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ABSTRACT

Sweet sorghum (Sorghum bicolor [L.] Moench) is a crop that is well known for its high production of biomass and
sugars in the stem juice. The objective of this work was to evaluate the productivity of sweet sorghum ‘Roger’ based on
the dynamics of sugar production and dry biomass by considering different production methods and plant phenological
stages. The experimental design consisted of different tillage and fertilization methods established in a randomized
complete block design with a split plot arrangement. Tillage treatments were assigned to the plot using the three levels
of minimum tillage, traditional tillage, and traditional tillage that included a subsoil operation. Fertilization treatments
were assigned to the subplot using the three levels of organic fertilizer, inorganic fertilizer, and without fertilizer. Data
collection was performed at different plant phenological stages from anthesis to physiological maturity. Results showed
that evaluated agronomic parameters depended on the phenological stage (P < 0.05) rather than the production methods
(P> 0.05). Thus, the distribution and accumulation of sugar by stem internodes was associated with plant phenological
components. The highest values of the concentration of total soluble solids (14.89%), juice sugar content (22.91 g), juice
sugar concentration (527.46 mg g DW), dry biomass (60.04%), and dry biomass yield (19.01 t ha') were observed at the
physiological maturity stage of the plant.
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INTRODUCTION

Sweet sorghum (Sorghum bicolor [L.] Moench) is a C4 crop that can be grown in different agroclimatic conditions and
production systems with minimum inputs. It is characterized by high biomass production and stem sugar accumulation,
highlighting its great bioenergetic potential (Shukla et al., 2017). This crop can be processed as biofuel or valuable
coproducts, while not affecting the production of grain as food, fuel, and fodder; it reduces the conflict they generate in
food security, as occurs with other crops for bioenergetic purposes, such as sugarcane, sugar beet, corn, and wheat. It also
allows multiple cultivation cycles each year, which have high productivity and agronomic stability with minimal demand
for N (Rolz et al., 2017).

Sweet sorghum is genetically very diverse, showing a great variation in its agronomic parameters compared with
other crops. However, to achieve maximum productivity, appropriate agronomic management is necessary. It has been
observed that N influences biomass production, content and types of sugars in the juice, and soil properties, which can
be handled favorably if the right tillage method is selected (Adimassu et al., 2019). The promising potential of sweet
sorghum increases its scope of study by emphasizing the use of different fertilizer types and tillage methods. In addition,
in the estimation and evaluation of ethanol based on the agronomic traits and juice characteristics of the stems present in
progenitors, there are pure lines and varieties that can be used in the biofuel industry (Bunphan et al., 2015). The type of
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applied fertilizer and tillage method can determine crop quality and agricultural yields, High N and P fertilization rates
can increase production costs and promote environmental pollution. Likewise, the tillage method can increase the degree
of soil compaction (Liu et al., 2019; Biberdzic et al., 2020).

The identification of the appropriate harvest stage is decisive for sweet sorghum production for commercial purposes
and sustainment of the bioethanol production chain (Kumar et al., 2010). The dynamics of sugar accumulation and
biomass production must therefore be considered. It is necessary to point out the study at the internode level to observe
the distribution of these sugars along the stem (Tovignan et al., 2016). Therefore, the aim of this research study was
to evaluate the productivity of sweet sorghum ‘Roger’ based on the dynamics of sugar and dry biomass production by
considering different production methods and plant phenological stages.

MATERIALS AND METHODS

The experiment was established in the spring-summer cycle in 2018 at the Marin experimental field of the Facultad
de Agronomia belonging to the Universidad Auténoma de Nuevo Leén (UANL) located in the municipality of Marin
(25°52°13.5” N, 100°02°22.56” W; 355 m a.s.l.) in the state of Nuevo Ledn, Mexico. The climate is BS1 (h) w (e),
described as a warm dry steppe climate with summer rains and 595 mm mean annual precipitation and 22 °C temperature.
The predominant soil in the area is Vertisol (Soil Survey Staff, 1999) with pH ranging from 7.5 to 8.5 and low organic
matter content.

Sweet sorghum (Sorghum bicolor [L.] Moench) ‘Roger’ is registered by the UANL in the Plant Varieties National
Catalog with the SOG-261-050315 name and registration number. This genotype averages 75 d for flowering and has a
130-d growing cycle.

