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Abstract: In recent years, using pre-sprouted seedlings for sugarcane establishment has been developed in 
Brazil. Despite yielding promising results, the optimal irrigation management for this method during the 
Brazilian winter planting season has yet to be determined. Additionally, information regarding water demand 
and seedling behavior when subjected to different irrigation levels remains unclear. This study aimed to assess 
the response of pre-sprouted sugarcane seedlings to different irrigation levels during the winter in 
southeastern Brazil. Pre-sprouted sugarcane seedlings were subjected to different irrigation levels during the 
winter season in the region of Piracicaba, using a sprinkler irrigation system. Periodic evaluations were 
conducted, such as seedlings mortality rate, root size, root dry mass, number of sugarcane tillers sprouted per 
meter, total number of tillers, plant height, leaf area index, shoot dry mass, and total leaf chlorophyll index. 
The findings of this investigation indicate that a 10 mm irrigation level facilitated optimal fixation depth and 
achieved a 97.8% survival rate. Moreover, a correlation between seedling mortality rate and irrigation 
management was observed, emphasizing the critical role of irrigation in establishing and developing seedlings. 
Based on these findings, a 10 mm irrigation may represent the optimal irrigation strategy for pre-sprouted 
sugarcane seedlings in this scenario. 

Keywords: irrigation management; Saccharum officinarum; winter season planting; water balance 
 

1. Introduction 

The sugarcane (Saccharum officinarum) production chain is among the most important in the 
Brazilian agribusiness scenario. The sugarcane sector has expanded in the local and global markets 
because of the attractiveness of the biofuels market. This has produced increased investments in the 
sugar-energy industry and the development of new technologies, with more significant income 
generation [1]. Consequently, the cultivation of sugarcane has expanded to many regions of Brazil. 
According to [2], the cultivated area in the 2019/2020 harvest was about 10 million hectares, with an 
estimated production of 642,7 million Mg, making Brazil the largest sugarcane producer worldwide. 
The state of São Paulo has the biggest participation, with approximately 50% of the national 
producing area and an estimated production of roughly 341 million Mg. Therefore, studies 
performed in the state of São Paulo are relevant for improvements in sugarcane production. 

The sugar-energy sector has been facing problems in recent years because of sugarcane fields’ 
decrease in yield and longevity [2]. This is related to the mechanization of agricultural operations 
such as planting and the absence of varietal management. Additionally, very low precipitations 
during several months of the year in the central-western regions of São Paulo state, Brazil, contribute 
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to the decrease in yield and longevity of sugarcane fields. Water deficiency periods affect the crop 
development in sprouting, tillering, stalks lengthening stages, and thus yield because such stages 
present a high-water demand for the sugarcane culture [3,4]. Therefore, it is necessary to use 
supplemental, complementary, or salvage irrigation in São Paulo state to ensure the sugarcane 
production cycle. The irrigation can be complemented with better cultivation conditions, such as the 
pre-sprouted sugarcane seedlings, which could increase planting uniformity ratoon sprouting, 
tillering, closure of lines, and better sanity of the sugarcane fields compared to mechanized planting 
[5–7].  

The newly developed production system of pre-sprouted sugarcane seedlings is a technology 
with great potential. This new technology combines fast production of seedlings, linking high vigor 
and planting uniformity standards [8,9]. Another benefit is the reduction of the number of seedlings 
necessary for planting. The number of seedlings required for planting one hectare drops from 18-20 
Mg in conventional (mechanized) planting to 2 Mg in pre-sprouted seedlings planting. That means 
the industry can process approximately 18 Mg of sugarcane for planting one hectare, generating 
direct gains to the production chain [5,10].  

Few publications describe developing and establishing pre-sprouted seedlings submitted to 
different irrigation levels or under maximum water deficit. Thus, the hypothesis that irrigation 
provides a better fixation index and vigor for establishing and developing pre-sprouted sugarcane 
seedlings in areas of low winter precipitation is proposed. Therefore, the current research aims to 
evaluate establishing and developing pre-sprouted sugarcane seedlings in winter planting under 
different irrigation levels. Thus, the ideal irrigation level necessary to ensure the best fixation index 
and high vigor on establishing and developing pre-sprouted sugarcane seedlings could be 
determined for the sugarcane-producing region of Sao Paulo state, Brazil.  

