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SUMMARY

Sorghum is considered as tolerant species toward different
environmental conditions. Genetic potential for sorghum
yield is being exploited depending on the intensity of
production and effect of biotic and abiotic environmental
factors. Beside drought, which is the most important abiotic
stress factor, extreme temperatures and soil factors can
affect sorghum production and yield. This paper gives a
summary of previous studies related to the effects of
extreme temperatures and unfavorable soil pH on scrghum
plants, as well as the plants reaction to such effects. The
surmmary includes studies related to variability analysis of
sorghum germplasm and patterns of inheriting tolerance
towards stress caused by extremely low or high
temperatures and production on acid or alkaline sails.
Keyworbs: acid soils, alkaline soils, extreme temperatures,
sorghum
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INTRODUCTION

Beside pests and diseases that in the conditions
optimal for their development represent serious
biotic factor for sorghum yield decrease, large
reductions in yield are caused by abiotic factors
(Bovyer, 1982).

The largest areas under sorghum are located in
tropic reglons, where plants, besides being
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exposed to high temperatures, experience lack of
humidity (Sikora et al,, 2013; 2014). Sensitivity to
low temperatures is a main factor limiting sorghum
distribution, and its cultivation in northern parts of
Europe (Reddy et al,, 2011). Disorders in mineral
nutrition and other physiolegical processes are the
symptoms occurring in unfavorable soil conditions.
Since the soils with unfavorable pH occupy
significant areas of arable land in the world,
selection of cultivars and hybrids tolerant to acid
and alkaline soils could enable the cultivation even
on marginal terrains (Dalal et al., 2012).

EXTREME TEMPERATURES

Low temperatures

Being a plant species originating from tropic
and subtropics regions of Africa, sorghum is
well adjusted to warm environmental
conditions. Low temperatures are among
abiotic factors that significantly affect sorghum
production in moderate climate conditions. In
this regard sorghum is the most sensitive
among all cereals, at all stages of growth and
development (Maiti, 1996).

The initial phase of the vegetation that
includes germination, emergence, and intensive
initial growth of seedlings (seedling vigor) is the
period when the plants are the least tolerant to
cold. Negative effect of the stress on yield is
usually manifested through winter killing and
incomplete growth (Tiryaki & Andrews, 2001; Yu
et al, 2004; Franks et al, 2006). During cold
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springs, beside low temperatures that directly
endanger the plants, seedling diseases caused
by Pythium and Fusarium species often occur
(Forbes et al., 1987).

In the case of short exposure to low
temperatures, plants may survive, but their growth
is decreased due to reduction of cellular functions
and weakened photosynthetic activity (Brouwer
et al, 1973). Decrease in seedling mass ranges
from 69% to 92%, whereas reduction of
chlorophyll occurs simultaneously, by 16 to 28%
in tolerant and sensitive genotypes,
respectively (Maulana, 2011). After short
exposure to low temperatures and upon
returning to more acceptable temperature
conditions, plants continue with normal growth.
Until the end of vegetation period, they form
optimum number of leaves and achieve normal
height (Major et al, 1982). Flowering and
ripening are postponed in some cases, and it is
more noticeable in early-matured lines.
Genotypes with longer vegetation recover
longer, resulting in shorter postponement of
generative phenophases. Postponement s
probably caused by reduction of
microsporogenesis, macrosporogenesis and
photosynthetic activity. Temperatures below 12
°C cause decreased production of pollen,
especially in sensitive genotypes (Wang et al.,
2000; Osuna-Ortega et al., 2003).

Coldness in later stages of plant growth
leaves significant consequences on yield. If low
temperatures occur before flowering, all yield
compeonents are reduced, including panicle
weight, grain number per panicle, grain weight
per panicle and 1000-grain weight (Prasad et
al., 2008). Reduced pollen quantity results from
delayed flowering and significant reduction of
anther dehiscence. On the other hand,
decreased fertilization because of reduced pistil
responsiveness causes lower grain number per
panicle (Downes and Marshall, 1971). Low night
temperature during flowering favors the
occurrence of fungal diseases, such as
Sphacelia sorghi McRae (Stack, 2000).

Although majority of available sorghum
germplasm originates from tropics and is
sensitive to low temperature, group of local
populations developed in moderate climate of

China shows more uniform emergence and
intensive initial growth even in conditions
where other sorghums are killed by winter
(Singh, 1985; Cisse & Ejeta 2003). These unique
local populations called “kaoliang” represent
excellent genetic resource for advancement of
tolerance toward low temperatures. However,
they are with unfavorable agronomic traits:
extremely tall {used as construction material or
fuel), sensitive toward diseases and with high
content of tannin in the grain (Yu & Tuinstra,
2001: Franks et al., 2006).

Yang et al. (1996) tested diversity of a
collection consisting of 34 kaoliangs using
RAPD, RFLP and ISSR markers, whereby
similarity between lines averaged to 70%, based
on each of the three marker types. Yu &
Tuinstra (2001) recorded good general
combinatory traits for seedling tolerance
toward low temperatures in kaoliangs,
emphasizing the potential of these lines as a
source of tolerance gene during hybrid
development. It is possible to implement this
trait in parent line through multiple
backcrossing with a selection of favorable
agronomic traits.