Establishment and experimental design

Soil preparation activities to establish the crop began on 20 November 2017 with land clearing tasks. Subsequently,
breaking, subsoiling, and harrowing were carried out according to the tillage method. Sowing was on 5 March 2018
at a depth of 0.05 m, 0.8 m row spacing, and 7 kg ha' seeding rate using an experimental seeder (Almaco CTS EO,
Specialized Agricultural Equipment, Nevada, lowa, USA). Manual thinning was performed 20 d after sowing to obtain a
mean density of 18 plants m?. Fertilization work began 20 d before sowing by applying Meyfer organic fertilizer (chicken
manure as main ingredient; Vertia, Marin, Nuevo Leén, Mexico) with a 3 t ha! manure rate (60 kg N ha', 65 kg P ha', 75
kg K ha'). Ammonium sulphate, as inorganic fertilizer (Fertiquim, Tlajomulco de Zuiiiga, Jalisco, Mexico), was spread
during sowing (50 kg N ha'', 25 kg P ha') and 25 d later (50 kg N ha', 25 kg P ha'). Permethrin insecticide (Pounce 340
CE, FMC Agroquimica de México, S. de R.L. de C.V., Zapopan, Jalisco, Mexico) was applied at 0.6 L ha' on days 28 and
59 after sowing for agricultural pest control. Imidacloprid and betacyflutrin, 0.3 L ha!, (Murralla Max 300 OD, Bayer,
Ecatepec de Morelos, Estado de Mexico, Mexico) were used to control yellow aphid, and they were applied on days 32
and 81 after sowing. For weed control, 1 L ha! 2.4-D dimethylamine salt (Fito Amina 40 herbicide, Dragén, Puebla,
Puebla, Mexico) was applied 35 and 64 d after sowing. A surface drip system was used for irrigation, which was carried
out before sowing and five watering events at 14-d intervals.

The agronomic management of the experimental plots was the tillage method (T), fertilizer type (F), internode (IN)
position on the stem, and plant phenological stage (PS). Experimental treatments (ET) derived from different Ts and
Fs were established as a randomized complete block design with split plot arrangements and three replicates. Each
experimental unit was 250 m>. Tillage treatments were assigned to the large plot at the three levels of minimal integrated
tillage for clearing and harrowing operations (up to 0.20 m depth) (T1), traditional integrated tillage for clearing, plowing,
and harrowing operations (up to 0.30 m depth) (T2), and traditional tillage that included a subsoiling operation (up to
0.75 m depth) (T3). The fertilization treatments were assigned to the subplot at the three levels of organic fertilizer (F1),
inorganic fertilizer (F2), and without fertilizer (F3). The tillage and fertilizer combinations generated nine treatments.

Data collection

Data collection was performed at different PSs as described by Vanderlip (1993). The PS was identified visually (Figure 1).
The first sampling (PS6) consisted of 50% of the plants per treatment at some stage of flowering. The second sampling
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(PS7) occurred when flowering and pollination were complete and grain filling had begun. The third sampling (PS8)
was when grains contained hard dough. The fourth sampling (PS9) was when the crop had reached the physiological
maturity stage. The presence of the black layer on the hilum at the base of the seed and a black dot in the stylar region
were observed once the glume was removed from the grain. In the last sampling, IN measurements were not performed.

Agronomic parameters for each internode

Data collection for INs in the corresponding PS was carried out by selecting 10 plants with complete competition in each
plot. Leaves and leaf sheaths were removed from each plant, leaving only the stem (bare stem). The stem was cut into
pieces according to the nodes present at the time of sampling. The IN measurement was performed by numbering the
internodes from the top to the base of the stem. Internode length (IL) and diameter (ID) were determined for each IN. The
INs were immediately cut in half to extract a juice sample that was deposited in a digital refractometer (PAL-1, ATAGO
USA, Bellevue, Washington, USA) to measure the concentration of total soluble solids (TSS).

Biomass

To estimate biomass, the plant was separated into morphological components (leaves, stem, and panicle), which were
placed separately in paper bags and weighed on an analytical scale (L-EQ, Torrey, Ciudad de México, Mexico) to obtain
fresh weight. The bags were placed in an oven (HAFO 1600 series, Cornelius, Oregon, USA) at 65 °C until reaching
constant weight to determine the dry weight (DW) of each component, plant dry weight (PDW), and dry biomass yield
per hectare (DBY). The percentage of dry biomass (DB) was determined by Equation 1 as:

DWuc &) 14
PDWyc (g)
where MC is the morphological component, DW is dry weight, and PDW is plant dry weight.

