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Abstract The objective of the study was to associate soil

moisture, aerial biometric characteristics, and root distri-

bution patterns in the yield of sugarcane genotypes in the

fourth ratoon and the relationships between these charac-

teristics. We used five sugarcane genotypes (CTC9002,

RB044311, RB044313, RB044336, and RB867515) and

five soil depths (0–20, 20–40, 40–60, 60–80 and

80–100 cm deep). The evaluations were carried out in

December 2019. We evaluated the root systems, the soil

water content at the five depths, the aerial biometric

characteristics, and the productive yield. In the roots, the

genotypes RB044311, RB044313, RB044336, and

RB867515 showed a higher yield. On average, genotypes

showed 50% of dry weight and total root length at a depth

of 0–20 cm, 73% between 0 and 40 cm, and 86% between

0 and 60 cm. The RB044336 genotype showed maxi-

mum height and number of buds. The RB867515 genotype

had the largest average stem diameter and CTC9002, the

largest number of tillers. The genotypes CTC9002 and

RB867515 presented the highest soluble solids’ content,

apparent sucrose in the juice, and total reducing sugars.

These genotypes showed a 26% and 57% higher root

density in soil layers at depths of 60–80 cm, respectively,

79% and 86% in the 80–100 cm layer, about the layer with

the highest concentration of 0–20 cm roots. These layers

remained with the highest soil moisture levels during the

period of establishment and intensive cultivation growth.

Thus, there was a relationship between root distribution

dynamics and soil moisture in different areas.

Keywords Saccharum spp. � Root length density �
Ratoon harvesting � Water deficit

Introduction

Brazil is the world’s largest producer of sugarcane,

extending the cultivation to more than 10 million hectares,

resulting in 30 million tons of sugar and 34 billion liters of

ethanol, with emphasis on the Midwest and Southeast

regions with a total production of 589 million tons, rep-

resenting almost 92% of the national total (Companhia

Nacional de Abastecimento—Conab 2019). In the Midwest

region, sugarcane is cultivated between April and

September, a period in which evapotranspiration
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overcomes precipitation, with the existence of a water

deficit (Alvares et al. 2013).

The growth and development of plants depend on the

absorption of nutrients and the water available in the soil

and, therefore, are closely associated with the roots’ mor-

phology and physiology (Bashir et al. 2012; Ju et al. 2015).

The distribution of roots controls the time that crops have

access to water and nutrients and, therefore, decisively

contribute to productive yield, the susceptibility of nutri-

ents to leaching, and, in sugarcane, the longevity of the

cane field (Cardozo and Sentelhas 2013; Tron et al. 2015;

Nichols et al. 2019). Furthermore, the water deficit reduces

root growth in the soil’s superficial layers (Battie Laclau

and Laclau 2009).

Sugarcane genotypes respond differently to water deficit

and present variations in the root system, aerial charac-

teristics, and productive quality (Bashir et al. 2012). In

sugarcane ratooning, reducing these characteristics is evi-

dent due to the low capacity of the sugarcane varieties and

the crop’s inadequate management. However, the ratoon

production has a lower production cost of plant canes,

around 25 to 30% (Bashir 2013).

In this way, the development of water-efficient geno-

types can contribute to sustainable agricultural produc-

tion’s intensification (Raza et al. 2012). Genetic

improvement, with a focus on root development, is crucial

for efficiency in the use of water by the crop, this factor

being little explored by genetic improvement programs

(Tron et al. 2015). The natural diversity of root systems

may indicate dehydration by efficient absorption compati-

ble with high yields (Gewin 2010; Kell 2011; Palta et al.

2011).

There is little information avialble about water interac-

tions in the soil and its effects on root characteristics and

their production yield in sugarcane (Tron et al. 2015). The

present study hypothesizes the positive correlation between

the root system’s distribution and water availability as a

soil depth function. Thus, this study aimed to determine the

root distribution dynamics of five sugarcane genotypes,

their relationship with soil moisture at five soil depths, and

correlate it with the aerial biometric characteristics and

yield.

Material and Methods

We carried out this study in the Interuniversity Network’s

experimental area for the Development of the Sugar-En-

ergy Sector (RIDESA), located at Jalles Machado S. A.

