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Reviewer 1 

1. In some paragraphs, the English writing may be slightly improved. 

Changed in the manuscript: we have re-edited the language question by the 

Language Services of Elsevier.  

2. In the field, how are placed the different experimental columns? Did you have a 

random position, mixing the different modalities? 

Answer: we placed orderly the different treatments columns including replicated 

treatments.  

Changed in the manuscript: we added “were labelled and placed orderly” to 

interpret this. 

 

3. The authors mixed “perfectly” the chemical fertilizers with the sieved soils. It was 

not directly spread on the field/columns. This may be an artefact compared to the 

natural field, where fertilizers are spread on the soils, relatively far from the rock.  

Answer: We agree that this design have difference from the natural field. But 

considering the uniformity of all treatments, the results we got are still convinced. We 

will consider the comparison research in terms of different way and amounts of 

fertilizer addition.  

 

4. In the last part of the discussion, this point may be highlighted, as the authors 

compared their data with the literature… This way, their weathering rate may be 

(slightly) overestimated. This other point is that in the literature most studies approach 

the weathering estimate from riverine data as the authors discussed. 

Answer: we are pleased that you agree with that. 

 

5‐ L41 – 42 : “(…) processes including the reaction between carbonates and the 

protons derived (…)”. 

Changed in the manuscript: We removed “ the”. 

 

6‐ L 45 and 47: you may be more specific on the origin of sulfuric acid, and the role 

of acidic soil in the carbonate – proton relationship. “Acidic soil” is still too broad. 

 

Changed in the manuscript: changing into “sulfuric acid forming in the oxidation of 

reduced sulfuric minerals (mainly pyrite, FeS2),……. acidic soil (such as red soil, 

yellow soil) ” 

 

 

7‐ L55, you may add the increase proportion of mineral fertilizers (increase by 

365%), in order to compare with the 3.3% worldwide increase… I was wondering 

what was the cause of such sharp increase in chemical fertilizers consumption. Is it 

just an effect of the increase of the size of agricultural land or is it a consequence of a 

change of fertilizer habit (more NO3 or NH4 fertlizers)? 

 

Answer: The primary reasons why we set up the amount of added fertilizer in this 

study are: (1) the soil we used is untilled fresh soil which we sampled from B layer. 

Considering its low nutrition, we set up a higher fertilizer amount. (2)We just want to 

explore the different response of these different on carbonate weathering, and magnify 
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and quicken the short-term response. (3) It is a simple pre-study, but we think some 

findings are worthy published especially to CO2 consumption via carbonate 

weathering at agricultural areas. 

 

 

8‐ L118‐119: You worked on Guizhou area where the consumption of chemical 

fertilizers increased by about 26% (far less than the increase of fertilizer consumption 

at the scale of the whole country). 

Answer: It is true that according to the 2014 Guizhou statistical yearbook. 

 

9‐ L121: Could you be more specific for the soil classification, more precise than B 

horizon? 

Changed in the manuscript: we added“yellow-brown clay”. 

  

10‐ L123: did you crush (ground) the sample before to pass it through 2 mm sieve? 

Or did you pass the air‐dried soil through 2 mm sieve, and after you crushed it… 

this may seem to be a detail, but it is really important. 

Answer: all of soil samplers we sampled were ground first, and then sieved. 

 

11‐ L141: Did you have any silt or clay loss with a 0.5 mm net at the bottom of your 

column? Did you add some quartz wool in addition to the sand “filter” above the PE 

net? 

Answer: we didn’t consider the clay loss with the smaller particle. We will consider 

the quartz wool material as the member of filters in future studies. Thank you so much 

for your suggestions. 

 

12‐ L142‐143: “Two different carbonate rock tablets were buried in the bottom of 

each soil column”; by this, do you mean that you put only one tablet of two different 

carbonate rocks? So the carbonate rocks are different, or are they two aliquots of the 

same rock type? 

Answer: yes, we placed only one tablet of each carbonate rock in one column, but we 

designed 3 columns for each treatment as replicates. The carbonate rocks are different 

absolutely got from different area. 

 

13‐ L145‐150: How did you determine the weight of each chemical fertilizer 

applied on each soil experiment? 

Answer: The primary reasons why we set up the amount of added fertilizer in this 

study are: (1) the soil we used is untilled fresh soil which we sampled from B layer. 

Considering its low nutrition, we set up a higher fertilizer amount. (2)We just want to 

explore the different response of these different on carbonate weathering, and magnify 

and quicken the short-term response. (3) It is a simple pre-study, but we think some 

findings are worthy published especially to CO2 consumption via carbonate 

weathering at agricultural areas. 

In order to short the time of this experiment, and also considering the low nutrients of  

the fresh soil, we have added the amount of N, P and K fertilizer in local practical use 

in this manuscript like this: (N fertilizer: 160 kg N· ha-1; P fertilizer: 150 kg 

P2O5· ha-1; K fertilizer: 50 kg K· ha-1). According to the chemical formula and the 
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molecular weight of each fertilizer, we finally calculated the amount of added 

fertilizer for each treatment. 

 

14‐ L151‐152: you did mix each fertilizer with air‐dried soils. So the fertilizer 

was not spread on the column? As soil and fertilizers were perfectly mixed, did you 

also crush the chemical fertilizers or did you leave them in their original shapes? 

Answer: All the fertilizers are small granular with homogeneous size. They were 

perfectly mixed with soil. Undeniably speaking, the fertilizer may be spread partly on 

the wall of column in some cases, but we believe that its effect on our experiment 

results can be ignored. We will think it about in our further researches 

 

15‐ L158‐159: you used 2 carbonate types: a limestone and a dolostone. Did you 

put one tablet of each carbonate in the same column, or did you put 2 tablets of the 

same carbonate (in order to have duplicates) in the same column? 

16‐ L176: This is at this point that we know that you have triplicates. How did you 

obtain these triplicates: did you use different columns for replicates, or are they in the 

same columns… It is important in order to understand on which data you performed a 

statistical analysis. How many columns did you in total? 

Answer for 15 and 16: we placed only one tablet of each carbonate rock in one 

column, but we designed 3 columns for each treatment as replicates. 

 

 

17‐ You should add “respectively” at the end of your sentence when you’re listing 

some results… 

Changed in the manuscript:  we added it. 

 

18‐ L189: the “rest treatments”? do you mean the other chemical fertilizers other 

than NH4NO3, NH4Cl, (NH4)2CO3, NH4HCO3? 

Answer: yes, it is pointing the other chemical fertilizers than urea, NH4NO3, NH4Cl, 

(NH4)2CO3, NH4HCO3.   

Changed in the manuscript: The English language editor in Elsevier suggested us 

changing it into the remaining treatment, we did it. 

 

19‐ L206: you explain that there is no difference in the weathering behavior of 

limestone and dolostone, however the control experiment show different behavior. 

Did you test this similarity? 

Answer: yes, it is true that there is a difference between limestone and dolostone in 

control treatment. But we plotted the Rw of limestone vs. dolostone tablets in a linear 

correlation diagram, the results show that the Rw of limestone and dolostone exhibit a 

high positive correlation (R2=0.9773; see Fig. 4), indicating that the weathering of 

limestone and dolostone are similar under different treatments.  

Changed in the manuscript: see the details in the manuscript. 

 

 

20‐ L213‐215: you may present these 3 equations in the following order: (5) > (4) > 

(3), following an increasing pKa (or pH). 

Changed in the manuscript: we changed it. 
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21‐ L218: H2CO3 is not only formed in the soil, it is first formed in the atmosphere 

with the dissolution of atmospheric CO2(g) into rain droplets and rain, as CO2aq and 

then H2CO3. The concentration of H2CO3 is exacerbated into soil because of the 

presence of organic CO2 from respiration. And yes, one of the main control of 

carbonate dissolution is the amount of rainfall. 

That’s why is it important to know how the different columns were placed in the field, 

randomly or the same modalities were placed together (L223‐224). If randomly, you 

can say that rainfall may not be consider a controlling effect for your experiment. 

Answer: Thank you very much. It is true that the rainfall is a main controlling factor 

in the natural weathering processes. The rate of chemical weathering is higher in high-

precipitation area. However, in this study, we placed orderly the different treatments 

columns including replicated treatments in one specific place of field. To each 

treatment, the precipitation is same. So we conclude that the difference in weathering 

rate in each treatment is not caused by the precipitation. That’s what we are meaning. 

Changed in the manuscript: We changed it to make it clearer, see the manuscript. 

 

 

22‐ L231‐232: you may be more precise for “CO2 degassing”… Issued from 

carbonate dissolution? For respiration? 

Answer: In theory, the source of CO2 dissolved in water is from respiration (common 

cases), deep crust (tufa formation; areas where have thermal mineral spring), artificial 

source (CO2 capture and storage), etc. It is another big problem. No matter where 

they come from, these CO2 usually keep in their balance status in specific stratum. 

Some of them keep their balance in H2O-CO2-HCO3-carbonate system in water. 

Dramatic changes in the parameters of the CO2 system such as T, pH and/or pCO2 can 

cause CO2 degassing. Here, we just listed some cases which can result in CaCO3 

precipitation. 

 

Changed in the manuscript: we added some information like this “the degassing of 

dissolved CO2 due to dramatic changes in the parameters of the CO2 system (such as 

T, pH, pCO2, etc)” 

 

23‐ L244: the year of the publication from Singh et al is missing. 

Changed in the manuscript: it was added. 

 

24‐ L305: you did calculate the initial fertilizer –derived NH4 per unit. But it would 

be interesting to have the initial rate of fertilizer spread in the field and to compare it 

with what it is really applied in the Chinese agricultural watersheds. 

Answer: The reason why Table 4 was given is mainly to better understand the N 

balance of these fertilizers in their own reactions listed in table 3, to interpret how 

many NO3 derived from nitrification to further evaluate the effect of fertilizer on 

carbonate weathering.  

Yes, we believe that the comparison between the addition amount of fertilizer in this 

study and that in practical agricultural activity of local area is very interesting 

question. But it is another interesting question. It has a little difficult to do it here and 

make it sense since it needs another experiment design. We will consider conducting 

some experiment to fill the gaps between them in the future. 

 

25‐ L396‐397: ‐ Table 2: what is the significance of a, b, c behind the numbers 
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(ANOVA)? 

Answer: we deleted them and plotted the Rw of limestone vs. dolostone tablets in a 

linear correlation diagram (R2=0.9773; see Fig. 4) instead to further explain it. See 

the manuscript. 
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Reviewer 2 
1. In the methods section, very few data seem to have been collected from the soils 

during the experiment. For example was pH monitored? This is an important 

parameter and would have helped the authors determine which mechanism is 

responsible for their results. 

Answer: Before experiment, we tested the parameter of soil we used including soil 

pH organic matter (OM), NH4-N, NO3-N, available P, available K, available Ca, 

available Mg, available Fe, and available S. The results were listed in Table 1. 

As you mentioned, we regret pretty much that we didn’t monitor their change by 

testing them after experiment.  

 

2. The authors carry out experiments on soil columns in a field setting. What exactly 

does this mean? Some photos of the experimental setup might help explain. 

 Answer: The shape and inner structure of columns in this study were described in 

Fig. 2. We orderly placed them (11treatments*3 triplicates= 33 columns) in field (on 

line and row). No suitable pictures here. 

 

3. The authors should discuss the role played by bacteria in the system. Presumably 

the fertilizers could have stimulated bacteria which may have increased respiration 

and CO2 concentrations in the soil. This might account for some of the enhanced 

weathering. Can this mechanism be assessed? 

