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Abstract
A much better understanding of root system development and Measuring fine root growth is significant to the understanding of ecosystem 

structure and function and in predicting how ecosystems react to climate changeability. Their study, however, is hampered by their underground 
development, and characterizing complex root system architecture, hence, remains a challenge. Nowadays, a number of methods have been utilized 
to estimate root growth. Specialised, are costly for reproduced pot experiments, and aren’t promptly available for a nondestructive sampling of roots 
and soil. Here, Employing a Novel Cheap Rhizotron for Root Growth System Analyses on Plants. The root image securing using cheap technology 
Due to the inaccessibility of root systems, special methods are required to explore the dissemination and dynamics of roots. Utilizing this Rhizotron 
development, growth of the response the chickpea (Cicer arietinum L.) and Lentil (Lens culinaris Medik) under the hydroponic systems were 
explored. Significant differences in both architectural and morphological characteristics were observed among tested genotypes, especially for add 
up to root length, branch number, and particular root length and department thickness. It comes results illustrated that the framework was effective 
in screening root characteristics, permitting for rapid measurement of dimensional root architecture over time with negligible unsettling influence 
on plant growth and without destructive root sampling. The setup allows us to simultaneously characterize the root system and shoot development 
seedling stages. All components of the system are made from commodity components, locally available worldwide to facilitate the adoption of this 
affordable technology in low-income countries and detailed methods of construction allow researchers to construct and use similar Rhizotrons for 
experimental research.
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Introduction
Roots of higher plants perform numerous imperative capaci-

ties: they supply anchorage, supply water, and minerals, and have 
a regulatory part moreover because they grow underground and 
aren’t essentially accessible, roots are a lot of less totally considered 
than plant shoots [1]. Currently, understanding the effect of roots 
and rhizosphere characteristics on plant asset power is of the most 
elevated association [2]. The analysis of root system growth, root 
phenotyping, is imperative to educational efforts to improve plant 
asset acquisition from soils. In any case, root phenotyping remains  

 
challenging due to soil opacity and requires frameworks that op-
timize root permeability and picture securing. Nowadays, a num-
ber of methods have been used to gauge root development. These 
methods can be gathered into indirect and coordinate techniques 
[3,4] both of which have points of interest and downsides. Indi-
rect methods incorporate the utilizer of experimental models [5], 
estimations of nitrogen budget, and carbon budget [4]. Coordinate 
strategies can be classified into (i) destructive methods such as soil 
coring [6], consecutive soil coring in-growth cores [3,6], monoliths 
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[7,8] and soil pits [9,10], and (ii) nondestructive in situ strategies 
counting isotope measurement [11], Rhizotrons [12] and minirhi-
zotrons [13-15]. Rhizotrons and minirhizotrons are considered as 
effective approaches and are commonly utilized to characterize fine 
root development [16,17].

A few non-destructive Rhizotron alternatives exist; those that 
do (strategies like X-ray computed tomography) taken a toll ex-
treme sums of cash [18]. Rehashed non-destructive observations by 
and large involve the use of transparent interfaces, like Rhizotrons, 
minirhizotrons, and straightforward dividers. Minirhizotrons were, 
to begin with, portrayed by [12] as glass tubes inserted into the soil, 
closed at the foot, and fixed with a metal cover at the best. In that 
think about, roots of Lolium perenne L. were watched by implies of a 
reflective and an electric bulb mounted at the conclusion of a metal 
pole. Rhizotrons extend in measure from underground windowed 
offices built beneath forests [19] to little plastic packs (i.e., seed ger-
mination pockets) utilized to consider herbaceous plants in a labo-
ratory setting [20]. The most advantage of Mini Rhizotron systems 
is that rehashed root images can be recorded for expanded time 
periods [21]. Generally, the accessibility of inexpensive Mini-Rhi-
zotrons, available off-the-shelf with negligible adjustment from 
non-specialist providers, seem to cultivate a more comprehensive 
and different community of researchers working on belowground 
forms in plant frameworks and seem research facility works out for 
undergrad and high school classrooms. We report here a straight-
forward A Hydroponic Rhizotron system that was created to pro-
vide an effective phenotyping platform for considering root engi-
neering. This Hydroponic Rhizotron gives (1) non-destructive root 
morphometric estimations amid a try, (2) Rhizotron-specific auton-
omous experimental units, (3) simply get to for planting, (4) simply 
access forgather and (5) cheap Rhizotron plan suitable.