(158 080S, 488 530W, 570 m of altitude), in the city of

Goianésia, Goiás, Brazil. According to Köppen, the region

has a tropical savanna climate with dry winter and rainy

summer (Aw) (Alvares et al. 2013). Average temperatures

vary between 16 and 29 �C and annual rainfall is approx-

imately 1,500 mm. After the third cut, the analyses started

in the cane period, ending the evaluations in the harvest

(fourth ratoon) in December 2019, without water supple-

mentation by irrigation.

The experimental design was in randomized blocks,

with four replications, in subdivided plots, with five sug-

arcane genotypes (CTC9002, RB044311, RB044313,

RB044336 and RB867515) established in November 2012,

and in the subplots, five layers of soil (0–20, 20–40, 40–60,

60–80 and 80–100 cm). The genotypes CTC9002 and

RB867515 were used, because these genotypes are estab-

lished in the region and more tolerant of water deficit

(Bressan et al. 2020). The rest are new experimental

genotypes developed by RIDESA in partnership with the

Federal University of Goiás, we have no conclusive

information about these genetic materials.

The experimental units contained 27 m2, four cane rows

10 m long and 0.9 m spacing between lines. The soil was

classified as Oxisol, clay texture, following physical attri-

butes (Table 1), and chemical attributes (Table 2). It should

be noted that there was no mineral supplementation in the

soil due to the ideal levels of nutrients for the development

of the crop, as described by Malavolta et al. (1997).

Meteorological conditions: temperature and relative

humidity, wind speed, vapor pressure deficit, precipitation,

and reference evapotranspiration (ETo), were monitored by

an automatic weather station (Metos�, Pessl Instruments,

Weiz, Austria), located at 25 m from the experimental

area.

Capacitive soil moisture sensors (ECH2O EC-5, Deca-

gon Devices, Inc., Pullman, United States) were installed at

five depths and four experimental blocks. We calibrated the

sensors following the methods proposed by Antunes Júnior

et al. (2018), and the acquired data were recorded in data

loggers (Em50, Decagon Devices, Inc., Pullman, United

States).

Biometric and root analyzes occurred at 290 days after

the 3rd cut, when the sugarcane plants matured. The bio-

metric variables evaluated were as follows: number of

leaves, number of tillers, number of gems, stem diameter

(mm) and height (m), measured with the aid of a digital

caliper, tape measure, and leaf area according to the

methodology proposed by Teixeira et al. (2011).

We carried out the root system’s characterization by

evaluating soil monoliths collected and evaluated accord-

ing to the methodology described by Silva-Olaya et al.

(2017). The monoliths contained 0.45 m in width, 0.3 m in

height and, 0.2 m in depth for each of the depth profiles

and genotypes in the four blocks. The soil samples,

including the roots, were packed in plastic bags, individ-

ualized, and transported to the laboratory, subsequently

washed and sieved.
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After, we placed the roots in an acrylic box (20 cm wide

and 30 cm long), with a layer of approximately 1 cm of

water on the scanner. We used the WinRHIZO 2012b

software (Regent Instruments, Quebec, Canada) coupled

with a digital image scanner to record the total length,

volume, and average diameter of the roots. We used a

relationship between length and volume to estimate the

root length density (Chumphu et al. 2019). We divided the

samples into subsamples, and the final length was defined

as the sum of all the subsamples’ lengths. The root samples

were then stored in an oven for 10 days at 65 �C for drying.

After stabilizing its weight, the root dry matter was

determined.

The sugarcane’s industrial quality was determined at the

time of harvest by evaluating the harvested stalks, deter-

mining the fiber content, soluble solids content, apparent

sucrose in the juice, and total reducing sugars procedures

proposed by (CONSECANA 2015).

The analysis of the results obtained was performed uti-

lizing variance (ANOVA) to verify the difference in root

measurements in depths. When the results were significant

(p\ 0.05), the treatment means were compared by the

LSD test (p\ 0.05). ANOVA and the LSD test were

performed using the R software (R Core Team, 2016).

Results

The variation in air temperature, precipitation, and relative

humidity was observed during the experimental

period (Fig. 1a, b). The average temperature during the

experimental period was 24.2 �C, with a maximum of

36.5 �C at 72 days after cutting (DAC) and 9.9 �C at 238

DAC. The average annual relative humidity (RH) was

73.8%, ranging from 41.9 to 95.6%.