Answer: Thank you for your comment on this, the probability truly exits more or less 

here, but we think the effect on nitrification is more distinct according to the results in 

the urea, NH4NO3, NH4HCO3, NH4Cl, and (NH4)2CO3 treatments.  It is very difficult 

to distinguish and quantify their contribution in this study. We may try to do it by 

some isotope methods.  

Changed in the manuscript: we added relative statements in Section 4.1.  

In theory, the fertilizers could stimulate bacteria, which may increase respiration and 

CO2 concentrations in the soil, as a result, probable enhance carbonate weathering as 

Eq. (5). 

 

4. There are no high resolution SEM images of the tablets before or after the 

experiment. This may help the authors understand the loss mechanisms a bit better. 

The authors focus solely on chemical dissolution, although recently it has been 

suggested that mechanical grain detachment in carbonate rocks is likely to be an 

important weathering pathway. Imaging might help identify such a process. 

Answer: Your suggestion about SEM is very inspiring for us. We will use this 

method in our future study. We appreciate.   

 

 

5. Why was the reason for selecting the specific amounts of fertilizer? There is no 

explanation at all. Does this correspond to the amounts typically applied to crops? 

Also if this is to simulate the agricultural application does it make sense to mix the 

fertilizer thoroughly into the soil? 

Answer: The primary reasons why we set up the amount of added fertilizer in this 

study are: (1) the soil we used is untilled fresh soil which we sampled from B layer. 

Considering its low nutrition, we set up a higher fertilizer amount. (2)We just want to 

explore the different response of these different on carbonate weathering, and magnify 

and quicken the short-term response. (3) It is a simple pre-study, but we think some 
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findings are worthy published especially to CO2 consumption via carbonate 

weathering at agricultural areas. 

The amount is just for this comparison experiment. Undeniably, it is not perfect for 

linking this experiment with practical agricultural activities in local area. We are 

fixing on that. Some data and papers are in preparation.  

6. What kind of limestone and dolostone were used? What was the grain size and 

composition for example? Again, some SEM images here would help. 

Answer: As described in Methods section, the statement on carbonate rock tablets 

used in this study is that “Two different kinds of carbonate rock tablets (2 cm × 1 cm 

× 0.5 cm in size) were placed in the bottom of each soil column to examine the rate of 

carbonate weathering in the soil. The two different kinds of carbonate rock collected 

from the karst area of Huaxi District were: (1) limestone with 60-65 % micrite, 30-35 % 

microcrystalline calcite, and 2-3 % pyrite; and (2) dolostone with 98-99 % fine 

crystalline dolomite, 1 % pyrite, and trace quantities organic matter.” 

 

SEM image are a good advice for our further study. Thank you so much. 

 

7. Although the authors use both limestone and dolostone they don’t really discuss the 

differences in detail. For example, on the whole dolostone seems to weather more 

slowly than limestone, but there are some exceptions (ammonium carbonate for 

instance). Are the differences significant? If so, what do they mean? 

Answer: Thank you for your comment on it. We note it and added some statement on 

it. But there are no more points to discuss further, we think.  

 

Changed in the manuscript: We added the following statements in Section 3.2. 

Fig. 3 shows that, on the whole, the ratios of dolostone weathering are smaller than 

those of limestone weathering except (NH4)2CO3 treatment, exhibiting that dolostone 

weather more slowly than limestone under fertilization effects.  

In Fig. 4, we plotted the Rw of limestone vs. dolostone tablets in a linear correlation 

diagram, in order to compare the weathering responses of limestone with dolostone. 

The results show that the Rw of limestone and dolostone exhibit a high positive 

correlation (R
2
=0.9773; see Fig. 4), indicating that the weathering of limestone and 

dolostone are similar under different treatments. Thus, we will explain the results in 

terms of carbonates, rather than by way of the individual dolostone and limestone. 

 

 

 

8. In the conclusions, the authors state that the fact that the ammonium phosphate and 

sodium nitrate treatments did not impact the weathering rate raises a new question. 

But they don’t explicitly state what this question is. A similar phrase is used in the 

Abstract. 

Changed in the manuscript: we noticed that and made it clearer, we used a colon 

instead of a full stop in Abstract section: 

The results of NaNO3 treatment raise a new question: the negligible impact of nitrate 

on carbonate weathering may result in overestimation of the impact of N-fertilizer on 

CO2 consumption by carbonate weathering at the regional/global scale, if the effects 

of NO3 and NH4 are not distinguished. 

In conclusion part: we added a pointing expression like: The question is: ……..  
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9. Figure 3 is a bit confusing because of all the lower case letters (a,b, bc etc) dotted 

all over. What do they mean? It’s not explained in the caption. 

Changed in the manuscript: we deleted them and plotted the Rw of limestone vs. 

dolostone tablets in a linear correlation diagram (R2=0.9773; see Fig. 4) instead to 

further explain it. See the manuscript. 

 

 

 

10. Finally, careful English language editing would significantly improve the paper. 

Apart from numerous grammatical errors, it may also help organize the discussion. 

For example the section 4.2 is a bit of a mess and does not flow at all. 

Changed in the manuscript: we have re-edited the language question by the 

Language Services of Elsevier.  
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 13 

Abstract: Carbonate weathering, as a significant vector for the movement of carbon 14 

both between and within ecosystems, are is strongly influenced by anthropogenic 15 

perturbations such as agricultural fertilization,.  since the addition of fertilizers tends 16 

to change the chemical characteristics of soil such as the pH value. Different 17 

fertilizers may exert a different impact on carbonate weathering, but their these 18 

discrepanciesdifferences are as of yet not still well-known so far. In this study, a field 19 

column experiment was employed conducted to explore the responses of carbonate 20 

weathering to the addition of different fertilizers addition. The eleven different 21 

treatments with three replicates including control, NH4NO3, NH4HCO3, NaNO3, 22 

NH4Cl, (NH4)2CO3, Ca3(PO4)2, (NH4)3PO4, fused calcium-magnesium phosphate 23 

fertilizer (Ca-Mg-P), Urea and K2CO3 were established in this column experiment, 24 

where limestone and dolostone tablets were buried at the bottom of each to determine 25 

the weathering amount and ratio of carbonate in soil. We compared 11 different 26 

treatments, including a control treatment, using 3 replicates per treatment. Carbonate 27 

weathering was assessed by measuring the weight loss of limestone and dolostone 28 

tablets buried at the bottom of thesoil-filled columns. The results showed that the 29 

addition of urea, NH4NO3, NH4HCO3, NH4Cl and (NH4)2CO3 distinctly increased 30 

carbonate weathering, which was attributed to the nitrification of NH4
+, +. and tThe 31 

addition of Ca3(PO4)2, Ca-Mg-P and K2CO3 induced carbonate precipitation due to 32 

the common ion effect. Whereas theThe addition of (NH4)3PO4 and NaNO3 addition 33 

did not significantly impact significantly on carbonate weathering. The results of 34 
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NaNO3 treatment seem to be raisingraise a new question: the negligiblelittle impact of 35 

nitrate on carbonate weathering may result in the overestimation of the impact of 36 

N-fertilizer on CO2 consumption by carbonate weathering at the regional/global scale, 37 

if the effects of NO3 and NH4 are not distinguished. Moreover, in order to avoid 38 

misunderstanding more or less, the statement that nitrogenous fertilizer can aid 39 

carbonate weathering should be replaced by ammonium fertilizer. 40 

Keywords: Carbonate weathering; Column experiment; Nitrogenous fertilizer; 41 

Phosphate fertilizer; Southwest China 42 

 43 

 44 

1. Introduction  45 

Carbonate weathering plays a significant role in consumption of the elevated 46 

atmospheric CO2 (Kump et al., 2000; Liu et al., 2010; Liu et al., 2011)(Kump et al., 47 

2000; Liu et al., 2010; 2011)(Kump et al., 2000; Liu et al., 2010; 2011). The rRiverine 48 

hydro-chemical composition, such as the ratio of HCO3
- and to Ca2+ + Mg2+, is 49 

usually employed as an indicator to estimate the CO2 consumption by natural 50 

carbonate weathering at the regional/global scale (Hagedorn and Cartwright, 2009; Li 51 

et al., 2009)(Hagedorn and Cartwright, 2009; Li et al., 2009)(Hagedorn and 52 

Cartwright, 2009; Li et al., 2009). However, fluvial alkalinity may also be produced 53 

by other processes including the reaction between carbonates and the protons derived 54 

from: (i) from the nitrification of N-fertilizer a disturbance to CO2 consumption 55 

estimation is introduced because the fluvial alkalinity, Ca2+ and Mg2+ may also be 56 
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produced due to the reaction between carbonate and the protons which can originate 57 

from the nitrification processes of N-fertilizer (Barnes and Raymond, 2009; Chao et 58 

al., 2011; Gandois et al., 2011; Hamilton et al., 2007; Oh and Raymond, 2006; Perrin 59 

et al., 2008; Pierson-wWickmann et al., 2009; Semhi and Suchet, 2000; West and 60 

McBride, 2005)(Barnes and Raymond, 2009; Chao et al., 2011; Gandois et al., 2011; 61 

Hamilton et al., 2007; Oh and Raymond, 2006; Perrin et al., 2008; Pierson-wickmann 62 

et al., 2009; Semhi and Suchet, 2000; West and McBride, 2005)(Barnes and Raymond, 63 

2009; Chao et al., 2011; Gandois et al., 2011; Hamilton et al., 2007; Oh and Raymond, 64 

2006; Perrin et al., 2008; Pierson-wickmann et al., 2009; Semhi and Suchet, 2000; 65 

West and McBride, 2005),; (ii) from the sulfuric acid forming in the oxidation of 66 

reduced sulfuric minerals (mainly pyrite, FeS2) (Lerman and Wu, 2006; Lerman et al., 67 

2007; Li et al., 2008; Li et al., 2009)(Lerman and Wu, 2006; Lerman et al., 2007; Li et 68 

al., 2008; Li et al., 2009)(Lerman and Wu, 2006; Lerman et al., 2007; Li et al., 2008; 69 

Li et al., 2009),; (iii) from organic acid secreted by microorganisms (Lian et al., 70 

2008)(Lian et al., 2008)(Lian et al., 2008);, as well asand (iv) from acidic soil (such as 71 

red soil, yellow soil) (Chao et al., 2014; Chao et al., 2017)(Chao et al., 2014)(Chao et 72 

al., 2014).  Given the that atmospheric CO2 is not the a unique weathering agent, 73 

differentiating the agent of carbonate weathering is more and more significant to 74 

enableimportant for the accurate budgeting of the net CO2 consumption by carbonate 75 

weathering, especially in agricultural areas where mineral fertilizers are usedarea.  76 

The world global average annual increase in mineral fertilizer consumption was 77 

3.3 % from 1961 to 1997, and FAO’s study predicts a 1 % increase per year until 78 
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2030 (FAO, 2000). For In China, the consumption of chemical fertilizer increased 79 

from 12.7 Mt in 1980 to 59.1 Mt in 2013 (Fig. 1). The Increasing increasing 80 

consumption of chemical mineral fertilizers is a significant disturbance factor of in 81 

carbonate weathering and the carbon cycle. Many Several studies have showed shown 82 

that nitrogen fertilizer additions aided increased in the dissolution of lime weathering 83 

rates, and also increased the total export of DIC from agricultural watersheds (Barnes 84 

and Raymond, 2009; Gandois et al., 2011; Hamilton et al., 2007; Oh and Raymond, 85 

2006; Perrin et al., 2008; Pierson-wWickmann et al., 2009; Probst, 1986; Semhi and 86 

Suchet, 2000; West and McBride, 2005)(Barnes and Raymond, 2009; Gandois et al., 87 