Chickpea
Chickpea (Cicer arietinum L.) is the second most widely devel-

oped pulse globally, with an include up to production of 14.2 million 
tons from a range of 11.6 million ha and an efficiency of 0.96 t ha−1 
[22]. Its seeds are protein-rich options of animal protein in humans’ 
diets. Chickpea may be a great source of protein (20–22%) and is 
rich in carbohydrates (around 60%), dietary fiber, minerals and vi-
tamins [23,24]. Sustainable production of chickpea is challenged by 
climate changes, which are likely to extend production limitations 
and vulnerability of yields in the future. Edaphic stresses, such as 
drought and low-fertility soils, are the most factors limiting the 
production of chickpea as well as other major crops in numerous 
nations. The terminal drought is one of the major abiotic stresses 
constraining crop yield in chickpea [25].

Selecting and breeding cultivars with root systems that utilize 
water and nutrients effectively is an important methodology to ex-
tend trim adjustment to edaphic push [26] and Alteration to root 
framework engineering may progress alluring agronomic charac-

teristics such as surrender, dry spell resilience, and resistance to 
nutrient insufficiencies [27].

Lentil 
Lentil (Lens culinaris Medik) is a nutritious food legume. Len-

til advanced and was tamed in Southwest Asia from where lentil 
development hence spread to reasonable biological systems in all 
continents. Breeding tall yielding lentil cultivars that minimize wa-
ter utilization and have the foremost effective nitrogen utilize will 
be increasingly critical [28]. Future lentil cultivars must have both a 
compelling root system for capturing dampness whereas maximiz-
ing their nitrogen fixation. Roots frameworks affect nutrient and 
water uptake and work as sinks for photo acclimatizes and carbon 
inputs into the soil [29]. Although root frameworks shift from plant 
to plant in reaction to the environment and due to hereditary vari-
ety, the nearness of exceptionally fine roots (distance across < 0.5 
mm) and/or fine roots (distance across 0.5–2.0 mm) is a critical 
physiological component that determines most of the root length 
and root surface zone accessible for water and supplement take-up 
[30].

However, the efficiency of water extraction from soil depends 
on whether there is stored water save within the soil, or wheth-
er the water supply is driven by in-season precipitation [31]. In 
a perfect world, lentil varieties ought to have both deep root sys-
tems and roots that can spread over large soil volumes in arrange 
to capture surface water. The root system of cultivated lentil has 
been compared to those of oilseeds, other beat crops, and wheat 
The dispersion pattern of fine root traits such as root length, root 
surface region, root volume, and root diameter in cultivated lentil 
was different from those of other crops and thus seem to play a ma-
jor role in water and nutrient take-up [29,31].

Seeds of the wild and cultivated lentil genotypes were scari-
fied, washed in the bleach, and after that pre-germinated in a dark 
chamber at 22 °C. Seedlings with radicle length greater than 2 cm 
were selected after 3 days and after that transplanted into labeled 
tubes, were included in the soil surface following to the seedling in 
each tube. The experiment was a complete randomized block plan 
with 8 genotypes, two collect times (amid case filling and at full de-
velopment), and four replicates. The temperature was set to 21 °C 
day/15 °C night day length set at 16 h. The light bulbs within the 
room T-5 fluorescent bulbs and Driven light bars, 730 mm Far Red, 
Tube positions inside each piece were randomized at each weigh-
ing throughout the experiment to minimize position effects.

