogen. With no
nitrogen fertilization the leaves and stems contained 3.64% K,O and 4.02%
K0, respectively. As a result of applied Ngo fertilization, the potassium
concentration in these organs increased by 21.4% and 25.1%, respectively.

The performed correlation analysis did not demonstrate a definite
relationship between studied nitrogen level in a range from Ng to Ngg and the
dry mass of the plants (Table 5).

Tab. 5. Correlation between nitrogen nutrition and dry biomass in sorghum plants
Kopenayuja usmehy ucxpane azomom u cyse buomace dbumara cupka

Parameters Leaves Stems Roots Leaves+ Plants
Stems
N level 0.283 0.382 0.437 0.346 0.398
Leaves 0.832** 0.431 0.961** 0.921*
Stems 0.612** 0.953** 0.957**
Roots 0.541* 0.698*
Leaves+Stems 0.980**

*Correlation is significant at the 0.05 level
**Correlation is significant at the 0.01 level
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The correlation analysis did not demonstrate a definite relationship
between the studied nitrogen level ranging from Ng to Ngg and the plant dry
mass (Table 5). Dry mass of aboveground plant parts strongly correlated with
leaf dry mass (r = 0.961 **) and stem dry mass (r = 0.953*%*).

The nitrogen level very highly and positively correlated with the root
nitrogen concentration (r = 0.927**) and the leaf (r = 0.993**) and stem (r =
0.985**) potassium concentration (Table 6).

Tab. 6. Correlation between nitrogen nutrition, concentration of nitrogen,
phosphorus and potassium in sorghum plants
Kopenayuja usmehy ucxpane azomom, me KoHyeHmpayuje azoma,
docgopa u kanujyma u buskama cupka

parametrs | | N N N P.Os | POs | POs | KO K;0 K;0
eaves stems roots leaves stems roots leaves stems roots
Nilg\‘jgle” 0535%  0556% 0927*%% 0771%* 0796** 0643** 0993** 0985**  0535*
N leaves 0374 -0531* 0242 -0454* -0286 0477 0527  -0.057
N stems 0526%  0502% 0774 0569 0555% 0.601**  0.042
N roots 0537%  0.704**  0.489%* 0931%* 0906** 0440
P,Os leaves 0.719%% 0732 0744 0.831%* 0.683**
P,0s stems 0.894** 0819%* 0800%* 0301
P,0s roots 0.659%* 0669 0408
KO leaves 0966 0510
K0 stems 0.601**

*Correlation is significant at the 0.05 level
**Correlation is significant at the 0.01 level

There was a positive correlation between the nitrogen level and the stem
nitrogen content, whereas the relationship between nitrogen fertilization and the
leaf nitrogen concentration was negative (r = 0.535*). According to Almaliev et
al. (2013), the concentration of phosphorus in durum wheat genotypes in
tillering was slightly dependent on nitrogen fertilization. The positive and
proven relationship was established in this study for sorghum plants between
the nitrogen level and the phosphorus concentration in plant organs. A positive
relationship between nitrogen and phosphorus (r = 0.774**), nitrogen and
potassium (r = 0.601**), and phosphorus and potassium (r = 0.985**) was
proven in the sorghum leaves. Similar results were obtained for young
genotypes of durum wheat in tillering (Almaliev et al., 2013).
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Conclusion

Sorghum plants formed the largest amount of dry biomass when grown
at the Neggo level. The leaf + stem dry mass increased from 1.05 g DM.pot™ at
No level to 1.92 g DM.pot™ at Nggo level, or the increase was by 83.3%.
Nitrogen levels exceeding Ngo resulted in significantly less dry mass
accumulation. Higher levels, Ngoo and Nggo, led to significantly lower nitrogen
concentration in the leaves compared to the Ny control, but the same level
increased the stem and root nitrogen content. The average concentration of
phosphorus in sorghum organs was of similar value - 0.613% P,Os in the
leaves, 0.688% P,Os in the stems, and 0.565% P,Os in the roots. Growing
plants at higher levels (Ngoo and Ngy) resulted in significantly higher
phosphorus content in the sorghum organs.

The concentration of potassium in the leaves and stems increased in
parallel with the levels of nitrogen from 3.64% K,0 and 4.02% K,0 at N to
4.42% K,0 and 5.03% K,O at Nggp, respectively. The nitrogen level very
strongly and positively correlated with the root nitrogen concentration (r =
0.927**) and the leaf (r = 0.993**) and stem (r = 0.985**) potassium
concentration. The relationship between nitrogen fertilization and the leaf
nitrogen concentration was negative (r = 0.535*). The positive and proven
relationship was established between the nitrogen level and the phosphorus
concentration in plant organs.

References

Almaliev, M., Panayotova, G. & Kostadinova, S. (2013). Relationships of
Durum Wheat Yield and Grain Quality from Nitrogen Fertilization.
Plant Science, 50(4), 5-9.