In order to more efficiently introduce genes
from kaoliangs that are linked to seedling
tolerance toward cold to elite high yielding
lines using MAS, Cisneros-Lopez et al. (2012)
recorded significant divergence in their
collection and identified genetic markers
related to QTLs for intensive seedling growth in
conditions of stress caused by coldness. Knoll
et al. (2008) identified two QTLs responsible for
germination in lines derived from crossing
tolerant (SQR) and sensitive line (SRN39).

Besides kaoliangs, sources of tolerance
toward low temperatures were identified in
population from higher altitudes of Africa
(Singh, 1985). The germplasm was tolerant to
low temperatures from flowering to ripening,
belng useful for development of cultivars and
hybrids for highlands of Mexico, East and South
Africa (Peacock, 1982).

Introduction of sorghum hybrids tolerant to
low temperatures, especially in early stages of
growth, would enable its cultivation in regions
that are traditionally considered cold for

19



Sikora V. et al. / Alternative Crops and Cultivation Practices, 2019, 1. 18-26

sorghum, as well as early sowing in existing
regions of cultivation. That would prolong the
period of biomass accumulation and increase
grain yield (Cisse & Ejeta, 2003).

High temperatures

Sorghum plants normally develop and grow
in temperature range 15-40 °C, however
temperatures below and above can affect
germination, emergence, flowering and
fertilization. According to House (1985), in
conditions of sufficient soil moisture, normal
flowering and fertilization occur even while
temperatures rise to 43 °C. In many regions,
temperature stress occurs simultaneously with
drought stress, so breeding for heat tolerance
includes drought tolerance. Jordan & Sullivan
(1982) analyzed a sorghum collection
concerning heat and drought tolerance.
Although these two phenomena usually cccur
together, tolerance to heat and drought were
not in significant correlation. Therefore, these
are separate and independent traits.
Concerning high temperatures, the main
problem limiting vyields and affecting
production stability is uneven germination and
emergence, and therefore inadequate plant
spacing (Peacock, 1982).

Thomas & Miller (1979) found that seedlings
of different lines react differently when exposed
to high temperatures, with thermal tolerance
for emergence of even 55 °C in some lines.
Wilson et al. (1982) modified soil temperature
in field and controlled conditions of greenhouse
by changing the substrate color, showing the
variability among genotypes related to
germination at high temperatures.

Genetic variability for heat tolerance after
seedling stage was investigated in several
studies. Sullivan (1972) developed the leaf disc
method, which was used to detect positive
correlation between heat tolerance and higher
yields (Sullivan & Ross, 1979). With the same
method, Jordan & Sullivan (1982) screened
about 130 sorghum lines and hybrids;
confirming significant variation among
genotypes and concluding that breeding for
heat tolerance is beneficial.

Knowledge on the genetic control of heat
tolerance is the basis for defining adequate

breeding program. While testing four parent
lines, their hybrid and reciprocal combinations,
Khizzah et al. (1993) determined that lines were
more tolerant than hybrids; and genotypes with
higher drought tolerance in later stages of
plant development were more heat tolerant. A
possible connection of the two traits was
suggested. It was assumed that two loci were
responsible for the expression of heat tolerance
and that there was complete dominance in both
pairs of genes. However, when one gene is
dominant, it is epistatic to the other. However,
Setimela et al. (2007) pointed out higher
significance of additive gene activity compared
to dominant.

SOIL REACTION

Reaction of soil solution is expressed
through pH value which represents activity of
H* ions in the solution. Acid soil pH is lower
than 7, and alkaline is higher than 7. In neutral
soll solution, concentration of H* and OH" ions
is identical. Availability of mineral nutrients to
plants is connected tc soil pH value. For
majority of plant species, nutrients are most
available with pH value within the range of 6-7.
Higher and lower pH values cause disorders in
plant nutrition and development (Fageria et al,,
1990).

Acid soil

Soil acidity is among the most significant
problems in many agricultural regions, it is
estimated that 50% of arable land in the world
is acid (Kochian et al., 2004).

Low pH is manifested on plants through
effects on growth and development, i.e. through
decrease of mineral nutrients uptake efficiency.
Toxicity of H*, A, and Mn?* affects growth and
development of plants. Decrease of solubility
and concentration of cations, root system
development inhibition and rinsing nutrients
into deeper soil layers leads to disorders In
mineral nutrition of plants on acidic soils
(Marschner, 1991).

