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Abstract
Background and Objective: Seedling uniformity is an important factor in crop growth. In sugarcane cultivation, the position of the cutting
impacts cane emergence and biomass accumulation. Therefore, the objective of this study was to evaluate shoot and root traits of
sugarcane cuttings derived from different stalk portions and their relationships with above-ground parts. Materials and Methods: A 3×3
factorial randomized complete block design with four replications was used. The different stalk parts, namely bottom, middle and top,
represented factor A, while factor B was represented by three different commercial sugarcane cultivars available in Thailand, namely KK3,
LK92-11 and K88-92. Emergence was observed daily from planting up to 45 DAP. Cane height and stem diameter were measured at 3-day
intervals from 21-45 DAP.  Shoot  dry weight, root length, root average diameter, root volume and root surface area were measured at
45 DAP. Results: Cuttings from different stalk parts differed in emergence date, with cuttings from the higher parts showing a good
performance in shoot dry weight and rooting traits, similar to cuttings from the middle part. The three cultivars differed in terms of root
and shoot traits and showed a correlation between germination date and rooting traits. Shoot traits and rooting traits were positively
correlated. Conclusion: To obtain uniform seedling growth, cuttings should be taken from the same position.
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INTRODUCTION

Almost all sugarcane production systems worldwide are
rainfed and drought stress is a major limiting factor. Therefore,
understanding the root characteristics is a key factor in
mitigating drought in sugarcane1 and it is necessary to
investigate. Water deficit can affect sett emergence, growth
and  yield  of  sugarcane2 and  improving  root  performance
in the early growth stages might increase resistance to
dehydration1. However, rooting traits largely vary and
differences in sugarcane seedling stands may affect root and
above-ground expressions, leading to varying results.

The variations in sugarcane seedlings are due to a
different germination of diverse bud setts. Different buds
derived from different stalk sett parts such as bottom, middle
and top parts result in variations in seedling stands and
sprouting rates3. Clements4, Das5 and Worku6 found higher
germination percentage in cuttings taken from the upper
portion and the time required for sprouting was also much
shorter when compared to cuttings taken from the middle
and lower portions. Similarly, Kakde7 reported that older buds
of a stalk showed a relatively slow sprouting rate. Alvarez and
Planar8  found that sprouting, number of tillers and number of
stalks were highest in setts taken from the middle and upper
portions of cane. According to the recommendations for
farmers, the middle and top portions of stalk  sugarcane
should be used in plantings9. However, the root responses of
the sprouts, according to the bud position, are not well
understood and so far, information about the traits of different
sugarcane cultivars with varying bud positions and the
relationships with shoot characteristics is scarce.

In   this   sense,   a   better   understanding    of   root
characteristics of sugarcane seedlings derived from different
stalk portions and their relationship with above ground
growth could facilitate the selection of suitable bud positions
on the stalk sett, contributing to the uniformity of sugarcane
seedlings. The objective of this study was therefore to evaluate
shoot and root traits of sugarcane seedlings derived from
different stalk portions and their relationship with above
ground growth.

MATERIALS AND METHODS

Experimental details: The greenhouse experiment was
conducted from April-May  2014  at  the  Field  Crop Research
Station of Khon Kaen University, Khon Kaen, Thailand (lat
16E28’ N, long 102E48’ E, 200 m above sea level). A 3×3
factorial,   randomized   complete   block    design    with    four

replications was used. Different bud portions such as bottom
middle and top of stalk sett were assigned as factor A, while
factor B was represented by three commercial sugarcane
cultivars commonly used in Thailand, namely KK3, LK92-11
and K88-92. These genotypes have previously been used as
check cultivars in numerous yield trails in Thailand.

The plants were grown in pots with equal amounts of soil.
In the first year, canes of each cultivar were cut at 12 months
in the field and each stalk was separated into three parts
(bottom,  middle  and  top  part)  via total bud numbers of
each stalk divided by 3. A center bud in each portion was
representatively selected and then planted in a pot. Water was
applied at soil field capacity (11% soil moisture content) at
planting and irrigation was performed daily throughout the
experimental period.

Data collection
Emergence date and growth traits: Cane emergence started
at 14 days after planting (DAP) and daily observations were
done until 45 DAP. Cane height was measured from the soil
surface level to the leaf tip at 3rd day intervals from 21-45 DAP,
while stem diameter was determined using a vernier caliper.
Shoots, including stems and leaves were collected for each pot
at 45 DAP for fresh weight determination via oven-drying at
80EC for 48 h or until constant weight.

