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ABSTRACT 

Cheng, W.-X., Coleman, D.C. and Box, J.E., Jr., 1991. Measuring root turnover using the minirhizo° 
tron technique. Agric. Ecosystems Environ., 34: 261-267. 

Measurement of root turnover has been one of the most difficult problems in terrestrial ecosystem 
studies owing to the lack of an appropriate method. In this paper, a method for measuring intra- 
seasonal root turnover is described. The recently developed minirhizotron system was adapted and 
combined with hand tracing of the minirhizotron-produced video tapes. The basic components of a 
minirhizotron system are briefly introduced. A hand-tracing procedure and the subsequent data anal- 
yses are described. 

I N T R O D U C T I O N  

It is widely recognized that root growth, death and subsequent decomposi- 
tion of  the dead roots, known as root turnover, are very important processes 
in all terrestrial ecosystems (Dalhman, 1968; Coleman, 1976, 1985; Milchu- 
nas et al., 1985 ). Root turnover is not only a path of  energy input into the soil 
but is also related to other ecological processes, i.e. environmental adaptation 
of  plants, nutrient acquisition, plant competition, interactions of  plants with 
soil organisms, and soil structure and formation. Research on plant root sys- 
tems under field conditions is difficult because soil limits their accessibility 
for observation (McMichael and Taylor, 1987). Measurement of  root turn- 
over has been one of  the most intractable problems (Singh and Coleman, 
1977; Fogel, 1985). 

Radio-tracer techniques have been used to measure root turnover. Dalh- 
man ( 1968 ) reported that the average annual root turnover rate in a grass- 
land ecosystem was near 25% of the total below-ground biomass using ~4C- 
labelling techniques. Warembourg and Paul ( 1977 ) calculated an annual root 
turnover rate in a Canadian grassland of  9.5% using ~4C-tracer. Milchunas et 
al. (1985 ) demonstrated in a pot study using ~4C-tracer that root turnover 
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estimates produced by the 14C dilution method are more accurate that by soil 
core sampling. Singh and Coleman ( 1973, 1974, 1977 ) developed a 14C-tracer 
technique to distinguish functional roots from nonfunctional roots in Colo- 
rado short grass prairie. There are some problems associated with the radio- 
tracer method. Firstly, it has a safety problem owing to the use of radioactive 
materials. Secondly, introduction of radioactive material into plants (or la- 
belling) is technically complicated and problematic. Thirdly, this method re- 
quires destructive sampling. 

The use of glass wall rhizotrons has considerably accelerated progress in 
many fields of root ecology (B6hm, 1979) and root turnover can be studied 
using these methods (Ares, 1976; Atkinson, 1985). The rhizotron method 
has several advantages over most other root study methods when extensive 
measurements are required. Successive measurements are made at the same 
place, and estimates of root growth and death at the glass-soil interface are 
obtained rapidly (Huck and Taylor, 1982 ). This method also has certain dis- 
advantages. First, since the roots are not growing in completely natural sur- 
roundings, the results produced using this method may differ substantially 
from those of field conditions. Second, there is a significant construction cost 
if a rhizotron facility is built. 

The recently improved minirhizotron technique (Taylor, 1987) is very 
suitable for root turnover studies. It is non-destructive and relatively less la- 
bor intensive. Frequent measurements can be done in situ with very little 
disturbance to the natural environment using this technique. 

In this paper, a hand-tracing method is adapted to the recently developed 
minirhizotron technique in order to study intra-seasonal root turnover. Each 
component of the minirhizotron system is briefly introduced. The tracing 
procedure and the subsequent calculation of the data are described in some 
detail. Some basic assumptions and practical tips are discussed. 

COMPONENTS OF THE MINIRHIZOTRON SYSTEM 

The modern minirhizotron system usually consists off (1) a transparent 
observation tube installed into the soil at each sampling position; and (2) a 
video camera system which includes a miniature video camera, a TV moni- 
tor, a video cassette recorder (VCR) and other accessories. 