2011; Hamilton et al., 2007; Oh and Raymond, 2006; Perrin et al., 2008; 88 

Pierson-wickmann et al., 2009; Probst, 1986; Semhi and Suchet, 2000; West and 89 

McBride, 2005)(Barnes and Raymond, 2009; Gandois et al., 2011; Hamilton et al., 90 

2007; Oh and Raymond, 2006; Perrin et al., 2008; Pierson-wickmann et al., 2009; 91 

Probst, 1986; Semhi and Suchet, 2000; West and McBride, 2005). According to the 92 

estimation fromestimates by Probst (1988) and Semhi et al. (2000), the contribution of 93 

N-fertilizers to carbonate dissolution represents was 30 % and 12-26 %, respectively, 94 

onin two small agricultural carbonate basins in south-western France, the Girou and 95 

the Gers, respectively (subtributary and tributaryies of the Garonne riverRiver, 96 

respectively). For In lager basin level, such as the Garonne river River basinBasin, 97 

which is a larger basin (52,000 km2), this contribution was estimated at 6 % by Semhi 98 

et al. (2000). At national and global scales, Perrin et al. (2008) estimated that the 99 

deficit contribution of CO2 uptake due to N-fertilizer addition (usually in form of 100 
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NH4NO3) represents up to 5.7-13.4 % and only 1.6-3.8 %  of the total CO2 flux 101 

naturally consumed bytoof the carbonate dissolution, forin France and across the on a 102 

gglobal scale, respectively. 103 

 104 

These estimated results  estimates described above wereare usuallylargely based 105 

on calculations that assumeding that a single type of fertilizer (e.g. (NH4)2SO4, 106 

NH4NO3, or NH4Cl) was used throughout the whole basin that was considered. 107 

Howeverwere usually based on a hypothesis of individual fertilizer (e.g. (NH4)2SO4, 108 

NH4NO3, or NH4Cl) input into an agricultural basin. Nevertheless, in actual 109 

agricultural practices, at an agricultural basin, different fertilizers are usually added 110 

for different crops in actual agricultural practices. The impact of these fertilizers on 111 

carbonate weathering and riverine chemical composition may be different. For In the 112 

case of nitrogenous fertilizer, 100 % NO3
- produced after the addition (NH4)2SO4 and 113 

NH4Cl is derived from the nitrification of NH4
+, whilst comparatively, it is only 50 % 114 

after the addition of NH4NO3. The dDifferences of in NO3
- sources may cause 115 

theproduce an evaluated deviation of in the impact of N-fertilizer addition on CO2 116 

consumption by carbonate weathering. Because, since the addition of different 117 

N-fertilizers (e.g. (NH4)2SO4, NH4NO3, NH4Cl, NaNO3 or urea) may result in 118 

different contributions to carbonate weathering and relative products such as HCO3
-, 119 

Ca2+ and Mg2+. For phosphate fertilizer, the coprecipitation of phosphate ions with 120 

calcium carbonate may inhibit carbonate weathering (Kitano et al., 1978)(Kitano et al., 121 

1978)(Kitano et al., 1978). We suppose assume that the response of carbonate 122 

weathering to the addition of different fertilizers, such as N-fertilizer (NH4 and NO3), 123 

P-fertilizer and Ca/Mg fertilizer, may display differences, which is are so far poorly 124 

known, so far but likely significant. Here we sought to fully well understand the 125 
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agricultural force impact on natural carbonate weathering, and to accurately evaluate 126 

the CO2 consumption via carbonate weathering in agricultural areas.  127 

Moreover, TtThe carbonate-rock-tablet test is used to determine the weathering 128 

rate of carbonate rock/mineral from the laboratory to the field (Chao et al., 2011; 129 

Chao et al., 2014; Dreybrodt et al., 1996; Gams, 1981; Gams, 1985; Jiang and Yuan, 130 

1999; Liu and Dreybrodt, 1997; Plan, 2005; Trudgill, 1975)(Chao et al., 2014; Chao 131 

et al., 2011; Dreybrodt et al., 1996; Gams, 1981; Gams, 1985; Jiang and Yuan, 1999; 132 

Liu and Dreybrod, 1997; Plan, 2005; Trudgill, 1975)(Gams, 1981; Chao et al., 2011; 133 

Trudgill, 1975; Chao et al., 2014; Dreybrodt et al., 1996; Gams, 1985; Jiang and Yuan, 134 

1999; Liu and Dreybrod, 1997; Plan, 2005). In the laboratory, the 135 

carbonate-rock-tablet is employed to study the kinetics of calcite 136 

dissolution/precipitation (Dreybrodt et al., 1996; Liu and Dreybrodt, 1997)(Dreybrodt 137 

et al., 1996; Liu and Dreybrod, 1997)(Dreybrodt et al., 1996; Liu and Dreybrod, 1997) 138 

and determine the rate of carbonate mineral weathering in the soil column (Chao et al., 139 

2011)(Chao et al., 2011)(Chao et al., 2011). However, in the field, it is also used to 140 

observe the rate of carbonate weathering and estimated CO2 consumption by 141 

carbonate weathering (Chao et al., 2014; Jiang and Yuan, 1999; Jiang et al., 2013; 142 

Plan, 2005)(Chao et al., 2014; Jiang and Yuan, 1999; Jiang et al., 2013; Plan, 143 

2005)(Chao et al., 2014; Jiang and Yuan, 1999; Jiang et al., 2013; Plan, 2005). 144 

Although Liu (2011) argued that the carbonate-rock-tablet test may lead to the 145 

deviations of in estimated CO2 consumption by carbonate weathering at the 146 

regional/global scale, in the cases ofwhere there are insufficient representative data 147 

(Liu, 2011)(Liu, 2011)(Liu, 2011),. our results show thatyet iIt is nonetheless 148 

athe preferred optionmethod for the condition controlled contrastcomparative or 149 

stimulated experiment (Chao et al., 2011; Chao et al., 2014; Chao et al., 2017) (Chao 150 
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et al., 2014; Chao et al., 2011)(Chao et al., 2011; Chao et al., 2014),. Where the result 151 

from the carbonate-rock-tablet test is consistent to the major element geochemical 152 

data of leachates from soil column(Chao et al., 2011). 153 

ThusTherefore, in order to observe their difference between the impacts of 154 

different fertilizer addition on carbonate weathering in soil, a A field column 155 

experiment that involved embedding carbonate -rock- tablets with eleven different 156 

treatments was carried out in a typical karst area of southwest China, in order to 157 

observe the impacts of different fertilizer additions on carbonate weathering in soil. 158 

2. Materials and Methods 159 

2.1 The study site  160 

This study was carried out in a typical karst area, namely the HuaXi Huaxi 161 

district District of Guiyang cityCity, Guizhou provinceProvince, SW China (26°23′N, 162 

106°40′E, 1094 m aslASL). Guiyang, the capital city of Guizhou Province, is located 163 

in the central part of The the Provinceprovince, covering an area from 26°11′00″ to 164 

26°54′20″N and 106°27′20″ to 107°03′00″E (aboutapproximately 8,000 km2), with 165 

elevations ranging from 875 to 1655 m above mean sea levelASL. Guiyang has a 166 

population of more than 1.5 million people, a high wide diversity of karstic landforms, 167 

a high elevations and low latitude, with a subtropical warm-moist climate, and an 168 

average annual average temperature of 15.3 °C and annual precipitation of 1200 mm 169 

(Lang et al., 2006)(Lang et al., 2006)(Lang et al., 2006). A monsoonal climate often 170 

results in high precipitation during summer, with and  much less during winter, 171 

although the humidity is often high during throughout most of the year (Han and Jin, 172 

1996)(Han and Jin, 1996)(Han and Jin, 1996). Agriculture is a major land use in order 173 
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to produce the vegetables and foods in the suburbs of Guiyang (Liu et al., 2006)(Liu 174 

et al., 2006)(Liu et al., 2006). The consumption of chemical fertilizer increased from 175 

0.8 150 kg/ha Mt in 1980 to 1.0190 kg/ha Mt in 2013 (GBS, 2014)(GBS, 2014)(GBS, 176 

2014).  177 

2.2 Soil properties 178 

The soil used in this column experiment was  yellow-brown clay, which sampled 179 

from the B horizon (below 20 cm in depth) of yellow-brown soil profile infrom  dug 180 

from a cabbage-corn or capsicum-corn rotation plantation in Huaxi dDistrict, . ItThe 181 

soil was air-dried, ground to pass through a 2-mm sieve, mixed thoroughly and used 182 

for the soil columns. The soil pH (Vsoil:Vwater = 1:2.5) were was determined by pH 183 

meter. The chemical characteristics of the soil, in cluding organic matter (OM), 184 

NH4-N, NO3-N, available P, available K, available Ca, available Mg, available S and 185 

available Fe, and available S were determined according to the Agro Services 186 

International (ASI) Mmethod  (Hunter, 1980)(Hunter, 1980)(Hunter, 1980),. OM 187 

was determined using an where the extracting solution used for O.M. containeding 0.2 188 

mol l−1 NaOH, 0.01 mol l−1 EDTA, 2 % methanol, and 0.005 % Superfloc 127, . 189 

NH4-N, NO3-N, available Ca, and Mg were determined based using on an extraction 190 

extracting solution ofby  1 mol l−1 KCl solution, whereas available K, P and Fe were 191 

determined using an extracted by extracting solution containing 0.25 mol l−1 NaHCO3, 192 

0.01 mol l−1 EDTA, 0.01 mol l−1 NH4F, and 0.005 % Superfloc 127, . Finally, and 193 

available S was determined using an extracting solution of ed by 0.1 mol l−1 194 

Ca(H2PO4)2 and 0.005 % Superfloc 127. The results are shown in Table 1.  195 
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2.3 Soil column and different fertilization treatments 196 

In order to test the hypothesis that the responses of the impact of different 197 

chemical fertilizers on carbonate weathering may be different, columns (Ø = 20 cm, 198 

H= 15 cm) were constructed from 20- cm diameter polyvinylchloride (PVC) pipe (Fig. 199 

2). A hole (Ø = 2 cm) were was established placed at the bottom of each column to 200 

discharge soil water from the of soil column. A polyethylene net mesh (Ø 0.5 mm) 201 

was placed in the bottom of the columns to prevent the soil loss of the filter material. 202 

A 2 cm thick filter sand layer, with 2 cm thickness including gravel, coarse sand and 203 

fine sand, was spread onover the net.  Two different carbonate rock tablets were 204 

buried in the bottom of each soil column (Fig . 2). According toBased on the common 205 

kinds of chemical fertilizers and the main objective of this study, eleven fertilization 206 

treatments, each with three replicates, were set up in the field column experiment. 207 

There are were set up: (1) control without fertilizer (CK); (2) 43g NH4NO3 fertilizer 208 

(CF); (3) 85g NH4HCO3 fertilizer (NHC); (4) 91g NaNO3 fertilizer (NN); (5) 57g 209 

NH4Cl fertilizer (NCL); (6) 51g (NH4)2CO3 fertilizer (NC); (7) 52g Ca3(PO4)2 210 

fertilizer (CP); (8) 15g (NH4)3PO4 fertilizer (NP); (9) 44g fused calcium-magnesium 211 

phosphate fertilizer (Ca-Mg-P); (10) 32g Urea fertilizer (U); and (11) 10g K2CO3 212 

fertilizer (PP). To shorten the experiment time and enhance the effect of fertilization, 213 

the added amount of fertilizers in these treatments motioned above was increased to 214 

30 times than its local practical amount (N fertilizer: 160 kg N· ha-1; P fertilizer: 50 kg 215 