Rooting traits: Root samples were collected at 45 DAP and
washed in round bottom sieves with a mesh size of 0.5 mm2,
following the recommendations of Bohm10.  The  samples
were rinsed with tap water to remove the soil and
subsequently, root length, average diameter, volume and
surface area were determined via the WinRHIZO program
(WinRHIZO program (WinRHIZO Pro (s) V. 2004a by Regent
Instruments Inc.)1,11-13.

Statistical analysis: All statistical analyses were conducted
using  Statistix8.  The   measured   data  were  subjected to
two-way analysis  of  variance  (two-way  ANOVA) as factorial
in randomized complete block design. Comparison among
genotypes for all parameters was based on the least
significant difference (LSD) test14. Simple correlation analysis
was used to determine the relationships between shoot traits
and root characteristics.

RESULTS AND DISCUSSION

Cane emergence: Cuttings from the top and middle bud
portions    of   the   three   genotypes   showed   a   faster   cane
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Fig. 1: Mean germination date (DAP) sugarcane cuttings from
different node positions (bottom, middle, top) from the
sugarcane cultivars KK3, LK92-11 and K88-92
Vertical bars shown standard error difference of means and mean value
with the same letters of each cultivar are not significantly different by
LSD at p<0.05

emergence than those from the bottom portion. The cultivars
KK3 and LK92-11 showed no significant differences in
emergence date between middle and bottom cuttings. Middle
and bottom bud cuttings of K88-92 significantly differed, with
cuttings from the middle part showing a faster emergence
than those from the bottom part (Fig. 1). Germination is an
important factor in successful sugarcane production and a
high germination rate provides a high population per area,
supporting a high amount of millable cane15,16.
Sprouting performance was also related to the number of

tillers and stalks per area and was high in cuttings taken from
middle and top portions of the stalk4-9. Also, previous studies
reported that bud age was related to sprouting capacity and
older buds, at the lower stalk parts, showed a low sprouting
capacity, which was most likely a result of the drying up of the
scales5-7,9. Substances for growth regulation play an important
role in the emergence of sugarcane setts16. Auxin
concentrations are high in the top parts of the stalk, inhibiting
the growth of lateral buds16.

Growth and shoot dry weight performance: At 18 DAP, stem
height between cuttings from different stalk parts did not
differ in cultivar LK92-11, whereas KK3 and K88-92 showed a
greater stem height of cuttings from the  top part compared
to those from the middle and  bottom  parts. However, after
18 DAP, cuttings from the middle portion showed a greater
height increase in LK92-11 and K88-92, with similar values
compared to the top cuttings. Cultivar KK3 showed a clear
difference among the three portions during 24-40 DAP,
although seedling height from top cuttings was not
significantly different compared to that from middle cuttings
at 45 DAP. From 24-45 DAP, in all three cultivars, cuttings
derived from the bottom part were of lower height than those

from the two middle and top parts (Fig. 2a-c). All seedlings
derived from different bud stalk portions did not differ in
shoot diameter for all measurement dates, except at 18 DAP,
where shoot diameter was lower for cuttings from the bottom
part  compared   to those  from  the  middle  and  top   parts
for  K88-92  (Fig.  2d-f). Shoot dry weight of three cultivars at
45 DAP differed significantly between cutting height, with
cuttings from the top part showing higher values compared
to those taken from the middle and bottom parts (Fig. 3).
Biomass accumulation in sugarcane was related to the

period from emergence to maturity and to growth rate16.
Cuttings derived from the top portion showed the most rapid
cane emergence and, consequently, the highest shoot dry
weight and stem height. In contrast, a previous study of Sime9

found that the mean height of cuttings from the bottom part
was rather higher than middle and top portions, which might
be due to genetic variation. Favorable growing conditions
might have facilitated higher stalk length and stalk diameter,
which resulted in higher weight and there seemed to be a
positive correlation between stalk length and weight and
between, stalk diameter and weight as indicated in a previous
study17.

Root performance: The cultivars KK3 and LK92-11 showed a
high root performance of cuttings taken from the middle and
top portions, namely high root length, root surface area, root
volume and root diameter when compared to cuttings from
the bottom part. The root traits of K88-92, derived from
different node positions, varied considerably; cuttings from
the top part showed a higher root length, root average
diameter, root surface area and root volume compared to
those   from   the  middle  and  bottom  parts,  respectively
(Fig. 4a-d).
A good root growth performance at the formative stage

is crucial to resist droughts at the early stages. In the
subtropics, sugarcane seedlings were subjected to water
shortage over a period of 2-4 months after planting1, affecting
cane emergence, growth and yield2. Good emergence and
root performance at the formative stage are important for the
growth and development throughout the life cycle16,18.