Figure 2 shows the variation and distribution profile of

the soil’s volumetric moisture in the soil layers analyzed at

different depths. Figure 3 shows the water balance of the

soil for the cultivation of sugarcane.

During the experimental period, the total precipitation

was 1986 mm, and the water demand of the culture was

1097 mm. The total precipitation would supply all the

Table 1 The soil’s physical properties at different depths in the experimental plots, moisture in the field capacity (hfc), and humidity at the

permanent wilt point (hpwp)

Physical attributes Units 0–20 20–40 40–60 60–80 80–100

Clay % 40.87 42.00 41.80 42.20 41.67

Silt % 11.37 7.40 14.70 15.30 15.03

Sand % 47.77 50.60 43.50 42.50 43.30

Bulk density g cm-3 1.66 1.77 1.75 1.78 1.74

hfc cm3 cm-3 0.28 0.27 0.29 0.29 0.29

hpwp cm3 cm-3 0.16 0.15 0.17 0.17 0.17

Table 2 Chemical properties of the soil in different depth profiles in the experimental plots

Chemical attributes Units 0–20 20–40 40–60 60–80 80–100

Phosphorus (P) mg dm-3 17.00 4.00 1.40 0.80 0.40

Potassium (K?) mg dm-3 45.00 32.00 17.00 12.00 11.00

Organic matter mg dm-3 16.60 12.30 9.97 8.30 7.93

Calcium (Ca2?) cmolc dm
-3 2.18 1.51 0.86 0.76 0.60

Magnesium (Mg2?) cmolc dm
-3 0.40 0.30 0.24 0.23 0.22

Aluminum (Al3?) cmolc dm
-3 0.00 0.00 0.32 0.27 0.17

H ? Al cmolc dm
-3 2.02 2.37 2.50 2.25 2.25

CTC T cmolc dm
-3 4.72 4.26 3.65 3.27 3.10

Sum of bases cmolc dm
-3 2.70 1.89 1.15 1.02 0.85

Al saturation % 0.00 0.00 22.00 21.00 17.00

Base saturation % 57.00 44.00 32.00 31.00 27.00

pH (H2O) – 5.20 5.00 4.60 4.50 4.50
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Fig. 1 Maximum, average, minimum temperatures, precipitation and average relative humidity during the experimental period. DAC, days after
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Fig. 2 Volumetric soil moisture

(hw) at the five depths studied a,
and the moisture distribution

profile b during the

experimental period. DAC, days
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Fig. 3 Soil water balance

during the experimental period.
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sugarcane needs, were it not for the heterogeneous rainfall

distribution over the seasonal period that occurs in the

region. Thus, there were 44 days of surplus and 228 days

of water deficit. The largest surplus observed was

108.9 mm at 71 DAC and the lowest 5.6 mm at 1 DAC.

The distribution of the amount of water stored in the soil

showed a gradual distribution between the depths, with

greater humidity in the soil’s deeper layers, excluding the

depth of 60–80 cm, which up to 176 DAC was more sig-

nificant than the depth of 80–100 cm. Up to 181 DAC, the

moisture in the analyzed soil depths was higher than the

permanent wilt (hpwp). The 0–20 cm layer of soil exceeded

hpwp at 181 DAC. This limit’s crossing occurred at the

other depths at 191, 200, 201, and 214 DAC, for the 60–80,

20–40, 40–60 layers and 80–100 cm.

Table 3 shows the results for the analysis of variance

(ANOVA) of the five sugarcane genotypes’ root parame-

ters as a function of the evaluated soil layer.

There was a significant effect on the genotypes (G),

depth (D), and interaction between them (G 9 D) for the

variables of total length, length of roots with a diameter

greater than 1.5 mm, average diameter, dry root mass, and

density of length.

Figures 4, 5, 6, 7, and 8 showed the averages of the total

length of the roots, average diameter of the roots, length of

the roots with a diameter greater than 1.5 mm, the average

volume of the roots, and dry weight of the roots of the five

genotypes of sugarcane in the five depths studied.