P· ha-1; K fertilizer: 50 kg K· ha-1). TheAn aliquot of 6 kg of soil was weighed (bulk 216 

density = 1.3 g/cm3), mixed perfectthroughly with one of the above fertilizers, 217 
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respectively, and filled into its own column. This process was repeated for all three 218 

replicates of the 11 fertilizer treatments. These soil columns were labelled and placed 219 

orderly at the field experiment site in Huaxi District, Guiyang of Southwestern China 220 

for a whole year. 221 

2.4 The rate of carbonate weathering 222 

Two different kinds of carbonate rock tablets (2 cm × 1 cm × 0.5 cm in size) were 223 

established placed in the bottom of each soil column to explore examine the rate of 224 

carbonate weathering in the soil. The two different kinds of carbonate rock collected 225 

from the karst area of Huaxi dDistrict were: (1) limestone with 60-65 % micrite, 226 

30-35 % microcrystalline calcite, and 2-3 % pyrite; and (2) dolostone with 98-99 % 227 

power fine crystalline dolomite, 3-5% microcrystalline calcite, 1 % pyrite, and little 228 

trace quantities organic matter. All of the tablets were baked heated at 80 °C for 4 229 

hours, then weighed in a 1/10000 electronic balance in the laboratory, tied to a labeled 230 

by tying a label with fishing line, and then buried at the bottom of each soil column. 231 

After a whole year,  Tthey tablets were taken outremoved carefully, rinsed, baked 232 

and weighed after a whole year. 233 

The amount of weathering carbonate weathering (Acw), the ratio of carbonate 234 

weathering  (Rcw) and the rate of carbonate weathering (Racw) for limestone and 235 

dolomite were calculated according to the weight difference of the tablets using the 236 

following formulas: 237 

Acw = (Wi-Wf)                               (1) 238 

Rcw = (Wi-Wf)/ Wi                            (2) 239 
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Racw = (Wi-Wf)/(S*T)                         (3) 240 

where Wi is the initial weight of the carbonate- rock -tablets, Wf is their final weights, 241 

S is the surface area of carbonate weathering rock tablets, and T is the length of the  242 

experimental period.  243 

2.5 Statistical analysis 244 

Statistical analysis was performed using IBM SPSS 20.0 (Statistical Graphics 245 

Crorp, Princeton, USA). All results of carbonate weathering were reported as the 246 

means ± standard deviations (SD)means standard errors (SE) for the three 247 

replicationes. asStatistical analysis was performed using IBM SPSS 20.0 (Statistical 248 

Graphics Crop, Princeton, USA).  249 

 250 

3. Results 251 

3.1 The wWeathering rate of carbonate under different fertilized treatments 252 

weathering of under different treatmentsThe  amount (ARcw),  and the ratio 253 

(Racw ) and the rate (Racw) of limestone and dolostonecarbonate weatheringweare 254 

listed  in Table 2. were listed The results showed that in Table 2, and the Rcw were 255 

plotted in Fig. 3. The results in Table 2 and Fig. 3 The results showed Tthe Acw，Rcw 256 

and Racw of carbonate weatheringlimestone and dolomite weathering under urea, 257 

NH4NO3, NH4Cl, (NH4)2CO3NH4HCO3, NH4Cl and NH4HCO3 (NH4)2CO3 treatments 258 

were 8.48 ± 0.96, 6.42 ± 0.28, 5.54 ± 0.64, 4.44 ± 0.81 and 4.48 ± 0.95 ‰ (mean±SD, 259 

p<0.05) positive, respectively, and much biggersignificantly greater than that under 260 

the control treatment 0.48 ± 0.14 ‰ (see Fig. 3, ). In addition, the observed Rw of as 261 
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observed in dolomitestone were ( 6.59 ± 0.67, 5.30 ± 0.87, 4.77 ± 0.78, 4.94 ± 1.91 262 

and 3.22 ± 0.87 ‰ respectively, under these same five fertilization treatments, in 263 

contrast to vs. -0.31 ± 0.09 ‰ in the control treatment). This suggesting 264 

manifestedclearly demonstrates that the addition of these five fertilizers can aid and 265 

increased the rate of the chemical weathering of carbonate weathering. . 266 

 267 

 The remaining st treatments hadmade no significant differences in the Rw and 268 

Rcaw of limestone and dolomitestone in comparison with to the control treatment (Fig. 269 

3). In In the (NH4)3PO4 treatment, the AcwRw, and Racw were only 1.08 ± 270 

0.34 ‰,-0.0028g and -0.00070.75 ± 0.21‰g for limestone and dolomite, respectively, 271 

while the Raw were 4.00 ± 1.15 g·m-2·a-1-1.08‰ and 1.00 ± 1.01-0.75 g·m-2·a-1‰ for 272 

limestone and dolomite, respectively, . These values are less than those under the 273 

other four NH4-fertilizers, as mentioned above. The Acw, Rcw Rw and Racw in the 274 

NaNO3 treatments failed to show a remarkable notable differences with the control 275 

treatment, implying exhibiting little effect of the NaNO3 fertilizer addition on 276 

carbonate weathering (Fig. 3).   277 

However, eExcept for the Rcw of limestone approaching zero in the Ca3(PO4)2 278 

treatment approaching zero, all the values of the Acw, Rcw and Racaw of two 279 

different carbonate in Ca-Mg-P and, K2CO3 and Ca3(PO4)2 treatments showed a 280 

negative values,. This indicating indicates that the addition of Ca-Mg-P , K2CO3 and 281 

Ca3(PO4)2 fertilizers can leadled to the precipitation at the surface of the carbonate 282 

mineral, which can be explained by common ion effect. 283 
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3.2 The cComparison of limestone of dolomite 284 

Fig. 3 shows that, on the whole, the ratios of dolostone weathering are smaller 285 

than those of limestone weathering except (NH4)2CO3 treatment, exhibiting that 286 

dolostone weather more slowly than limestone under fertilization effects.  287 

In Fig. 4, we plotted the Rw ofIn order to compare The result of limestone withvs. 288 

dolomitestone tablets in a, we plotted Fig. 4, a linear correclation diagram, in order to 289 

compare the weathering responses of  with the Rw of limestone vs. dolostone 290 

tabletslimestone with dolostone. The results shows that the Rw of limestone and 291 

dolostone exhibits a high positive correlaction (R2=0.9773,; see Fig. 4), 292 

suggestindicating that the weathering of ANOVA was  use the limestone and 293 

dolostone are similar under different treatments were similar. Thus, we will explain 294 

the results with in terms of carbonates, rather than instead of by way of the individual 295 

dolostone and limestone.  was used to determine the differences of weathering rate 296 

between limestone and dolostone. 297 

 298 

4. Discussion 299 

4.1 The carbonate rock tablet test: the validation of this experiment 300 

The carbonate-rock-tablet test is used to determine the weathering rate of 301 

carbonate rock/mineral from laboratory to field (Gams, 1981; Chao et al., 2011; 302 

Trudgill, 1975; Chao et al., 2014; Dreybrodt et al., 1996; Gams, 1985; Jiang and 303 

Yuan, 1999; Liu and Dreybrod, 1997; Plan, 2005). In laboratory, the 304 

carbonate-rock-tablet is employed to study the kinetics of calcite 305 

dissolution/precipitation (Dreybrodt et al., 1996; Liu and Dreybrod, 1997) and 306 
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determine the rate of carbonate mineral weathering in soil column (Chao et al., 307 

2011). However, in field, it is also used to observe the rate of carbonate 308 

weathering and estimated CO2 consumption by carbonate weathering (Chao et 309 

al., 2014; Jiang and Yuan, 1999; Jiang et al., 2013; Plan, 2005). Although Liu 310 

(2011) argue that the carbonate-rock-tablet test may lead to the deviation of 311 

estimated CO2 consumption by carbonate weathering at the regional/global scale 312 

in the case of insufficient representative data (Liu, 2011), our results show that it 313 

is a preferred option for the condition controlled contrast or stimulated 314 

experiment (Chao et al., 2011; Chao et al., 2014), where the result from the 315 

carbonate-rock-tablet test is consistent to the major element geochemical data of 316 

leachates from soil column(Chao et al., 2011). 317 

In this study, every procedure to establish soil column with carbonate rock 318 

tablets in the bottom of each was strictly same, including the size of column, the 319 

preparation and column filling of soil sample, the setting and test of carbonate 320 

rock tablets, etc. Moreover, three replicates of each treatment were designed. We 321 

consider the experiment design can meet the objective of this study and the 322 

results of carbonate-rock-tablet test are therefore valid and credible.  323 

4.1 The kKinetics of carbonate dissolution/precipitation: controlling factors 324 

Experimental studies of carbonate dissolution kinetics have shown metal 325 

carbonate weathering usually depends upon three parallel reactions occurring at the 326 

carbonate interface (Chou et al., 1989; Plummer et al., 1978; Pokrovsky et al., 327 

2009)(Chou et al., 1989; Plummer et al., 1978; Pokrovsky et al., 2009): 328 
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MeCO3 ↔ Me2+ + CO3
2-                                       (4) 329 

MeCO3 + H2CO3 ↔ Me2+ + 2HCO3
-                              (5) 330 

MeCO3 + H+ ↔ Me2+ + HCO3
-                                    (46)   331 

MeCO3 + H2CO3 ↔ Me2+ + 2HCO3
-                                (5) 332 

MeCO3 ↔ Me2++ CO3
2-                                        (6) 333 

where Me = Ca, Mg. As Eq. (5) describes, atmospheric/soil CO2 is usually 334 

regardconsidered to be as the natural weathering agent of carbonate. In watersheds 335 

with calcite- and dolomite-containing bedrock, H2CO3 formed in the soil zone usually 336 

reacts with carbonate minerals, resulting in dissolved Ca, Mg, and HCO3
- as described 337 

in Eq. (5) (Andrews and Schlesinger, 2001; Shin et al., 2014)(Andrews and 338 

Schlesinger, 2001; Shin et al., 2014). Although it has been proven that the reaction of 339 

carbonate dissolution is mainly controlled by the amount of rainfall (Amiotte Suchet 340 

et al., 2003; Egli and Fitze, 2001; Kiefer, 1994)(Amiotte Suchet et al., 2003; Egli and 341 

Fitze, 2001; Kiefer, 1994), in this study, we consider that the effect of rainfall is equal 342 

in each soil column, and hence is disregarded unconsidered as a controlling factor in 343 

weathering rate differences among these treatmentsin this study. In theory, the 344 

fertilizers could stimulate bacteria, which may increase respiration and CO2 345 

concentrations in the soil,  as a result, probable enhance carbonate weathering as 346 

Eq. (5). However, The Eq. (46) suggests that the proton from other origins, such as 347 

the nitrification processes of NH4
+, as mentioned in the iIntroduction section, can play 348 

the role of weathering agent in agricultural areas. In this study, the urea, NH4NO3, 349 

NH4HCO3, NH4Cl, and (NH4)2CO3 amendments increased (10 to 17-fold) the natural 350 

weathering rate offrom 2.00 g·m-2·a-1 fromfor limestone tablets in the control 351 
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treatment (tTable 2). Thus, these increases are strongly relativeted to the effect of the 352 

proton released from the nitrification of NH4
+. OnIn the contraryst, the carbonate 353 

precipitation will occur as due to the backward reaction of the Eq. (5) in the following 354 

cases: (1) the degassing of dissolved CO2 due to dramatic changes in the parameters 355 

of the CO2 system (such as T, pH, pCO2, etc),; (2) soil evapotranspiration; or (3) the 356 

common ion effect: the increase of Ca2+, Mg2+ or CO3
2- in a weathering-system with 357 

equilibrium between water and calcite (Calmels et al., 2014; Dreybrodt, 358 

1988)(Calmels et al., 2014; Dreybrodt, 1988). 359 

4.2 The mMain reactions and effects in different treatments 360 

The main reactions and effects of every treatment in this study weare listed in 361 

