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Abstract: 

To evaluate the effects of K-PAA and attapulgite PAM on the physical and chemical properties of 

tobacco-growing soil and the growth and internal quality of flue-cured tobacco in Changning tobacco-

growing area of Baoshan. The flue-curing tobacco variety (Nicotiana tabacum L.) HongDa was used as 

Planting material. Two kinds of Super Absorbent Polymers (SAP) K-PAA and attapulgite PAM were used 

auxiliary material, and two application methods of Concentrating application and spread application were 

used. The amount of water-retaining agent was 45 kg/hm2 and 90 kg/hm2, respectively, and nine 

treatments were set up. The agronomic characters, soil physicochemical properties and conventional 

chemical components of cured tobacco leaves were measured 45d, 60d and 90d after transplanting, and 

the sensory quality of cured tobacco leaves was evaluated. After application of SAP, the soil diameter R < 

0.25 mm soil aggregate proportion decreased significantly (P<0.05), while the other large granular soil 

proportion increased, soil available potassium content increased significantly (P<0.05) and significantly 

(P<0.05) increased soil water content, total sugar and reducing sugar in tobacco leaves decreased 

significantly(P<0.05), total nitrogen and nicotine content significantly(P<0.05) increased, the chloride ion 

content in upper leaves dropped significantly (P<0.05). The effects of different SAP, application methods 

and application amount on tobacco plant growth and tobacco quality were different. In Baoshan 

Changning tobacco area, the application of SAP can promote the early growth and rapid growth of flue-

cured tobacco, coordinate the ratio of glycine and potassium to chlorine in the upper tobacco leaves, and 

improve the tobacco smoking quality. 
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I. INTRODUCTION

Flue-cured tobacco is an important economic crop providing leaves as the main harvest object[1]. 

High-quality development of tobacco agriculture carries great significance for optimizing the rural 

industrial structure, increasing tobacco farmers’ income, and promoting rural revitalization. Flue-cured 

tobacco prefers warmth and humidity[1-3], showing quite high water requirements throughout the growth 

period[4]. Periodic drought and water shortage will seriously affect the growth of flue-cured tobacco[5,6], 

resulting in lower yield and quality of flue-cured tobacco. In Baoshan tobacco-growing area, flue-cured 

tobacco often encounters drought in the early and middle growth stages, and the total rainfall during the 

field period of flue-cured tobacco presents an obvious downward trend in the past 20 years (Fig 1). Given 

the increasingly serious drought in tobacco agriculture, it is imperative to ease the drought by seeking new 

approaches. At present, super absorbent polymers have been widely used in tobacco production. 

Appropriate application of water-retaining agent can reduce soil bulk density and specific gravity[7], 

improve soil porosity, and promote the formation of soil aggregate structure[8], thereby achieving the 

purposes of slow release of water and fertilizer, reduction of soil water evaporation[9]. At the same time, it 

can improve soil enzyme activity, optimize the microbial community structure of crop rhizosphere[10], 

increase root activity[11,12], and ultimately promote soil water and fertilizer retention, stabilize the yield 

and quality of flue-cured tobacco[7], thus boosting high-quality development of tobacco agriculture. 

Water-retaining agents usually carry a large number of polar hydrophilic groups such as 
-
COOH, -OH,

-NH2, which can absorb water at hundreds of times or more of their own weight. By bonding with soil

particles, it affects the soil aggregate content, soil porosity, soil bulk density, thus changing the soil state

and then achieving the purposes of faster irrigation water infiltration, water storage and fertilizer

maintenance, and reduced soil water evaporation[13,14]. The current application modes mainly include

mixed application with soil, injection and wrappage of water-retaining agent with seeds[16,17]. Different

application modes create quite different effects. Improper application of water-retaining agent often leads

to increased soil bulk density, soil compaction, decreased soil porosity and penetration. At the same time,

different water-retaining agents have greatly different water and fertilizer retention effects[6-8,15].

