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Abstract

Sugarcane is used worldwide for sugar, ethanol and energy production. In Brazil, the shift from
burned to unburned harvest systems resulted in increases in nitrogen fertilization rates, which
can impact root architecture and biomass. The expectation is also an increase in sugarcane bio-
mass. The study hypothesized that high N rates applied to sugarcane fields increases root growth
and N stored in roots, promoting higher biomass and N accumulated in shoots. Two experiments
were set up in Southeastern Brazil, on a Typic Kandiudox (TK) and Rhodic Eutrudox (RE). Four
treatments were studied 1) N application in the plant-cane (0 and 120 kg-ha-1 N) and 2) N applica-
tion in the ratoon (0 and 150 kg-ha-1 N). The shoot biomass and the root density (by the core me-
thod up to 0.6 m) were evaluated over the first ratoon crop cycle, and the N content in those com-
partments was also examined. There was no carry over effect on N applied at planting in root and
shoot biomass in the ratoon crop cycle. At the RE site, the ratoon N fertilization increased root
density in the superficial soil layer (0 - 0.2 m) and close to the plants (<0.3 m). The effect of N addi-
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tion on root biomass, and biomass and N accumulated in shoot was limited in both sites. Increas-
ing N rates in unburned sugarcane fields do not consistently increases root and shoot biomass
under Brazilian field conditions.
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1. Introduction

Sugarcane (Saccharum spp.) is an important crop for bioenergy production in order to reduce green house gas
emissions and fossil fuel consumption [1]. Brazil is the world leader in sugarcane production, with a cultivated
area of 9.7 million hectares of the total 26 million hectares cultivated worldwide [2].

Sugarcane productivity may be influenced by root system properties because of their effects on the supply of
belowground resources, gas exchange and assimilation and also the carbon economy of the plant and partition-
ing of assimilate to yield components [3]. Many aspects of sugarcane physiology are still poorly understood, in-
cluding the root-shoot relationships that ultimately affect yield. Studies on sugarcane roots lag well behind those
on other crops, in part to the large plant stature and long crop cycle [4]. Very little is currently known about the
root architecture of this crop [5].

Nitrogen fertilizer additions are an important contributor to productivity in farming systems. In Brazil, N fer-
tilizer is applied at planting in rates varying from 40 to 80 kg-ha* N (usually incorporated in the furrow), while
in the ratoon the rates are substantially higher reaching 100 to 150 kg-ha* N (surface applied or incorporated).
In Brazil the mechanically harvested area is increasing, leading to straw accumulation on soil surface. Under this
system higher N rates have been recommended as compared to the burned system [6], which can modify the
pattern of belowground and aboveground components accumulation in sugarcane.

Plants can modify rooting patterns, i.e. an increase in the local formation and growth of lateral roots in re-
sponse to soil nutrient heterogeneity [7]. Soil resource heterogeneity, particularly nitrogen, stimulates distribu-
tion of plant hormones that alters local root growth thorugh root initiation, elongation, and branching [8]. Also,
application of fertilizers can alter root architecture and growth. Localized application of ammonium, for exam-
ple, could stimulate root proliferation and improve the crop capacity to explore soil [9] [10]. Root responses to
localized nutrient supply play a crucial role in nutrient capture by crops and thus improve nutrient-use efficiency
[11]. Graminaceous species appeared to have a better capacity to increase root growth to adapt to nutrient defi-
ciency than leguminous species [12].

The overall findings of previous research is that N addition modify the rooting patterns, as demonstrated in
crops such as corn [13]-[15] and barley [16]. For sugarcane, studies leading with effects of N addition on root
system are limited to the plant crop cycle [17]-[19], despite most area cultivated with sugarcane refers to the ra-
toon crop. Previous studies show that N fertilization increases N stored in root system with a positive effect on
sugarcane Yyield in the year of application and also in the following year [20]. The authors called this effect as
“residual effect” of N fertilization. This phenomenon is expected to occur since sugarcane is a semi-perenial
crop which depends of nutritional reserves in underground components to promote a vigorous regrowth.

This study hyphotisized that high N rates will affect root system architecture and increase reserves of N in
underground components, with further effect in shoot biomass and N accumulation. The goal of this study was
to evaluate the effects of N fertilization at planting (residual effect) and for the ratoon on 1) dynamics of sugar-
cane root biomass over the ratoon crop cycle; 2) N accumulation in the aboveground and belowground compo-
nents of the crop.