The genotype RB0444336 showed the longest roots in

the layer 0–20 cm deep (732.5 cm), followed by

RB044313 with 624.8 cm long (Fig. 3b and d). Average,

55% of the total length of the roots for the genotypes was

established in the 0–20 cm layer, with a tendency to

decrease with increasing depth (Fig. 4). However, the

CTC9002 genotype did not show a significant difference

between the 20–40 and 60–80 cm deep layers and the

RB044311 genotype, which showed different behavior,

with the roots of the 80–100 cm layer being significantly

larger, than the roots in the 60–80 cm layer (Fig. 4a and b).

The genotype RB044336 had the highest average

diameter of the roots at depths of 0–20, 20–40, and 40–60,

together with the genotype RB867515, which presented

diameters greater than the other genotypes in the soil layer

0–20 cm deep (Fig. 5a and e). The genotypes CTC9002,

RB044311, and RB867515 presented the largest diameters

in the depth 60–80 cm (Fig. 5a, b, and e). In the

80–100 cm layer, the largest mean diameters were

observed in genotype RB044311 (Fig. 5b). There was no

standard distribution or trend in mean root diameters at the

depths evaluated between genotypes (Fig. 5).

As with the total length of the roots, the sum of the roots

with a diameter greater than 1.5 mm (L[ 1.5 mm)

occurred, for the most part, at a depth of 0–20 cm (Fig. 6).

It was possible to observe that there was a tendency for the

length to decrease between the depths, except in the

genotype RB044311, which presented lower values in the

soil layer of 60–80 cm about the 80–100 cm (Fig. 6b).

Among the genotypes, RB867515 presented L[ 1.5 mm

greater at depths of 0–20 and 20–40 cm (Fig. 6e). At a

depth of 40–60, genotypes RB044313 and RB044336 were

superior (Fig. 6c and d). There was no significant differ-

ence between the genotypes in the 60–80 cm layer. The

roots’ sum with a diameter greater than 1.5 mm repre-

sented 8%, 8%, 4%, 11%, and 10% of the roots’ total

length for the genotypes, CTC9002, RB044311,

RB044313, RB044336, and RB867515, respectively.

The RB044313 genotype showed higher root length

density at depths of 0–20, 20–40, 40–60 and 60–80 cm and

80–100 cm, respectively (Fig. 7). The depths of 60–80 and

80–100 showed a higher root density (Fig. 7). In the

Table 3 Summary of ANOVA for the root metric variables as a function of sugarcane genotypes and soil depth

F.V D.F Medium squares

L L[ 1.5 mm D DE M

Bloc 3 1252.43** 15.20** 0.00* 0.01 ns 2.71 ns

Genotype (G) 4 42,809.19** 650.43** 0.10** 5.78** 50.60**

Error G 12 123.75 2.11 0.00 0.00 1.34

Depth (D) 4 707,393.40** 5881.28** 0.06** 2.62** 1026.20**

G x D 16 23,304.08** 353.45** 0.01** 0.36** 23.66**

Error D 60 209.27 3.47 0.00 0.00 1.15

C. V. % (G) – 5.92 9.38 3.15 2.54 15.97

C. V. % (D) – 5.70 12.02 2.86 2.31 14.81

**F test Significant at the level of 1% probability, *significant at the level of 5% probability, ns not significant, F.V.: the variation factor; G. L.:

degree of freedom; L: total length of the roots; L[ 1.5 mm: length of the roots with diameter greater than 1.5 mm, D: average diameter of the

roots; DE: root density; M: dry mass of the roots; C.V.: coefficient of variation
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RB867515 genotype, it was possible to observe an

increasing trend in root density values with increasing

depth. It was impossible to observe the same pattern of

distribution of the average volumes between genotypes

CTC9002, RB044311, RB044313, and RB044336.

The root dry mass decreased about the depth of the

studied soil layer (Fig. 8). The highest dry mass of roots at

depths of 0–20 and 20–40 cm was observed in genotype

RB867515. At a depth of 40–60 cm, the largest dry mass of

roots was genotype RB044313 (Fig. 8c). For depths of

60–80 and 80–100 cm, it was not possible to observe a

significant difference between the mean dry mass of roots

by the LSD test (p\ 0.05).

Table 4 shows the results of the analysis of variance

(ANOVA) of the biometric parameters of the aerial part of

the five sugarcane genotypes.