Due to the association of pH with the
concentration of Al and Mn ions on acidic soils,
the direct effect of H ions on plants can be
difficult to estimate. More important is the
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indirect inhibitory effect of a low pH on
availability and absorption of nutrients by the
plant root (Blamey et al., 1997). The toxicity of
Al is manifested through growth reduction of
root system and aboveground plant parts. While
symptoms of Al toxicity on stem and leaves are
difficult to identify and define, the main root is
stunted, and the formation of lateral roots occurs.
In conditions of Al intoxication, plants uptake
limited quantities of nutrients and water, becoming
more susceptible to drought stress (Foy, 1984).
Toxic effect of Mn on plants occur with pH lower
than 6 (Kamprath & Foy, 1985). Harmful
physiological and biochemical effects include
destruction of auxins, reduction of number and
volume of leaf cells, disruption of enzymatic
system and reduction of nitrate reductase activity
(Heenan & Campbell, 1981). Although substantial
production reduction can occur in Mn toxicity,
greater importance is given to the effect of Al on
plants (Sumner et al,, 1991).

High saturation of soil with Al affects the
performances of sorghum hybrids in the field and
can reduce vyields significantly. Yield reduction
depends on the level of soil solution saturation
with Al ions, accordingly of soil pH. Butchee et al.
(2012) stated that critical pH for sorghum is 5.42,
below which yield reduction occur. Baligar et al.
(1989) determined that Al concentration of 41 and
64% lead to 24 and 54% vyield reduction,
respectively. Yield reduction of 35% was recorded
when pH lowered from 5.1 to 4.8, while decrease
from 4.8 to 4.4 led to 92% reduced yield (Duncan,
1988). Despite significant reduction in grain yield
on highty acidic soils, the effect of high Al on plant
height, vegetation length and harvest index is not
significant (Samac and Tesfaye, 2003).

There are several tolerance mechanisms to
high soil Al in plants. Dalovi¢ et al. (2010} classified
in cereals these mechanisms into external, internal
and genetic. External mechanisms act preventively
against Al penetration and its assimilation in
plants, based on Al immobilization in cell walls,
secretion through cell membranes, formation of pH
barriers in rhizosphere and excretion of organic
acids, phosphates and chelate through root.
Internal mechanisms activate in case of increased
Al concentration in plant cells. Organic acids have
the most important role in detoxification. Those

form complexes with Al that accumulates in
specific cellular organelles, especially vacuoles.
Beside variability, knowledge on genetic control of
plant reaction to low pH and high Al is the basis for
tolerant genotype selection.

Genetic variability for tolerance to low pH and
increased Al was documented in a number of plant
species (Ryan et al, 2011), including sorghum.
Sorghum seedling growth was studied in
controlled conditions (Bastos & Gourley, 1982
Furlani et al., 1983; Boye-Goni & Marcarian, 1985)
and in field tests (Duncan et al, 1983; Gourley,
1983; Duncan, 1988). Differences among
genotypes in tolerance indicate genetic control of
this trait.

Pitta et al. (1979) concluded that
inheritance of tolerance to acidic soils was
controlled by low number of genes with
dominant effect, based on the studies of five
parent lines and their hybrids in field
conditions. According to Bastos (1982), in F2
and F3 populations developed from crossing
sensitive and tolerant genotypes, three or more
genes are included in tolerance inheritance.
While testing combinatory abilities of six
parental lines, Boye-Goni & Marcarian (1985)
concluded that general combining abilities are
more significant than specific ones, which
implies additive inheritance. Borgonovi et al.
(1987) found dominant specific combining
abilities effect, indicating complex quantitative
method of tolerance inheritance. According to
Gourley et al. (1990), sorghum tolerance to Al
toxicity is dominant over sensitivity and
includes additive and non-additive gene
activity. Mode of gene action depends on stress
intensity and genetic constitution of the tested
material. Based on the extensive study of
tolerance to Al in Poaceae family, Magalhaes et
al. (2004) concluded this sorghum trait was
encoded in a semi dominant major locus (AltSB)
located on chromosome 3. The locus was
identified in SC283 line, which is considered
standard for the trait, as well as in SC566 line.
Tolerance degree is due to mutations in one or
more genes in the locus. Because of this mode
of inheritance, the authors suggest intraspecific
gene "accumulation” i{s not the most effective
strategy for increasing tolerance to Al toxicity.
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Alkaline soil
Basic characteristic of alkaline soils is high

saturation of soil solution with soluble salts,
which s why such soils are often called “salty”.
Alkaline level is estimated based on total
quantity of exchangeable cations that the soil
can retain. Soluble cations characteristic for
these soils are Na', K, Ca¥ Mg?, and
predominant anions occurring with them are Ct,
SO, NOy L HCOy (Tanji, 1990). It is estimated
that alkaline soils occupy 5-10% of arable
worldwide areas (Szabolcs, 1994). Due to
inadequate irrigation, areas under alkalization
increase (Ghassemi et al., 1985).

Increased soil salt concentration affects
plants complexly. The plants are exposed to
osmotic stress, lon toxicity, water stress and
mineral nutrition disorders (Neumann, 1997;
Yeo, 1998; Hasegawa et al, 2000; Munns,
2002). The metabolism disorders occur due to
osmotic stress in the first several days of the
exposure to high salt. There is direct toxic
activity on plant tissue after prolonged
exposure; first visible effect is water stress
(Pardossi et al, 1998). In case of longer
exposure, disruption in water and mineral
nutrients supply occurs, leading to ptant growth
and development inhibition (Hu & Schmidhalter,
1098).