2. Material and Methods

The experiments were set up at two sites in Jaboticabal, S&o Paulo, Brazil, at Santa Adelia Mill (SA site; 21°19'
98"S and 48°19'03"W, 600 m of altitude) and Sao Martinho Mill (SM site; 21°15'S and 48°18'W, 580 m of alti-
tude), where the variety SP81 3250 of sugarcane (Saccharum spp.) is grown. Both sites have been cultivated
with sugarcane for at least 30 years before trials establishment. At the SA site, sugarcane has been burned before
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harvest until one year before experiment establishment; at SM site, unburned harvesting was performed in the
last seven years before experiment establishment.

The sugarcane fields were established on February 2005 on SM site and on April 2005 on SA site. The tillage
adopted previously of sugarcane establishment at the SA site was as follows: application of herbicide, distribui-
tion of 2 t-ha* of lime, deep plowing (at a depth of approximately 0.4 m), harrowing (twice, at a depth of ap-
proximately 0.25 m) and furrowing. At SM, the tillage operation sequence was herbicide application, chisel
plowing (at approximately a 0.35 m deep) and furrowing. No lime was applied following soil chemical analysis.

Furrows were dug at depths of approximately 0.35 m, and cuttings distributed on the furrow allowing distri-
bution of 15 buds per meter of furrow. Additionaly was applied 120 kg-ha * of P,0s and 120 kg-ha* of K,0, in
the form of triple superphosphate and potassium chloride, respectively. Before the cuttings were covered with
soil, insecticide and nematicide were applied. The cuttings were covered with a 0.1 m soil layer.

At site SA, the soil is a Typic Kandiudox, and at SM, Rhodic Eutrudox [21]. Typic Kandiudox and Rhodic
Eutrudox will be refered thereafter as TK or RE throughout the text. Soils were sampled in July 2006 for chem-
ical, physical and hydraulic characterization in profile horizons down to 1.5 m. Disturbed samples were used for
chemical and granulometric analysis, and three undisturbed samples per horizon were used for soil hydraulic
and bulk density measurements. The soil chemical, physical and hydraulic characterization is shown in Table 1.

Two treatments were applied at planting (performed on February 22 to 24, 2005 at RE site and April 02 to 04,
2005 at TK site) of the sugarcane fields: 0 and 120 kg-ha * N as urea, applied at the bottom of the furrow, in the
random complete blocks experimental design, with four repetitions. After the first harvest (performed on July 26,
2006 at TK and on August 10, 2006 at RE), the plots were subdivided and applied the treatments of 0 and 150
kg-ha* N. The four treatments will be designed thereafter as 0 - 0, 0 - 150, 120 - 0, and 120 - 150. The mea-
surements were performed only during the first ratoon crop cycle, to determine the residual N effect from the
plant crop on the ratoon and the effect of N addition during the ratoon cycle. In the ratoon crop cycle each expe-
rimental plot comprised 12 furrows spaced 1.5 m apart that were 15 m long.

Fertilizers were applied to the ratoon on the 1% and 2" of October 2006 in the TK and RE sites, respectively.
The fertilizers were applied manually with the most homogeneous distribution as possible in one side of the
sugarcane ratoon, without any incorporation. At TK, the N source was ammonium sulfate (21% N and 24% S),
so that the treatments with 150 kg-ha* N applied to the ratoon also received 171 kg-ha™* S. A mixture of am-
monium sulfate and ammonium nitrate (32% N) was used at RE, supplying 57 kg-ha™ of S in all N rates

Table 1. Chemical?, physical® and hydraulic® characterization of Typic Kandiudox (TK) and of Rhodic Eutrudox (RE).