DBy (%) = 0 (1)

Production of stem sugar and juice dynamics

Juice was obtained by another sample of 10 stems per plot taken at each PS and processed in a juice extractor (QJH-L100
A, Kuala Lumpur, Malaysia). The juice was filtered through a sieve to remove residues and obtain juice weight (JW) and
TSS concentration. Juice extraction capacity (JEC), juice sugar content (JSC), and juice sugar concentration (JSCN) were
also determined by Equations 2, 3, and 4 (Tovignan et al., 2016; Rono et al., 2018):

JW
JEC (%) = _ IV 00 )
SFW(g)
where JW is juice weight and SFW is stem fresh weight.

TSS x 8.827 x [SFW (g) — SDW ()]

JSC (g) = 3
€9 1000 3)
where 8.827 is the slope of the regression line between TSS and sugar concentration (g L") and SDW is stem dry weight.
JSC
JSCN (mg g' DW) = ISC®) 1000 (4)
SDW (g)

Figure 1. Phenological stages (PS) evaluated in sweet sorghum ‘Roger’: Anthesis (PS6), grain filling (PS7), hard dough
grains (PS8), and physiological maturity (PS9).

PS7 PS8
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Statistical analysis

The data generated by the effect of different sources of variation on the study variables were statistically contrasted
by ANOVA and a comparison of means according to Fisher’s LSD test at a significance level of 95% (P < 0.05). In
addition, a correlation analysis was performed using Pearson’s coefficient. An angular transformation [arccosine (Y1)
1/2] was performed on the percentage data (Yi), which were transformed to the original scale (%) after being statistically
processed. The analyses were performed with the InfoStat statistical software (Universidad Nacional de Cérdoba,
Cérdoba, Argentina).

RESULTS AND DISCUSSION

The combined ANOVA for the agronomic traits studied for INs is shown in Table 1. A significant difference (P < 0.01)
was observed for PS only in TSS and INs for all studied traits. Regarding interactions, a significant difference (P < 0.01)
was observed in the IN x PS interaction for TSS and IL.

Sugar distribution and accumulation in the internodes

Given that the stem of sweet sorghum is considered as a sink tissue for non-structural carbohydrates (Bihmidine et
al., 2015) and that plant PS influences the distribution and accumulation of sugar in the INs of ‘Roger’ (Table 1), we
proceeded to identify its dynamics (Figure 2). The highest concentration of TSS during PS6 was observed for IN1 to IN4
(Figure 2a). The highest values for PS7 occurred for IN2 to IN6 (Figure 2b). Once PS8 was reached, the highest values
were observed for IN4 and INS (Figure 2c), indicating that sugar content in the higher INs decreases with plant maturity
after anthesis, as opposed to the upper intermediate INs. This was detected in more detail in the individual analysis of each
IN (Figure 2d). Both IN1 (11.59%) and IN2 (11.43%) had the same behavior (P > 0.05) in all the PSs. Both INs showed
the highest TSS value in PS6, which decreased significantly in PS7 and had a slight decrease in PS8. This behavior
could be associated with the fact that the panicle does not initially exert a significant demand for carbohydrates being
generated by photosynthesis in the upper part of the stem, and resulting in a greater accumulation of sugars in the upper
part (Bihmidine et al., 2015). There are reports that sugar accumulation can occur mainly before anthesis once the first
INs complete elongation, increasing when leaf and stem growth stops at anthesis, thus avoiding competition with grain
filling (Gutjahr et al., 2013).

Table 1. Mean squares of ANOVA of agronomic parameters for each internode at the plant phenological stages and for
production methods.

Degrees of Concentration of Internode Internode
freedom total soluble solids length diameter

PS 2 127.89%* 9 44ns 0.21ns
PS>R 6 51.04ns 48.66ns 2.55ns
T 2 45.68ns 23.11ns 0.05ns
PSxT 4 9.43ns 2.42ns 0.36ns
PS>RxT 12 20.43 1147 0.42

F 2 7.37ns 13.36ns 0.12ns
FxPS 4 11.62ns 0.75ns 0.32ns
FxT 4 6.42ns 10.23ns 1.44ns
FxPSxT 8 11.54ns 13.58ns 0.98ns
PS>T>RxF 36 15.6 10.72 0.92