The effect of salt on plant growth and
development is the most apparent on leaves.
The increased concentration of salts, primarily
NaCl, acts inhibitive, associated with reduction
of leaf turgor and carbon dioxide assimilation,
increased accumulation of toxic ions and
disturbance in mineral nutrition (Bernstein et
al., 1993).

Plants developed mechanisms to maintain
low level of ions such as Cl- and Na* in tissues,
such as the ability to reduce salt intake through
root cell membranes, and the ability to translate
already received salt ions from leaves into the
root, from where they are directly secreted
(Koyro, 1997). At the cellular level, the salt is
stored in vacuoles (Ashraf et al., 2001).

Sorghum is defined as a species moderately
tolerant to alkaline soils {(Francois et al., 1984},
more tolerant than e.g. maize. Therefore,
sorghum’s place in field production systems is,

inter alia, on the soils subjected to alkalization
(Igartua et al, 1994). Tolerance to increased salt
is mostly expressed in initial growth and
development stages. In addition, the effect of
salt is more pronounced on the reduction of
grain yield than to the reduction of vegetative
growth (Francois et al, 1984). Other authors
(Wolf et al,, 1990; Bernstein et al, 1995; Hu &
Schimidhalter, 1998) stated that inhibition of
leaf growth in sorghum occurs because of
accumulation of toxic ions and the disturbance
of mineral nutrition.

Sorghum plants are capable to reduce Na*
and Cl transport from root to aboveground
plant parts, or to store them partially to specific
places in stem, root and leaves (Lacerda et al,
2001).

Wide genetic variability for tolerance to
alkaline soils, Le. increased concentration of
salts in soils was recorded (Azhar & McNeilly,
1987; 1988; Maiti et al, 1994). Significant
potential for selection is intraspecific variability
for tolerance at the stage of germination and
emergence (Padoley, 1984; Taylor et al, 1975).
There is also an important interspecific
variability in sorghums, where S. halepense has
more expressed tolerance than S. bicolor (Yang
et al., 1990).

Tolerance to alkaline soils is inherited
quantitatively with moderate to high heritabllity
in wider sense (Ratanadilok et al,, 1978). Azhar &
McNeilly (1988) determined that additive and
dominant gene activity plays an important role
in tolerance in young sorghum seedlings. They
determined narrow sense heritability for low
(0.51%) and high (0.19%) salt soil concentration.

CONCLUSION

Plant production increased in second half of
twentieth century due to breeding for yield and
resistance to diseases, whereas breeding for
tolerance to abiotic stresses received little
attention. With the decrease in vyield
improvements per selection cycle, knowledge on
tolerance mechanisms to abiotic stress gained
in importance,

Although several sources of tolerance to
extreme temperatures were identified, selection
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depends on methodology of analysis in
laboratory that may not be compatible with
field. On the other hand, there is a minimal
possibility of controlling field conditicns.

Concerning tolerance to low soil pH and Al
toxicity, positive correlation between the results
obtained in laboratory and in the field was
recorded in several studies, but in this respect,
field trials were limited due to the lack of
uniform experimental parcels with targeted land
performances.

Studies on sorghum tolerance to abiotic
environmental factors indicate the usefulness of
the initial germplasm screening in laberatory
conditions. Thus the genotypes with tolerance
genes to abiotic stress were identified. However,
the evaluation of tolerant lines and hybrids can
be completed only in multi-year field trials that
include various environmental conditions.

REFERENCES

Ashraf, M., Nazir, N., & McNeilly, T. (2001). Comparative salt
tolerances of amphidiploid and diploid Brassica species.
Plant Science, 160{4), 683-680.

Azhar, FM., & McNeilly, T. (1987). Variability for salt
tolerance in Sorghum bicolor (L) Moench. under
hydroponic conditions. journal of Agronomy and Crop
Science, 159{4), 269-277.

Azhar F.M, & McNeilly, T. (1988). The genetic basis of
variation for salt tolerance in Sorghum bicolor (L)
Moench seedlings. Plant Breeding, 10(2), 114-121.

Baligar, V.C., Dos Santos, H.L., Pitta, GVE., Filho, E.C,
Vasconcellos, C.A., & Bahia Filho, AF. de C. (1989).
Aluminum effects on growth, grain yield and nutrient
use efficiency ratios in sorghum genotypes. Plant and
Sotl, 116(2), 257-264.

Bastos, C.R. (1982} Inheritance study of aluminum tolerance
in sarghum in nutrient culture (Doctoral dissertation).
Mississippl State University, Starkville, MS, USA.

Bastos, C., & Gourley, LM. (1982). Rapid screening of
sorghum seedlings for tolerance to low pH and
aluminium. In L.R. House, LK. Mughogho, |.M. Peacock
(Eds.), Sorghum in the eighties  Proceedings
International  Symposium on  Sorghum {p. 742).
Patancheru, AP, India: International Crops Research
Institute for the Semi-Arid Tropics.

