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1. Introduction

Vegetation biomass and soil are two major C pools in the grassland
ecosystem (Hu et al., 2016). Globally, although the importance of
grazing exclusion (GE) in grassland C sequestration and the dynamics of
C pools as a result of grazing exclusion have been well reported
(Mcsherry and Ritchie, 2013), there is little knowledge about how
much C is sequestration or loss after grassland with grazing exclusion
(Hu et al., 2016). In our results, the rate of carbon stock change was
significantly declined along with the years of grazing exclusion in-
crease, which showed an exponential decay trend since grazing exclu-
sion (Deng et al., 2017). However, this conclusion cannot be accepted
by some researchers, such as Yuan et al., who are supposed that the
exponential decay trend varies with the years of grazing exclusion was
incorrect. In their Comment, Yuan et al. (2018) claim that the dis-
cordance of the best model exploring the change rate in C pool with the
years of grazing exclusion.

Specifically, they insist that the carbon stock change rate after GE as
a function of GE duration is a quotient calculated from the carbon stock
change after GE, and GE duration rather than carbon stock changes
drives the close relationship of inverse proportional function. They also
added that overestimation in degraded grasslands in china make our
results unreliable (Harris, 2010). In addition, they propose that mod-
erate grazing intensity will increase or stable vegetation carbon stock
based on the compensatory growth theory (Doescher et al., 1997;
Leriche et al., 2001), and GE management may further decrease the
possibility to restore grassland (Yuan et al., 2018).

According to the comments by Yuan et al. (2018), we first check the
reliability and accuracy of all the data, in the process of which there is
no mistakes and computation error. Similarly, we modeled the varying
carbon stock change rates with grazing exclusion durations based on
our data from meta-analysis by Deng et al. (2017). Importantly, the
development of vegetation is often restricted by eternal resource, and
eventually become stable and balanced (Jannedy et al., 2003),

indicating the importance of natural raw and stability of ecological
progress. For that reason, we conducted a comparative approach to
address the following question: (1) which models are better for pre-
dicting the change rate in C pools with the years of grazing exclusion
(2) Whether the exponential decay trend of the carbon stock change
rate was mainly cause by the year of grazing exclusion rather than the
change rate in C pools after grazing exclusion. (3) whether over-
estimation of GE management on grassland carbon stock change.

2. Methods

The relationships between C pools (biomass C pools and soil C pool)
and the years of grazing exclusion were estimated by a nonlinear model
using the nonlinear (weighted) least-squares estimates of the para-
meters (Bates and Watts, 1988). The least-squares estimates of the
parameters were determined using the nls function in R.

The nls function uses a relative-offset convergence criterion that
compares the numerical imprecision at the current parameter estimates
to the residual sum-of-squares. This performs well on data of the form.

= +y f(x, θ) eps.

(with var.(eps) > 0). It fails to indicate convergence on data of the
form.

=y f(x, θ).

because the criterion amounts to comparing two components of the
round-off error.

3. Results

3.1. Model the carbon stock change rate after grazing exclusion

The rates of changes in biomass C pools and soil C stocks showed an
decreasing trend with the years of gazing exclusion (All: R2≥ 0.80;
P < .001). Meanwhile, the exponential decrease function, depicting
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the dynamics of C stocks change, have the more higher explanatory
power than the inverse proportional function (R2=0.9842,
R2=0.9809, Fig. 1; R2=0.9120, R2=0.8272, Fig. 2; R2=0.9615,
R2=0.9555, Fig. 3). This finding potentially suggested that ex-
ponential decay model of C stocks change is more appropriate for de-
picting its decreasing trend with years of grazing exclusion. Contrary to
the results of Yuan et al. (2018), the exponential decay function also has
more explanatory power than the inverse proportional function.

3.2. The exponential decay model of carbon stock change rate with the
years of grazing exclusion

Regressing the rates of changes in C pools with the years of grazing
exclusion, showed a general exponential decreasing trend, depicting the
dynamics of the changing rate in biomass C pools and soil C stocks after
grazing exclusion. In comparison, the change rate of soil C stocks
reached a steady state (when the rate at the equilibrium point), fol-
lowed by AGBC and BGBC, indicating that the increase of soil C stock
lags behind the accumulation of biomass C stock after grazing exclusion
(Figs. 1, 2 and 3). Importantly, the steady state, rather than a decline
trend, was a common trend with the year of grazing exclusion.