Relationship between root and shoot parts: Correlation
coefficients between germination date and rooting traits, i.e.,
root length, root surface  area,  root  average diameter and
root volume were significantly negative, with values of -0.72,
-0.75, -0.76 and -0.78, respectively (Fig. 5a-d). The relationship
between shoot dry weight and rooting traits (root length, root
surface  area,  root  average  diameter  and  root  volume)  was
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Fig. 2(a-f): (a, b and c) Stalk height and (d, e and f) diameter of cuttings from three different parts of the stalk (bottom, middle and
top) from three sugarcane cultivars (KK3, LK92-11 and K88-92)

Fig. 3: Shoot dry weight of cuttings obtained from different node positions (bottom, middle and top) from the three sugarcane
cultivars KK3, LK92-11 and K88-92
Vertical bars shown standard error difference of means and mean value with the same letters of each cultivar significantly different by LSD at p<0.05 after are
not
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Fig. 4(a-d): Rooting traits, i.e. (a) Root length, (b) Root average diameter, (c) Root surface area and (d) Root volume in cuttings from 
three sugarcane cultivars (KK3, LK92-11 and K88-92) obtained from different node positions (bottom, middle and top)
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Fig. 5(a-h):Relationships between germination date (DAP) and rooting traits, i.e., (a) Root length, (b) Root surface area, (c) Root
average diameter, (d) root volume and (e-h) Relationships between shoot dry weight (g/plant) and rooting traits in
cuttings from three sugarcane cultivars taken from different node positions (bottom, middle and top; n = 36)16
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Fig. 6(a-h):Relationships between stalk height and rooting traits, i.e. (a) Root length, (b) Root surface area, (c) Root average
diameter, (d) Root volume and (e-h): Relationships between stalk diameter and rooting traits in cuttings from three
sugarcane cultivars taken from
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significantly positive (Fig. 5e-h), with correlation coefficients
of 0.88, 0.92, 0.94 and 0.93, respectively. In addition, the
correlation coefficients  between  above-ground  traits, such
as stalk height  (Fig.  6a-d)  and diameter (Fig. 6e-h) and
rooting traits were significantly positive. Rapid germination
contributed to a higher root formation, as indicated by the
relationship between germination date and rooting traits.
Consequently, the relationship between shoot and rooting
traits with different sett portions was positive, indicating that
a large root system facilitates shoot development.

In sugarcane, there was a positive correlation between
shoot and root growth1,18-20 and between root length and
leaf21. The root promotes the activity and function of the
shoot20. Cuttings from the top part of the stalk, with younger
buds are characterized by rapid germination compared to
cuttings with older buds, resulting in a larger root system.
Such a system is more suitable for nutrient and water uptake,
thereby facilitating sugarcane shoot growth1.

CONCLUSION

This study concluded that the cuttings from different stalk
parts differed significantly in terms of cane emergence, with
cuttings from the top part showing the fastest emergence and
higher shoot dry weight and root characteristics, similar to the
values obtained for cuttings from the middle part. That can be
beneficial for sugarcane research work, cuttings should be
taken from the same position to obtain uniform seedling
growth.

SIGNIFICANT STATEMENT

This study discover that the cuttings from different stalk
parts differed significantly in terms o f cane emergence, shoot
and root traits. Previously researchers reported that different
buds derived from different stalk sett parts such as bottom,
middle and top parts result in variations in seedling stands and
sprouting rates. However, the root responses of the sprouts,
according to the bud position, are not well understood and
the relationships with shoot characteristics is scarce. The
results of this study suggested that cuttings should be taken
from the same position to obtain uniform seedling growth, for
research work.

ACKNOWLEDGMENTS

Grateful acknowledgment is made to Northeast Thailand
Cane and Sugar Research Center, Faculty of Agriculture, Khon
Kaen  University,  Thailand  Research  Fund  (IRG  5780003 for

providing financial support for manuscript preparation
activities)  (TRG5880086 for providing financial support for
data collections). Assistance was also received from Applied
Engineering for Important Crops of the North East Research
Group, Khon  Kaen  University  for  providing  financial
supports and the Government of Thailand’s Grant to KKU
(FY2017-2018).