There was a significant effect between the genotypes for

the variables plant height, stem diameter, number of buds,

Fig. 4 Total length of the roots of the five sugarcane genotypes as a

function of the five depths studied. *Means followed by different

capital letters that show the effect of the sugarcane genotypes on the

depths and averages followed by different lower letters that show the

effect of the depths on the sugarcane genotypes differ by the LSD test

(p\ 0.05)
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number of tillers, and leaf area (Table 4). Table 5 presents

the average values of the aerial biometric variables for the

five sugarcane genotypes studied.

The genotype RB044336 showed greater height and

number of buds, standing out in the number of tillers. The

RB867515 genotype had the largest average stem diameter

and the largest leaf area and CTC9002, the largest tillers.

Table 6 presents the results of the analysis of variance

(ANOVA) for the industrial quality variables of the five

sugarcane genotypes. There was a significant effect among

the genotypes for fiber content, soluble solids content,

apparent sucrose in juice, and total reducing sugars. There

was no significant effect on productivity.

Table 7 shows the average values of the industrial

quality variables for the five sugarcane genotypes studied.

The genotypes CTC9002 and RB867515 presented the

highest soluble solids’ content, apparent sucrose in the

juice, and total reducing sugars. The CTC9002 genotype

had lower fiber content, with the other genotypes showing

no significant differences according to the LSD test

(p\ 0.05). There was no significant difference between the

production values for the five genotypes.

Fig. 5 Mean root diameter of the five sugarcane genotypes at the five

depths studied. *Means followed by different capital letters that show

the effect of the sugarcane genotypes on the depths and averages

followed by different lower letters that show the effect of the depths

on the sugarcane genotypes differ by the LSD test (p\ 0.05)
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Discussion

Sugarcane is a deep-rooted crop due to its long growth

cycle and the root system’s longevity through multiple

rotations compared to other crops. The root systems reach

depths that can vary between 1.5 and 6.0 m (Smith et al.

2005). Studies report that the root system of sugarcane can

increase, seeking water in greater depths of the soil (Battie

Laclau and Laclau 2009; Jongrungklang et al. 2013).

In this study, up to 181 DAC at all depths studied, the

soil moisture was higher than the humidity at the perma-

nent wilt point (hpwp) (Fig. 1). It is believed that the

availability of water in the soil has limited the growth of

the root system in the depth range analyzed. Even if the

hpwp is exceeded at 214 DAC, the need for water from the

cane is greater during the first periods of the growth cycle;

that is, stages of emergence, establishment, and intensive

growth, periods in which the water balance is generally
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five sugarcane genotypes at the five depths studied. *Means followed
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genotypes on the depths and averages followed by different lower

letters that show the effect of the depths on the sugarcane genotypes
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favorable. During the dry season, the need for water

decreases and is almost negligible during maturation

(Scarpare et al. 2016).

Most of the sugarcane root biomass is found close to the

soil surface and decreases exponentially with increasing

depth. Usually, 50% of the root biomass is found in the top

20 cm of the soil and 85% in the first 60 cm (Smith et al.

2005). In this study, on average, genotypes showed 50% of

dry weight and total length of roots at a depth of 0–20 cm,

73% between 0 and 40 cm, and 86% between 0 and 60 cm,

as reported in the literature. The high concentration of roots

in the upper layers of the soil occurs due to the reduction in

the root’s branches due to the soil’s high resistance in

lower layers. Otto et al.(2011) analyzed the reduction in the

development of the root system of sugarcane and found

that restrictions to root growth in Oxisols can occur when

the soil density is greater than or equal to 1.78 g cm-3. In

the layers below 20 cm, the soil’s density in the study

Fig. 7 Root length density of the five sugarcane genotypes at the five

depths studied. * Means followed by different capital letters that show

the effect of the sugarcane genotypes on the depths and averages

followed by different lower letters that show the effect of the depths

on the sugarcane genotypes differ by the LSD test (p\ 0.05)
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varied between 1.74 and 1.77 g cm-3 (Table 1), values

close to the one mentioned above, thus corroborating the

above.

The genotype RB044336 had the highest height, the

number of buds, and the second-largest tillers. Tilling is

highly variable among the different sugarcane genotypes,

depending on each one’s genetic characteristics (Vasantha

et al. 2012). For Terauchi et al. (1999), the high tillering is

an inadequate characteristic for obtaining improved culti-

vars, as it would promote an energy expenditure for the

production of these tillers and the aerial part, not

representing a positive correlation with the increase in crop

productivity producing tillers with more stems thin.