4. Discussion

With the years of grazing exclusion, the change rates in C pools
showed a common decline trends both in biomass and soil, indicating C
pool increases with the year of grazing exclusion in grassland eco-
system. The increasing trends in C pools with grazing exclusion is
consistent with most studies on grassland of the world (Yayneshet et al.,
2009; Bagchi and Ritchie, 2010; Steffens et al., 2008; Golluscio et al.,
2009; Deng et al., 2017). Grazing exclusion increases biomass and plant
cover (Wang et al., 2014), and then reduces of output of C from eco-
system to livestock due to the removal of grazing pressure accelerates
organic matter (Deng et al., 2014).

4.1. The exponential decay function can better model the relationship
between GE duration and the change rates in C pools

Importantly, the changing rates in C pools first decrease rapidly and
then slowly decrease with the increasing GE duration, which has been
modeled by the exponential decay function or inverse proportional
function (Deng et al., 2017). Yuan et al. (2018) indicated that inverse
proportional function can more accurately model the carbon stock
change rate as a function of GE duration, in which process the precise
statistical methods and essence of ecological process are shortage
(Saunders et al., 2010). Similarly, comparing the results of two models,
we found the exponential decay function have more higher explanatory
ability both in grassland C pools and soil C stocks than inverse

Fig. 1. The exponential function model and inverse proportional function
model of the change rate between aboveground biomass carbon stock (AGBC)
and years of grazing exclusion. The black line and the red line indicate the
exponential function and inverse proportional function, respectively. (For in-
terpretation of the references to colour in this figure legend, the reader is re-
ferred to the web version of this article.)

Fig. 2. The exponential function model and inverse proportional function
model of the change rate between belowground biomass carbon stock (BGBC)
and age of grazing exclusion. The black line and the red line indicate the ex-
ponential function and inverse proportional function, respectively. (For inter-
pretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)

Fig. 3. The exponential function model and inverse proportional function
model of the change rate between soil carbon stock (Soil C) and age of grazing
exclusion. The black line and the red line indicate the exponential function and
inverse proportional function, respectively. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this
article.)
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proportional function (Figs. 1, 2, 3). Therefore, our finding is more
accurate than the results of Yuan et al., (2018), and it is more accordant
with ecological progress (Saunders et al., 2010; Jannedy et al., 2003).
And, the inverse proportional function model was incorrect, and was
not accordant with eventually stable theory. It is well known that the
pursuit of the statistical power is a precise behavior; Moreover, what we
are explore is the tendency and essence of natural low rather than the
more significant statistics. Importantly, the development of biome is
often restricted by eternal resource, and eventually become stable and
balanced (Jannedy et al., 2003). The exponential decay function is
more accordant with the eventually stable theory, while the inverse
function does not conform with the common theory, indicating blind
pursuit of significant statistic neglects the natural process of ecology
ecosystems. The exponential decay function was also fully demon-
strated in previous study (Hu et al., 2016; Xiong et al., 2016).

4.2. GE duration mainly drive the close exponential decay function
relationship between GE duration and the change rates in C pools

In addition, Yuan et al., 2018 also concluded that the exponential
decay trend of the carbon stock change rate was mainly caused by GE
duration, not by the changes in AGBC, BGBC and soil carbon stock after
grazing exclusion (Deng et al., 2017). In our study, we found that AGBC
changes reached a steady state (when the rate at the equilibrium point)
first, followed by BGBC, and then soil C (Appendix Fig. S1; Deng et al.,
2017), suggesting that the increase of BGBC lags behind the accumu-
lation of AGBC, and the increase of soil C stock lags behind the accu-
mulation of biomass C stock after GE. These results are consistent with
the expectation that changes in soil C stock lag behind changes in ve-
getation biomass C, as plant biomass is the major source of soil C inputs
(Hu et al., 2016). However, we did not illustrate the accurate estimates
of how long grazing exclusion duration must be for grassland restora-
tion. Combined with the part results of GE duration driven the re-
lationship, we can make our results improved. According to the two
theory: exponential decay function and carbon stock change rate
mainly caused by GE duration, the best estimates GE duration for stable
accumulation of C pool can be modeled and deduced after grassland
restoration.