Generally speaking, water-retaining agent with smaller particle size and smaller cross-linking density has

greater water absorption and swelling capacity. Moreover, its water absorption performance is easily

affected by ion concentration of the external soil solution. For example, polyacrylate water-retaining agent

is easily affected by Ca
2+

, SO4
2-

, Mg
2+

, etc. In terms of type, natural polymeric water-retaining agent has

higher salt resistance, is easier to degrade, and has more stable performance, but with a lower water

absorption ratio. Synthetic polymer water-retaining agent has poor salt resistance, but with higher water

absorption ratio. Polymeric water-retaining agent is in the middle of the two in terms of advantages and

disadvantages, demonstrating good comprehensive performance[18-21]. Therefore, it is necessary to make

a reasonable assessment of the applicable type, application mode and application amount of the water-

retaining agent in light of the soil climate of the specific tobacco area, which carries important guiding

significance for the promotion of this agricultural technology. This study aims to investigate the reasonable

application modes and application amounts of K-PAA and attapulgite-PAM, two environmentally friendly

water-retaining agents in Baoshan Changning tobacco-growing area, and to evaluate the effects of different
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treatments on soil moisture, fertility, growth of flue-cured tobacco and intrinsic quality formation of 

tobacco leaves. 

Fig 1: Rainfall during key phenological periods of flue-cured tobacco growth in Changning of Baoshan from 

2000 to 2019 

II. MATERIALS AND METHODS

2.1 Test Location 

The experiment was conducted in Fujie Township, Changning County, Baoshan City in 2020. The main 

planting variety is Nicotiana tabacum L. Honghua dajinyuan, with planting density of 16500 plants/hm
2
,

leaves of 18-20 pieces/plant, and pure nitrogen of 105-120 kg/hm
2
. The soil of the test site is sandy loam.

The physical and chemical properties of the soil are: soil organic matter of 17.33 g/kg, Alkali hydrolyzed 

nitrogen of 71.48 mg/kg, available phosphorus of 15.31 mg/kg, available potassium of 153.91 mg/kg and 

available boron of 0.37 mg/kg, which meets the nutrient requirements of tobacco planting soil for the 

growth of high-quality flue-cured tobacco. 

2.2 Materials 

High molecular potassium polyacrylate (K-PAA), powder, particle size: 0.11~0.50mm, linear structure, 

degree of hydrolysis 27%~35%, potassium content 11%~15%, water absorption 560 times (deionized 

water), manufacturer: Renqiu Heying Chemical Co., Ltd. Attapulgite polyacrylamide (attapulgite PAM), 

fine granular, particle size: 1.8~0.20mm, three-dimensional network structure, water absorption multiple of 

350 times (deionized water), manufacturer: Gansu hairuida Ecological Environment Technology Co., Ltd. 



Forest Chemicals Review 
www.forestchemicalsreview.com 
ISSN: 1520-0191  
July-August 2022 Page No. 246-266 
Article History: Received: 30 March 2022, Revised: 8 April 2022, Accepted: 15 April 2022, Publication: 30 April 2022  

249 

2.3 Design 

The experiment was arranged in random blocks. A total of 9 treatments were set, repeated for 3 times, 

with a small area of 50m
2
 and protection rows. When transplanting, pour enough root fixing water and then

cover with film. The fertilization and production standards of subsequent treatments shall be implemented 

according to the local high-quality tobacco production standards. The application methods of water 

retaining agent are divided into hole application and spreading application. Hole application: when 

transplanting, the water retaining agent or water retaining agent is mixed with fine soil, evenly sprinkled 

into the pond, watered and covered with thin soil. Spreading: when preparing the land and ridging, mix the 

water retaining agent with fine soil or farm fertilizer and evenly spread it between the ridges, and water it 

during transplanting. The processing settings are shown in Table I. 

TABLE I. Experimental treatment Settings 

Treatments SAP Usage of SAP(kg/hm
2
) Use of SAP 

CK / 0 / 

T1 

K-PAA

45 
Hole Fertilization 

T2 90 

T3 45 
Surface Broadcasting 

T4 90 

T5 

PAM 

45 
Hole Fertilization 

T6 90 

T7 45 
Surface Broadcasting 

T8 90 

2.4 Measurement Index 

2.4.1 Soil determination 

At 45d, 60d and 90d after flue-cured tobacco transplanting, 5 tobacco plants were randomly selected 

and labeled in each community, and rhizosphere soil was collected, sealed, preserved, labeled and sent for 

inspection. Test items: soil pH, organic matter, total nitrogen, total phosphorus, total potassium, Alkali 

hydrolyzed nitrogen, available phosphorus, available potassium, bulk density, total porosity, humus and 

aggregate structure. Detection method: the pH value is determined by NY/T 1121.2-2006 pH meter method 