IN 9 244 78%* 3990.09%* 5.39%*
IN x PS 18 16.72%* 30.79%* 0.05ns
INXT 18 3.25ns 10.22ns 0.02ns
INxF 18 1.63ns 5.76ns 0.02ns
INXPSxT 36 1.25ns 6.56ns 0.02ns
INXxPSxF 36 1.86ns 4.15ns 0.02ns
INXxTxF 36 1.71ns 5.55ns 0.05ns
Error 558 1.76 10.74 0.03

CV, % 13.77 15.16 14.62

*, **Significant at P < 0.05 and P < 0.01, respectively; ns: nonsignificant.
PS: Phenological stage; R: replicate; T: tillage method; F: fertilizer type; IN: internode.
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Figure 2. Evolution of the concentration of total soluble solids (TSS) by internodes in the phenological stages (PS) of
the plant.
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Different letters over the bars indicate significant differences according to Fisher’s LSD test (P < 0.05).
Distribution between internodes (IN) at anthesis (a), grain filling (b), hard dough grains (c), and accumulation by IN in each PS (d).

However, this behavior changes as the demand for carbohydrates by the developing grain increases over time. The
IN3 was the only one that showed no difference (P > 0.05) throughout the PSs. The rest of the INs toward the base of the
stem (IN4 to IN10) increased their values with plant maturity. Specifically, INS, IN7, and IN9 were the only ones that
showed a difference (P < 0.05) in all the PSs, and this could be a variety characteristic. The highest TSS value usually
occurred in IN4 and IN5 (upper intermediates) when the plant reached a certain degree of maturity (PS8), while the lowest
value was found in the INs at the base of the stem, resulting in behavior that was similar to other studies (Morey et al.,
2018). Therefore, sugar accumulation by INs depends, among other factors, on its position on the stem, on the number
of INs and their dimensions, on the PS, and variety of sweet sorghum (Morey et al., 2018). In some sorghum varieties,
the accumulation of sugar is more associated with the age of the INs than with the phenology of the plant itself. The latter
is influenced by the effects of the photoperiod, which varies among varieties and site-specific conditions (Gutjahr et al.,
2013). A positive correlation (P < 0.01) was observed for TSS and IL. On the contrary, both parameters were negatively
related (P < 0.01) with diameter (Table 2). This suggests that sugar distribution and accumulation in the INs usually

depend on plant phenological factors.

Internode length and diameter

The greatest length of IN1 (39.41 cm) was observed in PS8 (Figure 3), and it was double the length of the other INs. This
internode is unique because it corresponds to the peduncle of the panicle and is not a typical internode of the main stem. Most
of the INs showed no difference (P> 0.05) among PSs for this characteristic, except IN1, IN5, IN6, and IN10. The mean IN
length was 21.61 cm. Some of these traits were similar to other varieties that reported the IN farthest from the base of the
stem as the longest, averaging 40 cm, and with a mean of 22 cm for the rest of the INs (Bihmidine et al., 2015; Tovignan et
al., 2016). These results could be associated with the development of the plant’s vascular system, which allows its growth
throughout the life cycle by forming new tissues and organs resulting from cell division (Miyashima et al.,2013). It is known

Table 2. Pearson’s correlation for the agronomic parameters measured for each internode.

Concentration of Internode Internode
total soluble solids length diameter
Concentration of total soluble solids 1
Internode length 0.249%* 1
Internode diameter -0.316%* -0.204%%* 1

**Significant at P < 0.01.
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Figure 3. Internode length (IL) evolution for each plant phenological stage (PS).
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PS6: Anthesis; PS7: grain filling; PS8: hard dough grains.

that IN dimensions can vary due to the effect of humidity, temperature, photoperiod, planting season, and planting density
(Tsuchihashi and Goto, 2005). The latter can increase plant height as a result of competition for light, water, and nutrients,
mainly inducing an increase in the number of INs or their dimensions (Ayub et al., 2002; Tang et al., 2018). This indicates
that the production conditions influence the stem characteristics of each variety.