2. Materials and Methods 

2.1. Experimental Site Description 

The work was conducted at the Santana farm, 22° 36’ 40” South and 47° 37’ 28” West, and 583 
m.a.s.l, in Piracicaba – Sao Paulo, Brazil. The experiment was conducted for 206 days, from June 18th, 
2014, to January 9th, 2015. The climate is Cwa according to the Köppen system, a Monsoon-influenced 
humid subtropical climate with a dry winter. The average temperature in the coldest month is 18ºC, 
and in the hottest month is 22ºC; the average annual temperature is 21.4ºC with an average yearly 
rainfall of 1257 mm.  

2.2. Experimental Setup 

The experimental design was randomized complete blocks with five treatments and three 
repetitions. The experimental area was 3806.4 m², divided into 15 experimental plots. Each plot had 
a total area of 192 m² (20.0 m length and 9.6 m width), containing eight planting lines in the spacing 
of 1.5 x 0.9 m, with the two upper lines and the two bottom lines considered plot borders [11]. The 
treatments are displayed in Table 1. The total irrigation level (h) and the fixed irrigation frequency 
(IF) after planting were based on irrigation management through the weather. 

Table 1. Description of the treatments, total irrigation levels (h), and irrigation frequency (IF) 
adopted. 

Treatments Description Total Irrigation 
Levels (h) 

Fixed irrigation 
frequency (IF) (in DAP) 

T0 Control - no irrigation - - 
T1 3 applications of 10 mm 30 mm 1, 6 and 13 
T2 3 applications of 20 mm 60 mm 1, 6 and 13 
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T3 3 applications of 30 mm 90 mm 1, 6 and 13 
T4 3 applications of 40 mm 120 mm 1, 6 and 13 

Afterward, the treatments were analyzed according to water balance, evapotranspiration, and 
water deficit and excess. The eventual precipitations during the data analysis period (206 Days after 
planting) were considered in each treatment’s water balance. 

The number and frequency of irrigations adopted in each treatment were chosen to ensure the 
necessary salvage irrigation for the winter planting of the pre-sprouted seedlings. The aim was to 
reach the lowest mortality rate and planting failures, with a consequent increase in productivity and 
longevity. These adopted treatments represented the best irrigation level necessary to ensure better 
fixation/establishment and high vigor for the pre-sprouted sugarcane seedlings. 

Regarding the disposition of the treatments, a spacing of 7.20 m of borders between blocks and 
5.0 m between plots was considered to ensure minimum interference due to water drift caused by 
wind. Such spacings were enough to avoid most of the drift effect. 

2.3. Experiment Management 

On June 16th, 2014, the operations for soil preparation were performed, except for the liming, 
which was performed around 60 days before the planting with 1.5 Mg ha-1 of dolomitic limestone. On 
June 17th, 2014, the planting lines were grooved, and 500 kg ha-1 of 9–25–25 NPK fertilizer 
formulation was applied [12].  

After the grooving, the grooves were mechanically covered by a layer of soil of approximately 
0.1 m, along with the application of the agricultural defensives Furadan 350 SC (6.5 L ha-1), Regent 
800 WG (250 g ha-1) and Comet (250 mL ha-1). 

The pre-sprouted sugarcane seedlings used were from the variety CTC 20, which is 
recommended for winter planting in medium—to high-fertility soils. 

The pre-sprouted seedlings were planted on June 18th, 2014, with 0.5 m spacing between them. 
The seedlings were planted evenly in the covered grooves by a manual process. The planting system 
adopted was in double rows, with 1.5 m between double rows and 0.9 m between lines. 

A conventional sprinkler irrigation system with moving lines was used for the treatments, with 
a flow rate of 675 L h-1 and an application rate of 12.5 mm h-1 at a working pressure of 4,2 kg cm-2. The 
distribution uniformity was 86.83%, and the Christiansen uniformity coefficient was 90.38%, all 
considered to be excellent uniformity values. These values were obtained through simulations and 
estimates using the WinSSIP2 software (SENNINGER, USA). The irrigation levels and duration used 
for each treatment are shown in Table 1. 

2.4. Water Balance Computation 

An automatic weather station near the experimental area collected meteorological data for the 
experimental period. Daily reference evapotranspiration (ETo) values were obtained by the Penman-
Monteith method (Equation (1)). 

𝐸𝑇𝑜 = 0,408 𝛥 ሺ𝑅𝑛 − 𝐺ሻ + 𝛾 900ሺ𝑇 + 273ሻ 𝑈ଶ (𝑒௦ − 𝑒௔)𝛥 + 𝛾 (1 + 0,34 𝑈ଶ)  (1)

where ETo is the reference evapotranspiration (mm day-1); ∆ is the slope of the saturation vapor 
pressure function (kPa °C-1); Rn is the net radiation (MJ m-2 day-1); G is the soil heat flux density (MJ 
m-2 day-1), which was considered as null for daily estimates; γ is the psychrometric constant (kPa °C-

1); T is the daily average temperature (°C); U2 is the wind speed at 2 m height (m s-1); es is the vapor 
pressure of the air at saturation (kPa), and ea is the actual vapor pressure (kPa). 

