
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/271804071

Root Growth, Respiration, and Carbon Dioxide Evolution in an Arctic Tundra

Soil

Article  in  Arctic and Alpine Research · May 1977

DOI: 10.2307/1550575

CITATIONS

97
READS

94

4 authors, including:

Some of the authors of this publication are also working on these related projects:

Alaska ecotypes View project

Philosophy of Science View project

K. M. Peterson

University of Alaska Anchorage

40 PUBLICATIONS   2,062 CITATIONS   

SEE PROFILE

Gaius R Shaver

Marine Biological Laboratory

303 PUBLICATIONS   32,987 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Gaius R Shaver on 13 August 2015.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/271804071_Root_Growth_Respiration_and_Carbon_Dioxide_Evolution_in_an_Arctic_Tundra_Soil?enrichId=rgreq-e1f8ad6b783559d49c8a9218d0d43430-XXX&enrichSource=Y292ZXJQYWdlOzI3MTgwNDA3MTtBUzoyNjIwMzA2NDUwMDIyNDBAMTQzOTQ4NDM4MjAzNA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/271804071_Root_Growth_Respiration_and_Carbon_Dioxide_Evolution_in_an_Arctic_Tundra_Soil?enrichId=rgreq-e1f8ad6b783559d49c8a9218d0d43430-XXX&enrichSource=Y292ZXJQYWdlOzI3MTgwNDA3MTtBUzoyNjIwMzA2NDUwMDIyNDBAMTQzOTQ4NDM4MjAzNA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Alaska-ecotypes?enrichId=rgreq-e1f8ad6b783559d49c8a9218d0d43430-XXX&enrichSource=Y292ZXJQYWdlOzI3MTgwNDA3MTtBUzoyNjIwMzA2NDUwMDIyNDBAMTQzOTQ4NDM4MjAzNA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Philosophy-of-Science-3?enrichId=rgreq-e1f8ad6b783559d49c8a9218d0d43430-XXX&enrichSource=Y292ZXJQYWdlOzI3MTgwNDA3MTtBUzoyNjIwMzA2NDUwMDIyNDBAMTQzOTQ4NDM4MjAzNA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-e1f8ad6b783559d49c8a9218d0d43430-XXX&enrichSource=Y292ZXJQYWdlOzI3MTgwNDA3MTtBUzoyNjIwMzA2NDUwMDIyNDBAMTQzOTQ4NDM4MjAzNA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/K-Peterson?enrichId=rgreq-e1f8ad6b783559d49c8a9218d0d43430-XXX&enrichSource=Y292ZXJQYWdlOzI3MTgwNDA3MTtBUzoyNjIwMzA2NDUwMDIyNDBAMTQzOTQ4NDM4MjAzNA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/K-Peterson?enrichId=rgreq-e1f8ad6b783559d49c8a9218d0d43430-XXX&enrichSource=Y292ZXJQYWdlOzI3MTgwNDA3MTtBUzoyNjIwMzA2NDUwMDIyNDBAMTQzOTQ4NDM4MjAzNA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Alaska-Anchorage?enrichId=rgreq-e1f8ad6b783559d49c8a9218d0d43430-XXX&enrichSource=Y292ZXJQYWdlOzI3MTgwNDA3MTtBUzoyNjIwMzA2NDUwMDIyNDBAMTQzOTQ4NDM4MjAzNA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/K-Peterson?enrichId=rgreq-e1f8ad6b783559d49c8a9218d0d43430-XXX&enrichSource=Y292ZXJQYWdlOzI3MTgwNDA3MTtBUzoyNjIwMzA2NDUwMDIyNDBAMTQzOTQ4NDM4MjAzNA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gaius-Shaver?enrichId=rgreq-e1f8ad6b783559d49c8a9218d0d43430-XXX&enrichSource=Y292ZXJQYWdlOzI3MTgwNDA3MTtBUzoyNjIwMzA2NDUwMDIyNDBAMTQzOTQ4NDM4MjAzNA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gaius-Shaver?enrichId=rgreq-e1f8ad6b783559d49c8a9218d0d43430-XXX&enrichSource=Y292ZXJQYWdlOzI3MTgwNDA3MTtBUzoyNjIwMzA2NDUwMDIyNDBAMTQzOTQ4NDM4MjAzNA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Marine-Biological-Laboratory?enrichId=rgreq-e1f8ad6b783559d49c8a9218d0d43430-XXX&enrichSource=Y292ZXJQYWdlOzI3MTgwNDA3MTtBUzoyNjIwMzA2NDUwMDIyNDBAMTQzOTQ4NDM4MjAzNA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gaius-Shaver?enrichId=rgreq-e1f8ad6b783559d49c8a9218d0d43430-XXX&enrichSource=Y292ZXJQYWdlOzI3MTgwNDA3MTtBUzoyNjIwMzA2NDUwMDIyNDBAMTQzOTQ4NDM4MjAzNA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gaius-Shaver?enrichId=rgreq-e1f8ad6b783559d49c8a9218d0d43430-XXX&enrichSource=Y292ZXJQYWdlOzI3MTgwNDA3MTtBUzoyNjIwMzA2NDUwMDIyNDBAMTQzOTQ4NDM4MjAzNA%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Measurement of Root Growth in Simulated and Natural Temperature Gradients
over Permafrost

W. D. Billings; G. R. Shaver; A. W. Trent

Arctic and Alpine Research, Vol. 8, No. 3. (Aug., 1976), pp. 247-250.

