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The aim of this entry was to assess the effect of elevated temperature on the growth, morphology and spatial
orientation of lupine roots at the initial stages of development and on the formation of lupine root architecture at
later stages. Two lupine species were studied—the invasive Lupinus polyphyllus Lindl. and the non-invasive L.
luteus L. The plants were grown in climate chambers under 25 °C and simulated warming at 30 °C conditions. The
angle of root curvature towards the vector of gravity was measured at the 48th hour of growth, and during a 4-h
period after 90° reorientation. Root biometrical, histological measurements were carried out on 7-day-old and 30-
day-old plants. The elevation of 5 °C affected the root formation of the two lupine species differently. The initial
roots of L. polyphyllus were characterized by worse spatial orientation, reduced growth and reduced mitotic index
of root apical meristem at 30 °C compared with 25 °C. The length of primary roots of 30-day-old lupines and the

number of lateral roots decreased by 14% and 16%, respectively.

gravitropic angle of curvature initial root invasiveness lateral root number primary root

root system architecture simulated warming

| 1. Introduction

The world is experiencing ongoing global climate change, which can have serious consequences on plants,
including changes in the availability of certain nutrients. For understanding the effects of climate warming on plant
root systems, particularly their spatial distribution, it is essential to predict plant performance and community
recovery in a warming climate. Compared with shoots, much less is known about how roots, especially root system
architecture (RSA), may respond to elevated temperature. In addition, limited information is available on the
specificities of the effects of elevated temperatures on the development of the root system in invasive plants. How
does an increase in temperature change the intensity and the direction of root formation? To answer this question,
researchers have compared the responses of plants with different RSAs in their studies W2, The ability of a plant
to take up nutrients is closely associated with the size and morphology of its root system [l Any changes in the
growth or morphological modifications of root systems may provoke undesirable consequences in nutrient uptake
@l 1t is recognized that many aspects of plant metabolism are accelerated by elevated temperatures B, Other
environmental factors such as water, nutrients and temperature also have a strong influence on root structure [,
Roots need an optimal temperature range to have a proper growth rate and function. In general, the optimal root
temperature tends to be lower than the optimal shoot temperature B8 |t is evident that the optimum root

temperature of plants varies depending on the species. Within this range, higher temperatures are generally
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associated with modified root-to-shoot ratios, while further increases in temperature would reduce root
development and cause a change in RSA, thus reducing the root-to-shoot ratio 9. For instance, some plants tend
to produce more extensive root systems in elevated temperatures. An increase in temperature slows down lateral
root growth in adult maize plants and promotes the development of long axial roots to reach deeper soil layers for
water L1221 However, in potatoes, the initiation and elongation of adventitious and lateral roots were inhibited by
increasing temperature. Another effect of warmer soil on potatoes is the swelling of the root cap meristem and the
bending of the root tip. The alteration of root growth in these plants appeared due to a reduced rate of cell division
(131141 Similarly, in sorghum, the high root zone temperature reduced the rate of root elongation and cell production
rate (12, The response of RSA to elevated temperature can be species-specific, as different species often have
different optimum temperatures for root growth 87 | jterature data show that the effect of increasing
temperature on root growth of plant seedlings can be promotive, inhibitive or first promotive then inhibitive after an
optimum temperature is reached 2822l Even for species sharing the same habitat, their RSA can have species-
specific responses to increased temperature 29, Differences in the RSA of plant species may determine the
intensity and direction of root formation in response to elevated temperatures. At high temperatures, the negative
root response may have been intensified, with a competitive advantage going to species with larger and more

rapidly forming roots.