For IN diameter, there was nonsignificant difference (P> 0.05) between the PS or production system (Table 1). However,
the distribution along the stem followed a certain behavior pattern for this variable (P <0.01). Figure 4 shows that IN8,IN9,
and IN10 (those closest to the stem base) have a larger diameter (1.53, 1.52, and 1.49 cm, respectively), which decreases
as they approach the stem apex, and IN1 (0.79 cm) is the thinnest. These morphological features have been reported in
other sorghum genotypes and are mainly associated with the stem biomechanical function of each variety. This depends on
genetics and its effects on stem morphological characteristics (Gomez et al., 2017), mostly conditioned by environmental
and production factors (Tsuchihashi and Goto, 2005). Likewise, the number of INs depends on the variety, water availability,
harvest stage, and planting time (Tsuchihashi and Goto, 2005; Morey et al., 2018). It should be mentioned that the values
for ‘Roger’ were in the range reported for other varieties from 0.7 to 3.13 cm (Mangena et al., 2018).

Biomass
Table 3 shows ANOVA for biomass, juice, and sugar production. Biomass production showed a significant difference (P
< 0.05) only for the effect of PS and no interaction with the other factors.

Means in Table 4 exhibit the highest DBY in PS7 (from 18.65 to 19.01 t ha!) ranging from 14.8 to 35.2 t ha! as in other
sweet sorghum varieties (Zhao et al., 2009). The highest contribution to DBY was made by the stem and the highest value
was in PS9 (60.04%); this behavior was similar to that of other varieties (Zhao et al., 2009). However, this was less than

Figure 4. Internode diameter (ID) behavior related to the internode (IN) position on the plant stem.
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1-10: Internode number from the upper part (1) to the base (10) of the stem.
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the range from 63.4% to 76.6% reported by Pannacci and Bartolini (2016), and this could be related to a lower planting
density in ‘Roger’. Biomass production can also vary among sweet sorghum varieties and depend, among other factors,
on the time of harvest, plant height, soil moisture, tillage method, and applied fertilizer type (Pittelkow et al., 2015; Zhang
etal., 2016; Olugbemi et al., 2018).

Fertilization, mainly N, can increase biomass production, especially chemical fertilizers that have become more
efficient than organic ones. Although the latter have a positive impact on soil properties, they improve biomass yield in
subsequent crop cycles (Ayub et al., 2002; Pannacci and Bartolini, 2016). Similarly, climatic conditions and planting date

Table 3. Mean squares of the ANOVA for the production of dry biomass, juice, and stem sugar at the plant phenological
stages and for production methods.

MS

SV DF LDB SDB PDB DBY W TSS JEC JSC JSCN
PS 3 371.86%%  37542%* 538.34%%  613.78**  1168.52*%  134.27*%  16.81* 373.35%* 252245 57%:
PS>R 8 26.42 81.21 66.39 11.77 34241 10.02 1.96 48.48 11114.18

T 2 0.10ns 10.90ns 15.48ns 13.54ns 118.59ns 4.14ns 6.58ns 12.59ns 17099.14ns
T x PS 6 13.86ns 18.97ns 18.68ns 50.76ns  1336.27%* 2.80ns 8.99%* 38.77* 21621.37*
PS>TxR 16 8.92 17.74 23.86 24.03 250.68 1.63 2.74 6.36 6820.18

F 2 9.85ns 2.99ns 3.16ns 36.02ns 204.79ns 0.11ns 2 .94ns 0.89ns 15910.92ns
FxPS 6 3.95ns 8.78ns 3.96ns 44.90ns 181.36ns 1.50ns 0.89ns 10.80ns 5863.27ns
FxT 4 4.06ns 14.69ns 7.74ns 71.57ns 208.50ns 1.07ns 1.17ns 6.68ns 5649.03ns
FxPSxT 12 3.76ns 12.63ns 10.63ns 41.18ns 135.73ns 0.78ns 0.73ns 3.43ns 4043.86ns
Error 48 7.38 7.93 10.63 17.95 337.83 1.32 1.13 12.30 8422.60
CvV 9.70 5.96 8.16 17.37 16.70 5.94 2.57 20.01 23.28

*, #*Significant at P < 0.05 and P < 0.01, respectively; ns: nonsignificant.
SV: Source of variation; DF: degrees of freedom; MS: mean squares; LDB: dry leaf biomass; SDB: dry stem biomass; PDB: panicle dry biomass;
DBY: dry biomass yield; TSS: concentration of total soluble solids; JW: juice weight; JEC: juice extraction capacity; JSC: juice sugar content;
JSCN: juice sugar concentration; PS: phenological stage; R: replicate; T: tillage method; F: fertilizer type; CV: coefficient of variation.

Table 4. Comparison of means for dry biomass, juice, and stem sugar production at plant phenological stages and for
production methods.