The daily water balance was calculated using the software Bhseq.xls, developed on EXCELTM 

[13], which presents a spreadsheet for calculating the daily sequential water balance. The 
methodology was applied to all the treatments; therefore, each treatment’s water balance behavior 
could be verified. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 June 2024                   doi:10.20944/preprints202406.0943.v1

https://doi.org/10.20944/preprints202406.0943.v1


 4 

 

The soil of the experimental area was classified as Dystrophic Red-Yellow Oxide of Clay Texture 
[14]. Before planting, soil samples were collected at 0-25 and 25-50 cm layers to determine their 
chemical (Table 2) and hydraulic (Table 3) properties. These soil analyses allowed better irrigation 
management and fertilizer dosage calculation. 

The software [15] (Table 4) was used to obtain the van Genuchten model parameters [16,17] 
(Equation (2)), which describe the water retention curves for the layers 0 - 25 cm and 25 - 50 cm. From 
this data, it was possible to obtain the soil field capacity (⅓ atm), the permanent wilting point (15 
atm), and the available water capacity (CAD) (Equation (3)) (Table 2).  𝜃 (φm) − 𝜃௥ 𝜃௦ − 𝜃௥ = 1(1 + |𝛼 (φ m)|௡)௡ିଵ௡  (2)

where θ is the volumetric water content for a given tension, θr and θs are the residual and saturated 
soil water contents (L3 L−3), respectively, φm is the tension (L), α (L−1), n and m (–) are dimensionless 
shape parameters of the soil water retention curve, with m = 1–1/n. CAD = (𝜃௖௖ − 𝜃௉ெ௉) ∆ 𝑧 10 (3)

where CAD is the available water capacity (mm), θcc is the water content at field capacity (cm3 cm-3), 
θPMP is the water content at the wilting point (cm3 cm-3) and ΔZ is the soil depth (mm). 

After the soil preparation, an infiltration velocity (IV) test was performed following the double-
ring infiltrometer methodology [18]. The IV obtained for the soil in the experimental area reached 
12.6 cm h-1 when tending to be constant. According to [18], such a value classifies the soil with a high 
IV. 

Table 2. Soil chemical analysis. 

Layer pH M.O P K Ca Mg Al H+Al SB CTC BS 

Cm CaCl2 g.dm-3 mg.dm-3 mmolc dm-3 % 

0 - 25 5.2 51.8 24.1 2.5 36.3 13.8 1.7 37.9 52.6 90.5 57.7 

25 - 50 5.0 18.7 14.2 1.3 28.2 11.1 2.1 40.9 40.6 81.6 49.2 

Table 3. Physical-hydric analysis of the Red-Yellow Oxisol. 

Layer Clay Silt 
 

Sand 
Soil 

density  
Field 

capacity 
Permanent 

wilting point  

Available 
water  

capacity  

cm  % g cm-3 cm3 cm-3 mm 

0 - 25 51.94 12.28  35.78 1.44 0.35 0.31 10.0 

25 - 50 56.13 12.43  31.44 1.41 0.35 0.3 12.5 

Table 4. Values for the van Genuchten model parameters (van Genuchten 1980) for the layers 0 - 25 
cm and 25 - 50 cm. 

Layer θs θr α 
m n 

(cm) (cm3 cm-3) (cm3 cm-3) (cm-1) 

0 - 25 0.50 0.29 0.2446 0.203 1.255 
25 - 50 0.49 0.26 0.2359 0.169 1.203 

2.5. Parameters evaluated 

 Accumulated seedling mortality (SM): For the survival analysis and the seedling fixation index, 
all the living and dead pre-sprouted seedlings were considered the total planted for each 
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treatment and replication. The mortality follow-up was performed at 7,15, 34, 51, 76, 114, and 
156 days after planting (DAP) when the mortality stabilization occurred.  

 Root length (RL): The maximum size of the roots of the pre-sprouted seedlings was measured 
using metric tape at the end of the experimental period. 