The objective of this study was to Novel Rhizotron and charac-
terize genotypic variability in root traits in the chickpea collection 
and Lentil using a novel Rhizotron system use for root studies. This 
study provides detailed descriptions of the phenotypic variability 
and genetic diversity in root architectural traits in the chickpea core 
collection.
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Plant Material and Seed Germination
We present here an innovative design of hydroponic Rhizotrons 

adapted to chickpea (Cicer arietinum) and Lentil (Lens culinaris Me-
dik). The setup allows us to simultaneously characterize the shoot 
development seedling. This system combines the advantages of hy-
droponics and rhizotrons. On one hand, roots grow in a controlled 
environment, ensuring the high reproducibility of the results.  Root 
sampling is easy, typically for molecular and microscopic analyses. 
Being completely movable and low cost, it can be used in controlled 
cabinets. The hydroponic system was assembled by easily available 
components, i.e., a standard polycarbonate box (width × length 
× height = 31 cm × 21 cm × 22 cm), C-Line’s Transparency Films 
(8.5 x 11 Inches) let you create overhead transparencies in a snap 
(Figure 1). The film is available for plain paper copiers, black and 
white laser printers, and inkjet printers. A drinking straw or drink-
ing tube is a small pipe that allows its user to more conveniently 
consume a beverage. A thin tube of paper, bamboo, stainless steel, 
or plastic (such as polypropylene and polystyrene), or other ma-
terial is used by placing one end in the mouth and the other in the 
beverage. Aquarium air pump (power 5 W and pressure 2 MPa × 
0.02 MPa), flexible airline tubing (3mm in diameter), and tee con-
nector. The frame hangs in a tank filled with a nutritive solution 
and is therefore slid into a slot of the tank cover. We sterilized all 
materials prior to the start of the experiment with either a dilute 
bleach solution. We scarified all chickpea and Lentil seeds used in 
this study sterilized them in ethanol. In Petri plate (110 mm × 25 

mm), lined with filter paper and wetted with sterile water, 15 seed 
were placed. Petri plates were then placed in an incubator set at 
28 °C for 4 days. Emerged plants (about 4 days after sowing) were 
carefully transplanted into the growth pouches. We then trans-
planted the seedlings into their respective growing treatment mini 
rhizotrons and allowed them to grow for six weeks. Seeds of Chick-
pea (MCC: Mashhad chickpea Collection) and Lentil (MLC: Mashhad 
Lentil Collection) genotype were used for this study. Hoagland solu-
tion was prepared as described [32] and then added to the hydro-
ponic system. The hydroponic system was placed under controlled 
growth conditions in the greenhouse (16-h day/8-h night cycle, 
28 ± 2 °C and relative humidity was maintained at ∼60–70%). We 
found that plants grown for 6 weeks showed maximum root trait 
diversity among the genotypes tested. At harvest, shoot height and 
leaf branch number per plant were measured. Root systems were 
photographed using a portable photographic system and taproot 
lengths were measured manually. Root subsamples were scanned 
in greyscale at 300 dpi using a desktop scanner. Root images were 
analyses using WinRHIZO Pro software. Data for various root traits, 
such as total root length, root surface area, root volume, average 
root diameter, and diameter class length (DCL, root length within a 
diameter class) were generated in WinRHIZO from images for each 
root section. The number of branches (primarily first order) in the 
first root section was counted manually from the images. Shoots 
and roots were then dried in an air-forced oven at 70 °C for 72h and 
weighed to determine to shoot and root dry weights. 

Figure 1: Schematic representation of the Hydroponic Rhizotron system.
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Results
Root morphological and architectural traits differed significant-

ly among genotypes. Most chickpea genotypes developed roots vig-
orously. Genotypes exhibited large variation in rooting patterns and 
branching manner. Some genotypes had specific root traits such as 

long lateral roots, deeper roots with sparse and short branches, 
and fine roots (Figure 2). Shoot-related traits, i.e. shoot height, leaf 
branch numbers and shoot dry mass, were measured at harvest (42 
days after sowing). ANOVA identified significant differences among 
genotypes in shoot height and shoot dry mass.

Figure 2: Root distribution of ten Chickpea genotypes at 6 weeks under the hydroponic system.

The 10 chickpea (MCC) and 19 Lentil (MLC) genotypes were 
significantly different in all root traits, such as root length, root sur-
face area, root volume and root dry weight.