Literature data indicate that greater root resilience plays a key role in plants adapting to high temperatures [22122]123]
in all stages of root development, including tropisms and the formation of new organs 2423l Furthermore, the
oriented plant growth, which is collectively referred to as tropism (28127 is influenced by various environmental
factors, such as light, temperature, water and gravity. Gravitropism is an important tropic response that triggers
asymmetric cell elongation in plant organs in response to gravity. It proceeds through three sequential steps:
gravity perception, signal transduction and asymmetric cell elongation in the responding plant organs 28123 The
roots grow downward, and the shoots grow upward, showing positive and negative gravitropic responses,
respectively BBl The well-known Cholodny-Went hypothesis illustrates that gravitropic stimuli result in differential
cell elongation in the responding organs [22I33I34135] |t has been shown that gravitropic perception occurs in the
columella cells in the roots upon gravity stimulation B8E7, The gravitropic response of plant organs is influenced by
a variety of environmental signals. The best understood are the effects of light and temperature. Many scientists
agree that climate change will alter habitat biodiversity and increase vulnerability to invasion. However, there is little
information on the impact of potentially increasing global temperatures on the growth and development of alien
plant species at the early stages of development. Moreover, one of the selected lupine species is invasive in
Lithuania, L. polyphyllus, and there is very limited information on the specificities of the effect of elevated
temperatures on the root system development of invasive plants. Therefore, in this research, RSA traits of
seedlings of two lupine species (L. polyphyllus and L. luteus) with different spreading performances for
understanding their responses to temperature change were studied. We hypothesized that increased temperature
may differentially affect root growth, spatial orientation and root architecture of non-native plant species, thereby
influencing them to become invasive. Studies on plant root system adaptive responses to altered temperature can

provide the knowledge needed for the efficient management of invasive species. Thus, the goal of the current
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study was to investigate root growth, morphology and spatial orientation of two alien lupine species during the early

growth stage at the elevated temperature.

| 2. The Initial Root Growth at 25 °C and 30 °C

2.1. Angle of Curvature of Initial Roots at 25 °C and 30 °C

After 48 h of seedling growth, the spatial orientation and growth direction of the roots of both lupines depended on
the temperature: the angle of curvature of the primary roots of the invasive L. polyphyllus with respect to the
gravitational vector was 6.2° at 25 °C, and 20.8° at 30 °C. The initial roots of the non-invasive L. luteus showed a

better orientation towards the gravity vector at 30 °C (Table 1, Figure 1).

25*C Lupinus polvphyvilus 30*C

25%C Lupinus lutens 30*C

Figure 1. Spatial orientation of the initial roots of L. polyphyllus and L. luteus seedlings at 25 °C and 30 °C after 48

h. Scale bar, 10 mm.

Table 1. Influence of 25 °C and 30 °C temperatures on the angle of curvature of the initial roots of L.

polyphyllus and L. luteus seedlings grown vertically for 48 h.

Plant Species Lupinus polyphyllus Lupinus luteus
Temperature 25°C 30°C 25N E 30°C

Angle of curvature, degrees 6.2+ 0.53a 20.8+0.95b 142+121c 6.8+0.43a

YabiegrdHgesntedt e gheseeAQrieiepi@frfivatiore Migstans pivith spasidard eioatiento Rifere Wilhiwarrasesiaitais
ekicgtavitenticasd sitieiences pepppsnissonsiatteral h<wad36° greater at 25 °C than at 30 °C. The gravitropic
bending of L. luteus roots was more intensive at 30 °C. The gravitropic response of the roots of both lupine species

to a 90° reorientation was closer to the direction of gravity after 4 h (Figure 2).
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Figure 2. The dynamics of gravitropic response of L. polyphyllus (a) and L. luteus (b) roots to 90° reorientation at
25 °C and 30 °C.

2.3. Growth of Primary Roots of 7-Day-Old Seedlings at 25 °C and 30 °C

Morphometric studies showed that the length of roots of the invasive lupine grown at 30 °C for seven days was
approximately 12% lower than that of the plants grown at 25 °C (Figure 3), while the roots of the non-invasive

lupine grew up to 13% longer at 30 °C.
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Figure 3. Effect of 25 °C and 30 °C temperature on root growth parameters of seven-day-old seedlings of two

lupine species. Scale bar, 10 mm.