Soil horizon pH SOM P K Ca Mg Al H+Al CEC BS Sand Silt Clay ©x Opwp Bd

m H,O gkg? mg-kg™ mmolkg™ % g-kg™ m>m=2  kgm™3
Typic Kandiudox
Ap(0-015m) 6.3 23 10 3.6 18 13 0 17 51.6 67 661 54 285 0.26 0.15 1305

A;(0.16-0.37m) 6.0 16 11 22 9 5 2 18 342 47 651 53 296 0.23 0.17 1460

BA(0.38-056m) 51 11 3 12 2 1 8 31 352 12 603 50 347 0.26 019 1391
Bw1 (0.57-0.96 m) 5.6 8 1 09 3 1 3 20 249 20 583 46 371 023 0.17 1208
Bw2 (0.97-1.50m) 5.9 7 1 35 2 1 0 9 155 42 578 53 369 024 016 1244

Rhodic Eutrudox
Ap(0-037m) 54 30 36 17 29 9 1 59 98.7 40 135 227 638 045 034 1299

Bw; (0.38-0.60m) 55 15 6 02 22 6 0 30 582 48 117 195 688 043 031 1330
Bw, (0.61-0.98m) 6.0 10 2 02 20 5 0 23 482 52 117 170 713 039 028 1318
Bws (0.99 -1.50m) 6.8 8 1 02 16 4 0 19 391 51 112 175 713 039 0.27 1375

#SOM, soil organic matter by the Walkey-Black method; P, K, Ca, and Mg, extraction with ion exchange resin; Al extractable with 1 N KCI; H + Al
using SMP buffer solution; CEC, cation exchange capacity; BS, base saturation. Analysis following [22]: ®Sand, silt and clay obtained by the pipette
method; Bd, bulk density obtained by the volumetric rings method [23]. “Undisturbed soil samples were wetted to saturation and afterwords submitted
to matric potentials using a pressure plate equivalent to the field capacity—FC (y = —10 kPa) and to the permanent wilting point—PWP (y = —1500
kPa) to determine the soil moisture at FC (Or) and at the PWP (Opwp) [24].
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Potassium was also applied after the first harvest to all of the plots at a rate of 150 kg-ha * K0 in the form of
potassium chloride.

Biomass measurements of roots and shoots were performed in the ratoon crop cycle; additionally, the root
biomass was also evaluated at the cane plant harvest. The measurements were performed at 0, 145, 225, 288 and
349 days after harvest (dah) at TK and at 0, 124, 211, 274 and 369 dah at RE, in the months of December 2006,
March 2007, May 2007 and July 2007 (TK) or August 2007 (RE). The last measurement coincided with the ra-
toon harvest. The underground stem component (stool) measurements were conducted only in the last period.

For shoot measurement the canes present in two-meter furrow segments were harvested at randomly chosen
positions in each block, and the mass of fresh matter obtained in a field scale (0.02 kg precision). Root samples
were obtained on the same area used previously for shoot measurements, using a root sampling probe (SON-
DATERRA®) with a 5.5 cm internal diameter, down to a depth of 0.6 m, divided in 0.2 m layers (Figure 1). A
previous study comparing the root biomass obtained by the probe and monoliths in the cane plant harvest in
these areas showed probe provided reliable estimations of sugarcane root biomass [25]. To evaluate the stool
biomass, the entire underground stem components present in one meter of the furrows were collected.

At the field sites, shoot samples were crushed through a forage crusher and a subsample was hermetically
sealed and taken to the laboratory. Soil plus root samples were sieved in the field using 2 mm sieves, and the
roots were placed into plastic bags. The underground stem components were carefully separated from all ad-
hered soil particles and root pieces. In the laboratory, the roots were washed in water through 1 mm sieves, and
the stool was washed in water to remove the soil clinging to them. All the samples were then oven dried under
forced circulation at 65°C. After obtaining the dry weight, the samples were crushed in a Willey type mill, and
the N content was determined by Kjeldahl method [26].

Additionally, the number of tillers per 30 meters of each plot was counted to obtain the number of tillers per
hectare. The product of the dry mass of each tiller and the number of tillers per hectare was used to estimate the
dry mass of shoot per hectare. The stool mass per hectare was obtained from the product of the dry mass ob-
tained in a meter of furrow and the length of furrows per hectare, considering 1.5 m space between furrows. The
root density (RD) in each position (A, B, or C, Figure 1) was obtained as follow:

RD(g .dm‘3) = (root dry mass(g)/2 samples per Iocal)/soil volume sampled by probe(0.4751 dm‘3) (1)

The root biomass (RB) was calculated as follows:
RB(t . ha’l) = [RDA -(0.3/15)+RDy -(0.6/15)+ RD,, ~(0.6/15)} -10.000-D (2)

In which the remaining variables means: D, depth of sampling (m), equal to 0.2 m for each soil layer. The to-
tal root biomas (<0.6 m) was obtained as the sum of root biomass obtained in each soil layer.