Table 3.  362 

(1) The nNitrification in NH4-fertilizer: NH4NO3, NH4HCO3, NH4Cl, (NH4)2CO3 363 

and urea 364 

In urea (CO(NH2)2) treatment, the enzyme urease rapidly hydrolyzes the urea-N 365 

(CO(NH2)2) to NH4
+ ions (Eq. (7)) when urea is applied to the soil (Soares et al., 366 

2012)(Soares et al., 2012). 367 

CO(NH2)2 + 3H2O → 2NH4
+ + 2OH− + CO2                    (7) 368 

Although the study fromof Singh et al. (2013) showed that a part of NH4
+ may be 369 

lost as ammonia (NH3) and subsequently as nitrous oxide (N2O) (Singh et al., 370 

2013)(Singh et al., 2013), yet the restremaining ammonium (NH4
+) is mainly oxidized 371 

during nitrification in soil by autotrophic bacteria (, likesuch as Nitrosomonas,) during 372 

nitrification, resulting in nitrite NO2
- and H+ ions. Nitrite is,  in turn, oxidized by 373 

another bacterium, such as Nitrobacter, resulting in nitrate (NO3
-) (Eq. (8)) (Perrin et 374 
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al., 2008)(Perrin et al., 2008). 375 

NH4
+ + 2O2 → NO3

- + H2O + 2H+                        (8) 376 

The protons (H+) produced by nitrification can be neutralized in two ways: 377 

(i)  either by exchange process with base cations in the soil exchange complex 378 

(Eq. (9))         Soil – Ca + 2H+ → Soil – 2H+ + Ca2+                 (9) 379 

or (ii) or via carbonate mineral dissolution (Eq.(10)) 380 

Ca(1-x)MgxCO3 + H+ → (1-x) Ca2+ + xMg2+ + HCO3
-              (10) 381 

 Consequently, afterby combining Eq. (8) and Eq. (10) are combined, carbonate 382 

weathering by protons produced by nitrification iscan supposedly be expressed as to 383 

becomes (Eq. 11) (See details in Perrin et al., 2008 and Gandois et al., 2011). 384 

2Ca(1-x)MgxCO3 + NH4
+ + 2O2 → 2(1-x) Ca2+ + 2xMg2+ + NO3

- + H2O + 2HCO3
-  385 

(11) 386 

As discussed above, provided that the loss as ammonia (NH3) and nitrous oxide 387 

(N2O) after hydrolyzation is unconsidereddisregarded in this study, the final equation 388 

of carbonate weathering in NH4NO3, NH4HCO3, NH4Cl, (NH4)2CO3 and urea 389 

treatments will be as followeds as, respectively: 390 

2Ca(1-x)MgxCO3 + NH4NO3 + 2O2 → 2(1-x) Ca2+ + 2xMg2+ + 2NO3
- + H2O + 391 

2HCO3
-                                                           (12) 392 

2Ca(1-x)MgxCO3 + NH4HCO3 + 2O2 → 2(1-x) Ca2+ + 2xMg2+ + NO3
- + H2O + 393 

3HCO3
-                                                           (13) 394 

2Ca(1-x)MgxCO3 + NH4Cl + 2O2 → 2(1-x) Ca2+ + 2xMg2+ + NO3
- + Cl- + H2O + 395 

2HCO3
-                                                           (14) 396 

3Ca(1-x)MgxCO3 + (NH4)2CO3 + 4O2 → 3(1-x) Ca2+ + 3xMg2+ + 2NO3
- + 2H2O + 397 

4HCO3
-                                                           (15) 398 
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3Ca(1-x)MgxCO3 + CO(NH2)2 + 4O2 → 3(1-x) Ca2+ + 3xMg2+ + 2NO3
- + 4HCO3

- 399 

(16) 400 

(2) No effect of NO3-fertilizer treatment: NaNO3 treatment 401 

In the NaNO3 treatment, the reaction occurs according to as Eq. (17), indicating 402 

that the addition of NO3-fertilizer does not significantly influence carbonate 403 

weathering.  404 

Ca(1-x)MgxCO3+ NaNO3 + CO2 + H2O → (1-x) Ca2+ + xMg2+ + Na+ + NO3
- + 405 

2HCO3
-                                                           (17) 406 

(3) The cCommon ion effect: K2CO3 treatment 407 

In the K2CO3 treatment, CO3
2- and HCO3

- will be produced after the addition of 408 

K2CO3 according to Eq. (18) after adding K2CO3, hence resulting in carbonate 409 

precipitation as described in Eq. (19), due to the common ion effect.  410 

K2CO3 + H2O → 2K+ +HCO3
- + OH-                                (18) 411 

(1-x) Ca2+ + xMg2+ + 2HCO3
- → Ca(1-x)MgxCO3 + CO2 + H2O           (19) 412 

(4) Complex effects: Nitrification versus Iinhibition effect of PO4 in (NH4)3PO4 413 

treatments  414 

ForIn the (NH4)3PO4 treatment, the reaction of carbonate weathering will occur 415 

according to Eq. (11) due to the nitrification of NH4
+ ionized from the (NH4)3PO4 416 

fertilizer will occur the nitrification. Whilst tThe PO4
3- anion will exert an inhibition 417 

to calcite dissolution:, as calcium orthophosphate (Ca-P) precipitation is producesd on 418 

the surface of calcite after the addition of PO4
3- in soil (reaction: Ca + PO4 → Ca-P), 419 

resulting in inhibitingion of the calcite dissolution of calcite.  420 

(5) Complex effects: Common ion effect versus Iinhibition effect of PO4 in 421 

Ca3(PO4)2 and Ca-Mg-P treatments 422 
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In the Ca3(PO4)2 and Ca-Mg-P treatments, on the one hand, the Ca(1-x)MgxCO3 is 423 

produceds when the concentrations of Ca2+ (or/and Mg2+) increases as  according to 424 

following Eq. (19). On the other hand, the inhibition effect of phosphate will cause 425 

that calcium phosphate precipitation to be producesd on the surface of carbonate 426 

minerals after the addition of P in soil (reaction: Ca + PO4 → Ca-P), correspondingly 427 

resulting in inhibitingion the carbonate precipitation. 428 

4.3 The dDifference between NH4
+ and NO3

- in impacts on carbonate weathering 429 

and the implication on the estimation of CO2 consumption  430 

In order to further compare the differenceS between NH4
+ and NO3

- effects on 431 

carbonate weathering, the initial molar amount of fertilizer-derived NH4 per unit in 432 

every treatment were calculated, and are listed in Table 4. The results show that the 433 

amount of NH4
+ hydrolyzed from urea is 1.06 mole, while NH4

+ ionized from 434 

NH4NO3, NH4HCO3, NH4Cl, (NH4)2CO3 and (NH4)3PO4 is 0.54 mole, 1.08 mole, 435 

1.07 mole, 1.06 mole, and 0.03 mole, respectively (Table 4). The Rw of limestone 436 

tablets and the initial amount of NH4
+ per treatment are plotted in Fig. 45. A distinct 437 

relationship between them is observed, in that: the Rw values in NH4NO3, NH4HCO3, 438 

NH4Cl, (NH4)2CO3 and urea treatments are bigg larger than in the control treatment, 439 

where the initial amount of NH4
+ displaysyields similar results (Fig. 45). This 440 

suggests that carbonate weathering in NH4NO3, NH4HCO3, NH4Cl, (NH4)2CO3 and 441 

urea treatments are mainly attributed to the dissolution reaction described as Eq. (11). 442 

This process of carbonate weathering by protons released from nitrification has been 443 

proven by many studies, from the laboratory to the field (Barnes and Raymond, 2009; 444 

Bertrand et al., 2007; Biasi et al., 2008; Chao et al., 2011; Errin et al., 2006; Gandois 445 

et al., 2011; Hamilton et al., 2007; Oh and Raymond, 2006; Perrin et al., 2008; Semhi 446 

and Suchet, 2000; West and McBride, 2005)(Barnes and Raymond, 2009; Bertrand et 447 
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al., 2007; Biasi et al., 2008; Chao et al., 2011; Errin et al., 2006; Gandois et al., 2011; 448 

Hamilton et al., 2007; Oh and Raymond, 2006; Perrin et al., 2008; Semhi and Suchet, 449 

2000; West and McBride, 2005). We have noted that the Rw values in NH4HCO3 and 450 

(NH4)2CO3 treatments are lowerless than even half of those in urea treatment in 451 

despite of adding the same amount of fertilizer-derived NH4 (about approximately 452 

1.07 mole). This is probably because the two fertilizers, NH4HCO3 and (NH4)2CO3, 453 

are easier to decompose and produce the NH3 and CO2 gases as followingaccording to 454 

Eq. (20) and (21), resulting in the amounts of fertilizer-derived NH4 ofthat are lower 455 

than 1.07 moles. 456 

NH4HCO3 → NH3 ↑ + H2O + CO2 ↑                         (20) 457 

(NH4)2CO3 → 2NH3 ↑ + H2O + CO2↑                         (21) 458 

The Aw and Rw in the (NH4)3PO4 treatment, unlike in other NH4-fertlizer 459 

treatments, had notdo not show a significant increase comparinged to wi the control 460 

treatment, which is not only owing to the low amount of added NH4
+ in (NH4)3PO4 461 

treatment (0.3 mole,; see Table 4), but also more or less relative to the inhibition of 462 

phosphate (Chien et al., 2011; Wang et al., 2012)(Chien et al., 2011; Wang et al., 463 

2012). After the addition of (NH4)3PO4 in soil, calcium orthophosphate (Ca-P) 464 

precipitation will form on calcite surfaces, which is initiated with the aggregation of 465 

clusters leading to the nucleation and subsequent growth of Ca-P phases, at various 466 

pH values and ionic strengths relevant to soil solution conditions (Chien et al., 2011; 467 

Wang et al., 2012)(Chien et al., 2011; Wang et al., 2012).  468 

However, in Fig. 3, there is no significant different between the Rw without 469 

significant difference with control treatment in the NaNO3 treatment compared to the 470 

control treatment, indicatinges that the addition of NO3-fertilizer does not 471 
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significantly influence carbonate weathering.  472 

A notable issue herein is that the NaNO3 treatment produces the same amount of 473 

NO3
- (1.07 mole) as other NH4 fertilizer (NH4NO3, NH4HCO3, NH4Cl, (NH4)2CO3 474 

and urea), but it fails to impact on carbonate weathering, which is raisinges a new 475 

problem. Eq. (5), usually considered as an expression for the natural weathering 476 

process of carbonate, is an important reaction for in understanding the kinetics 477 

process of carbonate dissolution in carbonate-dominated areas, where the molar ratio 478 

of HCO3
-and Me2+ in the river as an indicator is usually used as an indicator to make 479 

estimationes of CO2 consumption by carbonate weathering at the regional/global scale 480 

(Hagedorn and Cartwright, 2009; Li et al., 2009)(Hagedorn and Cartwright, 2009; Li 481 

et al., 2009). AtIn agricultural areas, the relationship between (Ca+Mg)/HCO3
-
 and 482 

NO3
- is usually employed to estimate the contribution of N-fertilizer to riverine Ca2+, 483 

Mg2+, and alkalinity (Etchanchu and Probst, 1988; Jiang, 2013; Jiang et al., 2009; 484 