MCC570, MCC576, MCC513 and MCC539cultivars represented 

a group with robust root characters, with higher values for root 
length, root surface area, root volume and root dry weight. In con-
trast, MCC512 and MCC776 were identified as the small root system 
cultivars, with low values for all the root traits evaluated (Figures 
3 & 4).

Figure 3: Schematic representation of the Hydroponic Rhizotron system: 10 Liter plastic mobile box; (b) Air pump aquarium; (c)Aquarium Pipes 
Vacuum; (d) Air Stones Vacuum (e) Drinking straw; (f) C-Line’s Transparency Films.
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Figure 4: Example images showing root morphology and development of a Lentil (Lens culinaris Medik) genotypes grown in a Hydroponic 
Rhizotron experiment. Images were taken at (a) 1, and (b) 4 weeks after planting.

In The Lentil genotypes, MLC12, MLC24, MLC32 and MLC259 culti-
vars represented a group with robust root characters, with higher 
values for root length, root surface area, root volume and root dry 
weight. In contrast, MLC1, MLC2 and MLC25 were identified as the 
small root system cultivars, with low values for all the root traits 
evaluated (Figure 2). The main function of roots is to absorb of 
water and inorganic nutrients, thus support the physiological pro-
cesses [31], and may indirectly contribute towards accumulation 
of organic substrates, growth and dry matter accumulation [33]. 
Thus, root dry weight might be an appropriate trait for chickpea 
root and Lentil root investigation under Novel Rhizotron condi-
tions. Differences in all the above-ground characteristics studied, 
including stem height, stem diameter and leaf, and stem and shoot 
dry weight, were observed among the 10 chickpea and 19 Lentil 
genotypes.

The genotypes which exhibited superior root traits also showed su-
periority for shoot traits. MCC570 and MLC12 showed high values 
for plant height, leaf, stem, and shoot dry weight and stem diame-
ter. Conversely, the small root system genotypes, such as MCC512, 
MCC776, and MLC1, MLC25 had low values for these aboveground 
traits (Figure 2).

In addition, the correlation between root and shoot traits had low-
er than the relationship among root traits. A related study has also 
been reported in rice which is in a monocot, the root system de-
velopment was positively correlated with shoot mass production 
under water insufficient conditions [34].

Using a Novel Rhizotron for Root Growth System Analyses on 
Chickpea and Lentil Plants in hydroponic conditions is possibly an 
alternate method for root investigations, as it allows classifying the 
difference in root and shoots traits among chickpea and Lentil gen-
otypes.

Under the hydroponic system, the root characteristic of peanut was 
positively correlated with that when grown under potted condi-
tions [35] and Correlation between root traits in hydroponics and 
soil medium were also reported in wheat [36] and cowpea [37]. 

Conclusion
Studies on root growth have been numerous over the last decade 
and significant progress in evaluating root morphology has been 
made. However, research remains challenging and costly, especial-
ly in the natural environment. Many nondestructive methods, such 
as rhizotrons [12,38] and minirhizotrons [13,14]. The abundance 
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and diversity of root phenotyping methods are clear but the labor 
intensity and cost-limitation of effective Rhizotrons leave vital root 
measurements inaccessible to some plant biologists. Using a Novel 
Cheap Rhizotron described here offers a cost-effective and simple 
method for researchers to perform time-series experiments and in-
corporate large sample sizes into their experimental design. Due 
to the small size of these Rhizotrons, this protocol is best applied 
to young plants, and small herbaceous species and this system 
provide researchers the opportunity to phenotype root traits and 
the potential to study root-associated symbioses, at a relatively 
low cost. The system allows the non-destructive monitoring of the 
root system development and functioning. The system is capable 
of hosting plants of different rooting habits and until an advanced 
growth stage. The system is simple, easily implementable, modular, 
and adaptable to different types of image acquisition techniques. 
This method democratizes new research opportunities in the root 
microbiome for agriculture, community ecology, and evolutionary 
biology, particularly for researchers with limited resources. The 
greater effort of constructing and planting the Rhizotrons result-
ed in more accurate data, allowing a more appropriate statistical 
analysis.
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