These measurements were repeated in all periods described above, randomly choosing the sampling sites in-
side each plot and taking care not to conduct the measurements in places that were previously sampled.

To obtain the climatological water balance the evapotranspiration potential (ET,) was calculated using the
Penman-Monteith equation with the parameterizations proposed by [27]. The crop evapotranspiration (ETc) was
obtained by multiplying the ET, by the crop coefficient (Kc) for the different growth stages, as described in [27].
Weather data were obtained from weather stations situated less than 2 km from the experimental areas, and daily
rainfall data were obtained through rain gauges installed in the experimental sites.

Considering the lack of independence of root samples collected in the same plot each date, the results of root
density per soil layers and distance from plants were presented as mean values and standard deviation. The
ANOVA was performed for the data of root biomass, shoot biomass, N content and N accumulation. When the F
test showed significance by ANOVA, the Tukey test was performed using a 5% probability level in order to
compare means.

3. Results and Discussion
3.1. Weather

During the ratoon crop cycle evaluated in this study, the ETc distributions (Figure 2) were similar for both sites;
however, higher values were obtained for TK than for RE. Overall, ETc increased at the beginning of the cycle
(cane-plant harvest) until December at both sites. The ETc declined in January due to high rainfall (which de-
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creased radiation), and increased again until March, and thereafter they decreased (Figure 2). ETc reached the
highest values between December and February, period with adequate weather conditions for vegetative growth
and biomass accumulation. This period encompassed the maximum growth stage of the crop. Overall, the water
balance during the ratoon crop cycle is representative of field sugarcane conditions in Southeastern Brazil.

3.2. Root Density (RD)

At TK site, N fertilization showed little effect on sugarcane root growth in the evaluated periods (Figure 3).
Differences in root density due to N application were observed in the superficial soil layer at 225 and 288 dah,
with no effect in the remaining periods and soils layers. Greater effects were observed for the dynamics of
growth and root death during the cycle, which occurred mainly in the 0 to 20 cm layer. Similar findings of root
turnover were observed by [28].

The root density increased from the cane plant harvest up to 288 dah, decreasing thereafter until the harvest
(349 dah). Although the highest root density observed in this study was found in May (288 dah, Figure 3), a
previous study of cane plant in the same experimental area found highest root density in December, followed by
a decrease until harvest [17]. Additionally, the root density in December in the cane plant cycle was higher than
that obtained in the present study. This finding reveals differences in the pattern of root system dynamics in the
cane plant and ratoon cane cycles. Probably this difference is related to the dynamics of emergency and death of
tillers, which is normally higher in the cane plant cycle, resulting in higher root turnover during the cane plant
cycle.

The dynamics of sugarcane root density over the cycle has already been reported. In addition to [28] [29] also
observed variations in sugarcane ratoon root density during plant development. These findings suggest that root
growth and death are connected to the moist and drought cycles of the soil. In corn, [13] observed that root den-
sity increased during the cycle in a drought year, which was not observed in a year with normal rain distribution.

At the RE site, N fertilization affected the sugarcane root growth more intensively than at SA, including in the
cane plant harvest time. On the evaluation at 124 dah, the ratoon N fertilization increased root density in the
three soil layers, and the application of N at planting had no residual effect in the ratoon cycle (Figure 3). From
December to March, there was a reduction in root density, equaling the root density among treatments in March.
This may have occurred as a result of competition for shoot growth. There was an increase in root density from
March to May. Despite low soil water content from May to August, the root biomass maintained stable until
harvest (different from the TK site), possibly due to the atypical rainfall (80 mm on July 2007, Figure 2) that
may have supported root growth until harvest. In May and August, the 120 - O treatment was associated with
lower root density, and it was also the treatment associated with the lowest shoot biomass. At harvest, plants that
received N fertilization in the ratoon (0 - 150 and 120 - 150) showed the highest root density in the 0 - 0.2 m soil
layer, as well as in the 0.2 to 0.4 m soil layer for the 0 - 150 treatment (Figure 3).