We found that the root-to-shoot ratio of both species decreased at 30 °C (Table 2). This index, in the case of L.

polyphyllus, decreased crucially by 65% and in the case of L. luteus by 22%.

Table 2. Influence of 25 °C and 30 °C temperature on root-to-shoot ratio of the seven-day-old seedlings of L.

polyphyllus and L. luteus.

Plant Species Lupinus polyphyllus Lupinus luteus
Temperature 25°C 30°C 25°C 30 °C
Root-to-shoot ratio 0.182£0.03 a 0.063+0.01 b 0.217£0.03 a 0.169 +0.01 a
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Uatoesophetogmdl eapathsisnudahevedoecay tmlunephcatiansalyibhgiasdsindvebyittainth ®iktergiht dbviher caalés lettdre
indicateadigoifisant difereokcesdietweeie destittartantpeadiuire O(Bigure 4). From the seventh row of the columella
onwards, cell length increased more at 25 °C than at 30 °C. The changes in cell length in the L. luteus columella
were substantially different from that of L. polyphyllus. The cell length of the columella at 30 °C was greater starting

from the second row onwards. This trend was observed in all the following rows.

50 -

——25°C
— 300G

£
=]

L]
L=

Lenght of the cell, pm
s B

L. polvplwilus 0

T T T T T ]

0 2 4 ] 8 10 12 14 16
Row of the columella

40 - —— 25

—t 30MC
30 -

20 -

Length of the call, pm

L.Iutens 0

.,
-

T T T T T 1

0 2 4 B 8 10 12 14 16
Row of the columelia

Figure 4. Impact of 25 °C and 30 °C temperature on the length of cells in the columella (cl) rows of the primary root

cap (pc) (from the initial cells) of L. polyphyllus and L. luteus.

Determination of the cell division mitotic index (MI) in L. polyphyllus root apical meristem preparations showed that
the cell Ml value decreased by 12% in the test variant at 30 °C as compared with 25 °C (Figure 5a). Contrary, the
calculation of Ml in the non-invasive L. luteus root apical meristem indicated a significant increase at 30 °C. By
observing the cross-sections of the invasive lupine root apex, we determined that meristem cells occurred in the
prophase, metaphase and some even in the anaphase in the test variant at 25 °C, whereas most cells of plants

grown at 30 °C were found in the prophase (Figure 5b).
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Figure 5. Effect of 25 °C and 30 °C temperatures on L. polyphyllus and L. luteus root apex meristem cells mitotic
activity (a), fragments of primary root apical meristem pressed preparations from L. polyphyllus seedlings (b).
Scale bar, 20 ym.

3. The Development of 30-Day-Old Lupine Roots at 25 °C and
30 °C

The data of the morphometric measurements showed that simulated 5 °C warming affected invasive Lupinus
polyphyllus root formation:primary root length decreased by 14% and the number of lateral roots by 16%. The
length of the primary root and the number of lateral roots of non-invasive L. luteus were higher at 30 °C (Figure
6 and Figure 7).
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Figure 6. Effect of 25 °C and 30 °C temperature on the length of primary roots (A) and the number of lateral roots

(B) of invasive L. polyphyllus and non-invasive L. luteus plants grown in soil for 30 days.
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Figure 7. Roots of invasive L. polyphyllus and non-invasive L. luteus grown in the soil for 30 days. Scale bar, 10
mm.

References

1. Alexander, J.M.; Diez, J.M.; Levine, J.M. Novel competitors shape species’ responses to climate
change. Nature 2015, 525, 515-518.

2. Luo, H.; Xu, H.; Chu, C.; He, F.; Fang, S. High temperature can change root system architecture
and intensify root interactions of plant seedlings. Front. Plant Sci. 2020, 11, 160.