Bernstein, N., Silk, WK., & Lauchli, A. 1993). Growth and
development of sorghum leaves under conditions of
NaCl stress. Planta, 191(4), £33-439.

Bernstein, N., Silk, W.K., & Lauchli, A. (1995). Growth and
development of sorghum leaves under conditions of
NaCl stress: possible role of some mineral elements in
growth inhibition. Planta, 196(4), 699-705.

Blamey, F.P.C., Ostatek-Boczynski, Z., & Kerven, G.L. (1997).
Ligand effects on aluminium sorption by calcium
pectate. Plant and Soll, 192(2), 269-275.

Borgonovi, RA., Schaffert, RE, & Pitta, GV.E. (1987).
Breeding aluminium tolerant sorghums. In L.M. Gourley,
1.G. Salinas (Eds.), Sorghum for acid soils (pp. 271-292).
Cali, Columbia: Intemational Center for Tropical
Agriculture.

Boye-Goni, SR, & Marcarian, V. (1885). Diallel analysis of
aluminium tolerance in selected lines of grain sorghum.
Crop Science, 25(5), 749-752.

Boyer, |.S. (1982). Plant productivity and environment.
Science, 218(4571), 44.3-448.

Brouwer, R., Kleinendorst, A., & Locher, }.Th. (1973). Growth
responses of maize plants to temperature. In R.O.
Slayter (Ed), Plant response to climatic factor,
Proceedings of the Uppsala Symposium {pp. 169-174).
Uppsala, Sweden: United Nations Educational, Scientific
and Cultural Organization, Paris.

Butchee, K., Amall, D.B., Sutradhar, A, Godsey, C., Zhang, H.,
& Penn, C. (2012). Determining critical soil pH for grain
sorghum production. International journal of Agronomy,
Volume 2012, Article ID 130254, 6 pages. Retrieved from
https://www. hindawi.com/journals/ija

Cisneros-Lopez, M.E., Mendoza-Onofre, LE.,, & Gonzalez-
Hernandez, V.A. (2012). Male parent effects on stigma
receptivity and seed set of sorghum A-lines under
chilling field temperatures. Plant Breeding, 131(1), 88-93.

Cisse, N., & Ejeta, G. (2003). Genetic variation and
relationships among seedling vigor traits in sorghum.
Crop Science, 43(3), 824-828.

Dalal, M., Mayandi, K., & Chinnusamy, V. (2012). Sorghum:
improvement of abictic stress tolerance. In N. Tuteja,
S.S. Gill, AF. Tiburcio, R. Tuteja (Eds.), Improving Crop
Resistance to Abiotic Stress {pp. 923-950). Weinheim,
Germany: Wiley-Blackwell.

Downes, RW., & Marshall, D.R. (1971). Low temperature
induced male sterility in Sorghum bicolor. Australian
Journal of Experimental Agriculture and Animal
Husbandry, 11(50), 352-356.

Duncan, R.R, Clark, R.B,, & Furlani, P.R. (1983). Laboratory
and field evaluations of sorghum for response to
aluminium and acld sell. Agronomy Journal, 75(6), 1023-
1026.

Duncan, RR. (1988). Sequential development of acid soil
tolerant sorghum genotypes under field stress
conditions. Communications in Soil Science and Plant
Analysis, 19(7-12),1295-1305.

Palovi¢, 1.G., Maksimovié, I.V., Kastori, R.R., & jelic, M.Z.
(2010). Mechanisms of adaptation of small grains to soil
acidity. Matica Srpska Proceedings for Natural Sciences,
118,107-120.

Fageria, N.K., Baligar, V.C., & Edwards, D.G. (1990). Scil-
plant nutrient relationships at low pH stress. In V.C.
Baligar, RR. Duncan (Eds), Crops as Erhancers of
Nutrient Use (pp. 475-507). San Diego, CA, USA:
Academic Press, Inc.

Forbes, G.A., Ziv, O., & Frederiksen, R.A. (1987). Resistance in
sorghum to seedling disease caused by Pythium
arrhenomanes. Plant Disease, 71(2), 145-148.

23



Sikora V. et al. / Alternative Crops and Cultivation Practices, 2019, 1. 18-26

Foy, C.D. (1984). Physiological effects of hydrogen,
aluminum, and manganese toxicities in acid soil. In F.
Adams (Ed), Soil Acidity and Liming (pp. 57-97).
Madison, Wl, USA: American Society of Agronomy Inc.

Francois, L.E., Donovan, T, & Maas, E.V. (1984). Salinity
effects on seed yield, growth, and germination of grain
sorghum. Agronomy Journal, 76(5), 741-744.

Franks, C.D., Burow, G.B., & Burke, ].]. (2006). A comparison
of US. and Chinese sorghum germplasm for early
season cold tolerance. Crop Science Abstracts - Plant
Genetic Resources, 46(3),1371-1376.