Stable URL:

http://links.jstor.org/sici?sici=0004-0851%28197608%298%3A3%3C247%3AMORGIS%3E2.0.CO%3B2-F

Arctic and Alpine Research is currently published by The Regents of the University of Colorado, a body corporate, contracting
on behalf of the University of Colorado at Boulder for the benefit of INSTAAR.

Your use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at
http://www.jstor.org/about/terms.html. JSTOR's Terms and Conditions of Use provides, in part, that unless you have obtained
prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you may use content in
the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/journals/regentsINSTAAR.html.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

The JSTOR Archive is a trusted digital repository providing for long-term preservation and access to leading academic
journals and scholarly literature from around the world. The Archive is supported by libraries, scholarly societies, publishers,
and foundations. It is an initiative of JSTOR, a not-for-profit organization with a mission to help the scholarly community take
advantage of advances in technology. For more information regarding JSTOR, please contact support@jstor.org.

http://www.jstor.org
Fri Jan 18 09:32:43 2008

http://links.jstor.org/sici?sici=0004-0851%28197608%298%3A3%3C247%3AMORGIS%3E2.0.CO%3B2-F
http://www.jstor.org/about/terms.html
http://www.jstor.org/journals/regentsINSTAAR.html


Arctic and Alpine Research, Vol. 8, No. 3, 1976,pp. 247-250 
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NATURAL TEMPERATURE GRADIENTS OVER PERMAFROST 
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ABSTRACT 

A method is described for measuring root and 
rhizome growth along temperature gradients in 
the field and under controlled conditions. Wedge- 
shaped Plexiglas sod boxes equipped with ther- 
mocouples are inserted into tundra soils over 
permafrost. After thaw has started, root and 
rhizome increases in length can be measured at 
intervals through the growing season by marking 
the positions of their tips on the sloping Plexiglas 

sides of the box. A similar box is used in a tem- 
perature-controlled coolant bath system in a con- 
trolled environment chamber. This latter system 
can simulate field temperature gradients down 
to and into permafrost. The simulated perma- 
frost level can be raised or lowered by changing 
the temperature of the circulating ethylene glycol 
bath. 

INTRODUCTION 

Soils in the arctic tundra of the Alaskan North 
Slope are completely frozen for 8 to 9 mo dur- 
ing the year. They thaw gradually to depths of 
about 20 to 50 cm in late June and July, and 
begin to refreeze in early September. Perma-
frost lies beneath the maximum depth of thaw. 
Soil temperatures in the thawed or active layer 
are low (generally between 0 and 10°C) except 
in sands or gravels where temperatures are some- 
what higher and depth of thaw may be as much 
as 1 m. 

In the wet coastal tundra, where the upper 
part of the soil profile is peat, 85 to 98y0 of the 

live vascular plant biomass consists of roots and 
rhizomes (Dennis and Johnson, 1970; J. G. Den-
nis and L. L. Tieszen, pers. comm., 1972). The 
importance of measuring growth rates in such a 
major component of the vegetation is obvious. 
However, because of the difficulties presented by 
the shallow depth of thaw in a very wet cold 
soil, few field measurements of root and rhizome 
growth have been made until recently (Shaver 
and Billings, 1975; Billings et al., unpublished). 
We have developed two complementary methods 
for measuring such growth in the field and under 
controlled conditions. 

METHODS 

The heart of both measurement systems is a 
wedge-shaped sod box, the sloping sides of which 
are Plexiglas. In the soil within the box, roots 
and rhizomes grow laterally or downward until 
they come in contact with the Plexiglas, become 
visible, and can be measured through time along 
the face of the transparent sloping sides. A root 
box of the field type is diagrammed in Figure 1. 
It has sloping Plexiglas faces held by screws to 

wooden sides. A drain is created by leaving a 5-
mm gap between the Plexiglas faces at the bot- 
tom of the wedge. 

The laboratory root boxes differ from those 
used in the field; they are made entirely of Plexi- 
glas sheets held together by screws. All four 
corners and bottom are then sealed by melting 
the seams with diethyl ether. This procedure 
produces a waterproof box which can be im- 
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sometime between July 1 and 15 after thaw has 
progressed to about 10 to 15 cm. 