Observation tubes can be made of glass, acrylic, lexan, plexiglas, polybutyr- 
ate or polycarbonate. None of these materials seems to interfere with the ob- 
servation (Brown and Upchurch, 1987 ). The shape of the tubes can be round, 
square or other shapes depending on the purpose of the experiment. The ad- 
vantages of round tubes over square ones are that they are usually available 
from stock at plastic supply companies, can be installed with conventional 
soil augers or probes, and the viewing camera can be rotated 360 ° in the tubes. 
The disadvantage of the round tubes is that uniform lighting is more difficult 
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to obtain because of  the curved surface. The size of  the tubes can range from 
12 to 80 m m  in diameter depending on the experimental requirements and 
the equipment  available. The installation of  the tubes is a very critical step 
since it determines how well the soil-tube interface can be maintained. For a 
realistic measurement  of  roots in situ, tubes inserted at angles less than 90 ° 
seem to be more desirable (Bragg et al., 1983). Tools involved in the tube 
installation can range from a hand-operated auger to heavy vehicle-mounted 
hydraulic systems (Bragget  al., 1983; Upchurch and Ritche, 1983; Box and 
Johnson, 1987 ). The criteria here are to maintain the natural soil surface for 
interfacing the tube and to keep the disturbance as low as possible. The part 
of  the tube above the soil surface should be capped, wrapped and sheltered to 
keep the light from entering the tube (Levan et al., 1987). To study root dis- 
tribution along soil profiles the tubes should be marked incrementally before 
installation. 

Color and black and white video cameras have been specially designed for 
use in minirhizotrons (Circon Corporation, Santa Barbara, CA). They are 
available now in different shapes and magnifications. Bartz Technology (Bartz 
Technology Co., Santa Barbara, CA) supplies cameras with ultraviolet and 
incandescent lighting. The camera and the optics system can be lowered into 
a tube and transmit  a video image to a moni tor  (TV) and recording (VCR) 
equipment above-ground simultaneously. The image can be recorded in video 
tapes for later analysis. The system can be powered by batteries and assem- 
bled on a back pack for one person to carry during field sampling, or loaded 
on a wheel cart (Box and Johnson, 1987; Brown and Upchurch, 1987; Box et 
al., 1989; Cheng et al., 1990 ). During recording, the moving speed of  the cam- 
era should be approximately 3 m m  s-  1 or less to facilitate subsequent observ- 
ing, counting and tracing of  the root image. Smucker et al. (1987) have re- 
ported a self-designed automatic device to move a camera in a minirhizotron 
tube one screen distance at a time. An image recording of  a root picture strip 
can be obtained after each t ime of sampling. 

ANALYSIS OF THE RECORDED IMAGE FOR ROOT TURNOVER 

In this step, a high quality VCR with four or more heads and a small TV set 
with a fiat and square-shaped screen are needed for the analysis of  the result- 
ing tapes of  root image in a laboratory. In this section, the hand drawing ap- 
proach by Bates ( 1937 ) and Waddington ( 1971 ) is modified and adapted to 
analysis of  the root image produced from the modern minirhizotron system. 
After field observation and image recording, the resulting tapes are ready for 
analysis. Each screen of  the live root picture strip from the first sampling is 
fixed on the screen though the pause function of  the VCR and then the live 
root is traced on a sheet of  clear plastic. A consecutive root picture strip from 
the first sampling date is obtained by displaying and tracing sequential and 
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continuous root images onto a clear polyethylene sheet for each minirhizo- 
tron tube. For all the following sampling dates, the same sheet is overlain on 
the TV screen, and the root picture already on the sheet is compared with that 
on the screen. Root growth and death incurred during each sampling interval 
are identified and traced or marked onto the same sheet. Newly grown roots 
are recognized by not being present on the previous sampling date. Criteria 
that can be used in identifying dead roots are: previously recorded roots that 
either turn dark (black or brown) or disappear from the picture. Different 
color pens can be used to designate different sampling dates. A planimeter is 
used to measure root length. Root length density can be calculated using the 
equation: 