BS
Sv Leaf Stem Panicle DBY W TSS JEC JSC JSCN

% tha' g plant”! % g mg g' DW
PS
6 34.58a 47 44c 17.98b 16.20b 108.80b 9.57b 4221b 15.99b 313.87¢
7 22.44b 52.67b 24.89a 18.65a 119.48a 9.93b 44.95a 16.77b 402.35b
8 23.18ab 53.44ab 23.38a 18.95a 107.81b 10.05b 42.84b 14.44b 332.97bc
9 15.16¢ 60.04a 24.83a 1901a 104.19b 14.89a 44.72a 2291a 527.46a
Mean 23.84 53.39 22.77 18.20 110.07 11.13 43.68 17.53 394.16
SMD(o.05) 347 5.64 581 0.99 11.48 1.15 1.52 2.65 65.33
PSxT
Ix1 28.44 48.22 23.34 15.62 112.87bed 17.80 41.08bcde 16.03de 336.57et
1x2 29.01 50.30 20.69 17.04 102.34cdef 18.48 39.86de 16.43d 309.40ef
1x3 31.24 49.49 19.17 16.36 111.19bcde 17.44 40.6cde 15.52def 295.62f
2x1 27.36 47.39 25.25 20.20 113.48bcd 17.79 41.76abc 15.81def 378.39de
2x2 29.66 4408 26.26 17.64 112.53bed 17.88 41.42bcd 17.22cd 391.87de
2x3 28.47 48.18 23.35 18.58 132.42a 18.86 43.11a 17.28cd 436.79bcd
3x1 30.51 42.02 2747 19.16 94.11f 18.44 39.63e 13.44f 277.60f
3x2 28.96 42.79 28.25 19.12 98.64def 18.83 40.46cde 13.74ef 292.82f
3x3 28.83 42.17 29.00 19.06 119.80ab 18.86 42.54ab 16.13de 428.47cd
4x1 26.45 49.37 24.18 19.23 95.58ef 21.95 41.84abc 19.11c 479 .45bc
4x2 26.55 51.51 21.94 19.35 113.21bcd 2247 41.49abcd 23.19b 514.96ab
4x3 27.04 51.53 2143 20.02 114.65bc 23.60 42.57ab 26.44a 587.97a
Mean 29.04 47.25 23.71 18.44 110.09 19.37 41.36 17.53 394.15
SMD(o.05) 298 421 4.88 4.72 15.82 1.28 1.65 252 82.53

Different letters in the same column indicate significant differences according to Fisher’s LSD test (P < 0.05).
SV: Source of variation; BS: dry biomass; DBY: dry biomass yield; TSS: concentration total soluble solids; JW: juice weight; JEC: juice
extraction capacity; JSC: juice sugar content; JSCN: juice sugar concentration. PS: phenological stage; T: tillage method; SMD: significant
minimal difference.
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of sorghum can influence the response efficiency of the crop to fertilization (Maw et al., 2016; Tovignan et al., 2016). The
shape and number of leaves in DM production are also important because they determine the efficiency of capturing solar
radiation and provide uniform plant development. Thus, the size of the leaf area between floral differentiation and anthesis
can influence biomass production (Vermerris and Saballos, 2013; Tang et al., 2018).

Juice and sugar production dynamics

Based on the accumulation dynamics exhibited by the juice and sugar production of the stem, these components showed
a significant difference (P < 0.01; P < 0.05) among PSs and in the PS x T interaction (Table 3). The PS7 and PS2 x T3
interaction had the highest JW values of 119.48 and 132.42 g plant’, respectively (Table 4). This indicates a relationship
between phenology and tillage method in the juice content of the stem. The present study reported that JW increases
after anthesis and at the beginning of the grain filling period. Meanwhile, for the period between the dough stage and
physiological maturity, there is a gradual decrease that corresponds to an opposite behavior to that observed in hybrids
and improved varieties that showed higher JW at the maturity stage (Kumar et al., 2010). This suggests that JW depends
on the phenological characteristics of each variety and its response to the established production conditions (Bihmidine
etal.,2015, da Silva et al., 2019).