The effect of increasing root density by N fertilization has previously been reported for other crops. For corn,
several studies showed an increase in root density due to the N fertilization [13]-[15], especially at the beginning
of the cycle. In most of those studies, fertilizer treatment promoted a root increase at the site where fertilizer was
applied, and this was also observed for a barley crop growing in nutrient solution [16]. However, a negative ef-
fect of N doses on root biomass at harvest time was observed, even with an increase in root length observed
during the cycle [13]. For cane plant, [17] observed that N doses increased the root biomass during the cycle in a
Typic Hapludox, although no N effect was found for root growth at the TK site. These results support our ob-
servartions, indicating that effect of N on sugarcane rooting is site-dependent.

Comparing the results obtained in both sites, the root density was higher at TK than at RE (Figure 3). This
was certainly due to the better conditions for root growth at TK than at RE site. Conventional tillage (deep
plowing, harrowing—twice, and furrowing) was performed at TK site, whereas reduced tillage (chisel plowing,
and furrowing) was adopted at RE site. Deeper soil preparation at TK site certainly created better conditions for
root growth. One evidence is the high soil density values obtained at the RE site (Table 1) in comparison with
other soils with the same texture. This possibly resulted in higher soil penetration resistance at the RE site which
decreased root density. There are evidences that high soil strength promote reduced root growth [30] [31]. Simi-
lar to our results, [32] also found higher root density in a sandy soil than in a clayey soil. The author found that
root biomass for the clayey soil was only 17% of root biomass for the sandy soil in the plant crop at 250 - 300
days of age, increasing to 59% in the second ratoon.

(=)
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Figure 3. Root density (g-dm ™) throughout the ratoon cycle at Typic Kandiu-
dox (TK) or Rhodic Eutrudox (RE) sites, for the N fertilization treatments.
The bars indicate standard deviation (n = 4).

Analysing the distribution of root system in the soil profile, the N applied at cane plant (120 kg-ha™* N) re-
sulted in higher root density at cane plant harvest at 0.3 m from plants at TK site and on the planting row at the
RE site (Table 2). Over the ratoon crop cycle, the N doses applied both at planting and to the ratoon had no ef-
fect on root architecture at TK (Table 2). However, at RE, the ratoon fertilization (150 kg-ha* N) increased the
root density at 0 and 0.3 m distances from plants in December 2006 (124 dah). This effect disappeared in the
two subsequent evaluations (March 2007 and May 2007), and it was observed again only at harvest, in August
2007. The effect of increasing root density at sites where fertilizer was applied has previously been found for
other crops [14]. At RE, the root density between rows (0.6 m distance between plants) was much lower than at
TK, supporting the hypothesis of restriction to root growth in this soil.

3.3. Root and Shoot Biomass, and N Accumulation

At TK site, N fertilization showed a small effect on biomass, N content and N accumulation in the root and
shoot compartments over the cycle (Table 3). The main findings were temporal variation on root and shoot
biomass. While the higher root biomass was found at 288 dah, the shoot biomass continued increasing through

()
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Table 2. Sugarcane root density (g-dm2) over the ratoon crop cycle (dah, days after harvest) as related to distance from
sugarcane plants depending to N fertilization rates®.

" Distance (m) Distance (m)
Treatment
0 0.3 0.6 0 0.3 0.6
Typic Kandiudox Rhodic Eutrudox
July/06 (0 dah) August/06 (0 dah)
0 0.76 (0.19) 0.19 (0.03) 0.10 (0.02) 0.31 (0.07) 0.13 (0.04) 0.07 (0.03)
120 0.98 (0.19) 0.33 (0.07) 0.14 (0.03) 1.00 (0.33) 0.13 (0.03) 0.02 (0.01)
December/06 (145 dah) December/06 (124 dah)

0-0 0.78 (0.36) 0.23 (0.07) 0.21 (0.05) 0.26 (0.17) 0.04 (0.03) 0.02 (0.01)
0-150 0.63 (0.21) 0.31 (0.10) 0.11 (0.04) 0.70  (0.24) 0.13 (0.06) 0.03 (0.01)
120-0 0.53 (0.12) 0.30 (0.10) 0.14 (0.07) 0.22 (0.08) 0.02 (0.01) 0.00 (0.00)

