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Fabrications of chitosan-derivative-based superabsorbent materials for agriculture application

Response to the comments from Editor and Reviewers and changes made in the revised manuscript
The authors would like to thank Editor and Reviewers for careful and thorough reading of this manuscript and for the thoughtful comments and constructive suggestions, which help to improve the quality of this manuscript. Our responses are as followed.
Reviewer 1: (The edited part is highlighted in yellow)
1.  Add KMnO₄, 2-propanol, and EtOH to Section 2.1.
Response: Thank you for your kind reminder. Chemicals of KMnO4, 2-propanol, and EtOH has been added to Section 2.1 Materials.
2.  The authors should supplement and clearly describe the method for evaluating the water adsorption and desorption capacity of the OCMCS-SAP material in Section 2.
Response: Thank you for your valuable suggestion. The method for evaluating the water adsorption and desorption capacity of OCMCS-SAP material has been provided in section 2.5. Besides, the method for evaluating biodegradation and application of OCMCS-SAP material on agriculture were provided to section 2.6 and section 2.7.
[bookmark: _GoBack]3. Clarify the conditions under which the adsorption capacity was measured-specifically, the water temperature and whether the material was used in powdered or bulk form-in order to justify the relatively high adsorption capacity of 658.16 g/g after 15 days of immersion.
Response: Thank you for your insightful comment. The adsorption and desorption capacity were investigation in distilled water at room temperature (30oC), and SAP derived chitosan material was used in powder form. These information has been added to section 3.2 to justify the relatively high adsorption capacity.  
4.  Is there any contradiction between the adsorption/desorption study after 30 days and the biodegradability of the OCMCS-SAP material? Did the samples exhibit signs of disintegration, swelling, or decomposition?
Response: Thank you, we sincerely apologize for the unintentional error. It is this confusion that leads to conflicting results in adsorption/desorption and biodegradation of the material. We have re-checked and corrected the biodegradation percentage of OCMCS-SAP material in section 3.4. Therefore, we confirm that the material is biodegradable due to microorganisms when buried in soil. 
5.  Add the mass loss data of the samples in the discussion of the TGA results.
Response: Thank you for your suggestion. The mass loss percentage of TGA results have been provided to the discussion and Figure 14. 
6.  In Section 3.3.2, the authors state: "On the other hand, increasing the AA concentration too high reduces the material's swelling ratio because increasing the AA concentration raises the viscosity of the product and inhibits the mobility of free radicals, lowering the ability to absorb water." It is necessary to include experimental data for an O-CMCS:AA ratio greater than 1:10 to support this claim.
Response: Thank you for useful recommendation. This statement was added to the manuscript to further support our reasoning for choosing an optimal OCMCS:AA ratio of 1:8, and had a predictive meaning for the water absorption trend when increasing the ratio more than 1:10. The tendency of increasing AA content to increase the water absorption capacity of SAP materials, however, excessive increase reduces the water retention capacity of the material has been demonstrated in many previous studies [1-3]. These previous studies have been provided to the reference section. 
7.  How does pH affect the biodegradability of OCMCS-SAP?
Response: Thanks for your appropriate question. The degradability of SAP from O-CMC was significantly affected by pH, both in solution and in soil. 
Acid environment (pH<5): the decomposition mainly involves the dissolution of amino groups in the material due to the protonation of NH2 to NH3+. However, microorganisms do not function well in overly acidic environments, thus biodegradation of materials is poor.
Neutral medium (pH 6-7): is the optimal condition for the activity of microorganisms and enzymes, so the ability to biodegrade is most powerful.
Alkaline condition (pH>8): the amino groups was deprotonation and the density of COOH groups increase that reduced polymer network flexibility even became rigid. Furthermore, microorganisms are inactivated so biodegradability is poor.
To sum up, the biodegradability of the material is strongest in a neutral pH environment, and soil has pH level of 6-7, which is also the most effective condition for microorganisms to operate. These information was summarized and provided to section 3.4 of the manuscript. 
Reviewer 2: (The edited part is highlighted in green)
(1) In the introduction, the author should clarify “what are superabsorbent materials?”
Response: Thank you for your useful contribution. The superabsorbent material concept has been provided to the Introduction section of the manuscript.
(2) I thought that the authors should revise this commnent “Therefore, in this study, we extract chitosan for SAP manufacture utilizing "shrimp shells," a waste product that is typically discarded and has a significant risk of creating environmental damage, rather than starch” because most shrimp shells are used as an initial source to produce chitosan and other products. Therefore, shrimp shells are not waste to environmental damage.
Response: We totally agree with your idea. The statement has been revised as “Therefore, in this study, we extract chitosan for SAP manufacture utilizing shrimp shells, a commonly discarded byproduct, instead of starch”
(3) In experiments, the authors should describe the methods to determine the deacetylation degree of CS-DD and the water adsorption of the materials in detail.
Response: Thank you for your beneficial support. The methods to determine the deacetylation degree of chitosan has been provided to section 2.2, as well as the method for evaluating the water adsorption and desorption capacity of OCMCS-SAP material has been provided in section 2.5.
(4) There are potential issues about the environmental impacts due to the use of a large NaOH dosage during the process to produce chitosan. Therefore, some comments should be added to overcome this problem. 
Response: We appreciate your thoughtful comprehension. NaOH is really polluting the environment if not treated and discharged directly into the environment, causing negative impacts on water, soil environment or even human. Therefore, after use, NaOH should be filtered, pH and concentration measured for reuse on less demanding processes such as equipment cleaning, acid neutralization, etc. In addition, NaOH should be neutralized with dilute acid or CO2 before being discharged into the environment. This information has been added to the section 2.2 in the manuscript.
(5) The recovery performance of chitosan from the shrimp shells and the total efficiency for producing the materials based on the processes should be provided.
Response: Thank you for your comment. The extraction process with two deacetylation steps achieved an overall extraction efficiency of chitosan from shrimp shells of 53.28%. This parameter has been provided to section 3 of the manuscript. 
(6) The benefits and drawbacks of this material should be discussed and compared with other previous works.
Response: Thanks for your helpful recommendation. The advantages of OCMCS-SAP material compared to SAP materials from other raw materials such as starch was that it had taken advantage of shrimp shell by-products [4]. In addition, SAP materials from O-carboxymethyl chitosan had high water absorption capacity owning to adding hydrophilic groups, compared to original chitosan [3, 5]. This material was environmentally friendly, had good biodegradability, which was favorable for short-term crops compared to polyacrylic acid and polyvinyl alcohol [6, 7]. However, they are also susceptible to inactivation and reduced performance in alkaline environments when compared to SAP materials derived from synthetic polymers [8]. These discussion has been summarized and provided to the Introduction and section 3.4 of the manuscript. 
(7) The references in the analysis of materials, such as FT-IR, XRD, etc., should be added to increase the reliability of the studied data.
Response: We totally agree with your opinion. The references in the FTIR, XRD and TGA analyses of materials has been provided. 
(8) In Tables 1 and 2, for OCMCS-SAP sample after adsorption, why is the final mass higher than the initial mass?
Response: Thank you for your insightful remarks. The mass of OCMCS-SAP samples in swollen state generally tends to increase slightly in the first week and after decrease significantly to the end of experiment. The reason for this was that the modified chitosan has many functional groups and they easily associated with ions presented soil such as Ca2+, Mg2+, PO43-. This information has been provided to section 3.4 in the manuscript.
(9) The format of references should be rechecked.
Response: The authors thank the reviewer for your comment. The format of references as well as grammatical and typographical errors have been double checked and revised throughout the manuscript.
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