 Root dry mass (RDM): For this measurement, the initial substrate and root volume inside the 
tube perimeter were not considered, and the roots that exceeded this perimeter were cut out and 
separated for evaluation. After the separation, the roots were washed on top of a 1 mm sieve, 
and the material was taken to an oven with a forced hot air circulation system at 65 ºC until 
constant weight was achieved. Then, the dry mass was measured in analytical balance 
(precision: 0.01 g). The data was collected from a 30 x 30 x 30 cm ditch with three samples of pre-
sprouted seedlings or one clump per plot, representing one replication each. The soil volume 
sampled was sieved with a 2 mm sieve for soil-root separation. 

 Number of tillers sprouted per meter (TPM): At 15, 34, 51, 76, 114, and 156 DAP, the tillering 
was evaluated in all treatments. The number of tillers in 10 random pre-sprouted seedlings 
(clumps) was measured for each replication and divided by the planting spacing (0,5 m between 
seedlings). Every sprout from the seedlings that emerged through the soil surface was 
considered a tiller. The number of stalks per linear meter was obtained from the sum of all stalks 
found in the planting line of each replication divided by the length of the line (16 m). 

 Total number of tillers (TNT): The tillering of all pre-sprouted seedlings was evaluated in all 
treatments by simply summing up the tillers. Every sprout from the seedlings was considered a 
tiller, whether it emerged or not through the soil surface. 

 Plant height (ALT): At 15, 34, 51, 76, 114, and 156 DAP, the maximum height of the primary stalk 
of the sugarcane pre-sprouted seedlings was measured using a metric tape (from the soil surface 
to the end of the highest leaf).  

 Leaf area index (LAI): The leaf area index was measured at 34, 51, 76, 114, and 156 DAP, 
considering the number of tillers per square meter times the leaf area of the primary tiller, as an 
adaptation of the equation proposed by [19], which did not consider the green leaves relatively 
open in the maize whorl. All leaves with green pigmentation above 20% and participation in 
active photosynthesis were considered. Thus, the Equation (4) was used: LAI = C x L x 0.75 x (N + 2) (4)

where LAI is the leaf area of the primary stalk of the seedlings (cm2), C is the leaf length +2 (cm), 
L is the greatest leaf width +2 (cm), 0.75 is the leaf shape coefficient (dimensionless) and N is the 
total number of leaves with green pigmentation above 20%. 

 Shoot dry mass (SDM): At the end of the experimental period, the shoot dry mass (leaves and 
tillers) was analyzed. The leaves and tillers were separated from the roots and dried in the oven 
with a forced hot air circulation system at 65 ºC until constant weight was achieved. Then, the 
dry mass was measured in an analytical balance (precision: 0.01 g). The data was collected from 
three pre-sprouted seedlings or clump samples per plot, representing one replication each. 

 Total chlorophyll content (TCC): An electronic chlorophyll meter, ClorofiLOG® —CFL 1030 
model [20], was used to quantify the leaf chlorophyll index. The analyses were carried out at 34, 
51, 76, 114, and 156 DAP on the leaf +2, according to the “Kuijper system” described by [21].  

2.6. Data Analysis Strategy 

The results obtained by evaluating the establishment and development of the pre-sprouted 
sugarcane seedlings in winter planting were analyzed using the statistical software Sisvar Version 
5.3. Initially, a test of data uniformity was performed, and then the data was submitted for analysis 
of variance. When the results were significant, the means were compared by the Tukey test at a 
significance level of 5%. 

3. Results 

Figure 1 presents the observed values for temperature (ºC), humidity (%), solar radiation (MJ m-

2 day-1), and reference evapotranspiration (mm day-1) at the study site. 
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Figure 1. Daily behavior of the meteorological variables: temperature (T - ºC) and estimated reference 
evapotranspiration (mm day-1) (A); solar radiation (Rs - MJ m-2 day-1) and average relative humidity 
(RH - %) (B). 

In Figure 2 the water balance results are shown. The water balance of the control treatment (T0) 
was defined as a period from 0 to 69 DAP (Figure 2) because, after this date, the data suggests 
uniformity of the water deficit between the treatments. Therefore, after 69 DAP, the different 
irrigation managements applied to the treatments did not influence the soil-water-climate interaction. 
The rainfall observed between 0 and 30 DAP was important and directly influenced the decreasing 
mortality rate behavior of the sugarcane pre-sprouted seedlings. 

 

Figure 2. Water balance for T0 (A), T1 (B), T2 (C), T3 (D), and T4 (E) demonstrating the behavior of 
the deficit (mm day-1) and excess (mm day-1) for the planting of the seedlings from 0 to 69 DAP. 