Bulgarian Ministry of Agriculture and Foods, Agrostatistics. (2016). Retrieved
http://www.mzh.government.bg/MZH/bg/ShortLinks/SelskaPolitika/Agros
tatistics/Crop/Posts_copy3.aspx

Enchev, S. & Kikindonov, G. (2015). Influence of mineral nitrogen and organic
fertilization on the productivity of grain sorghum. Agricultural Science
and Technology, 7(4), 441 — 443.

Fernandes, E., Pereira, W., Hackenhaar, L., Rodrigues, R. & Terra, R. (2013).
The use of whole grain sorghum in broiler feeds. Revista Brasileira de
Ciéncia Avicola, 15(3), 217-222.

134 Agroznanje, vol. 19, br. 2, 2018, 127-136



Gerik, T., Bean, B. & Vanderlip, R. (2014). Sorghum Growth and
Development. Texas Cooperative Extension. Productivity Rotations on
farms in Texas, 7(3), 2-7. Retrieved from:
http://glasscock.agrilife.org/files/2015/05/Sorghum-Growth-and-Development.pdf

Ivanov, P. (2006). Tendencies of cereal fodder crop production worldwide and
in the European Union. Field Crops Studies, 3(1), 89-98.

Kertikov, T. (2007). Study of productivity capacities for production of forage,
crude protein and chemical composition in sorghum hybrids. Bulgarian
Journal of Agricultural Science, 13(3), 281-289.

Kikindonov, Ts., Slanev, K., & Kikindonov, G. ( 2008). Green mass
productivity of sorghum origins. Journal of Mountain Agriculture on
the Balkans, 11(3), 503-511.

Mineev, V. G. (2001). Manual of Agrochemistry. Academic publisher of
Moscow State University, Russia.

Murrell, T. S. (2011). Nutrient Use Efficiency: A Midwest Perspective. Paper
presented at the Nutrient Efficiency and Management Conference.
Rochester Minesota. International Plant Nutrition Institute, USA.

Tari, 1., Laskay, G., Takécs, Z. & Poor, P. (2012). Responses of Sorghum to
Abiotic Stresses: A Review. Journal of Agronomy Crop Science,
199(4), 264-274.

Tomov, T., Rachovski, G., Kostadinova, S. & Manolov, I. (2009). Handbook of
Agrochemistry. Academic publisher of Agricultural University of
Plovdiv, Bulgaria.

Agro-knowledge Journal, vol. 19, no. 2, 2018, 127-136

135



KonmenTparuja a3zora, pocdopa u kaaujyma y oOusbkama cupka,
rajeHnM y yCJIoBUMa hiyOpema pa3mnuuTiM J103aMa a30Ta

1 1 1
Cgetia Kocrangunosa®, XKusko Togopos™, iBan Benunos

YTomonpuspeonu Ynusepsumem, Ilomonpuspednu gaxynmem, Inosous, Byzapcka
Caxerak

ExcriepuMeHT je CHpoBeleH y CTaKIeHHKY, y LWJbY IMpOydaBarba
yruiaja hyopema azorom y tpermanuma ox 0, 200, 400, 600 u 800 mg N/kg na
KOHIICHTpaIjy a3ota, ¢ocdopa W Kaaujyma y OWJbKamMa CHpKa. buibke cy
aHaymsupane y (asum 4-5 nmcroBa, moceOHO 3a JIMCTOBE, CTa0JI0 M KOPjCH.
YTBpheno je na cy Omibke cupka uMaie HajBehy macy cyBe OMIbKe y TpeTMaHy
hyopema ca azotrom Nggo. Burim ausou hyopemma azotom (Nggo 11 Nggo) yTriianu
cy Ha noBehame canpikaja a30Ta y ctadily u KOpjeHy, kao u ¢ocdopa y CBUM
OWJbHMM OpraHMMa, ajld Cy 3HAauajHO CMAambWIM KOHICHTpAIHMjy a3ora y
nucroBuMa. KoHueHTpanuja kanujyma y JUCTOBUMA M cTabiy nosehaBana ce
ucToBpujeMeHo ca nosehamem HUBOA hyOpema azorom, o 3.64 % K,0 u 4.02
% K,0 y tpermany No 1m0 4.42 % K,0 u 5.03 % K,0 y tpermany Nggo. Huso
hyOpema a3oroM je wWMao BeoMa jaKy TO3UTHBHY KoOpeiamjy ca
KOHIIEHTpaIKjoM a3ota y KopjeHy (r = 0.927**) u KOHIIEHTpaIIUjoM KaJaujyma y
muctoBuma (r = 0.993**) u crabny (r = 0.985**). YrBphena je HeraTuBHA
kopenanmja (r = - 0.535*) usmehy HuBoa hyOpema a30TOM M KOHIICHTpAIHje
azora y saucroBuMa. [lo3uTHBHa Kopenauuja mocrojana je usMmelly HHBOa
hyOpema a30ToM U KoHIIEHTpanHje pocdopa y OMIbHUM OpraHuMa.

Kwyune pujeuu: ucxpana a3otom, gpocdop, Kaaujym, CUpaKk
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