120 - 150 0.87 (0.36) 0.32 (0.15) 0.23 (0.09) 0.90 (0.46) 0.07 (0.03) 0.01 (0.01)
March/07(225 dah) March/07 (211 dah)

0-0 0.99 (0.65) 0.28 (0.08) 0.11 (0.04) 0.27 (0.10) 0.09 (0.03) 0.04 (0.02)
0-150 0.61 0.27) 0.18 (0.07) 0.08 (0.03) 0.22 (0.10) 0.09 (0.03) 0.04 (0.01)
120-0 0.99 (0.34) 0.29 (0.09) 0.15 (0.07) 0.24 0.11) 0.10 (0.07) 0.05 (0.03)

120 - 150 0.92 (0.39) 0.25 (0.12) 0.19 (0.04) 0.37 (0.16) 0.14 (0.06) 0.07 (0.03)
May/07 (288 dah) May/07 (274 dah)

0-0 1.38 (0.70) 0.35 (0.20) 0.21 (0.08) 0.68 (0.43) 0.11 (0.04) 0.03 (0.01)
0-150 1.23 0.72) 0.30 (0.20) 0.14 (0.04) 0.77 (0.41) 0.13 (0.06) 0.04 (0.02)
120-0 1.68 (1.06) 0.30 (0.12) 0.12 (0.05) 0.28 (0.12) 0.14 (0.07) 0.06 (0.03)

120 - 150 0.98 (0.42) 0.31 (0.13) 0.15 (0.06) 0.60 (0.31) 0.15 (0.04) 0.05 (0.02)
July/07(349 dah) August/07 (369 dah)

0-0 0.61 (0.29) 0.22 (0.09) 0.19 (0.04) 0.48 0.22) 0.06 (0.04) 0.01 (0.01)
0-150 0.77 (0.43) 0.35 (0.14) 0.14 (0.04) 0.74 (0.34) 0.13 (0.09) 0.02 (0.01)
120-0 0.96 (0.41) 0.28 (0.15) 0.13 (0.04) 0.13 (0.04) 0.07 (0.02) 0.03 (0.02)

120-150  0.86  (0.46) 033  (0.08) 014 (0.05) 063  (0.36) 007 (0.03) 004 (0.02)

®Values represent the sum of the root density obtained at depths of 0 to 0.2 m, 0.2 to 0.4 m and 0.4 to 0.6 m, for each plant distance specified. Values
between parenthesis represent the standard deviation (n = 4). ®The first values (0 or 120) indicate the N dose at planting and the second values (O or
150) indicate the N dose to the ratoon, in kg-ha ™.

the cycle. Despite the increasing shoot biomass accumulation, the N accumulation on shoot was similar between
225 and 288 dah, probably because the stage of leaf senescence and maturation. At RE site, ratoon N fertiliza-
tion increased biomass and N accumulation on roots at 0, 124 and 369 dah (Table 4). Ratoon N fertilization in-
creased shoot biomass at 211 and 369 dah and N accumulation on shoot in all periods. This shows that increas-
ing the root system was connected with highest N absorption by the plants, as observed for corn [15].

Although no effect of planting or ratoon fertilization was observed in undergournd stem components (mass,
content and N accumulation), this compartment accumulated about 20 kg-ha* N, which is higher than the
amount accumulated into the roots, proving to be an important source of N for the subsequent regrowth. How-
ever, opposite to the findings of [20], the results presented in Table 3 and Table 4 do not support the hypothesis
that high N rates will increase root growth and N stored in roots.

The effects of N addition on shoot growth and N accumulation were variable between sites (Table 3, Table 4).
The main findings were temporal variation in root and shoot biomass. The effects of N fertilizer addition on
those parameters ocurred mainly at the beginning of the cycle and disappeared with sugarcane aging. This com-
portment can be explained, at least in part, by the findings of [33], in which the amount of N derived from ferti-
lizer in sugarcane is higher in the initial stages of sugarcane development, decreasing with sugarcane aging due
to the increasingly share of N derived from soil N mineralization.