(water soil mass ratio 2.5:1), the content of organic matter is determined by NY/T 1121.6-2006 potassium 

dichromate titration method, the content of alkali hydrolyzed nitrogen is determined by LY/T 1229-1999 

alkali hydrolysis diffusion method, the content of available phosphorus is determined by NY/T 1121.7-

2006 ammonium fluoride molybdenum antimony anti colorimetry method, and the content of available 

potassium is determined by NY/T 889-2004 ammonium acetate extraction flame photometric method, The 

total nitrogen content was determined by the Kjeldahl method (NY/T 1121.24-2012), the total phosphorus 

content was determined by the sodium hydroxide alkali melting method (GB 9837-88), and the total 

potassium content was determined by the hydrofluoric acid digestion flame photometric method (GB 
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9836-88). Refer to Lu rukun's soil agrochemical analysis method to determine soil physical properties. 

During the measurement, the three needle probe is completely inserted into the soil (8-10cm deep) from 3-

5cm away from the root of tobacco plants, and the root moisture of 3 flue-cured tobacco plants is measured 

at random in each community. 

2.4.2 Investigation of Agronomic Characters 

After the selected tobacco plants were listed, the agronomic characters of different treatments of flue-

cured tobacco were investigated at 45d, 60d and 90d after transplanting according to the Chinese tobacco 

industry standard (YC/T 142-2010 tobacco agronomic character investigation and measurement method). 

Investigation items: plant height, stem circumference, number of effective leaves, maximum leaf length 

and maximum leaf width. 

2.4.3 Determination of routine chemical components of tobacco leaves 

After the tobacco leaves were roasted and graded, 1kg C3F and B2F grade tobacco leaves were 

sampled from each treatment for routine chemical composition detection and sensory quality evaluation. 

Detection method: use continuous flow analysis (YC/T 159-2002), (YC/T 161-2002), (YC/T 468-2013), 

(YC/T 162-2011) to determine the water-soluble sugar, total nitrogen, total vegetable alkali and chlorine of 

tobacco and tobacco products, and use flame photometry (YC/T 173-2003) to determine the potassium ion 

content of tobacco leaves. 

2.4.4 Determination of routine chemical components of tobacco leaves 

The sensory quality adopts the nine point system, and the indicators are: aroma quality, aroma quantity, 

miscellaneous gas, aftertaste, strength, concentration and irritation. 

2.5 Data Analysis 

Excel 2018 was used for chart drawing, and SPSS 21.0 was used for significant difference analysis. 

2.6 Experimental Results 

2.6.1 Effects of different treatments on soil physical properties of flue-cured tobacco at different 

phenological stages 

Water-retaining agent improves soil physical properties such as specific gravity, bulk density and 

porosity by binding micro soil aggregates with particle size R < 0.25mm to form soil aggregates with 

larger particle size. As shown in Table 2, after the application of water-retaining agent, the soil bulk 

density and specific gravity decrease significantly. With the succession of growth period, the soil bulk 

density and specific gravity first decrease and then slowly recover. In the early growth stage, the soil bulk 
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density is significantly lower in the attapulgite-PAM treatment than in the K-PAA treatment, while in the 

middle and later growth stages, the two water-retaining agents are not significantly different in terms of 

effect on soil specific gravity and bulk density. The soil bulk density and specific gravity increase 

significantly with the increasing application amount of water-retaining agent. Different water-retaining 

agents, application modes and application amounts exert different effect on the soil porosity, and soil 

porosity increases significantly with the increasing application amount of water-retaining agent. 
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Obvious law is exhibited in the effect of water-retaining agent application on soil water-stable 

aggregate structure. Where, aggregates with particle size R<0.25mm has significantly decreased proportion, 

while aggregates at other levels have significantly increased proportion. According to Table 3, the 

percentage reduction of R<0.25mm aggregates is 13.56%, 10.04%, -3.43% higher in K-PAA treatment 

than in attapulgite-PAM at 45d, 60d, and 90d after transplantation, respectively. In the early, middle 

growth stage of flue-cured tobacco, K-PAA application has a significantly higher decrease in soil 

aggregate content than attapulgite-PAM; no significant difference is displayed between different 

application modes in the percentage reduction of soil aggregates R<0.25mm. In the early growth stage, 

hole application has greater percentage reduction than broadcast application in soil aggregates with particle 

size R<0.25mm, while in the middle and late growth period, broadcast application has greater percentage 

reduction than hole application in soil aggregates with particle size R<0.25mm. 90kg/hm
2
 water-retaining

agent has 2.15%, 1.65% and 8.17% higher percentage reduction in soil aggregates with particle size 

R<0.25mm than 45kg/hm
2
 at 45d, 60d and 90d after transplantation, respectively.