3. Lynch, J. Root architecture and plant productivity. Plant Phys. 1995, 109, 7-13.

4. Rubinigg, M.; Wenisch, J.; Elzenga, J.T.M.; Stulen, I. NaCl salinity affects lateral root
development in Plantago maritima. Func. Plant Biol. 2004, 3, 775-780.

https://encyclopedia.pub/entry/18357 7/10



Temperature and Root System of Two Lupine Species | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Radville, L.; McCormack, M.L.; Post, E.; Eissenstat, D.M. Root phenology in a changing climate.

J. Exp. Bot. 2016, 67, 3617-3628.

. Hayes, S.; Schachtschabel, J.; Mishkind, M.; Munnik, T.; Arisz, S.A. Hot topic: Thermosensing in

plants. Plant Cell Environ. 2020, 44, 2018—-2033.

. Ma, Z.; Chang, S.X.; Bork, E.W.; Steinaker, D.F.; Wilson, S.D.; White, S.R. Climate change and

defoliation interact to affect root length across northern temperate grasslands. Funct. Ecol. 2020,
34,2611-2621.

. Koevoets, I.T.; Venema, J.H.; Elzenga, J.T.M.; Testerink, C. Roots withstanding their environment:

Exploiting root system architecture responses to abiotic stress to improve crop tolerance. Front.
Plant Sci. 2016, 7, 1335.

. De Lima, C.F.F,; Kleine-Vehn, J.; de Smet, I.; Feraru, E. Getting to the root of belowground high

temperature responses in plants. J. Exp. Bot. 2021, 72, 7404-7413.

Ribeiro, P.R.; Fernandez, L.G.; de Castro, R.D.; Ligterink, W.; Hilhorst, H.W. Physiological and
biochemical responses of Ricinus communis seedlings to different temperatures: A metabolomics
approach. BMC Plant Biol. 2014, 14, 223.

Hund, A.; Fracheboud, Y.; Soldati, A.; Stamp, P. Cold tolerance of maize seedlings as determined
by root morphology and photosynthetic traits. Eur. J. Agron. 2008, 28, 178-185.

Calleja-Cabrera, J.; Boter, M.; Ofate-Sanchez, L.; Pernas, M. Root growth adaptation to climate
change in crops. Front. Plant Sci. 2020, 11, 544.

Sattelmacher, B.; Marschner, H.; Kilhne, R. Effects of the temperature of the rooting zone on the
growth and development of roots of potato (Solanum tuberosum). Ann. Bot. 1990, 65, 27-36.

Joshi, M.; Fogelman, E.; Belausov, E.; Ginzberg, |. Potato root system development and factors
that determine its architecture. J. Plant Physiol. 2016, 205, 113-123.

Pardales, J.R.; Kono, Y.; Yamauchi, A. Epidermal cell elongation in sorghum seminal roots
exposed to high root-zone temperature. Plant Sci. 1992, 81, 143-146.

Rogers, E.D.; Benfey, P.N. Regulation of plant root system architecture: Implications for crop
advancement. Curr. Opin. Biotechnol. 2015, 32, 93-98.

Gray, S.B.; Brady, S.M. Plant developmental responses to climate change. Dev. Biol. 2016, 419,
64-77.

Forbes, P.; Black, K.; Hooker, J. Temperature-induced alteration to root longevity in Lolium
perenne. Plant Soil. 1997, 190, 87-90.

Seiler, G.J. Influence of temperature on primary and lateral root growth of sunflower seedlings.
Environ. Exp. Bot. 1998, 40, 135-146.

https://encyclopedia.pub/entry/18357 8/10



Temperature and Root System of Two Lupine Species | Encyclopedia.pub

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Bardgett, R.D.; Mommer, L.; de Vries, F.T. Going underground: Root traits as drivers of ecosystem
processes. Trends Ecol. Evol. 2014, 29, 692—-699.

Nagel, K.A.; Kastenholz, B.; Jahnke, S.; van Dusschoten, D.; Aach, T.; Mdhlich, M.; Truhn, D.;
Scharr, H.; Terjung, S.; Walter, A.; et al. Temperature responses of roots: Impact on growth, root
system architecture and implications for phenotyping. Funct. Plant Biol. 2009, 36, 947.