The water balance in T1 (Figure 2B) presented a behavior like T0 (Figure 2A); however, in T1, 
the days without water deficit occurred during the three irrigations of 10 mm at 1, 6, and 13 DAP. 
These irrigations were insufficient to guarantee excess water (Figure 2B). For the water balance in T2, 
the three irrigations of 20 mm at 1, 6, and 13 DAP were sufficient to reduce the water deficit in the 
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analyzed period and to guarantee water excess at 6 and 13 DAP (Figure 2C). For the water balance in 
T3, the three irrigations of 30 mm at 1, 6, and 13 DAP were sufficient to guarantee a certain number 
of days without water deficit and to guarantee water excess at 1, 6, and 13 DAP (Figure 2D). For T4, 
the water balance behavior was like that of T3 (Figure 2E). 

The sugarcane pre-sprouted seedlings’ mortality rate (SM) was evaluated during the 
establishment and development cycle (Figure 3). After 114 DAP there was no change in the number 
of dead plants for all treatments. The total mortality at 156 DAP was 37.9% (T0: without irrigation), 
2.1% (T1: 30 mm of irrigation), 1.9% (T2: 60 mm of irrigation), 0.3% (T3: 90 mm of irrigation) and 0.8% 
(T4: 120 mm of irrigation).  

 
Figure 3. Accumulated mortality percentage evolution over time. 

The rainfall (mm) up to 76 DAP was equivalent to an accumulated precipitation of 26.3 mm, and 
the strongest rainfall registered was 6.3 mm at 36 DAP. Thus, the rainfall occurred until the 76 DAP 
was enough to guarantee the survival of part of the pre-sprouted sugarcane seedlings planted for 
treatment T0 (control – no irrigation). The expectation for this treatment was the death of all planted 
seedlings in case of no rainfall interference during this mortality analysis period for the winter 
planting.  

The treatment with the lowest mortality percentage was T3 (three irrigations of 30 mm), but all 
treatments using irrigation presented a low mortality percentage. For this parameter, considering the 
present days of water shortage, the sustainable irrigation level able to guarantee an excellent fixation 
index (greater than 97.8%) was T1 (three irrigations of 10 mm). 

The root growth and development represented by the most extended length in centimeters 
achieved by the root (RL) and root dry mass in grams (RDM) are presented in Tables 5 and 6, 
respectively. The means compared by the Tukey test at a significance level of 5% presented a 
significant difference during the evaluations for both parameters, except for the 156 DAP for RL, in 
which no significant differences were found between the treatments. The root growth of the pre-
sprouted seedlings presented varying behaviors between irrigation and dryland treatments. On 
almost all the RL evaluation periods, the irrigated treatments (T1, T2, T3, T4) presented superior 
results compared to those without irrigation (T0). There was an exception at 156 DAP, with no 
significant differences between the treatments. This lower growth in the root size for the treatment 
with water deficit resulted in a lower area of root exploration and, therefore, reflected in a decrease 
in RDM, as observed in Table 6. In general, treatments with greater irrigation levels presented higher 
RDM means. 
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Table 5. Average root length over time in sugarcane plants derived from pre-sprouted seedlings 
submitted to different levels of water availability. 

Treatment 
Root length (cm) 

15 DAP 34 DAP 51 DAP 76 DAP 114 DAP 156 DAP 
T0 3.4 b 5.6 b 11.3 b 13.3 b 19.0 b 22.4 a 
T1 9.3 a 10.7 a 13.2 ab 16.7 a 20.6 ab 26.7 a 
T2 11.1 a 13.2 a 15.0 ab 17.2 a 22.6 a 24.7 a 
T3 12.8 a 16.0 a 15.3 a 18.0 a 21.7 ab 26.0 a 
T4 12.0 a 15.3 a 15.2 ab 17.0 a 19.2 ab 23.6 a 

CV % 18.71 19.05 11.63 8.29 5.56 9.09 
1 Means followed by the same letters in columns do not differ from each other, according to the Tukey test, at a 
significance level of 5%. 

Table 6. Accumulated root dry mass (g) over time in sugarcane plants derived from pre-sprouted 
seedlings submitted to different levels of water availability. 

Treatment 
Accumulated root dry mass (g seedling-1) 

15 DAP 34 DAP 51 DAP 76 DAP 114 DAP 156 DAP 
T0 0.01 b 0.04 b 0.09 b 0.27 b 1.66 c 5.74 b 
T1 0.07 ab 0.11 a 0.21 a 0.71 ab 5.15 b 9.62 ab 
T2 0.11 ab 0.14 a 0.19 ab 1.33 a 7.01 a 10.50 a 
T3 0.12 ab 0.16 a 0.21 a 0.98 ab 4.54 b 12.82 a 
T4 0.13 a 0.14 a 0.20 ab 0.64 ab 4.73 b 10.96 a 

CV % 8.39 4.50 5.91 15.65 6.08 18.28 
1 Means followed by the same letters in columns do not differ from each other, according to the Tukey test, at a 
significance level of 5%. 