TABLE III. Changes of soil aggregates with diameter R<0.25mm during flue-cured tobacco growth 

period 

Time Factors 

Average 

Decline 

Rate 

Time Factors 

Average 

Decline 

Rate 

Time Factors 

Average 

Decline 

Rate 

45d 

K-PAA 33.11% 

60d 

K-PAA 17.04% 

90d 

K-PAA 32.94% 

PAM 19.55% PAM 7.00% PAM 36.37% 

Hole 

Fertilization 
27.98% 

Hole 

Fertilization 
9.38% 

Hole 

Fertilization 
32.92% 

Surface 

Broadcasting 
24.67% 

Surface 

Broadcasting 
14.65% 

Surface 

Broadcasting 
36.39% 

45kg/hm
2

25.25% 45kg/hm
2

12.84% 45kg/hm
2

30.57% 

90kg/hm
2

27.40% 90kg/hm
2

11.19% 90kg/hm
2

38.74% 

2.6.2 Effects of different treatments on soil water, fertilizer and growth of flue-cured tobacco at 

different phenological stages 

Soil water and fertilizer are important factors limiting the growth and quality formation of flue-cured 

tobacco. As shown in Table 4, soil water content is not significantly different between treatments before 

transplantation. After application of water-retaining agent, soil water content is significantly higher 

compared to CK. Great difference is displayed in the effects of different water-retaining agents, application 

modes and application amounts on the soil water content of tobacco fields during the whole growth period. 
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TABLE IV. Soil water content changes under different treatments in tobacco fields 

Time Factors 

Average 

Decline 

Rate 

Time Factors 

Average 

Decline 

Rate 

Time Factors 

Average 

Decline 

Rate 

45d 

K-PAA 33.11% 

60d 

K-PAA 17.04% 

90d 

K-PAA 32.94% 

PAM 19.55% PAM 7.00% PAM 36.37% 

Hole 

Fertilization 
27.98% 

Hole 

Fertilization 
9.38% 

Hole 

Fertilization 
32.92% 

Surface 

Broadcasting 
24.67% 

Surface 

Broadcasting 
14.65% 

Surface 

Broadcasting 
36.39% 

45kg/hm
2

25.25% 45kg/hm
2

12.84% 45kg/hm
2

30.57% 

90kg/hm
2

27.40% 90kg/hm
2

11.19% 90kg/hm
2

38.74% 

According to Table 5, the increase of soil moisture content is 3.07%, 5.97%, 0.45% higher in K-PAA 

treatment than in attapulgite-PAM treatment at 3, 7, 11 weeks after transplantation. At 1~7 weeks of 

transplantation, K-PAA obviously increases more soil water content than attapulgite-PAM, indicating that 

K-PAA has water retention effect superior to attapulgite-PAM during this period. In the middle and late

growth stage (7~11 weeks), the two water-retaining agents have a small gap in increase of soil water

content. Hole application is obviously superior to broadcast application, and the former has 11.85%,

11.75%, and 5.71% higher increase in soil water content than the latter at 3, 7, 11 weeks after 

transplantation. In the middle and late growth stage, there is smaller difference between the two, but hole 

application can better increase soil water content than broadcast application. 90 kg/hm
2
 application amount

increases 9.53%, 12.14%, 6.09% more soil water content than 45 kg/hm
2
 application amount at 3, 7, 11

weeks after transplantation. With the increase of application amount, soil moisture content has greater 

increase.  

TABLE V. Analysis of soil water content in flue-cured tobacco growth period under different factors 

Time Factors Average Growth Rate 

3 weeks after 

Transplanting 

K-PAA 19.81% 

PAM 22.88% 

Hole Fertilization 27.27% 

Surface Broadcasting 15.42% 

45kg/hm
2 16.53% 

90kg/hm
2 26.16% 

7 weeks after 

Transplanting 

K-PAA 24.30% 

PAM 18.33% 
Hole Fertilization 27.19% 

Surface Broadcasting 15.44% 

45kg/hm
2 15.24% 

90kg/hm
2 27.38% 

11 weeks after K-PAA 10.43% 



Forest Chemicals Review 
www.forestchemicalsreview.com 
ISSN: 1520-0191  
July-August 2022 Page No. 246-266 
Article History: Received: 30 March 2022, Revised: 8 April 2022, Accepted: 15 April 2022, Publication: 30 April 2022  