4.3. GE duration initially increase and then continuously stable vegetation
carbon stock

Yuan et al., (2017) also claim that the overestimation in degraded
grasslands, and propose that moderate grazing intensity will increase or
stable vegetation carbon stock. The proof mainly concentrated on that
the most grazed sites in our results was under medium or severe grazing
and experienced degradation (Hu et al., 2016; Pei et al., 2008; Wu
et al., 2010). However, many researches do not have a consensus on
degradation grassland, even though gazing management has come into
being for a long time (Golluscio et al., 2009; Deng et al., 2017), which
can mislead that moderate grazing intensity will increase or stable
vegetation carbon stock. Moreover, our result only discussed the re-
lationship rather than grazing management on grassland C pools (Deng
et al., 2017), although GE management may further decrease the pos-
sibility to restore grassland (Yuan et al., 2018). Thus, GE duration in-
itially increase the vegetation carbon stock, and then continuously
stable vegetation carbon stock.

5. Conclusion

We simultaneously modeled the relationship between the change
rates of C pools and GE duration in grassland ecosystem. With the years
of grazing exclusion, a common decreasing rates of C pools both in
biomass and soil was found by two models, including exponential decay
function and inverse proportional function. Inconsistent with the results

of Yuan et al. (2018), we found that the exponential decay function has
higher explanatory ability to depict the change rates in C pool with the
years of grazing exclusion, which is accordant with ecological progress.
Thus, we insist on that exponential decay function can be more accurate
than inverse proportional function. In addition, we estimated and
concluded the best GE duration for grassland restoration when con-
sidering grazing exclusion duration as the primary reason for the
changing rate in the carbon stock change rate. In this aspect, we are in
accord with the result of Yuan et al., (2018), which duration rather than
vegetation carbon stock change drives the relationship between GE
duration and vegetation carbon stock change. Moreover, GE duration
initially increase the vegetation carbon stock, and then continuously
stable vegetation carbon stock, which deny the light grazing manage-
ment will increase or stable vegetation carbon stock in Yuan et al.,
(2018). The new comprehensive findings will provide more useful
ecological management for grassland restoration and C storage.

Acknowledgments

This work was supported by the National Natural Science
Foundationof China (41390463, 41501094, 41722107, 41525003), the
Youth Talent Plan Foundation of Northwest A&F University
(2452018025).

References

Bagchi, S., Ritchie, M.E., 2010. Introduced grazers can restrict potential soil carbon se-
questration through impacts on plant community composition. Ecol. Lett. 13,
959–968.

Bates, D.M., Watts, D.G., 1988. Nonlinear regression analysis and its applications.
Technometrics 32, 219–220.

Deng, L., Shangguan, Z.P., Wu, G.L., Chang, X.F., 2017. Effects of grazing exclusion on
carbon sequestration in China's grassland. Earth Sci. Rev. 173, 84–95.

Doescher, P.S., Svejar, T.J., Jaindl, R.G., 1997. Gas exchange of Idaho fescue in response
to defoliation and grazing history. J. Range Manag. 50, 285–289.

Golluscio, R.A., Austin, A.T., Martinez, G.C., Gonzalez-Polo, M., Sala, O.E., Jackson, R.B.,
2009. Sheep grazing decreases organic carbon and nitrogen pools in the Patagonian
Steppe: combination of direct and indirect effects. Ecosystems 12, 686–697.

Harris, R.B., 2010. Rangeland degradation on the Qinghai-Tibetan plateau: a review of
the evidence of its magnitude and cause. J. Arid Environ. 30, 233–239.

Hu, Z.M., Li, S.G., Guo, Q., Niu, S.L., He, N.P., Li, L.H., Yu, G.R., 2016. A synthesis of the
effect of grazing exclusion on carbon dynamics in grasslands in China. Glob. Chang.
Biol. 22, 1385–1393.