The number of tillers sprouted per meter (TPM) presented in Table 7 differed statistically 
(p<0.05) between treatments in all periods evaluated. The TPM of the seedlings presented variability 
between the treatments with irrigation. In the first analyses at 15, 34, 51, and 76 DAP, the tillering per 
meter in T1, T2, T3, and T4 benefited and did not show significant differences for the different 
irrigation levels. 

Table 7. Number of tillers sprouted per meter over time in sugarcane plants derived from pre-
sprouted seedlings submitted to different levels of water availability. 

Treatment 
Number of tillers sprouted per meter. 

15 DAP 34 DAP 51 DAP 76 DAP 114 DAP 156 DAP 
T0 2.10 b 2.20 b 2.40 b 3.50 b 9.70 c 20.80 c 
T1 2.30 ab 2.70 a 4.10 a 7.20 a 20.30 b 24.70 b 
T2 2.50 a 2.70 a 3.90 a 7.70 a 23.30 a 28.00 a 
T3 2.30 ab 2.80 a 3.60 a 7.00 a 20.80 ab 24.90 b 
T4 2.40 a 2.50 ab 3.50 a 7.20 a 19.40 b 24.40 b 

CV % 11,83 15,05 22.24 22.58 21.04 16.18 
1 Means followed by the same letters in columns do not differ from each other, according to the Tukey test, at a 
significance level of 5%. 

For the total number of tillers (TNT), the means presented significant differences at 76 and 114 
DAP (Table 8), and the irrigated treatments (T1, T2, T3, and T4) presented higher TNT than the 
dryland treatment (T0). At 114 DAP, the mean of T0 was up to 80% lower than the irrigated 
treatments, with the greatest difference to T2, which presented the highest TNT. At 156 DAP, it was 
possible to observe that T0 significantly increased TNT, which was statistically equal to the irrigated 
treatments. 
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Table 8. Total number of tillers per clump over time in sugarcane plants derived from pre-sprouted 
seedlings submitted to different levels of water availability. 

Treatment 
Total number of tillers per clump 

15 DAP 34 DAP 51 DAP 76 DAP 114 DAP 156 DAP 
T0 1.80 a 1.60 a 2.90 a 3.70 b 4.30 b 16.80 a 
T1 1.90 a 2.30 a 4.00 a 7.00 a 15.80 a 20.00 a 
T2 2.60 a 2.90 a 3.80 a 8.10 a 20.40 a 21.80 a 
T3 3.10 a 2.90 a 4.00 a 7.80 a 16.10 a 20.00 a 
T4 1.90 a 3.00 a 4.30 a 7.40 a 16.30 a 20.40 a 

CV % 22.22 21.97 18.67 18.04 13.03 12.2 
1 Means followed by the same letters in columns do not differ from each other, according to the Tukey test, at a 
significance level of 5%. 

For the analysis of plant height (ALT), there were significant differences in all evaluations (Table 
9). In the first evaluation at 15 DAP, the treatments T3 and T4 stood out with the highest ALT values. 
However, in the subsequent evaluations, the treatments T1 and T2 became statistically equal to T3 
and T4. The control treatment without irrigation (T0) presented lower means in all evaluations 
compared to the irrigated treatments. 

Table 9. Average plant height (cm) over time in sugarcane plants derived from pre-sprouted seedlings 
submitted to different levels of water availability. 

Treatment 
Plant height (cm) 

15 DAP 34 DAP 51 DAP 76 DAP 114 DAP 156 DAP 
T0 18.50 c 32.80 b 39.40 c 42.70 c 78.70 c 141.20 b 
T1 30.80 b 47.00 a 53.40 ab 62.60 b 114.00 b 164.90 a 
T2 30.90 b 48.50 a 55.10 a 70.60 a 122.30 a 168.60 a 
T3 31.80 ab 46.60 a 51.80 b 67.90 a 120.90 ab 170.00 a 
T4 32.30 a 47.20 a 50.80 b 68.60 a 120.90 ab 165.30 a 

CV % 6.32 8.39 7.95 8.19 9.75 6.10 
1 Means followed by the same letters in columns do not differ from each other, according to the Tukey test, at a 
significance level of 5%. 