Therefore, ‘Roger’ exceeded the reported values of 22.43 and 23 g plant’ in two varieties grown under different N
rates, also exceeding the maximum mean value of 54.73 g plant™ reported in 16 genotypes grown in clay-alkaline soil with
traditional tillage (Mekdad and Emam, 2019; Bakhite et al., 2019). These last reports were developed under conditions
similar to those used in the present study under the traditional tillage method, except for the subsoiling operation, which
suggests that deep tillage contributes to increasing juice yield. It is known that using the subsoil plow breaks the plow
floor formed by the continuous passing of the machinery over the soil (Zhai et al., 2017), and it favors the penetration
and exploration of the roots in the soil, seeking greater water and nutrient availability, increasing the possibilities of the
plant adaptating to different soil types and conditions (Schneider et al., 2017; Fan et al., 2017). The JW was positively
correlated (P < 0.01) with JEC (Table 5), indicating that JW was associated with JEC. The highest JEC value was
observed in PS7 (44.95%) and in the PS2 x T3 interaction (43.11%), although PS7 was equal (P> 0.05) to PS9 (44.72%)
(Table 4). This suggests that JEC, as JW, depends on the crop production conditions; and the stem characteristics, mainly
the juice content (Tsuchihashi and Goto, 2005). However, Rono et al. (2018) reported values for JEC ranging from 39.8%
to 45.7%, and these exceed the values of 39.02% and 39.20% mentioned by Mekdad and Emam (2019).

Regarding sugar production, TSS increased as the PSs advanced (Table 4). They reached the highest value in PS9
(14.89%), similar to that observed in other varieties (Oyier et al., 2017). A wide range from 3.3% to 18.9% has been
reported for this characteristic, which depends on the variety and PS (Kumar et al., 2010; Bihmidine et al., 2015; Cole et
al.,2017). The TSS were positively correlated (P < 0.01) with SDB, PDB, JSC, and JSCN (Table 5). Both JSC and JSCN
showed the highest values in PS9 with 22.91 g and 527.46 mg g"' DW, respectively. Both JSC and JSCN showed variation
(P<0.01) in the PS x T interaction. Meanwhile, the PS4 x T3 interaction had the highest values with 26.44 g and 587.97
mg g DW, respectively. Both parameters had a positive correlation (P <0.01), as did JW and SDB (Table 5). This concurs
with other studies that have considered the juiciness of the stem as necessary for sugar accumulation, showing variations
associated with the proportion of plant biomass (Tovignan et al.,2016; Morey et al.,2018). The results of the present work

Table 5. Pearson’s correlation for dry biomass, juice, and sugar production.

LDB SDB PDB Iw TSS JEC ISC
LDB 1
SDB -0.492%%* 1
PDB -0.234* -0.732%%* 1
Iw -0.019 0.145 -0.147 1
TSS -0.652%%* 0.279%* 0.199*  -0.05 1
JEC -0.299%* 0.192%* 0.02 0.714**  0.09 1
ISC -0.492%% 0.356%* -0.012 0.479%%  0.817*%* 0.342%*% ]

JSCN -0.569%* 0.296%** 0.115 0.465%* 0.656** 0.738%*%  0.742%*

*, **Significant at P < 0.05 and P < 0.01, respectively.

LDB: Leaf dry biomass; SDB: stem dry biomass; PDB: panicle dry biomass; JW: juice weight;
TSS: concentration total soluble solids; JEC: juice extraction capacity; JSC: juice sugar
content; JSCN: juice sugar concentration.

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 81(1) JANUARY-MARCH 2021 99



for JSC were lower than the range from 27 to 61 g reported for native African varieties. Meanwhile, JSCN ranged from
482 to 589 mg g' DW for these same varieties (Tovignan et al., 2016). The TSS, JSC, and JSCN can significantly increase
from anthesis to plant physiological maturity, reaching considerably higher values than grain sorghum (Bihmidine et al.,
2015). Therefore, the degree of plant maturity and production conditions are decisive for sugar accumulation in the stem.
Some authors mention that the sowing date also influences sugar accumulation in the sweet sorghum stem (Tsuchihashi
and Goto, 2005; Tovignan et al., 2016); this also occurs with variations in humidity, temperature, soil fertility, and the
quality of irrigation water (Tovignan et al., 2016; Rolz et al., 2017).

CONCLUSIONS

The distribution and accumulation of sugar by internodes of the stem was associated with plant phenological components
(internode length and diameter). However, sugar accumulation and plant biomass increased with physiological maturity.
Therefore, the highest concentration values of total soluble solids (14.89%), juice sugar content (22.91 g), juice sugar
concentration (527.46 mg g' DW), percentage of dry biomass (60.04%), and dry biomass yield (19.01 t ha') were
observed at the physiological maturity stage of the plant.
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