Jannedy, S., Bod, R., Hay, J., 2003. Probabilistic Linguistics. MIT Press, Cambridge,
Massachusetts (ISBN 0-262-52338-8).

Leriche, H., LeRoux, X., Gignoux, J., Tuzet, A., Fritz, H., Abbadie, L., Loreau, M., 2001.
Which functional processes control the short-term effect of grazing on net primary
production in grasslands? Oecologia 129, 114–124.

Mcsherry, M.E., Ritchie, M.E., 2013. Effects of grazing on grassland soil carbon: a global
review. Glob. Chang. Biol. 19, 1347–1357.

Pei, S.F., Fu, H., Wan, C.G., 2008. Changes in soil properties and vegetation following
exclosure and grazing in degraded Alxa desert steppe of Inner Mongolia, China. Agric.
Ecosyst. Environ. 124, 33–39.

Saunders, M., Glenn, A.E., Kohn, L.M., 2010. Exploring the evolutionary ecology of fungal
endophytes in agricultural systems: using functional traits to reveal mechanisms in
community processes. Ecol. Appl. 3, 525–537.

Steffens, M., Kolbl, A., Totsche, K.U., Kogel-Knabner, I., 2008. Grazing effects on soil
chemical and physical properties in a semiarid steppe of Inner Mongolia (PR China).
Geoderma 143, 63–72.

Wang, D., Wu, G.L., Zhu, Y.J., Shi, Z.H., 2014. Grazing exclusion effects on above- and
below-ground C and N pools of typical grassland on the Loess Plateau (China). Catena
123, 113–120.

Wu, G.L., Liu, Z.H., Zhang, L., Chen, J.M., Hu, T.M., 2010. Long-term fencing improved
soil properties and soil organic carbon storage in an alpine swamp meadow of wes-
tern China. Plant Soil 332, 331–337.

Xiong, D.P., Shi, P.L., Zhang, X.Z., Zou, C.B., 2016. Effects of grazing exclusion on carbon
sequestration and plant diversity in grasslands of China-a meta-analysis. Ecol. Eng.
94, 647–655.

Yayneshet, T., Eik, L.O., Moe, S.R., 2009. The effects of enclosures in restoring degraded
semi-arid vegetation in communal grazing lands in northern Ethiopia. J. Arid
Environ. 73, 542–549.

Yuan, Y.C., Li, B.L., Jiang, Y.H., Gao, X.Z., Zhang, T., Liu, Y., 2019. Did a meta-analysis
accurately estimate the temporal trends of carbon stock change after grazing exclu-
sion in China's grasslands? A comment on “Effects of grazing exclusion on carbon
sequestration in China's grassland,” by Deng et al. (2017). Earth Sci. Rev.https://doi.
org/10.1016/j.earscirev.2019.04.007.

H.-T. Miao, et al. Earth-Science Reviews 194 (2019) 452–454

454

http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0005
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0005
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0005
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0010
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0010
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0015
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0015
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0020
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0020
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0025
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0025
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0025
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0030
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0030
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0035
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0035
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0035
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0040
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0040
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0045
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0045
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0045
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0050
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0050
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0055
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0055
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0055
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0060
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0060
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0060
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0065
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0065
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0065
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0070
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0070
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0070
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0075
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0075
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0075
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0080
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0080
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0080
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0085
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0085
http://refhub.elsevier.com/S0012-8252(18)30610-X/rf0085
https://doi.org/10.1016/j.earscirev.2019.04.007
https://doi.org/10.1016/j.earscirev.2019.04.007

	Reply to the comment on “Effects of grazing exclusion on carbon sequestration in China's grassland”
	Introduction
	Methods
	Results
	Model the carbon stock change rate after grazing exclusion
	The exponential decay model of carbon stock change rate with the years of grazing exclusion

	Discussion
	The exponential decay function can better model the relationship between GE duration and the change rates in C pools
	GE duration mainly drive the close exponential decay function relationship between GE duration and the change rates in C pools
	GE duration initially increase and then continuously stable vegetation carbon stock

	Conclusion
	Acknowledgments
	References