For the leaf area index (LAI) presented in Table 10, it was observed that from the first evaluation 
at 34 DAP until 114 DAP, the treatment T2 stood out with higher means. However, it was still 
statistically equal to the other irrigated treatments. At 156 DAP, the treatment T2 presented a 
statistically higher mean than any other irrigated treatment. The irrigation deficit imposed on T0 
resulted in lower values of LAI in all evaluation periods. 

Table 10. Leaf area index over time in sugarcane plants derived from pre-sprouted seedlings 
submitted to different levels of water availability. 

Treatment Leaf area index 
34 DAP 51 DAP 76 DAP 114 DAP 156 DAP 

T0 0.006 c 0.009 b 0.030 b 0.300 c 1.340 c 
T1 0.017 b 0.036 a 0.160 a 1.040 b 1.650 b 
T2 0.022 a 0.038 a 0.190 a 1.360 a 2.330 a 
T3 0.019 ab 0.031 a 0.160 a 1.170 ab 1.800 b 
T4 0.015 b 0.029 a 0.180 a 1.110 b 1.680 b 

CV % 1.220 2.640 8.220 17.740 16.610 
1 Means followed by the same letters in columns do not differ from each other, according to the Tukey test, at a 
significance level of 5%. 
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Significant differences were observed in all evaluation periods between the means of the shoot 
dry mass (SDM) (Table 11). The total shoot biomass of the clumps presented a very variable behavior 
among the irrigated treatments. In the analyses at 15 and 34 DAP, the SDM of the treatments T2, T3, 
and T4 benefited from the greater water availability, but this fast-paced initial growth was matched 
by T1 at 51 DAP. At 34 DAP, only the dryland treatment (T0) was negatively affected; at 114 DAP, 
treatment T3 presented a higher mean of SDM, and at 156 DAP, the treatments T2, T3, and T4 
presented means of SDM statistically higher than T0 and T1. 

Table 11. Accumulated shoot dry mass (g) over time in sugarcane plants derived from pre-sprouted 
seedlings submitted to different levels of water availability. 

Treatment 
Shoot dry mass (g muda-1) 

15 DAP 34 DAP 51 DAP 76 DAP 114 DAP 156 DAP 
T0 0.62 c 0.76 b 1.40 b 2.78 c 3.98 c 77.12 c 
T1 0.76 bc 1.08 ab 2.48 a 7.89 ab 33.79 b 112.13 bc 
T2 0.81 ab 1.20 a 2.38 a 11.93 a 51.09 a 216.42 a 
T3 0.97 a 1.34 a 2.60 a 8.04 ab 36.86 b 232.83 a 
T4 0.90 ab 1.25 a 2.80 a 6.60 b 37.30 b 190.02 ab 

CV % 3.40 6.26 7.30 10.74 4.30 19.17 
1 Means followed by the same letters in columns do not differ from each other, according to the Tukey test, at a 
significance level of 5%. 

For the leaf chlorophyll index (Table 12), significant differences (p>0.05) were observed at 34, 51, 
and 76 DAP. At 34 DAP, the treatment T2 presented the highest chlorophyll index value; at 51 and 
76 DAP, the control treatment (T0) presented the lowest values compared to the irrigated treatments. 
At 114 DAP, all treatments presented similar behavior and did not differ statistically from each other 
due to the stabilization of the sugarcane field. 

Table 12. Leaf chlorophyll index over time in sugarcane plants derived from pre-sprouted seedlings 
submitted to different levels of water availability. 

Treatment 
Total leaf chlorophyll content  

34 DAP 51 DAP 76 DAP 114 DAP 
T0 37.60 b 30.10 b 46.40 b 47.00 a 
T1 36.50 b 37.20 a 52.80 a 48.70 a 
T2 40.00 a 37.90 a 51.40 a 47.40 a 
T3 36.90 b 35.90 a 51.90 a 48.30 a 
T4 37.10 b 39.50 a 51.90 a 48.60 a 

CV % 9.23 15.63 7.94 6.47 
1 Means followed by the same letters in columns do not differ from each other, according to the Tukey test at a 
significance level of 5%. 