LARORATORYMETHOD 
Figure 2 diagrams a longitudinal section 

through the laboratory control and measurement 
system. The system contains six all-Plexiglas 
boxes, as described above, filled with peat. The 
boxes are planted with vegetative tillers of the 
species selected for study. These planted boxes 
are inserted into an insulated container which 
includes a support for the root boxes and a pan 
through which a coolant mixture of ethylene gly- 
col and water is circulated. The lower 25% of 
the root boxes is immersed in the coolant. The 
support which rests on top of the coolant pan is 
a Plexiglas sheet with openings having the dimen- 
sions of the root boxes at that depth. Fiberglas 
insulation is packed between the sloping sides 
of the root boxes above the level of the support. 
This insulation and the support member keep the 
boxes in a vertical ~osi t ion.  

The coolant enters and leaves the pan through 
inlet and outlet ports of copper tubing connected 

FIGURE Plan of empty field root box with to insulated Tygon tubing. The coolant reservoir I .  an 
sloping Plexiglas faces and wooden sides. Thermo- is in a refrigerated and heated circulating rc-
couples are attached to the inner face of one frigeration unit (Forma Scientific Model 2095) 
Plexiglas face. beneath the insulated root growth container. In 

this system, there is no ice build-up on the tub- 
mersed in a coolant bath without daliiagc to root ing or on the outsides of the root boxes. The 
systems. Both t y p ~  of boxes are equipped with temperature of the coolant can be raised or 
thermocouples attached to one Plexiglas face at lowered by adjusting the controls on the refriger- 
5-cni intervals. The thermocouple wire in the ation unit. In this way, the upper level of frozen 
field boxes is routed out through holes in one of soil ("permafrost") in the root boxes can be 
the wooden sides of the box, as shoivn in F i g ~ ~ r e  raised or lowered at will. 
1, and ~ ~ p w a r d  to a potentiometer. In the labora- 
tory boxes. the thern~ocouple wire is brought to 
the soil surface inside the box to avoid contact 
with the coolant. 

FIFLDMETHODS 
The first fie!d boxes were installed at time of 

maximum thaw in the tundra near Barrow, 
Alaska, in Aug~lst 1971. Others were put in 
during August 1973; there is now a total of 36 
boxes. All are still in place and usable for mea- 
suring growth and soil temperatures. 

Installation consisted of cutting out a wedge- 
shaped sod block from a pure stand of a given 
graminoid species. The sod block was trimmed 
to fit into the box. Then, the box was inserted 
into the hole created by the removal of the sod 
block so that the soil surface of the block was the 
same as that of the undisturbed tundra. The 
boxes can be lifted for first root measurement 
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The whole system can be placed on benches in 
a controlled temperature room, or on a movable 
truck which can be taken from one phytotron 
chambcr to another. The four thermocouple 
leads from each of the six root boxes were con- 
nected to a 24-point recording potentiometer. 
In our experiments in a phytotron room, ambient 
air tenipxature was maintained at 10°C under 
cont in~~ouslight to simulate mid-summer tundra 
conditions. 

EXAMPLES OF RESULTS 
The kinds of data which can be obtained with 

this technique in the field and under controlled 
conditions are shown in Table 1. The field data 
are from "peak season" in late July 1974 from 
boxes installed in 197 1. The laboratory data are 
from August 16. 1975. 72 days after planting 
10 tillers per box. These merely illustrate 
a few of the kinds of measurements and manipu- 



FIGURE2. Diagram of a 
longi tud ina l  sect ion 
through the controlled-
temperature laboratory 
root growth and temDera- 
ture gradient system with 
artificial permafrost. For 

U U further description, see 
TEMPERATURE-CONTROLLED text.COOLANTC I R C U L A T O R  

Temperatures ( T ,  in O C )  and mean number of white live root tips ( R )  from both sloping faces 
along a depth gradient in root boxes in the field ( F )  and in the phytotron ( P )  for sods of the 

three principal graminoid species of the coastal tundra 

Dupontia fischeri Carer aq~iarilis Eriophor~rm a~lgustifolillm 

Depth F P F 

(cm) T R T R T R 

lations possible. They also show how well the 
experiment can be made to simulate field condi- 
tions. Table 1 also illustrates the different root 
growth modes of the three species from the 
shallow perennial systems of Dupontia to the 
deep "annual" root systems of Eriophorum in 
which the roots can grow at temperatures as low 
as O°C at the upper limit of permafrost. Addi-
tional field data appear in Shaver and Billings 
(1975) and in Billings et al. (unpublished). 
Early results under controlled conditions are re- 
ported by Trent (1972) and by Billings et al. 
(1973). 

P F P 

T R T R T R 
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