Aidoo, M.K.; Bdolach, E.; Fait, A.; Lazarovitch, N.; Rachmilevitch, S. Tolerance to high soll
temperature in foxtail millet (Setaria italica L.) is related to shoot and root growth and metabolism.
Plant Physiol. Biochem. 2016, 106, 73-81.

Wani, S.H.; Kumar, V.; Saroj, V.S.; Sah, K. Phytohormones and their metabolic engineering for
abiotic stress tolerance in crop plants. Crop J. 2016, 4, 162—-176.

Lucas, M.; Godin, C.; Jay-Allemand, C.; Laplaze, L. Auxin fluxes in the root apex co-regulate
gravitropism and lateral root initiation. J. Exp. Bot. 2008, 59, 55-66.

Miyazawa, Y.; Takahashi, H. Molecular mechanisms mediating root hydrotropism: What we have
observed since the rediscovery of hydrotropism. J. Plant Res. 2020, 133, 3—-14.

Morita, M.T. Directional gravity sensing in gravitropism. Annu. Rev. Plant Biol. 2010, 61, 705-720.

Muthert, L.W.F,; 1zzo, L.G.; van Zanten, M.; Aronne, G. Root tropisms: Investigations on Earth and
in space to unravel plant growth direction. Front. Plant Sci. 2020, 10, 1807.

Moulia, B.; Fournier, M. The power and control of gravitropic movements in plants: A
biomechanical and systems biology view. J. Exp. Bot. 2009, 60, 461-486.

Taniguchi, M.; Furutani, M.; Nishimura, T.; Nakamura, M.; Fushita, T.; lijima, K.; Baba, K.; Tanaka,
H.; Toyota, M.; Tasaka, M.; et al. The Arabidopsis LAZY1 family plays a key role in gravity
signalling within statocytes and in branch angle control of roots and shoots. Plant Cell 2017, 29,
1984-1999.

Morita, M.T.; Tasaka, M. Gravity sensing and signaling. Curr. Opin. Plant Biol. 2004, 7, 712-718.

Leitz, G.; Kang, B.H.; Schoenwaelder, M.E.; Staehelin, L.A. Statolith sedimentation kinetics and
force transduction to the cortical endoplasmic reticulum in gravity-sensing Arabidopsis columella
cells. Plant Cell 2009, 21, 843-860.

Strohm, A.K.; Baldwin, K.L.; Masson, P.H. Molecular mechanisms of root gravity sensing and
signal transduction. Wiley Interdiscip. Rev. Dev. Biol. 2012, 1, 276-285.

Sato, E.M.; Hijazi, H.; Bennett, M.J.; Vissenberg, K.; Swarup, R. New insights into root gravitropic
signalling. J. Exp. Bot. 2015, 66, 2155-2165.

Masson, P.H.; Tasaka, M.; Morita, M.T.; Guan, C.; Chen, R.; Boonsirichai, K. Arabidopsis thaliana:
A model for the study of root and shoot gravitropism. Arab. Book 2002, 1, e0043.

https://encyclopedia.pub/entry/18357 9/10



Temperature and Root System of Two Lupine Species | Encyclopedia.pub

35. Nakamura, M.; Nishimura, T.; Morita, M.T. Gravity sensing and signal conversion in plant
gravitropism. J. Exp. Bot. 2019, 70, 3495-3506.

36. Friml, J.; Wisniewska, J.; Benkova, E.; Mendgen, K.; Palme, K. Lateral relocation of auxin efflux
regulator PIN3 mediates tropism in Arabidopsis. Nature 2002, 415, 806-809.

37. Ma, Z.; Hasenstein, K.H. The onset of gravisensitivity in the embryonic root of flax. Plant Physiol.
2006, 140, 159-166.

Retrieved from https://encyclopedia.pub/entry/history/show/43652

https://encyclopedia.pub/entry/18357 10/10