255 

Transplanting PAM 9.98% 

Hole Fertilization 13.06% 

Surface Broadcasting 7.35% 

45kg/hm
2 7.16% 

90kg/hm
2 13.25% 

Water-retaining agent application amount affects soil water content throughout the growth period, 

showing relatively greater effect in the early, middle growth stages.As shown in Table 6, after application 

of water-retaining agent, soil organic matter, total nitrogen and alkali-hydrolyzed nitrogen have 

significantly decreased contents, total potassium and soil available potassium have significantly increased 

contents, and no significant difference is exhibited between the contents of total phosphorus and soil 

available phosphorus. At the same time, according to Table 7, it can be calculated that K-PAA increases 

23.26%, 21.27%, -16.65% more soil available potassium than attapulgite-PAM at 45d, 60d, and 90d after 

transplantation, respectively, indicating that K-PAA can better increase soil available potassium than 

attapulgite-PAM in the early and middle growth stages of flue-cured tobacco, while attapulgite-PAM is 

superior in the late growth stage. In terms of application mode, hole application incurs 7.8%, 2.55% and 

1.54% higher increase of soil available potassium than broadcast application at 45d, 60d and 90d after 

transplantation, respectively. 

TABLE VI. Change of soil available K content in field during the growth period of flue-cured tobacco 

Time Factors Average Growth Rate 

45 days after 

Transplanting 

K-PAA 33.51% 

PAM 10.25% 

Hole Fertilization 25.78% 

Surface Broadcasting 17.98% 

45kg/hm
2

23.57% 

90kg/hm
2

20.19% 

45 days after 

Transplanting 

K-PAA 15.59% 

PAM -5.68%

Hole Fertilization 6.23%

Surface Broadcasting 3.68%

45kg/hm
2

1.64%

90kg/hm
2

8.27%

45 days after 

Transplanting 

K-PAA 12.56% 

PAM 29.21% 

Hole Fertilization 21.65% 

Surface Broadcasting 20.11% 

45kg/hm
2

21.77% 

90kg/hm
2

20.05% 
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Water and fertilizer conditions in tobacco fields will directly affect the field growth of flue-cured 

tobacco. As shown in Table 8, after the application of water-retaining agent, the plant height, maximum 

leaf length, maximum leaf width, and number of leaves are significantly higher in each treatment 

compared to CK in resettling stage, squaring stage, dome stage of flue-cured tobacco. Where, the 

difference is more obvious in the resettling stage, with multiple indicators significantly higher than CK, but 

the difference is insignificant in the middle and late stages. It is possibly because rainfall increases after 

squaring, water then has smaller effect on the growth of flue-cured tobacco, but no obvious law is 

displayed in the effects of different treatments on the agronomic characters of flue-cured tobacco. 

2.6.3 Effects of different treatments on conventional chemical components of tobacco leaves 

In the middle leaf, the total sugar content of CK was significantly higher than that of other treatments; 

The contents of total nitrogen and total alkali in each treatment increased significantly; The contents of 

total sugar, reducing sugar and Cl
-
 in upper leaves were significantly lower than those in CK, while the

contents of total nitrogen, total alkali and K
+
 increased significantly. As shown in Table 9, the sugar alkali

ratio of middle leaves is generally within the reference value range of high-quality tobacco leaves, and the 

upper leaves are slightly less than the reference value. The ratio of nitrogen to alkali in the middle leaves 

was relatively small compared with the reference value. The potassium chloride ratio of middle leaves was 

between 18.88 ~ 32.60 and that of middle leaves was between 3.91 ~ 20.00. After the application of water 

retaining agent, the sugar alkali ratio of tobacco leaves decreased, the nitrogen alkali ratio increased 

slightly, the potassium chloride ratio showed different rules in different parts of tobacco leaves, the 

potassium chloride ratio of middle leaves decreased, and the potassium chloride ratio of upper leaves 

increased significantly. 