While inorganic fertilizer N provides an immediate source of mineral N for the crop, the majority of N in the
crop is often derived from N stored in the soil organic matter [34]. Since the soil is the main source of N for the
crops through soil N mineralization, it is expected that sugarcane will show a small effect of N fertilization when
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Table 3. Biomass, N content and N accumulation in the plant compartments (roots, stool and shoot) over the first ratoon crop
cycle according to the planting (residual effect) and ratoon N fertilization. Typic Kandiudox site.

Days after harvest

Days after harvest

Treatment 145 225 288 349° 0 145 225 288 349
Roots* Shoot*
Biomass (t-ha™)

0-0 16la 199a 211a 355a 1.73a(5.174a) - 551a 20.28a 27.83b 39.36a
0-150 161la 1.68a 1.35a 254b 211a(4.323) - 9.94a 22.62 a 29.89b 40.50 a
120-0 2.29a 1.83a 2.26a 3.75a 2.13a(4.52a) - 8.52 a 18.90a 3555a 40.84a

120 - 150 2.29a 235a 2.16a 256b 216a(4.354a) - 6.44 a 18.24a 26.60b 39.92a
Average 1.95B 1.97B 1.97B 3.10A 2.03B 760D 20.01C 29.97B 40.15 A
N content (g-kg™ N)

0-0 475a 3.78a 490a 358a 4.58a(4.00 a) - 9.38b 453b 3.68a 3.10a
0-150 4.75a 448a 4.88a 455a 5.20a(4.48 a) - 10.40 ab 4.33b 3.33a 317a
120-0 498a 3.20a 3.73ab 340a 5.03a(4.453) - 9.85hb 5.43 ab 3.68a 3.15a

120 - 150 498a 3.35a 3.40b 4.08a 4.68a(3.95a) - 11.10a 6.40a 3.48a 33la
Average 486 A 3.70B 423AB 390B 487 A 10.18 A 517B 354C 3.18C
N accumulation (kg-ha™ N)

0-0 7.58 a 7.56 a 9.99a 12.83a 7.95a(20.64a) - 50.94 ¢ 92.26a 102.07b 12251a
0-150 7.58a 7.45a 6.60a 11.53a 10.91a(19.66 a) - 103.50 a 97.68 a 99.45b 128.49 a
120-0 11.16 a 5.88a 8.52a 12.84a 10.59a(19.95a) - 82.67ab 101.25a 13057a 14210a

120 - 150 11.16 a 7.71a 7.20a 10.28a 10.07 a(16.92 a) - 71.30bc 11585a 91.81b 137.25a
Average 9.37 AB 7.15B 8.08B 1187 A 9.88 AB 77.10C 101.76 B 10598B 13259 A

The first values (0 or 120) indicate N dose at planting and the second values (0 or 150) indicate N dose applied to the ratoon, in kg-ha %; ®Values in
parenthesis refer to underground stem components (stool); “Values followed by the same small letters in column indicates no differences in each pa-
rameter between treatments, while different capital letter in line indicate differences between days of cycle for each parameter in the 5% significance

by the Tukey test.

Table 4. Biomass, N content and N accumulation in the plant compartments (roots, stool and shoot) over the first ratoon crop
cycle according to the planting (residual effect) and ratoon N fertilization. Rhodic Eutrudox site.

Days after harvest

Days after harvest

Treatment 0 124 211 274 360° 0 124 211 274 369°
Roots® Shoot*
Biomass (t-ha™)

0-0 0.87b 047b 0.62 a 1l14a 0.75b (2.96 a) - 354a 1441ab 23.17a 33.42a
0-150 0.87b 123a 0.57a 132a 126a(2.98a) - 391la 16.03ab 21.50a 34.77 a
120-0 155a 0.32b 0.73a 091a 0.36 b (2.79 a) - 2.33a 12.84b 20.53a 29.09b

120 - 150 155a 1.06a 0.93a 120a 1.03a(3.26 a) - 3.27a 1743a 20.08a 31.92ab
Average 121 A 0.77C 0.72C 114AB 0.85 BC 3.26D 15.18C 21.32B 3230A
N content (g-kg™ N)

0-0 3.70 a 3.23a 4.08 a 3.80a 4.20b (4.53a) - 1055 b 4.23b 290a 3.02a
0-150 3.70 a 3.40a 453 a 3.95a 4.25b (4.75a) - 1255a 547 ab 3.23a 3.28a
120-0 420a 3.98a 4.65a 4.38a 4.20b (4.20a) - 12.53a 6.03a 2.80a 3.43a