Proof of this is that the genotype RB867515 had the largest

average stem diameter and the aerial lowest biometric

characteristics about the other genotypes.

The genotypes CTC9002 and RB867515 presented the

highest soluble solids’ content, apparent sucrose in the

juice, and total reducing sugars. In Brazil, the industry uses

sugarcane as a raw material for ethanol production, and

technological quality becomes essential for culture, given

the ability to convert it into sugar or alcohol through the

Fig. 8 Five sugarcane genotypes at the five depths studied. *Means

followed by different capital letters that show the effect of the

sugarcane genotypes on the depths and averages followed by different

lower letters that show the effect of the depths on the sugarcane

genotypes differ by the LSD test (p\ 0.05)
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Table 4 Summary of ANOVA for the aerial part biometric evaluations for the five sugarcane genotypes evaluated

F.V D.F Medium squares

AP DC NG NP AF

Genotype 3 1.28** 200.60** 426.68** 40.63** 0.21**

Bloc 4 0.00 ns 1.53 ns 2.35 ns 28.46** 0.00 ns

Residue 192 0.01 4.76 2.89 2.81 0.00

C.V. (%) – 3.81 8.85 12.82 5.18 11.08

**Significant F test at the 1% probability level, * significant at the 5% probability level, ns not significant, F.V.: variation factor; G. L.: degree of

freedom; AP: plant height; DC: stem diameter; NG: number of gems; NP: number of tillers; NF: number of leaves; C.V: coefficient of variation

Table 5 Plant height (AP), stem diameter (DC), number of buds (NG), number of tillers (NP), and leaf area (AF) for the five sugarcane

genotypes evaluated

Genotype AP (m) DC (mm) NG NP AF (m2)

CTC9002 2.32c* 22.73d 8.28d 33.75a 0.26d

RB044311 2.28C 22.83d 12.98c 31.38c 0.37c

RB044313 2.59b 23.85c 13.00c 31.50c 0.41b

RB044336 2.70a 26.00b 17.08a 33.00ab 0.39bc

RB867515 2.56b 27.90a 15.03b 32.25bc 0.45a

*Averages followed by the same letters in the column do not differ, according to the LSD test

Table 6 Summary of ANOVA for qualitative assessments for the five sugarcane genotypes evaluated

F.V D.F Medium squares

TF �Brix Pol ATR Y

Genotype 4 0.48* 2.67* 2.93* 274.32**s 109.35 ns

Bloc 3 0.42 ns 0.33 ns 0.98 ns 72.87 ns 21.2 ns

Resı́due 12 0.06 0.76 0.85 50.56 59.61

C. V. (%) – 2.17 3.71 4.33 13.47 11.95

**Significant F test at the 1% probability level, * significant at the 5% probability level, ns not significant, F.V.: variation factor; G. L.: degree of

freedom; TF: fiber content; � Brix: soluble solids content; Pol: apparent sucrose in the juice; ATR: total reducing sugars; Y is productivity

Table 7 Fiber content (TF), soluble solids content (� Brix), apparent sucrose in the juice (Pol), total reducing sugars (ATR), and productivity

(Y) for the five sugarcane genotypes evaluated

Genotype TF (%) Brix Pol (%) ATR (kg h-1) TY (t ha-1)

CTC9002 10.79b 24.54a 22.70a 192.79a 67.99 ns

RB044311 11.41a 22.74b 20.81b 175.40b 58.99 ns

RB044313 11.67a 22.75b 20.69b 173.80b 63.49 ns

RB044336 11.53a 23.08b 20.97b 173.91b 60.84 ns

RB867515 11.52a 24.03ab 21.85ab 183.77ab 71.74 ns

*Averages followed by the same letters in the column do not differ, according to the LSD test
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transformation coefficients of each unit productive (Mesa

et al. 2020). Sucrose and glucose are the leading low

molecular weight carbohydrates for organic synthesis in

sugarcane. In the ethanol production process, there is a

radical transformation of these carbohydrates’ chemical

structure through fermentative processes (Ferreira et al.

2009).