RLD=L/(A'D) 

where RLD is root length density (cm cm -3) ,  L is the length reading from 
the map measure, A is the area of  the tube wall measured (cm 2 ), and D is the 
distance from the outside surface of the tube to the depth of  the soil in which 
roots can be observed in the camera, the actual value of  D is variable depend- 
ing on the types of  soil and plants (Huck and Taylor, 1982; Atkinson, 1985 ). 
The measured root growth and death can be recorded in a matrix structured 
data table with both the rows and columns designated for the periods of  sam- 
plings (Fig. 1 ). The following parameters of  root dynamics can be calculated 
using the data in the table: 

i = 1  

Dj= ,SD~j (i=l,2,3,j-1;j=l,2,3,. . .); 
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Fig. 1. A sample data sheet for analysis of recorded video tapes of root image from minirhizotrons. 
Note: i and j are both designated for time period between two recordings; Gi,= newly grown 
roots during the time period i; dij= roots which appeared during time period i died during time 
periodj. 
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j = l  

LRj=S(Gj j -D j )  ( j=  1, 2, 3, ...); 
J 

j = l  

DRj= XDj ( j=  1, 2, 3, ...); 
J 

j = l  

TPj=XGjs ( j=  1, 2, 3, ...); 
J 

sGrj=(GJtj)/[(LRu_1)+LRj)/2 ] ( j=  1, 2, 3, ...) 

sDrj=(DJtj) /[(LRo_,)+LRj)/2 ] ( j = l , 2 ,  3 .... ) 

TIj= (sGrj+sDrs)/2 j= 1, 2, 3 .... ) 

where Gjj is the root grown during the time periodj recorded in those diagonal 
cells of Fig. 1; D o designates the roots which appeared during time period i 
and died during time period j recorded in Fig. 1; LRj is the standing live root 
length density during time j; DRj is the total dead roots produced by time 
period j; TP s is the total root production until t ime j  from the beginning; tj is 
the time length during period j; sGrj is the specific root growth rate during 
time period j; sDrj is the specific root death rate during time period j; and T/s 
is the root turnover index during time periodj. 

DISCUSSION 

The method described above has been used with some success in root turn- 
over studies in agroecosystems (Cheng et al., 1990). One significant advan- 
tage of this method is that root turnover measurements produced using this 
method are direct observations instead of indirect estimates and that the ex- 
perimental conditions achieved by using minirhizotrons are more natural than 
with big rhizotrons. As is widely known, this method is nondestructive and 
less labor intensive than the conventional soil coring. It makes multiple rep- 
lications in the field possible (Brown and Upchurch, 1987; McMichael and 
Taylor, 1987). However, this method is based on one critical assumption; 
that is, the root dynamics observed from the soil-tube interface are repre- 
sentative of those in the bulk soil. The validity of this assumption has been 
discussed by Atkinson ( 1985 ) and Huck and Taylor ( 1982 ) in regard to rhi- 
zotrons. Calibration studies of minirhizotron methods in this aspect are very 
scarce. Vos and Groenwold (1987) have demonstrated that minirhizotron 
observations can be related quantitatively to soil core analyses with some de- 
gree of confidence. It has been reported that light leaks through the soil-tube 
interface (Levan et al., 1987 ), root damage during late installation (Bragg et 
al., 1983 ), and gaps existing between the soil and the minirhizotron wall (van 
Noordwijk et al., 1985 ) might result in an underestimate of root density by 
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the  m i n i r h i z o t r o n  t e c h n i q u e  a t  the  u p p e r  sur face  soil layer.  H o w e v e r ,  this  
p r o b l e m  can  be  pa r t i a l ly  so lved  by  us ing  l ight -shie ld ing  p r e c a u t i o n s  ( L e v a n  
et al., 1987 ) a n d  p r o p e r  ins ta l l a t ion  p r o c e d u r e s  (Box  a n d  J o h n s o n ,  1987 ). 

T h e  h a n d - t r a c i n g  t e c h n i q u e  i n v o l v e d  in th is  m e t h o d  is re la t ive ly  s imp le  
a n d  easy  to  learn ,  bu t  also t ed i ous  a n d  l abo r  in tens ive .  H o p e f u l l y  th is  pa r t  o f  
the  w o r k  will be  r ep l aced  by  c o m p u t e r s  in the  n e a r  fu tu re  as the  t e c h n i q u e s  o f  
i m a g e  ana lys i s  are  a d v a n c e d  ( S m u c k e r  et al., 1987; N e u f e l d  et al., 1989 ). 
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