120 - 150 420a 3.35a 4.45a 430a 5.43a(5.354) - 12.48 a 5.08 ab 3.35a 351la
Average 395BC 349C 443AB 4.11A 452 A 12.03 A 5.20B 3.07C 331C
N accumulation (kg-ha™ N)

0-0 3.21b 1.53b 2.44 a 426 a 3.08 b (13.07 a) - 36.82b 60.97c 66.82a 101.01b
0-150 3.21b 420a 257a 5.18a 5.44a (13.75a) - 48.32 a 87.44a 70.10a 11354a
120-0 6.51a 1.26b 3.37a 3.93a 1.50b (11.51 a) - 27.78 ¢ 77.30b 57.62b 99.76 b

120 - 150 6.51a 342a 4.16 a 5.14 a 5.57a(16.42a) - 40.18ab 87.56a 67.25a 111.95a
Average 4.86 A 260C 3.13BC 463A 3.90 AB 3827D 7832B 6545C 106.56 A

The first values (0 or 120) indicate N dose at planting and the second values (0 or 150) indicate N dose applied to the ratoon, in kg-ha %; ®Values in
parenthesis refer to underground stem components (stool); “Values followed by the same small letters in column indicates no differences in each pa-
rameter between treatments, while different capital letter in lines indicate differences between days of cycle for each parameter in the 5% significance

by the Tukey test.

()
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the root system utilizes the soil profile effectively. As expected, in the soil with better conditions for root system
development—promoted by the deep plowing, lower clay content and lower soil resistance to root penetration
(TK site), ratoon N fertilization showed a small effect on root system development, resulting in the absence of
fertilizer effect on shoot growth and N accumulation. On the other hand, in the soil with restricted root system
development—associated with a reduced tillage system, high clay content, and evidences of high soil resistance
to root penetration (RE site), ratoon N fertilization showed a significant effect on root system development and
consequently on shoot N accumulation. According to our survey no previous studies reported relationship be-
tween root system development and response of crops to N.

3.4. Root: Shoot Ratio

The root: shoot ratio was greater at the beginning of the cycle and decreased with sugarcane aging (Figure 4).
This trend suggests that plants maintained the root biomass at the beginning of the cycle, supporting a small
amount of aboveground biomass. From 124 dah at RE and 145 dah at TK, the aboveground biomass increased
consistently (Table 3 and Table 4) and, due to little variation on root biomass over the cycle, the root: Shoot ra-
tio decreased until the harvest. The results show the allocation of photo assimilates for roots maintainance at the
beginning of the ratoon cycle and for shoot growth in the remaining period. This pattern is supported by the li-
terature, since as with other Gramineae, the root: shoot ratio for sugarcane is higher during the beginning of the
cycle and decreases until harvest [3].

At the RE site, ratoon N fertilization increased the root: shoot ratio at the beginning of the cycle (Figure 4).
This was due to N effect on root biomass in that period. With sugarcane aging the effect disappeared and, from
211 dah, the root: shoot ratio was similar among treatments. Overall, for both areas the root: shoot ratio reached
values between 0.15 to 0.40 kg-kg " around 125 - 145 dah and, at harvest, between 0.05 kg-kg ™. In sugarcane
grown under potted conditions, a root: shoot ratio of approximately 0.42 kg-kg * at 50 days of the cycle was ob-
served [35], decreasing to 0.15 kg-kg* at 200 days of the cycle; the latter was slightly higher than the values
obtained under field conditions in this study.

4. Conclusion

The shift from burned to unburned harvest of sugarcane in Brazil resulted in increases in nitrogen fertilization
rates. A positive effect on shoot biomass is often reported, but the effect on root architecture and biomass is un-
know. Our results show that application of N fertilizer over the trash temporarily increases root density in the
place where fertilizer was applied, but the effect was variable between sites. Under field conditions evaluated in
this study, the effect of N addition in root biomass, shoot biomass and N accumulation was limited and do not
support the hypothesis that high N rates will increases sugarcane root growth and N stored in roots. More studied
are needed to clarify the advantages of using higher N rates in unburned sugarcane fields in Brazil.
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