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			Abstract

			Crops root information is necessary in modern agriculture to provide information that promotes water and nutrient use efficiency. The minirhizotron is a non-destructive root method and it allows monitoring root growth along time and seasons. In this context, the aim of this paper is to provide an overview about minirhizotron method use for root growth and distribution assessment in sugarcane crop in irrigated and rainfed areas. We presented information in order to improve minirhizotron methodology and its use by providing highlights concerning critical aspects. Among critical points, the tube installation, tube protection, scanning-schedule and data analysis are addressed. Our information could help future users to acquire high-quality data with proper efficiency.
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			Introduction

			Root-related information, as well as its growth and distribution in soil profile, are fundamental to understand water and nutrients absorption processes by plants [1] and hence improve irrigation and fertigation efficiency. 

			Irrigation and fertigation practices and its effect on sugarcane root system should be studied case-by-case, because root growth and distribution are both genetic- and environmental-dependent [2]. There are still few data concerning roots, especially when compared to canopy data, probably due to methodological complexity related to roots sampling [3].

			 The minirhizotron is a method based on root growth visualization by a picture of soil profile obtained by a camera through a glass or acrylic tube inserted into the soil profile. It is considered a non-destructive method and it allows monitoring root growth along time and seasons [4], hence its main advantage is to detect seasons of high root growth rates [5] and root turnover [6]. This method is considered as an alternative for root assessment which could reduce labor and costs compared to other root evaluation methods [3,7]. The aim of this paper is to provide an overview about minirhizotron method use for root growth and 

distribution assessment in sugarcane crop in irrigated and rainfed areas.

			Installing Procedures and Recommendations

			The tube to be used should be relatively resistant and cost-effective, hence the most common material used is the acrylic. Tube diameter depends on the camera or scanner to be used. Usually external diameter is 0.07m and internal diameter is 0.063m, as it fits CID CI-600 In-situ Root Imager®* (CID Bioscience, Inc. Camas, WA - USA). Tube length and its installation angle should be defined depending on the objective of study. Ohashi et al. [5] used 1.0m length tube and it was installed perpendicularly to soil surface in order to achieve 0.8m deep, hence providing four images each 0.2m depth. It is possible, however, to install the tube at 45° angle and laying it along planting line, as well as Santos et al. [8], which resulted in maximum depth of 0.6m and each image obtained represented a 0.15m depth soil layer when using 1.0m length tube. Both studies installed the tube at 0.2m from the sugarcane planting line. Planting lines were single and 1.5m apart from each other. Ohashi et al. [5] and Santos et al. [8] evaluated sugarcane root system in irrigated area using subsurface drip irrigation system, applying water, fertigation and sewage, respectively.

			 Camargo [9] used minirhizotron method in different planting layout and in rainfed cultivation, which was based on dual planting lines, 0.9m apart from each other. Dual planting lines were apart from another by 1.5m from the center of dual lines. Camargo [9] installed the 1.0m length tubes vertically, as well as Ohashi et al. [5], but in the mid-distance inside the dual planting lines (Figure 1).
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			The drill to open the bore in soil for tube installation should have a diameter slightly smaller than tube diameter, approximately 0.005m smaller. The bore can be done by a specific auger, as used by Ohashi et al. [5], or using a drill coupled to internal combustion engine, as used by Santos et al. [8]. It is important that the bore diameter after drilling be as close as possible the tube diameter and uniform in all depth. The CI-600 In-situ Root Imager®* has an optical reach of 0.008m away from external tube surface. Thus, if soil profile is more than 0.008m of distance from tube external side it will not be possible to high-quality root images.
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			After installed, the tube must be protected at the soil surface and covered in order to prevent light and water to enter inside the tube and between tube surface and soil profile (Figure 2A and  2B). Ohashi et al. [5] and Santos et al. [8] used black polyethylene to cover tube (Figure 2C and 2D) and it successfully prevented from water and light interference on root image (Figure 2B, 2E and 2F).

			Root Scanning and Data Analysis

			Sugarcane roots grows relatively fast after tube installation. Ohashi et al. [5] observed root growth in the first 30 days after installing tubes in sugarcane second ratoon, although the highest growth rate was observed between 38 and 58 days. Our data regarding first ratoon shows root rapid growth during first 30 days (Figure 3). Thus, it is suggested to acquire root imager at higher frequencies right after installing the tubes, and then image acquisition can be spaced over time along crop cycle.

			Camargo [9] monitored root growth along three crop cycles, from plant-cane up to second ratoon and observed that each growing season had different root growth patterns considering higher growth rate. This information shows how dynamic root growth is and how important is to monitor along different crop cycles.
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			Root analysis are usually made by using an image software. Concerning modern minirhizotrons, the RootSnap!®** software has been used, especially when images were acquired using CI-600 In-situ Root Imager. It was used by Ohashi et al. [5], Santos et al. [8] and Camargo [9]. Data showed herein (Figure 3) was also analyzed using this software.

			Data analysis using RootSnap!®**, however, can become labor intensive depending on the image quality, the amount of roots to be measured (Figure 2F) and the number of images to be analyzed. It is important when designing root experiment to consider having at least three replications in order to reduce the usually high variation coefficient which is observed in root data [10].

			Conclusion

			Crops root information is necessary in modern agriculture to provide information that promotes water and nutrient use efficiency. It is important to consider that root system depends on different aspects considering the genetic material, cultural practices adopted and physical, chemical and biological of soil and including the climate and water availability. It is also important to evaluate for different cultivars, climate, soil and adopted cultural practices. Information presented herein can improve minirhizotron use by providing information concerning methodology highlighting critical aspects to obtain good results. Among critical points, the tube installation, tube protection, scanning-schedule and data analysis are addressed. Our information could help future users to acquire high-quality data with proper efficiency.
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			*Use of this equipment does not reflect a recommendation by the authors.

			**Use of this software does not reflect a recommendation by the authors.
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Figure 2: A&B: Minirhizotron image acquired from a tube without and with; C: Water and light protection on soil surface with black

polyethylene on tube; D: Protection removed for tube scanning; E: Root image 56 days after installing tube; F: Image after being analyzes
by root software (F).
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Figure 3: Cumulative root density (LA; mm cm-2) for two tubes installed during first ratoon in sugarcane crop irrigated by subsurface drip
irrigation in four soil depths (0-0.2, 0.2-0.4, 0.4-0.6 and 0.6-0.8m).
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Figure 1: The mid-distance inside the dual planting lines.
A: Minirhizotron 1.0m length tube installation using 90° degrees and 45° degrees, both installed 0.2m away from the planting line; B: Single

line planting spaced by 1.5 between lines; C: Dual-line planting spaced by 0.9m in-between dual-lines and 1.5m between two dual-line (C).
Adapted from Camargo [9]
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