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ABSTRACT

In  the Brazilian  northeast  region,  where semiarid  climate  prevails  the soil  low humidity, 
restricts  the  growth  of  the  roots  in  the  soil  most  superficial  layer.  A  soil-plant  system 
consisting of aluminum pots filled with soil similar to that found in the semiarid regions was 
designed to follow the growth of corn and soy roots. There, the seeds are planted together 
with artificial seeds of hydrogel and agave, which store part of the water from irrigation and 
later release it in conformity with the search of the roots. Nondestructive tests through the 
Thermal Neutron Radiography technique were conducted, exposing for 90 minutes the soil-
plant  system,  to  the  neutron  flux  from  the  J-9  irradiation  channel  of  the 
Argonauta/IEN/CNEN  reactor.  An  Industrex  M  radiographic  film  from  Kodak  and  a 
gadolinium sheet converter, in close contact inside an aluminum chassis, were used to obtain 
the neutron radiography image.  Lead plates, 1 mm thick, or aluminum plates, 1 cm thick, 
were placed  to  shield  the  gamma radiation  of  the neutron beam and thus  allow a better 
visualization  of  the  roots  inside  the  soil.  After  expositions,  the  radiographic  films  were 
developed and the neutron radiographic images were digitalized with a Coolpix 995 Nikon 
camera. The neutron radiographic images were also digitally processed using the Image Pro 
Plus program, version 6.2. the use of lead and aluminum filters and with the use of digital 
processing techniques, allowed the visualization of the main and secondary roots, even when 
hidden by 10 mm thick humid soil.

1. INTRODUCTION

The latest studies about the volume of water available on the planet Earth point to the dangers 
of  its  scarcity.  Consumption  due  to  increased  population,  waste,  global  warming  and 
deforestation in areas of natural springs have daily been reducing water sources. Population 
growth demands an increase in agricultural production and, in regions such as the Northeast, 
where the climate is semi-arid, crop is problematic and needs to be optimized. 

Global warming causes temperatures to increase, affecting areas dependent on agriculture and 
farming.  In regions having a semi-arid climate, the soil is generally shallow, rocky, with low 
water retention capacity and rainwater is poorly distributed.  The demand for food production 



will increase by 60%. Although Brazil leads the world in terms of water availability in rivers, 
pollution and inadequate use places this resource in jeopardy in a number of its regions.   
Studies seeking new low-cost forms of water application to crops, principally, during drought 
periods thereby reducing the frequency of irrigation and reforestation, are indispensable, as 
water is fundamental for plant growth, development and production.    

The aim of this study was to accompany the growth of soy and corn roots planted in soil 
characteristic of semi-arid climactic regions and, concurrently, planting hydrogel and agave, a 
vegetal abundant in semi-arid regions, artificial seeds to store part of the irrigated water. The 
use of these seeds offers the possibility of observing how the plant  seeks water in these 
reserves,  such  that  a  good-quality  crop  is  obtained,  even  in  times  of  drought  [1].  The 
technique of Non-Destructive Tests, known as Neutron Radiography [2,3], was used to obtain 
images of this root growth. Humidity, gamma radiation inherent to the neutron flux and soil 
thickness may increase the difficulty in visualizing roots of a thinner caliber.  In order to 
improve the visualization of those roots, boron was used as contrast agent, and a lead plate to 
filter the gamma radiation. Aluminum pots were filled with soil and the seeds desired for 
agricultural  production were then planted together with the artificial  seeds.  Each pot was 
fixed to a radiography chassis that  contained Kodak Industrex M radiographic film and a 
thermal neutron sheet converter [4]. Each set was exposed to the neutron flux provided by the 
J-9 irradiation  channel  of  the Argonauta IEN/CNEN reactor,  each  radiographic  film was 
developed and each neutron radiographic image was digitalized, after being captured by a 
Nikon Coolpix 995 CCD camera and, later processed with the Image Pro Plus program 6.2.  

2. METHODOLOGY

The configuration of the plant-soil system used is demonstrated in figure 1, consisting of: 
1)  a  sample,  formed by the soil  (heavy material),  and by the plant  (light  material);  2)  a 
detection system, composed by a Kodak Industrex radiographic film and a gadolinium sheet 
converter;  3) metallic filters  (Pb and Al), to shield from radiation γ noise inherent to the 
neutron beam.  