Perrin et al., 2008; Semhi and Suchet, 2000)(Etchanchu and Probst, 1988; Jiang, 2013; 485 

Jiang et al., 2009; Perrin et al., 2008; Semhi and Suchet, 2000). In these studies, the 486 

nitrification described asin Eq. (8) is usually considered as the unique origin of NO3
-. 487 

According to the results of the NaNO3 treatment in this study, the contribution of 488 

protons from nitrification to carbonate weathering may be overestimated, if 489 

anthropogenic NO3
- is neglected, since the anthropogenic NO3

- does not release the 490 

proton described asin Eq. (8). For NH4NO3 fertilizer, the (Eq. (12)) shows that the two 491 

moles of Ca2++Mg2+, NO3
-, and HCO3

- will be produced when one mole NH4NO3 492 

reacts with 2 moles of carbonate, where only half of the NO3
- originates from 493 

nitrification described as Eq. (8). This will result in a double overestimation onf the 494 

contribution of the nitrification to carbonate weathering, and thus thereby mislead the 495 

estimation of CO2 consumption therein.  496 
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At regional scales, Iif different fertilizers are added simultaneously added to an 497 

agricultural area, the estimation of CO2 consumption by carbonate weathering might 498 

became more complicated, since the mole ratios of Ca+Mg, HCO3
- , and/or NO3

- 499 

between different fertilization treatments isare different (see Table 3). Thus, the 500 

related anthropogenic inputs (e.g. Ca+Mg, NH4, NO3
-, HCO3

-, etc.) need to be 501 

investigated to more accurately estimate the impact of fertilization on carbonate 502 

weathering and its CO2 consumption.  503 

4.4 The comparison with other studied results  504 

The Rw and Raw of limestone in the control treatment in this study iswere 0.48 ‰ 505 

and 2.00 g·m-2·a-1, respectively. which These are is generally consistent with the 506 

observations of 0.51-32.97 g·m-2·a-1 (for Raw) in Nongla, Guangxi, a karst area of 507 

Southwestern China (Zhang, 2011)(Zhang, 2011), and with the results of 0.05-5.06 ‰ 508 

(for Rw) and 1.08-136.90 g·m-2·a-1 (for Raw) from the north slope of the Hochschwab 509 

mMassif in Australia (Plan, 2005)(Plan, 2005), as determined  using the limestone 510 

tablet method. But the Raw of 2.00 g·m-2·a-1 is lower than the results (of 7.0-63.5 511 

g·m-2·a-1 for Raw) from Jinfo Mountiain in Chongqing of, China (Zhang, 512 

2011)(Zhang, 2011). These differences in carbonate weathering are mainly attributed 513 

to the different types of carbonate rock tablets, climate, micro-environments of soil, 514 

etc. The Raw of limestone in the N-fertilizers treatments isare 20.57-34.71 g·m-2·a-1, 515 

similar to the weathering rate of carbonate in Oorchard (32.97 g·m-2·a-1) at Nongla, 516 

Manshan, Guangxi of , China, whereich usually involves in fertilization activities.   517 

At larger scales, such as  like watersheds, the weathering rate is usually 518 

estimated by using the riverine hydro-chemical method, which is inconsistent with the 519 

results from the carbonate-rock-tablet test. The estimation of Zeng, et al. (2014) 520 

estimateviews that the carbon sink intensity calculated by the carbonate -rock- tablet 521 
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test is only one sixth of that estimated by using the riverine hydro-chemical method, 522 

due to its own limits in methodology (Zeng et al., 2014)(Zeng et al., 2014). The 523 

results from Semhi, et al. (2000) shows theat weathering rates of carbonate rock by 524 

using riverine hydro-chemical method are  aboutapproximately 77.5 g·m-2·a-1 and 525 

50.4 g·m-2·a-1 in the upstream and downstream, respectively, of the Garonne river, 526 

France, respectively, which are aboutapproximately 25-35 and 2-3 times greater than 527 

that in the control treatment (2.00 g·m-2·a-1 for natural weathering rate ) and 2-3 times 528 

greater than in the N-fertilizer treatment (20.57-34.71 g·m-2·a-1 for anthropic 529 

weathering rate) in this study. The global natural weathering rate of carbonate 530 

reported by Amiotte Suchet, et al. (2003) is 47.8 g·m-2·a-1, which is much higher than 531 

that we observed. Thus, we conclude that it is difficult to compare between the results 532 

from the carbonate-rock-tablet test and the riverine hydro-chemical method. The 533 

carbonate-rock-tablet test is suitable for the research on the condition 534 

controlledcomparative contrast or stimulated experiments, while the riverine 535 

hydro-chemical method is appropriate for the regional investigations and estimations. 536 

According to the estimation from Yue et al. (2015), Tthe enhanced HCO3
- flux due to 537 

nitrification of NH4
+ at Houzhai catchment of Guizhou pProvince would be 3.72 × 105 538 

kg C/year and account for 18.7 % of this flux in the entire catchment(Yue et al., 539 

2015)(Yue et al., 2015). This is similar to estimates from other small agricultural 540 

carbonate basins (12–26 %) in Ssouthwest France (Perrin et al., 2008; Semhi and 541 

Suchet, 2000)(Perrin et al., 2008; Semhi and Suchet, 2000). 542 

5. Conclusions 543 

The impact of the addition of different fertilizers (NH4NO3, NH4HCO3, NaNO3, 544 

NH4Cl, (NH4)2CO3, Ca3(PO4)2, (NH4)3PO4, Ca-Mg-P, Uurea, and K2CO3) on 545 

carbonate weathering was studied in a field column experiment withusing carbonate 546 
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-rock -tablets at its bottom of each. The amount of weathering amount and the ratio of 547 

weathering of carbonate rock tablets showed that the addition of urea, NH4NO3, 548 

NH4HCO3, NH4Cl, and (NH4)2CO3 distinctly increased carbonate weathering, which 549 

was attributed to the nitrification of NH4
+, andwhile the addition of Ca3(PO4)2, 550 

Ca-Mg-P and K2CO3 induced carbonate precipitation due to the common ion effect. 551 

While tThe addition of (NH4)3PO4 and NaNO3 addition did not impact significantly 552 

on carbonate weathering, where the former can be attributed to the low added amount 553 

of (NH4)3PO4,  and may be related to the inhibition of phosphate, and while the 554 

latter seemed to be raisinge a new question. The question is：Tthe littleminor impact 555 

of nitrate on carbonate weathering may result in the overestimation of the impact of 556 

N-fertilizer on CO2 consumption by carbonate weathering at the regional/global scale, 557 

if the effects of NO3 and NH4 are not distinguished. Thus, the related anthropogenic 558 

inputs (e.g. Ca+ Mg, NH4, NO3
-, HCO3

-, etc.) need to be investigated to more 559 

accurately estimate the impact of fertilization on carbonate weathering and its 560 

consumption of CO2 consumption. 4.2 The kinetics and controlled factors of 561 

carbonate weathering 562 

Experimental studies of carbonate dissolution kinetics have shown metal 563 

carbonate weathering usually depends upon three parallel reactions occurring at the 564 

carbonate interface (Chou et al., 1989; Plummer et al., 1978; Pokrovsky et al., 2009): 565 

MeCO3 + H+→ Me2+ + HCO3
-                                    (4)   566 

MeCO3 + H2CO3 → Me2+ + 2HCO3
-                                (5) 567 

MeCO3 → Me2++ CO3
2-                                        (6) 568 
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where Me=Ca, Mg. As Eq. (5) describes, atmospheric/soil CO2 is usually regard as 569 

the natural weathering agent of carbonate, whereas many studies have exposed that 570 

carbonate weathering can occur due to the reaction (Eq. (4)) between carbonate and 571 

the other proton contributors, as mentioned in introduction section: s which can 572 

originate from the nitrification processes of N-fertilizerH4
+ (Semhi and Suchet, 2000; 573 

West and McBride, 2005; Oh and Raymond, 2006; Hamilton et al., 2007; Perrin et al., 574 

2008; Barnes and Raymond, 2009; Pierson-wickmann et al., 2009; Chao et al., 2011; 575 

Gandois et al., 2011), from the sulfuric acid acid, (Lerman and Wu, 2006; Lerman et 576 

al., 2007; Li et al., 2008; Li et al., 2009), from organic acid secreted by 577 

microorganisms (Lian et al., 2008), as well and as from acidic soil (Chao et al., 578 

2014)the role of .  579 

In field, carbonate dissolution is mainly controlled by the amount of rainfall (Amiotte 580 

Suchet et al., 2003; Egli and Fitze, 2001; Kiefer, 1994), as well as impacted of soil 581 

CO2 (Andrews and Schlesinger, 2001). We consider that the effect of rainfall on each 582 

soil column is same. In this study, the urea, NH4NO3, NH4HCO3, NH4Cl and 583 

(NH4)2CO3 amendment increased (10 to 17-fold) the natural weathering rate of 2.00 584 

g·m-2·a-1 from limestone tablets in control treatment (table 2). These increases may be, 585 

in the one hand, attributed to the effect of the proton released from the nitrification of 586 

NH4
+. On the other hand, it may be, in theory, related to enhanced microbiogenic CO2 587 

due to nitrogenous nutrients stimulation (Eq(5)), because fertilizer application can 588 

increase soil CO2 flux (Sainju et al., 2008; Bhattacharyya et al., 2013), the increased 589 

CO2 can enhance carbonate dissolution rate at near neutral or alkali pH (Andrews and 590 
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Schlesinger, 2001). 591 

According to the added amount of different fertilization treatment, the molar amount 592 

of added nitrogen nutrient in NaNO3 treatment is 1.07mol, much bigger than in 593 

NH4NO3, equivalent to NH4HCO3 and NH4Cl treatment. However, the Acw and Rcw, 594 

and Racw of NaNO3 treatment is far less (Fig. 3 and table 2), inhibiting that the 595 

increases of carbonate weathering rate in urea, NH4NO3, NH4HCO3, NH4Cl and 596 

(NH4)2CO3 amendment have no distinct relationship with enhanced microbiogenic 597 

CO2 due to nitrogenous fertilizer amendment.  598 

4.3 The effect of nitrification of NH4-fertilizer 599 

In urea (CO(NH2)2) treatment, the enzyme urease rapidly hydrolyzes the urea-N 600 

(CO(NH2)2) to NH4
+ ions (Eq. (7)) when urea is applied to the soil (Soares et al., 601 

2012). 602 

CO(NH2)2 + 3H2O → 2NH4
+ + 2OH− + CO2           (7) 603 

Table 3 shows that the amount of NH4
+ hydrolyzed from urea is 1.06 mol, while 604 

NH4
+ ionized from NH4NO3, NH4HCO3, NH4Cl, (NH4)2CO3 and (NH4)3PO4 is 0.54 605 

mol, 1.08 mol, 1.07 mol, 1.06 mol and 0.03 mol, respectively (Table 3). Although the 606 

study from Singh et al showed that a part of NH4
+ may be lost as ammonia (NH3) and 607 

subsequently as nitrous oxide (N2O) (Singh et al., 2013), yet the rest ammonium 608 

(NH4
+) is mainly oxidized in soil by autotrophic bacteria (like Nitrosomonas) during 609 

nitrification, resulting in nitrite NO2
- and H+ ions. Nitrite is, in turn, oxidized by 610 

another bacterium, such as Nitrobacter, resulting in nitrate (NO3
-) (Eq. (8)) (Perrin et 611 

al., 2008). 612 
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NH4
+ + 2O2 → NO3

- + H2O + 2H+                        (8) 613 

The protons (H+) produced by nitrification can be neutralized in two ways: 614 

(i)  either by exchange process with base cations in the soil exchange complex 615 