Furlani, P.R., Clark, R.B., Ross, W.M., & Maranville, | W.
(1983). Variability and genetic control of aluminium
tolerance in sorghum genotypes. In M.R. Saric, B.C.
Loughman (Eds.), Genetic Aspects of Plant Mineral
Nutrition {pp. 453-461). The Hague, Netherlands:
Martinus Nijhoff Publishers.

Ghassemi, F., Jakeman, A, & Nix, H.A. (1995). Salinisation of
land and water resources. human causes, extent,
management and case studies. Wallingford, UK: CAB
International.

Gourley, L.M. (1983). Breeding sorghum for tolerance to
aluminum-toxic tropical soils. In FR. Miller, V.
Guiragossian, A. Betancourt (Eds.), Proceedings Plant
Breeding Methods and Approaches in  Sorghum
Workshop for Latin America (pp. 299-313). El Batan,
Mexico: International Center for Maize and Wheat
Improvement.

Gourley, LM, Rogers, S.A., Ruiz-Gomez, C, & Clark, RB.
(1990). Genetic aspects of aluminium tolerance in
sorghum. Plant and Soil, 123(2), 211-216.

Hasegawa, P.M., Bressan, RA., Zhu, |.K., & Bohnert, HJ.
(2000). Plant cellular and molecular responses to high
salinity. Annual Review of Plant Physiology and Plant
Molecular Biology, 51, 463-499.

Heenan, D.P., & Campbell, L.C. (1981): Influence of potassium
and manganese on growth and uptake of magnesium by
soybeans (Glycine max L. Merr. cv. Bragg). Plant and
Soil, 61(3), 447-456.

House, LR. (1985). A guide to sorghum breeding.
Patancheru, AP, India: International Crops Research
Institute for the Semi-Arid Tropics.

Hu, Y. & Schmidhalter, U. (1998). Spatial distribution of
norganic ions and sugars contributing to  osmotic
adjustment in elongating wheat leaf under saline conditions.
Australion Journal of Plant Physiology, 25(5), 591-597.

Igartua, E., Gracia, M.P., & Lasa, |.M. (1994): Characterization and
genetic control of germination-emergence responses of
grain sorghum to salinity. Euphytica, 76(3), 185-193.

Jordan, W.R, & Sullivan, C.Y. (1982). Reaction and resistance of
grain sorghum to heat and drought. In LR. House, LK.
Mughogho, |.M. Peacock (Eds.), Sorghum in the eighties.
Proceedings International Symposium on Sorghum (p.p. 131
-142). Patancheru, AP, India: Intemnational Crops Research
Institute for the Semi-Arid Tropics.

Kamprath, EJ, & Foy, CD. (1985). Lime-fertilizer-plant
interactions in acid soils. In O.P. Engelstad (Ed.), Fertilizer
Technology and Use {pp 91-151). Madison, WI, USA: Soil
Science Soclety of America.

Khizzah, B.W., Miller, F.R., & Newton, R.]. (1993). Inheritance
and heritability of heat tolerance in several scrghum

cultivars during the reproductve phase. African Crop
Science Journal, 1(2), 81-85.

Knell, }., Gunaratna, N., & Ejeta, G. (2008). QTL analysis of
eraly-season cold telerance in sorghum. Theoretical and
Applied Genetics, N6(4), 577-587.

Kochian, L.V., Hoekenga, O.A., & Pisieros, M.A. (2004). How
do crop plants tolerate acid soils? Mechanisms of
aluminum tolerance and phospherous efficiency. Annual
Review of Plant Biology, 55, 459-403.

Koyro, HW. {(1997). Ultrastructural and physiological
changes in root cells of Sorghum plants (Sorghum
bicolor x Sorghum sudanensis cv. Sweet Sioux) induced
by NaCl journal of Experimental Batany, 48(3), 693-
706.

Lacerda, C.F., Cambraia, |., Cano, M.A.Q., & Ruiz, H.A. (2001).
Plant growth and solute accumulation and distribution
in two sorghum genctypes, under NaCl stress. Revista
Brasileira de Fisiologia Vegetal, 13(3), 270-284.

Magalhaes, |.V., Garvin, D.F., Wang, Y., Sorrells, M.E., Klein,
P.E, Schaffert, RE, L L, & Kochian, LV. (2004).
Comparative mapping of a major aluminum tolerance
gene in sorghum and other species in the Poaceae.
Genetics, 167(4), 1805-1914,

Maiti, RK., de la Rosa-loarra, M., & Sandoval, N.D. (1994).
Genotypic variability in glossy sorghum lines for
resistance to drought, salinity and temperature stress at
the seedling stage. Journal of Plant Physiology, 143(2),
241-244.

Maiti, R. (1996). Sorghum science. New Delhi, India: Oxford
& IBH Publishing Company

Major, D}, Hamman, W.M., & Rood S.B. (1982). Effects of
short-duration chilling temperature exposure on growth
and development of sorghum. Field Crops Research, 5,
129-136.