REFERENCES

1. Khonghintaisong,    J.,    P.    Songsri,     B.      Toomsan      and
N. Jongrungklang, 2018. Rooting and physiological trait
responses to early drought stress of sugarcane cultivars.
Sugar Tech, 20: 396-406.

2. Robertson,  M.J.,  N.G.  Inman-Bamber,  R.C.  Muchow and
A.W. Wood, 1999. Physiology and productivity of sugarcane
with early and mid-season  water  deficit.  Field  Crops  Res.,
64: 211-227.

3. Clements, H.F., 1940. Factors affecting the germination of
sugar cane. Hawaiian Planter's Rec., 44: 117-146.

4. Clements, H.F., 1980. Sugarcane Crop Logging and Crop
Control Principles and Practices. The Univ. Press. Hawaii,
Hondulu, pp: 520.

5. Das, S.D., 2005. Influence of aging of seed cane on
germinabilty and vigor of seedlings of sugarcane. Seed Res.,
9: 162-166.

6. Worku, B., 1992. The influence of different portions of the
stalk cuttings and number of buds per set on sprouting,
tillering and yield of sugarcane. M.Sc. Thesis. Alemaya
University of Agriculture, Ethiopia.

7. Kakde, J.K., 1985. Sugarcane and Production. Akola
Metroplitan Book Co. Ltd., New Delhi, pp: 384.

8. Alvarez, F. and R. Planar, 1987. The influence of different stalk
cuttings on the dynamics of tillering and stalk population of
sugarcane variety C187-68. Cult. Trop., 8: 73-83.

9. Sime,   M.,   2013.   The   effect   of   different   cane  portions
on   sprouting,   growth   and   yield   of  sugarcane
(Saccharum spp. L.). Int. J. Scient. Res. Public., 3: 338-340.

10. Bohm, W., 1979. Method of Studying Root System. Ecological
Studies Vol. 33. Springer-Verlag, Berlin, Heidelberg, New York,
USA., Pages: 188.

11. Songsri, P., S. Jogloy, C.C. Holbrook, T. Kesmala, N. Vorasoot,
C. Akkasaeng and A. Patanothai, 2009. Association of root,
specific leaf area and SPAD chlorophyll meter reading to
water use efficiency of peanut under different available soil
water. Agric. Water Manage., 96: 790-798.

12. Jangpromma, N., S. Thammasirirak, P. Jaisil and P. Songsri,
2012. Effects of drought and recovery from drought stress on
above ground and root growth and water use efficiency in
sugarcane  (Saccharum   officinarum  L.).  Aust.  J.  Crop  Sci.,
6: 1298-1304.

211



Asian J. Plant Sci., 17 (4): 204-212, 2018

13. Jongrungklang,  N.,   B.   Toomsan,   N.   Vorasoot,   S.    Jogloy,
K.J. Boote, G. Hoogenboom and A. Patanothai, 2011. Rooting
traits of peanut genotypes with different yield responses to
pre-flowering drought stress. Field Crops Res., 120: 262-270.

14. Gomez, K.A. and A.A. Gomez, 1984. Statistical Procedures for
Agricultural  Research.   2nd   Edn.,  John  Willy  and  Sons,
New York, USA.

15. Smit, M.A., 2010. Characterising the factors that affect
germination and emergence in sugarcane. Proc. Annu. Congr.
S. Afr. Sugar Technol. Assoc., 83: 230-234.

16. Van Dillewijn, C., 1952. Botany of Sugarcane. Chromic
Botanica, Waltham, MA.

17. James, N.J., 2007. Yield components in random and selected
sugarcane varieties. Crop Sci., 11: 245-248.

18. Smith, D.M., N.G. Inman-Bamber and P.J. Thorburn, 2005.
Growth and function of the sugarcane root system. Field
Crops Res., 92: 169-183.

19. Smith, J.P., R.J. Lawn and  R.O.  Nable, 1999. Investigations
into the root: Shoot relationship of sugarcane and some
implications   for   crop   productivity   in   the  presence of
sub-optimal soil conditions. Proc. Aust. Soc. Sugar Cane
Technol., 21: 108-113.

20. Van Antwerpen, R., 1999. Sugarcane root growth and
relationships to above-ground biomass. Proc. S. Afr. Sugar
Technol. Assoc., 73: 89-95.

21. Morris, D.R. and P.Y.P. Tai, 2004. Water table effects on
sugarcane   root   and  shoot  development.  J.  Am.  Soc.
Sugar Cane Technol., 24: 41-59.

212


	AJPS.pdf
	Page 1