4. Discussion 

Plants have countless adaptive characteristics to manage water shortage situations, including 
morphological, biochemical, and physiological changes [22]. Among the morphological 
characteristics, changes in root architecture are one of the most important. When submitted to 
conditions of low water availability in the soil, plants generally present the strategy of fostering root 
growth, allowing and promoting the exploration of a greater soil volume to reach for water in deeper 
layers of soil [23], as observed at 156 DAP for RL (Tables 5 and 6), in which T0 did not significantly 
differ from the irrigated treatments (T1, T2, T3, and T4). Nonetheless, during the root lengthening, 
the plants exposed to water deficit prioritize growing in length to the detriment of diameter [24]; 
thus, in general, the RDM of treatments under water deficit tends to be lower, as observed in all 
experimental period for T0. 
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Regarding the total number of tillers (Table 8) it was observed that T2 stood out among all 
irrigated treatments, supporting the results found by [5], for whom in conditions of dryland in low 
rainfall seasons, the tillering of sugarcane pre-sprouted seedlings was lower when compared to 
irrigated treatments. [5] found, in an experiment with pre-sprouted sugarcane seedlings submitted 
to different irrigation levels, that the number of stalks produced was negatively influenced by the 
treatment with the most challenging exposure to water deficit, showing that slight water deficits do 
not interfere with the tillering of sugarcane. These results corroborate the one found in this study, in 
which only the treatment without irrigation significantly reduced the production of tillers, and all 
other irrigated treatments did not differ. The intense tillering stage in a clump occurs when the peak 
of the production of tillers is reached, which for some species can be above 25 stalks per clump. From 
the peak of tillering, the competition between tillers for the factors that affect plant growth (light, 
space, water, and nutrients) increases, leading to the decrease and stoppage of the tillering process, 
as well as to the death of the youngest tillers [25]. 

Table 11 shows significant changes between the means of the shoot dry mass (SDM). [26] 
observed that an increase in water availability in the soil speeds up the growth of sugarcane, 
promoting a greater increase in biomass compared to cultivation in a low water availability situation, 
which corroborates the observed in the present work. In situations with low water availability, the 
plants stop their growth as a morphological artifice and present a leaf area reduction by a restriction 
in cell elongation by turgor loss, accelerated leaves’ senescence, and reduction in the production of 
new leaves. The decrease in the leaf area index is a strategy plants use to reduce their water use by 
transpiration [24]. The decrease in the LAI implies a reduction in light interception by the plants, 
which, when associated with stomata regulation, is responsible for reducing the whole plant 
photosynthetic rate in plants submitted to water deficit. When sugarcane is subjected to a water 
deficit, morphological and physiological changes promote changes in its development, which 
negatively influence the growth and accumulation of biomass. Thus, the decrease in stalk height and 
leaf area can explain the lower accumulation of shoot biomass in sugarcane plants derived from pre-
sprouted seedlings. Such behavior was also observed by [23,27,28] which reinforces the results 
obtained in this research.  

Significant differences were observed for the leaf chlorophyll index (Table 12). The soil’s water 
deficit can lead to reduced leaf chlorophyll levels, which can be associated with oxidative damage to 
the chloroplasts and consequent destruction of the chlorophyll molecules [29]. Furthermore, the 
water deficit can negatively influence nitrogen metabolism by reducing the activity of the enzyme 
nitrate reductase and reducing carbon availability for nitrogen assimilation [30]. Nitrate reductase is 
an enzyme mainly responsible for nitrogen assimilation by plants. It is a nutrient of high importance 
for the development of plants, and it is the main component of the chlorophyll molecule [31,32]. 
Therefore, the leaf chlorophyll level is also used to predict the nutritional nitrogen (N) levels in plants 
because the chlorophyll content has a positive correlation with the N levels of the plants. This 
correlation is mainly linked to 50-70% of the total leaf N integrating the enzymes associated with the 
chloroplasts [33,34]. Additionally, the lower concentration of chlorophylls may be an acclimatization 
mechanism to the extent that it allows the leaves to absorb less solar energy and thus evade 
photoinhibition [35]. 

5. Conclusions 

The irrigation management level of 10 mm during the implementation of the sugarcane field 
from pre-sprouted seedlings was sufficient to guarantee high survival rates of the seedlings. 
Although the treatment T2, with an irrigation level of 20 mm, stood out slightly at the final evaluation 
at 156 DAP, an irrigation level of 10 mm was found to be the most exciting irrigation level to be 
applied, aiming at guaranteeing the establishment of the crop and the reduction of failures in winter 
plantings. In the case another irrigation level is adopted for the same experimental conditions water 
losses can be produced for irrigation level higher than 10 mm. This outcome is not feasible nowadays 
concerning the rational water management scenario in agriculture. 
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The absence of irrigation during the implementation of the sugarcane field from pre-sprouted 
seedlings in the region of Piracicaba-Brazil promoted high mortality rates for the seedlings and 
substantial reductions in the growth of the plants, demonstrating that this propagation technology 
associated with the correct irrigation management guarantees higher survival rates and vigorous 
initial development of the seedlings, which can reflect on the final productivity of the sugarcane 
fields. 
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