(Eq. (9))         Soil – Ca + 2H+ → Soil – 2H+ + Ca2+                 (9) 616 

(ii) or via carbonate mineral dissolution (Eq.(10)) 617 

Ca(1-x)MgxCO3 + H+ → (1-x) Ca2+ + xMg2+ + HCO3
-              (10) 618 

 Consequently, after Eq. (8) and Eq. (10) are combined, carbonate weathering by 619 

protons produced by nitrification is supposed to becomes (Eq. 11) (See details in 620 

Perrin et al., 2008 and Gandois et al., 2011). 621 

2Ca(1-x)MgxCO3 + NH4
+ + 2O2 → 2(1-x) Ca2+ + 2xMg2+ + NO3

- + H2O + 2HCO3
-  622 

(11) 623 

The Rcw of limestone tablets and the initial concentration of NH4
+ are plotted in 624 

Fig. 4. A distinct relationship between them is observed: the Acw and Rcw in NH4NO3, 625 

NH4HCO3, NH4Cl, (NH4)2CO3 and urea treatments are bigger than in control 626 

treatment, where the initial concentration of NH4
+ displays similar results (Fig. 4). 627 

This suggests that carbonate weathering in NH4NO3, NH4HCO3, NH4Cl, (NH4)2CO3 628 

and urea treatments are mainly attributed to the dissolution reaction described as Eq. 629 

(11). This process of carbonate weathering by protons from nitrification has been 630 

proven by many studies, from laboratory to field (Semhi and Suchet, 2000; Bertrand 631 

et al., 2007; Oh and Raymond, 2006; Errin et al., 2006; Hamilton et al., 2007; Biasi et 632 

al., 2008; Perrin et al., 2008; Barnes and Raymond, 2009; Chao et al., 2011; West and 633 

McBride, 2005; Gandois et al., 2011). According to the estimation from Yue et al. 634 

(2015), The enhanced HCO3
- flux due to nitrification of NH4

+ at Houzhai catchment 635 
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of Guizhou province would be 3.72 × 105 kg C/year and account for 18.7% of this 636 

flux in the entire catchment(Yue et al., 2015). This is similar to estimates from other 637 

small agricultural carbonate basins (12–26%) in Southwest France (Semhi and Suchet, 638 

2000; Perrin et al., 2008). 639 

As discussed above, provided that the loss as ammonia (NH3) and nitrous oxide 640 

(N2O) after hydrolyzation is unconsidered in this study, the final equation of 641 

carbonate weathering in NH4NO3, NH4HCO3, NH4Cl, (NH4)2CO3 and urea treatments 642 

will be followed as, respectively: 643 

2Ca(1-x)MgxCO3 + NH4NO3 + 2O2 → 2(1-x) Ca2+ + 2xMg2+ + 2NO3
- + H2O + 644 

2HCO3
-                                                           (12) 645 

2Ca(1-x)MgxCO3 + NH4HCO3 + 2O2 → 2(1-x) Ca2+ + 2xMg2+ + NO3
- + H2O + 646 

3HCO3
-                                                           (13) 647 

2Ca(1-x)MgxCO3 + NH4Cl + 2O2 → 2(1-x) Ca2+ + 2xMg2+ + NO3
- + Cl- + H2O + 648 

2HCO3
-                                                           (14) 649 

3Ca(1-x)MgxCO3 + (NH4)2CO3 + 4O2 → 3(1-x) Ca2+ + 3xMg2+ + 2NO3
- + 2H2O + 650 

4HCO3
-                                                           (15) 651 

3Ca(1-x)MgxCO3 + CO(NH2)2 + 4O2 → 3(1-x) Ca2+ + 3xMg2+ + 2NO3
- + 4HCO3

- 652 

(16) 653 

The Acw and Rcw in (NH4)3PO4 treatment, unlike in other NH4-fertlizer 654 

treatments, had not a significant increase comparing with control treatment, which is 655 

not only owing to the low amount of added NH4
+ in (NH4)3PO4 treatment (0.3 mol, 656 

see Table 3 ) but also relative to the inhibition of phosphate. After the addition of 657 

(NH4)3PO4 in soil, calcium orthophosphate (Ca-P) precipitation will form on calcite 658 

surface which is initiated with the aggregation of clusters leading to the nucleation 659 
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and subsequent growth of Ca-P phases, at various pH values and ionic strengths 660 

relevant to soil solution conditions (Chien et al., 2011; Wang et al., 2012).  661 

4.4 Little/no effect of NO3-fertilizer on carbonate weathering and its implication 662 

to the evaluation of CO2 consumption by carbonate weathering 663 

In Fig. 3, the Acw and Rcw without significant difference with control treatment 664 

in NaNO3 treatment indicates that the addition of NO3-fertilizer does not significantly 665 

influence carbonate weathering. This result is raising a new problem. 666 

 Eq. (5), usually as an expression for the natural weathering process of carbonate, 667 

is an important reaction for understanding the kinetics process of carbonate 668 

dissolution in carbonate-dominated areas, where the molar ratio of HCO3
-and Me2+ in 669 

the river as an indicator is usually used to make estimations of CO2 consumption by 670 

carbonate weathering at the regional/global scale (Hagedorn and Cartwright, 2009; Li 671 

et al., 2009). At agricultural areas, the relationship between (Ca+Mg)/HCO3
-
 and NO3

- 672 

is usually employed to estimate the contribution of N-fertilizer to riverine Ca2+, Mg2+ 673 

and alkalinity (Etchanchu and Probst, 1988; Jiang, 2013; Jiang et al., 2009; Perrin et 674 

al., 2008; Semhi and Suchet, 2000). In these studies, the nitrification described as Eq. 675 

(8) is usually considered as the unique origin of NO3
-. According to the result of 676 

NaNO3 treatment in this study, the contribution of protons from nitrification to 677 

carbonate weathering may be overestimated if anthropogenic NO3
- is neglected, since 678 

the anthropogenic NO3
- does not release the proton described as Eq. (8). For NH4NO3 679 

fertilizer, the (Eq. (12)) show that the two moles of Ca2++Mg2+, NO3
- and HCO3

- will 680 

be produced when one mole NH4NO3 react with 2 moles of carbonate, where only 681 

half of NO3
- originate from nitrification described as Eq. (8). This will result in 682 

doubled overestimation on the true contribution of the nitrification to CO2 683 

consumption by carbonate weathering.  684 
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At regional scales, If different fertilizers are added to an agricultural area, the 685 

estimation of CO2 consumption by carbonate weathering might became more 686 

complicated, since the mole ratio of Ca+Mg, HCO3
- and/or NO3

- between different 687 

fertilization treatment is different (see Eq. (8)-(12)). Thus, the related anthropogenic 688 

inputs (e.g. Ca+Mg, NH4, NO3
-, HCO3

-, etc.) need to be investigated to more 689 

accurately estimate the impact of fertilization on carbonate weathering and its CO2 690 

consumption. Moreover, the statement that nitrogenous fertilizer can aid carbonate 691 

weathering may result in misunderstanding more or less, it should not be nitrogenous 692 

fertilizer but, rather, ammonium fertilizer. 693 

5. Conclusion 694 

The impact of the addition of different fertilizer (NH4NO3, NH4HCO3, NaNO3, 695 

NH4Cl, (NH4)2CO3, Ca3(PO4)2, (NH4)3PO4, Ca-Mg-P, Urea and K2CO3) on carbonate 696 

weathering was studied in a field column experiment with carbonate rock tablets at its 697 

bottom of each. The weathering amount and ratio of carbonate rock tablets showed 698 

that the addition of urea, NH4NO3, NH4HCO3, NH4Cl and (NH4)2CO3 distinctly 699 

increased carbonate weathering, which was attributed to the nitrification of NH4
+, and 700 

the addition of Ca3(PO4)2, Ca-Mg-P and K2CO3 induced carbonate precipitation due 701 

to common ion effect. While the (NH4)3PO4 and NaNO3 addition did not impact 702 

significantly on carbonate weathering, where the former can be attributed to low 703 

added amount of (NH4)3PO4, may be related to the inhibition of phosphate, and the 704 

latter seemed to be raising a new question. The little impact of nitrate on carbonate 705 

weathering may result in the overestimation of impact of N-fertilizer on CO2 706 

consumption by carbonate weathering at the regional/global scale if the effect of NO3 707 
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and NH4 are not distinguished. Thus, the related anthropogenic inputs (e.g. Ca+ Mg, 708 

NH4, NO3
-, HCO3

-, etc.) need to be investigated to more accurately estimate the 709 

impact of fertilization on carbonate weathering and its CO2 consumption. Moreover, 710 

in order to avoid misunderstanding more or less, the statement that nitrogenous 711 

fertilizer can aid carbonate weathering should be replaced by ammonium fertilizer. 712 
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 1161 
Table 1 Chemical composition of soil 1162 

Parameter Unit Values 
pH - 6.94 

Content of particles (<0.01mm)  % 74 
Content of particles 

(<0.001mm) 
% 45 

Organic matter % 0.99 
NH4

+-N mg/kg 339.87 
NO3

--N mg/kg 569.05 
Available P mg/kg 8.18 
Available K mg/kg 56.88 
Available Ca mg/kg 3041.06 
Available Mg mg/kg 564.83 
Available S mg/kg 100.72 
Available Fe mg/kg 24.41 

 1163 
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Table 2 Carbonate weathering under different fertilizer treatments 1165 

Treatment 

Limestone Dolostone 
Acw Rw / ‰g Raw / 

g·m-2·a-1Rcw /‰ 
Acw Rw / ‰g Raw / 

g·m-2·a-1Rcw 
/‰ 

Control 0.001448 ± 
0.14a 

2.00 ± 0.58a0.48 -0.001131± 
0.09a 

-1.57 ± 
0.86a-0.31 

NH4NO3 0.01746.42 ± 
0.28c 

24.86 ± 2.01b 
6.42 

0.01445.30± 
0.87c 

20.57 ± 
1.15b5.30 

NH4HCO3 0.01474.44 ± 
0.81b 

21.00 ± 3.45b 
4.44 

0.00963.22± 
0.87b 

13.71 ± 
3.88b3.22 

NaNO3 0.00310.86 ± 
0.17a 

4.43 ± 1.73a0.86 0.002253 ± 
0.26a 

3.14 ± 
1.73a0.53 

NH4Cl 0.01495.54 ± 
0.64bc 

21.29 ± 2.45b 
5.54 

0.01314.77 ± 
0.78bc 

18.71 ± 0.86b 
4.77 

(NH4)2CO3 0.01444.48 ± 
0.95bc 

20.57 ± 4.46b 
4.84 

0.01864.94 ± 
1.91bc 

26.57 ± 
7.62b4.94 

Ca3(PO4)2 0.00030.01 ± 
0.04a 

0.43 ± 0.86a0.01 -0.001355 ± 
0.25a 

-1.86 ± 
1.29a-0.55 

(NH4)3PO4 0.00281.08 ± 
0.34a 

4.00 ± 1.15a1.08 0.00070.75 ± 
0.21a 

1.00 ± 
1.01a0.75 

Ca-Mg-P -0.0013-0.31 ± 
0.12a 

-1.86 ± 0.43a-0.31 -0.002297 ± 
0.38a 

-3.14 ± 
0.72a-0.97 

Urea 0.02438.48 ± 
0.96d 

34.71 ± 4.32c 
8.48 

0.01856.59 ± 
0.67d 

26.43 ± 
2.73c6.59 

K2CO3 -0.000826 ± 
0.15a 

-1.14 ± 0.58a-0.26 -0.001859 ± 
0.15a 

-2.57 ± 
0.43a-0.59 

Acw - the amount of carbonate weathering; Rcw - the ratio of carbonate weathering; Racw - the rate of 1166 
carbonate weathering; Acw Rw =1000 (Wi-Wf)/Wi;  and Rcw = (Wi-Wf)/Wi, Racw = (Wi-Wf)/(S*T), 1167 
where Wi is the initial weight of the carbonate rock tablets, and Wf is their final weight. S is the surface 1168 
area of carbonate weathering rock tablets (In this studyhere, we used a same S = 7 cm2 for every 1169 
tablets), and T is the experiment period. Values are reported as means ± standard deviations, n = 3. 1170 
Values in each column followed by different letters are significantly (p <0.05) different based on 1171 
one-way ANOVA. 1172 
 1173 
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Table 3: The main reaction and effects in fertilized treatments, and the potential nitrogenous 1177 
transformation (The amount of generated NH4

+-NO3
-) at the initial phase of the experiment 1178 

Treatment Main reactions and effects Adf /g Maaf /mol 
Initial   

/m  
  

 

1.Control Ca(1-x)MgxCO3 + CO2 + H2O → (1-x) Ca2+ + xMg2+ + 2HCO3
- - -   

2.NH4NO3 2Ca(1-x)MgxCO3 + NH4NO3 + 2O2 → 2(1-x) Ca2+ + 2xMg2+ + 2NO3
- + H2O + 2HCO3

- 43 0.54 0.   