Marschner, H. (1991). Mechanisms of adaptation of plants to
acid soils. Plant and Soil, 134(1), 1-20.

Maulana, F. (2011). Analysis of cold tolerance in sorghum
[Sorghum bicolor (L.) Moench] (Master's thesis). Kansas
State University, Manhattan, KS, USA.

Munns, R. (2002). Comparative physiology of salt and water
stress. Plant, Ceil & Environment, 25(2), 239-250.

Neumann, P. (1997). Salinity resistance and plant growth
revisited. Plant, Cell & Environment, 20(9): 1193-1198.

Osuna-Ortega, |, Mendoza-Castillo M. del C., Mendoza-
Onofre, LE. {2003} Sorghum cold tolerance, polen
production, and seed yield in the Central High Valleys of
Mexico. Maydica, 48(2): 125-132.

Padoley, VR. (1984). Salt tolerance of some sorghum
cultivars at germination stage. Dr. Panjabrao Deshmuikh
Krishi Vidyapeeth Research Journal, 8, 61-62.

Pardossi, A, Malorgio, F., Oriole, D., Gucci, R, Serra, G., &
Tognoni, F. (1998). Water relations and osmotic
adjustment in Apium graveolens during long-term NaCl
stress and subsequent relief. Physiologia Plantarum, 102
(3), 369-376.

Peacock, J.M. (1982). Response and tolerance of sorghum to
temperature stress. In L.R. House, LK. Mughogho, |.M.
Peacack (Eds.), Sorghum (n the eighties. Proceedings
International Symposium on Sorghum {p.p. 143-160).
Patancheru, AP, India: International Crops Research
Institute for the Semi-Arid Tropics.

24



Sikora V. et al. / Alternative Crops and Cultivation Practices, 2019, 1. 18-26

Pitta, GV.E, Shaffert, R.E, & Bergonovi, RA. (1979).
Evaluation of sorghum parents and hybrids to high
acidity soil conditions. Proceedings of the 12 Annual
Brazil Maize Sorghum Rev. p.127). Golanta, Brazil.

Prasad, P.V.V., Pisipati, S.R., Mutava, RN., & Tuinstra, M.R.
(2008). Sensitivity of grain sorghum to high
temperature stress during reproductive development.
Crop Science, 48(5),1911-1917.

Ratanadilok, N., Marcarian, V., & Schmalzel, C. (1678). Salt
tolerance in grain sorghum. Agronomy Abstracts, 70,
160.

Reddy, B.V.S., Kumar, A.A., Ramesh, S., & Reddy, P.S. (2011).
Sorghum genetic enhancement for climate change
adaptation. In S.S. Yadav, R). Redden, J.L. Hatfleld, H.
Lotze-Campen, AE. Hall (Eds), Crop adaptation to
climate change {p.p. 326-339). Chichester, UK: Wiley-
Blackwell.

Ryan, P.R., Tyerman, 5.0, Sasaki, T., Furuichi, T., Yamamoto,
Y., Zhang, W.H., & Delhaize, E. (2011). The identification
of aluminium-resistance genes provides opportunities
for enhancing crop production on acid soils. Journal of
Experimental Botany, 62(1), 9-20.

Samac, DA, & Tesfaye, M. (2003). Plant improvement for
tolerance to aluminum in acid soils - a review. Plant
Cell, Tissue and Organ Culture, 75(3), 189-207.

Setimela, P.S., Andrews, D)., Eskridge, K.M., & Partridge, |.
(2007). Genetic evaluation of seedling heat tolerance in
sorghum. African Crop Science Journal, I5(1), 33-42.

Sikora, V., Berenji, |., Maksimovi¢, L, & Popovi¢, V. (2013).
Sirak u uslovima abiotickog stresa. I. Stres izazvan
susom. Bilten za alternativne biline urste, 45(86), 1-10.

Sikora, V., Berenji, |., Maksimovi¢, L., & Popovi¢, V. (2014).
Influence of agroclimatic conditions on dry matter
accumulation and distribution in gran sorghum and com
plant. Proceedings of the conference Factors influencing
soil and landscape use in favoured areas (p.p. 120-124).
Zemplinska Sirava, Slovakia.

Singh, S.P. (1985). Sources of cold tolerance in grain sorghum.
Canadian Journal of Plant Science, 65(2), 251-257.

Stack, J. (20C0). EC00-1879 Sorghum ergot In the Northern
Great Plains. Historical Materials from University of
Nebraska-Linkoln Extension. 1239.

http://digitalcommons.unl.edu/extensionhist/1239

Sullivan, CY. (1972). Mechanisms of heat and drought
resistance In grain sorghum and methods of
measurement. In N.CP. Rao, LR. House (Eds.}, Sorghum
in the seventies {p.p. 247-263). New Delhi, India: Oxford
and IBH Publishing.

