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The dynamic response of plant root respiration to increasing temperature and

global warming
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Abstract The global CO, flux from plant root respiration is estimated to be about 18 Pg C year™' which is around 2.8
times the rate of fossil fuel release in 1990’s. Information about the underlying mechanisms responsible for the dynamic
response of plant root respiration to temperature change is significant for evaluating belowground carbon budgets and
developing carbon dynamics models in terrestrial ecosystems. In this mini review we demonstrate that plant root respiration
rates increase with increasing temperature in a short-term but can return to initial rates when plants are exposed to higher
temperatures in the longer term. The temperature sensitivity of plant root respiration relates to plant species and also is
contingent upon the temperature range under consideration. (), values an indicator of temperature sensitivity range
widely from about 1.1 to 10. In the field the temperature sensitivity of plant root respiration is also affected by factors

including soil moisture nutrition regime the availability of respiratory substrate solar radiation weather conditions and
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photosynthetic activity. Generally the sensitivity of root respiration to temperature is greater than that for soil heterotrophic
respiration. However similar phenomena was not necessarily found in a laboratory study where temperatures were
controlled nor in a stem-girdling experiment in the field. Whether rates of root respiration acclimate to soil temperature
and the underlying mechanisms controlling such acclimation are still unresolved scientific problems. Acclimation of plant
root respiration may be an important source of uncertainty of recent climate change research. Such uncertainty will be
reduced by targeting research on the acclimation of root respiration with emphasis on old-growth plant species and factors
such as soil moisture elevated atmospheric CO, concentration and increasing N deposition. Application of new techniques
such as isotopic technology for measuring root respiration and temperature free-air controlled enhancement T-FACE

systems for warming plant canopies will enhance such understanding.
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Table 1 The temperature sensitivity of plant root respiration estimated by different plant species/type and measurement temperature

/ Qo Qo
Plant species /type Qo value Measurement Temperature and Q,, Calculation Method Reference
5~25C
. . 1.5~2.0 . . 71
Pinus radiata Measured at 5 —25°C  exponential equation
5~15C 15~25C
. 2.19~3.9 . . 26
Populus tremuloides Measured at 5 —15°Cand 15 -25°C  nonlinear equation
97 12 18 24C 60
Populus tremuloides ' Measured at 12 18 24°C Exponential equation
29 12 18 24C 60
Betula papyrifera ’ Measured at 12 18 24°C Exponential equation
)5 12 18 24C 60
Larix larcina ’ Measured at 12 18 24°C Exponential equation
23 12 18 24C 60
Pinus banksiana ’ Measured at 12 18 24°C  Exponential equation
23 12 18 24C 60
Picea marina ’ Measured at 12 18 24°C Exponential equation
7.8 ~18.4%C
. L 4.17 ~5.56 . ) 6
Larix gmelinii Measured at 7.8 —18.4°C  exponential equation
1
R 2.2-2.4 > . . 56
Pinus muricata Measured at 5 15°C  linear equation
512 18 25C
2.0 63

Abies lasiocarpa

Measured at 5 12 18 25°C

linear equation
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1
/ Qo Qo
Plant species /type Qo value Measurement Temperature and Q,, Calculation Method Reference
20 512 18 25C 63
Picea engelmanni ’ Measured at 5 12 18 25°C  linear equation
. 2.0 5~25C ' . 17
Pinus strobus Measured at 5 —25°C  exponential equation
4.6 2 -24C 16
Mixed-hardwood stand ’ Measured at 2 —24°C  exponential equation
50 8.7~18.5C 55
Mixed forest ’ Measured at 8.7 —18.5°C  exponential equation
, 2.4 6 -4 , , 32
Populus balsamifera Measured at 6 —24°C  exponential equation
' 29 6 ~24C ] ' ' 1
Picea glauca Measured at 6 —24°C  exponential equation
97 6 ~24°C ' . 0
Acer saccharum Measured at 6 —24°C  exponential equation
5~20°C
1.95~2.1 1
Acer saccharum Marsh. 95 5 Measured at 5 —20°C  linear equation 3
~24
. . . 3.0 6 C . . 32
Pinus resinosa plantation Measured at 6 —24°C  exponential equation
~24
. 2.4 6 c . . 32
Mixed hardwoods Measured at 6 —24°C  exponential equation
. 3.1 6 ~24°C . . ) 32
Quercus-Carya Measured at 6 —24°C  exponential equation
N N )6 6 ~24C ‘ ' ' 0
Liriodendron tulipifera Measured at 6 —24°C  exponential equation
4 : 2.6 6 -t : . 32
Pinus edulis Measured at 6 —24°C  exponential equation
_ 2.4 6 ~24C , _ 32
Juniperus monosperma Measured at 6 —24°C  exponential equation
, 2.4 6 ~24C _ _ 32
Mixed Quercus Measured at 6 —24°C  exponential equation
25 6 ~24°C 3
Pinus elliottii plantation ’ Measured at 6 —24°C  exponential equation
21 20 ~35°C 53
Citrus volkameriana ’ Measured at 20 —35°C  exponential equation
' o 18-2.0 10 ~40°C ‘ ' ' 23
Citrus sinensis L.  Osbeck Measured at 10 —40°C  exponential equation
) 2 03 410 18 25C ' . 7
Geum rossii Measured at4 10 18 25°C  linear equation
410 18 2
. 1.91 8 25%C . . 72
Geum. rossii Measured at4 10 18 25°C  linear equation
117 410 18 25C 7
Geum. triforum ’ Measured at 4 10 18 25°C linear equation
410 18 2
. 1.09 0 18 25°% . . 72
Geum. triforum Measured at4 10 18 25°C  linear equation
o 2.5~2.0 0-~20C o . 73
Dupontia fischeri Measured at 0 —20°C  linear equation
. 2.5~2.0 0 -20% . . 73
Carex aquatilis Measured at 0 —20°C  linear equation
13 21C
1.86 ~1.93 74
Plantago lanceolata Measured at 13 21°C linear equation
39 16%C
2.5~10 42
Festuca ovina Measured at 3 9 16°C linear equation
15 20 25 30°C
1.8 1.59 1.49 1.32 75
Triticum aestivum Measured at 15 20 25 30°C linear equation
Q 24 35 53 22 31 42
10
43 15 38 39 Bryla 25C  35C
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