Little is known about the precise partitioning of carbo-

hydrates in the root system of sugarcane and its contribu-

tion to crop yield (Smith et al., 2005). Scarpare et al. (2019)

con clude that the increase in dry matter below the ground

may not affect the cane yield aboveground under moderate

water stress conditions. However, if we observe the dis-

tribution of root length densities, genotypes CTC9002,

RB044336, RB867515 showed an increase of 26%, 63%,

and 57% in the 60–80 cm layers, respectively, and 79%,

39%, and 86% in the 80–100 cm layer, about the layer with

the highest root concentration of 0–20 cm (Fig. S1). These

soil layers (60–80 and 80–100 cm) remained with the

highest soil moisture levels during the period of the crop’s

establishment and intensive growth (Fig. 2). We also

observed that the higher the soil moisture, the greater the

root length density (Fig. S2). Therefore, it is believed that

greater access to water and consequently to nutrients

facilitate the synthesis of carbohydrates that determine

productivity, thus explaining the results of the technolog-

ical qualities found in Table 7, in addition to the correla-

tions shown in Fig. 9.

When evaluating the behavior of the diameter of the

roots, it is observed in the depth of 60–80 cm (wetter layer

of the soil, Fig. 2) that there was no statistical difference

between the genotypes. However, genotypes CTC9002 and

RB86715 showed root length values with a diameter

greater than 1.5 mm greater than the average among all

genotypes in 41% and 2%, respectively (Fig. 7). Reichardt

and Timm (2019) describe the SWAP (Soil Water Atmo-

sphere and Plant) model, which is based on the Darcy–

Buckingham equation to explain the flow of water and

nutrients from soil to roots, through the model, which

realized that the flow is characterized in three directions, in

an orthogonal system (horizontal, axial and radial), with

the diameter being one of the main factors for determining

the hydraulic conductivity of root tissues (Judd et al. 2016).

The RB044336 genotype was the third with the highest

soluble solids’ highest levels and apparent sucrose in the

juice. It is believed that this genotype was not statistically

equal to the others due to the lower percentage of roots at a

depth of 80–100 cm, compared to 0–20 cm. Besides, this

variety showed the best results for the length of roots with a

diameter greater than 1.5 mm.

Also, a higher root density in the variety RB044311 and

RB044311, about 12% and 18%, at a depth of 60–80 cm,

compared to 0–20 cm. However, this smaller percentage of

the density difference indicates a more homogeneous dis-

tribution of the root system of these varieties, and although

root growth is associated with an increase in the uptake of

water and nutrients (Chopart et al. 2010; Marasca et al.

2015), a higher rate of root growth implies that less

assimilates are partitioned into organs above the ground

(stem and leaves). Also, there is a metabolic cost of

maintaining the roots (Veen 1981). Thus, this distribution

of assimilates due to the higher biomass of roots in low-

humid layers impaired sucrose accumulation and these

genotypes’ technological quality.
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Fig. 9 Correlation between the difference in root length density to the layer with the highest root concentration of 0–20 cm and total reducing

sugars and yield
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Conclusion

There was a relationship between root distribution

dynamics and soil moisture at different depths analyzed.

The genotypes with the best production rates showed a

higher density of length and length of roots with a diameter

greater than 1.5 mm in the depths that remained for a

longer time moist. The soil depths of 60–80 and

80–100 cm remained with the highest soil moisture levels

during establishment and intensive cultivation. The geno-

types CTC9002 and RB867515 presented the highest sol-

uble solids’ content, apparent sucrose in the juice, and total

reducing sugars.
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Gonçalves, and Gerd Sparovek. 2013. Köppen’s climate classi-
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Functional relationship between sugarcane root biomass and

length for cropping system applications. Sugar Technology 12:

317–321. https://doi.org/10.1007/s12355-010-0044-2.

Chumphu, Saranya, Nuntawoot Jongrungklang, and Patcharin

Songsri. 2019. Association of physiological responses and root

distribution patterns of ratooning ability and yield of the second

ratoon cane in sugarcane elite clones. Agronomy 9: 200.

https://doi.org/10.3390/agronomy9040200.

Companhia Nacional de Abastecimento (Conab). 2019. Acompan-
hamento da safra brasileira de cana-de-açúcar. v. 6 – Safra
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