Sullivan, C.Y., & Ross, W.M. (1979). Selecting for drought and
heat resistance in grain sorghum. In H. Mussell, R.C.
Staples (Eds.), Stress physiology in crop plants {p.p. 263
-281). New York, USA: Wiley-Interscience.

Sumner, M.E., Fey, M.V., & Noble, A.D. (1991). Nutrient status
and toxicity problems in acid soils. In B. Ulrich, M.E.
Sumner (Eds), Soil Acidity (p.p. 149-182). Berlin,
Germany: Springer-Verlag.

Szabolcs, |. (1994). Soils and salinisation. In M. Pessarakal
(Ed.), Handbook of Plant and Crop Stress {(p.p. 3-11).
New York, USA: Marcel Dekker.

Tanji, K.K. (1990). Nature and extent of agricultural salinity.
In K.K. Tanji (Ed.), Agricultural Salinity Assessment and
Management, ASCE Manuals and Reports on
Engineering Practices NO. 71 {p.p. 1-17). New York, NY,
USA: American Society of Civil Engineers.

Taylor, R.M., Young, E.F., & Rivera, R.L. (1975). Salt tolerance
in cultivars of grain sorghum. Crop Science, 15(5), 734-
735.

Thomas, G.L, & Miller, F.R. (1979). Base temperature for
germination of temperate and tropically adapted
sorghum. In Proceedings of Bienial Gain Sorghum
Research and Utilization Conference (p. 24). Lubbock,
TX, USA: Grain Sorghum Producers Association.

Tiryaki, |., & Andrews, D.J. (2001). Germination and seedling
cold tolerance in sorghum: Il. Parental lines and hybrids.
Agronomy Journal, 93(6), 1391-1397.

Wang, E., Meinke, H., Ryley, M., Herde, D., & Henzell, B.
(2000). On the relation between weather variables and
sorghum ergot infection. Australian Jjournal of
Agricultural Research, 51(3), 313-324.

Wilson, G.L, Raju, P.S., & Peacock, |.M. (1982). Effect of soil
temperature on seedling emergence in sorghum. Indian
Journal of Agricuttural Science, 52: 848-851.

Wolf, 0., Munns, R, Tonnet, M.L, & Jeschke, W.D. (1890).
Concentrations and transport of solutes in xylem and
phloem along the axis of NaCl-treated Hordeum
vulgare. Journal of Experimental Botany, 41(9), 1133-
1141,

Yang, YW. Newton, RJ, Miller, F.R. (1990). Salinity
tolerance in sorghum. 1.Whole plant response to sodium
chloride in S. bicolor and S. halepense. Crop Science, 30
(4), 775-781.

Yang, W., de Oliveira, A.C., Godwin, |, Schertz, K., &
Bennetzen, jL {1996). Comparison of DNA marker
technologies in characterizing plant genome diversity:
variability in Chinese sorghums. Crop Science, 36(6),
1669-1676.

Yeo, A. (1998). Molecular biology of salt tolerance In the
context of whole-plant physiclogy. journal of
Experimental Batany, 49(323), 15-929.

Yu, J., & Tuinstra, M.R. (2001). Genetic analysis of seedling
growth under cold temperature stress in sorghum. Crop
Science, 41(5), 1438-1443.

Yu, J., Tuinstra, M.R., Claassen, M.M., Gordon, W.B., & Witt,
M.D. (2004). Analysis of cold tolerance in sorghum
under controlled environment conditions. Field Crops
Research, 85(1), 21-30.

25



Sikora V. et al. / Alternative Crops and Cultivation Practices, 2019, 1. 18-26

SAZETAK

SIRAK U USLOVIMA ABIOTICKOG STRESA. STRES IZAZVAN EKSTREMNIM
TEMPERATURAMA | REAKCIJOM ZEMLJISTA

VLADIMIR SIKORA, LIVIJA MAKSIMOVIC, VERA POPOVIC,
MILKA BRDAR-JOKANOVIC, ANAMARIJA KOREN

Sirak se smatra za biljnu vrstu tolerantnu prema razli¢itim uslovima spoljne sredine. Geneticki
potencijal za prinos sirka se eksploatise u razlid¢itoj meri u zavisnosti od intenziteta proizvodnje i
delovanija biotickih i abioti¢kih faktora sredine. Pored suse kao najznacajnijeg abiotickog faktora
sredine, na proizvodniju sirka u znatnoj meri uti¢u ekstremne temperature i faktori zemljista ¢ijim
delovanjem dolazi do redukcije prinosa. U radu je dat pregled dosadasnjih istrazivanja koja se
odnose na delovanje ekstremnih temperatura i nepovoljne reakcije zemljista na biljke sirka i njihovu
reakciju na ovo delovanje. Pregled obuhvata [ istraZivanja vezana za analizu varijabilnosti
germplazme i nadina nasledivanja toterantnosti sirka prema stresu izazvanom ekstremno niskim
odnosno visokim temperaturama i proizvodnjom na kiselim ili alkalnim zemljistima.

KLJUENE RECI: sirak, kisela zemljista, alkalna zemljista, ekstremne temperature
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