3. H4HCO3 2Ca(1-x)MgxCO3 + NH4HCO3 + 2O2 → 2(1-x) Ca2+ + 2xMg2+ + NO3
- + H2O + 3HCO3

- 85 1.08 1.   

4. NaNO3 Ca(1-x)MgxCO3+ NaNO3 + CO2 + H2O → (1-x) Ca2+ + xMg2+ + Na+ + NO3
- + 2HCO3

- 91 1.07 0.   

5. NH4Cl 2Ca(1-x)MgxCO3 + NH4Cl + 2O2 → 2(1-x) Ca2+ + 2xMg2+ + NO3
- + Cl- + H2O + 2HCO3

- 57 1.07 1.   

6. (NH4)2CO3 3Ca(1-x)MgxCO3 + (NH4)2CO3 + 4O2 → 3(1-x) Ca2+ + 3xMg2+ + 2NO3
- + 2H2O + 4HCO3

- 51 0.53 1.   

7. Ca3(PO4)2 

(1) Common ion effect: The Ca(1-x)MgxCO3 produces when the concentrations of Ca2+ and Mg2+ increases 

(1-x) Ca2+ + xMg2+ + 2HCO3
-→ Ca(1-x)MgxCO3 + CO2 + H2O 

(2) Inhibition of phosphate to calcite precipitation: calcium phosphate precipitation produces on the surface of 

calcite after the addition of PO4
3- in soil, resulting in inhibiting the precipitation of calcite 

52 0.17 0.   

8. (NH4)3PO4 

(1) 2Ca(1-x)MgxCO3 + NH4
+ + 2O2 → 2(1-x) Ca2+ + 2xMg2+ + NO3

- + H2O + 2HCO3
- 

(2) Inhibition of phosphate to calcite dissolution: calcium orthophosphate (Ca-P) precipitation produces on the 

surface of calcite after the addition of PO4
3- in soil, resulting in inhibiting the dissolution of calcite 

15 0.10 0.   

9. Ca-Mg-P 

(1) Common ion effect: The Ca(1-x)MgxCO3 produces when the concentrations of Ca2+ and Mg2+ increases 

    (1-x) Ca2+ + xMg2+ + 2HCO3
-→ Ca(1-x)MgxCO3 + CO2 + H2O 

(2) Inhibition of phosphate to calcite precipitation: calcium phosphate precipitation produces on the surface of 

calcite after the addition of P in soil, resulting in inhibiting the precipitation of calcite 

44 0.00 0.   

10. Urea 3Ca(1-x)MgxCO3 + CO(NH2)2 + 4O2 → 3(1-x) Ca2+ + 3xMg2+ + 2NO3
- + 4HCO3

- 32 0.53 1.   

11. K2CO3 

Common ion effect: The Ca(1-x)MgxCO3 produces when the concentration of HCO3
- increases  

(i) (1-x) Ca2+ + xMg2+ + 2HCO3
-→ Ca(1-x)MgxCO3 + CO2 + H2O 

(ii) K2CO3 + H2O → 2K+ +HCO3
- + OH- 

10 0.07 0.   

Table 3:  The main reaction and effects in these 11 fertilizeder treatments  1179 
Treatment Main reactions and effects 

1. Control Ca(1-x)MgxCO3 + CO2 + H2O → (1-x) Ca2+ + xMg2+ + 2HCO3
- 

2. NH4NO3 2Ca(1-x)MgxCO3 + NH4NO3 + 2O2 → 2(1-x) Ca2+ + 2xMg2+ + 2NO3
- + H2O + 2HCO3

- 

3. NH4HCO3 
NH4HCO3 → NH3 ↑ + H2O + CO2 ↑ 

2Ca(1-x)MgxCO3 + NH4HCO3 + 2O2 → 2(1-x) Ca2+ + 2xMg2+ + NO3
- + H2O + 3HCO3

- 

4. NaNO3 Ca(1-x)MgxCO3+ NaNO3 + CO2 + H2O → (1-x) Ca2+ + xMg2+ + Na+ + NO3
- + 2HCO3

- 

5. NH4Cl 2Ca(1-x)MgxCO3 + NH4Cl + 2O2 → 2(1-x) Ca2+ + 2xMg2+ + NO3
- + Cl- + H2O + 2HCO3

- 

6. (NH4)2CO3 
(NH4)2CO3 → 2NH3 ↑ + H2O + CO2 ↑ 

3Ca(1-x)MgxCO3 + (NH4)2CO3 + 4O2 → 3(1-x) Ca2+ + 3xMg2+ + 2NO3
- + 2H2O + 4HCO3

- 

7. Ca3(PO4)2 
(1) (1-x) Ca2+ + xMg2+ + 2HCO3

-→ Ca(1-x)MgxCO3 + CO2 + H2O 

(2) Ca + PO4 → Ca-P 

8. (NH4)3PO4 
(1) 2Ca(1-x)MgxCO3 + NH4

+ + 2O2 → 2(1-x) Ca2+ + 2xMg2+ + NO3
- + H2O + 2HCO3

- 

(2) Ca + PO4 → Ca-P 

9. Ca-Mg-P 
(1) (1-x) Ca2+ + xMg2+ + 2HCO3

-→ Ca(1-x)MgxCO3 + CO2 + H2O 

(2) Ca + PO4 → Ca-P 

10. Urea 3Ca(1-x)MgxCO3 + CO(NH2)2 + 4O2 → 3(1-x) Ca2+ + 3xMg2+ + 2NO3
- + 4HCO3

- 

11. K2CO3  (i) (1-x) Ca2+ + xMg2+ + 2HCO3
-→ Ca(1-x)MgxCO3 + CO2 + H2O 
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(ii) K2CO3 + H2O → 2K+ +HCO3
- + OH- 

Note: (1) Common ion effect: The Ca(1-x)MgxCO3 produceds when the concentrations of Ca2+,  Mg2+ and/or 1180 
HCO3

- increases (for Ttreatment 7, 9 and 11): (1-x) Ca2+ + xMg2+ + 2HCO3
- → Ca(1-x)MgxCO3 + CO2 + H2O; 1181 

(2) Inhibition of phosphate to calcite dissolution/precipitation by phosphate: calcium orthophosphate (Ca-P) 1182 
precipitation produceds on the surface of calcite after the addition of PO4

3- in soil, resulting in the inhibitingion of 1183 
the dissolution/precipitation of calcite (for Ttreatment 7, 8 and 9): Ca + PO4 → Ca-P   1184 
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Table 4:  The amount of fertilizer-derived NH4
+ at the initial phase of the experiment and the 1185 

potential nitrogenous transformation (NH4
+-NO3

-) 1186 

Treatment 
Molecular 

mass 
g/mol 

Amount of 
added 

fertilizer /g 

Molar 
amount 
/mole 

Amount of 
fertilizer-derived 

NH4
+ /mole 

The maximum 
of N products 

/mole 
NH4NO3 80 43 0.54 0.54 1.08 
NH4HCO3 79 85 1.08 1.08 1.08 
NaNO3 85 91 1.07 0.00 1.07 
NH4Cl 53.5 57 1.07 1.07 1.07 
(NH4)2CO3 96 51 0.53 1.06 1.06 
Ca3(PO4)2 310 52 0.17 0.00 0.00 
(NH4)3PO4 149 15 0.10 0.30 0.30 
Ca-Mg-P wnd 44 wnd 0.00 0.00 
Urea 60 32 0.53 1.06 1.06 
K2CO3 138 10 0.07 0.00 0.00 

wnd=withoutno data;. The amount of added fertilizer (g) divided by its molecular mass (g/mol) 1187 
wais the molar amount of fertilizer (mole);. Gadf- gram amount of added fertilizers (g); Maafof 1188 
added fertilizers (mol).The amounts of fertilizer-derived NH4

+ isare calculated by their own 1189 
ionization or hydrolysis processes. The maximum of N products is estimated by their main 1190 
reactions in tTable 3.1191 
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 1192 

 1193 

Fig. 1 The change of in chemical fertilizer consumption in China during the 1980-2013 period 1194 
The data were collected from National Bureau of Statistics of the People’s Republic of China 1195 

(NBS, 2014)(NBS, 2014)(NBS, 2014) (http://www.stats.gov.cn/tjsj/ndsj/) 1196 
 1197 
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 1200 

Fig. 2 Sketch map of the soil column with rock tablets 1201 

 1202 

 1203 
 1204 

  1205 
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 1206 

   1207 
Fig. 3 The ratio of carbonate weatheringRw (‰) of limestone and dolostone  under different 1208 

fertilization fertilizer treatments 1209 
 (a)-limestone; (b)-dolostone. Treatment 1-. Control; 2-. NH4NO3; 3-. NH4HCO3; 4-. NaNO3; 1210 

5-. NH4Cl; 6-(. (NH4)2CO3; 7-. Ca3(PO4)2; 8-(. (NH4)3PO4; 9-. Ca-Mg-P; 10-. Urea; 11-. K2CO3. 1211 
Rcw = 1000(Wi-Wf)/Wi, where Wi is the initial weight of the carbonate rock tablets, and Wf is 1212 
their final weight. Values in each column followed by different letters are significantly (p <0.05) 1213 
different based on one-way ANOVA. 1214 
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 1218 

Fig. 4 The linear correlation of Rw (‰) of limestone and dolostone 1219 
Rw = 1000(Wi-Wf)/Wi, where Wi is the initial weight of the limsestone tablets, and Wf is their 1220 

final weight. 1221 
  1222 
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 1223 

  1224 
Fig. 4 5 The Rw (‰) of limestone ratio of limestone weathering and the molar amount of 1225 

produced NH4
+ under different fertilization fertilizer treatments 1226 

Treatment 1-. Control; 2-. NH4NO3; 3-. NH4HCO3; 4-. NaNO3; 5-. NH4Cl; 6-(. (NH4)2CO3; 7-. 1227 
Ca3(PO4)2; 8-(. (NH4)3PO4; 9-. Ca-Mg-P; 10-. Urea; 11-. K2CO3. Rcw =1000(Wi-Wf)/Wi, where Wi is 1228 

the initial weight of the limsestone tablets, and Wf is their final weight.  1229 
 1230 
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