. 

           Figure 1. Configuration of plant-soil system. 
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Boron was selected as the contrast agent, as it absorbs thermal neutrons well, where the 
solution used in the plants was enriched boric acid (H3BO3) in 98% of B10, as is expressed by 
the mass attenuation coefficient, represented in figure 2, as well as being a micronutrient for 
the plant.  

Figure  2.  Mass  attenuation  coefficient  versus 
atomic number, for thermal neutrons and X-rays 
of different energies [2].

The aluminum pots, where the corn and soy seeds were planted, were irradiated by a thermal 
neutron flux from the J-9 channel of the Argonauta reactor. After a 90 minute exposure, the 
radiographic film was developed in a dark chamber. The neutron radiographic images were 
obtained every two days and, later, captured by a digital camera, Nikon Coolpix 995 model. 
In order to improve visualization of the images, digital  processing was necessary and the 
Image Pro Plus 6.2 program was used.

3. RESULTS
   
    Analyzing the neutron radiographic images obtained, we can verify that,  if the soil is 
humid some of them have a low contrast,  which makes it difficult to observe low caliber 
roots and the differentiation of the soil-root regions.  An aluminum or lead filter was used, in 
function of the presence of radiation  γ inherent  to the neutron flux.   In this  manner,  the 
growth of the roots and, in turn, their search for the water contained in the hydrogel and 
agave seeds could be observed.  The hydrogel and agave seeds were characterized as follows: 

Identification COMPOSITION
1 Hydrogel proportioned at 1/1 gel and agave
3 Hydrogel
5 Itapuã 700 Hybrid Green Corn Seed 
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6 Glycine Soy Seed, Celeste variety

Figure 3(a) displays a neutron radiographic image of the corn seed roots in dry soil and figure 
3(b)  also  displays  a  neutron  radiographic  image  of  the  corn  seed  roots,  hydrated  with 
hydrogel seed and with humid soil.  

Figure  3.  Neutron radiographic  images  of  plant-
soil  system  in:  (a)  dry  soil;  (b)  hydrated  with 
hydrogel and humid soil. 
 

Figures 4(a) and (b) display the soy seeds in search of the water contained in the hydrogel 
seeds.  The second image was processed, using the Image Pro Plus 6.2 program.   

Figure  4.  (a)  Neutron radiographic  image of  the 
soy root  in search of  the water contained in the 
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hydrogel  seed;  (b)  image  obtained  after  digital 
processing of image in (a). 

Figures 5(a) and (b) indicate a decrease in hydrogel seed volume, after a period of two days. 

               
Figure  5(a)  Neutron radiographic  image of  corn 
seed root absorbing water from the hydrogel seed 
(3); (b) reduced volume of hydrogel seed after two 
days.    

In  figures  6(a)  and  (b),  growth  of  corn  seed  roots  after  a  two  day  interval  and  water 
absorption by the hydrogel and agave seeds can be observed in the corresponding neutron 
radiographic images.  In figure 6 (b), the images of the thinner roots searching for water in 
seed 3 can also be seen.  

  
                                                                                 

Figure  6(a)  Neutron radiographic  image of  corn 
seed root, agave seed (1) and hydrogel (3), after a 
two day interval; (b) the image of the thinner roots 
can clearly be seen. 
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4. CONCLUSIONS
   
The use of neutron radiographic technology was satisfactory in obtaining the images.  The 
analysis  of the results  obtained indicates that  using a combination of lead and aluminum 
filters and image processing makes it possible to observe not only the growth of the principle 
and  secondary  seed  roots,  but  also  to  observe  these  roots  searching  for  water  from the 
artificial  hydrogel  and  agave  seeds.   In  future  studies,  the  intention  is  to  determine  the 
durability of these artificial agave seeds and the volume of stored water, in function of the 
size  of  the  seed.   The  use  of  these  artificial  seeds  for  irrigation  in  semi-arid  regions, 
principally during the drought season, could be of great value in addition to the low cost of 
production. 
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