2.6.4 Sensory evaluation results of different treatments of tobacco leaves 

It can be seen from table 10 that the sensory quality index and score of middle tobacco leaves in each 

treatment in the test are higher than those in the control, and the index and score are T4 > T1 > T6 > T2 > 

T7 > T3 > T5 > T8 > CK in turn; The sensory quality of tobacco leaves in the middle of T4 treatment is as 

follows: good aroma quality, sufficient aroma, clear and sweet, slightly green and miscellaneous, ligneous 

gas, slightly stimulating and strong. Except that T2, T3 and T4 were slightly lower than the control, the 

sensory quality index and score of upper tobacco leaves were higher than the control. The index and score 

were T8 > T7 > T6 > T1 > T5 > CK > T2 > T4 > T3 in turn; The sensory quality of the upper tobacco 
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leaves treated with T8 is as follows: sufficient aroma, obvious sweetness, burnt aroma, strong 

concentration, slight stimulation, miscellaneous gas, obvious sweetness, good sweetness and strong 

strength. According to the smoking evaluation results of middle and upper tobacco leaves, the sensory 

quality of T1 and T6 treatments was relatively good as a whole. 
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2.7 Discussion 

2.7.1 Effects of different treatments on soil physical properties and water content of flue-cured tobacco 

at different phenological stages 

In this experiment, the two water-retaining agents demonstrate quite different water and fertilizer 

retention properties in different phenological stages of flue-cured tobacco, primarily due to the differences 

in the molecular structure, particle size and functional group of the two water-retaining agents. K-PAA is 

powdery, with small particle size, linear molecular structure, low cross-linking density within the 

molecule, and main hydrophilic groups of -COOK and -COOH, which belongs to synthetic polymer water-

retaining agent. Attapulgite-PAM is fine-grained, with larger particle size, three-dimensional network 

structure in molecule, great cross-linking density inside the molecule, and main hydrophilic groups of -

COOK, -OH, -COOH, etc. The polymeric attapulgite contains more than 20 elements such as Ca
2+

, Mg
2+

,

Fe 
3+

, which belongs to semi-synthetic polymer water-retaining agent. Therefore, in this study, in the early

growth stage, attapulgite-PAM significantly reduced soil bulk density, while K-PAA exerted little effect on 

soil bulk density. In the middle and late growth stages, the two water-retaining agents create not 

significantly different effects on soil bulk density. On the one hand, this is because K-PAA with linear 

structure has relatively smaller particle size, greater specific surface area and faster early-stage water 

absorption rate compared to attapulgite-PAM with three-dimensional network structure, making it easier to 

block the soil pores, which is inconducive to reducing soil bulk density. At the same time, in the early 

growth stage, K-PAA can more effectively bond with soil particles, thereby reducing the proportion of soil 

aggregates with a particle size R < 0.25mm and increasing the proportion of other soil aggregates with 

relatively large particles. Therefore, in terms of water absorption performance, water absorption rate is 

faster in the early stage, but flue-cured tobacco easily absorbs water and swells in the stage, which blocks 

soil pores and increases soil bulk density [7]. On the other hand, attapulgite-PAM has a higher cross-
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linking density in polymer molecule, and can provide abundant trace elements for the replacement of ions 

in the soil solution, resulting in stronger salt tolerance and more stable water retention performance. With 

the progress of the growth period and the repeated water absorption of the water-retaining agent [20], 

water-retaining agent has decreased water-absorbing capacity, and the effects of the two on soil aggregates 

are not so much different in the late growth stage. During the whole growth period, soil bulk density and 

specific gravity decrease first and then slowly increase after the application of water-retaining agent, which 

is similar to the findings of Bai Gangshuan et al. [7]. For its reason, the water-absorbing function of water-

retaining agent molecules declines after repeated water absorption, swelling and degradation of soil 

microorganisms and sunlight [10, 20], and leaching and deposition of soil particles during the growth 

period also play a role. Different water-retaining agents, application modes and application concentrations 

exert certain different effects on soil porosity. Under hole application, the soil bulk density presents an 

upward trend with the increasing application amount of water-retaining agent, but the increase range is 

small. Also, the soil specific gravity increases significantly. Soil porosity increases with the increasing 

application amount of water-retaining agent, which is similar to the findings of Bai Gangshuan et al.[21]. 

2.7.2 Effects of different treatments on soil chemical composition of flue-cured tobacco at different 

phenological stages 

The different molecular structures, particle sizes and functional groups of the two water-retaining 

agents also affect the fertilizer-retention ability of tobacco soil. In this study, soil organic matter and total 

nitrogen present a downward trend in soil applied with water-retaining agent during the growth period, 

which is different from some current studies. It’s possibly because the water-retaining agent improves the 

soil microenvironment and promotes absorption of soil nutrients by the root system, which leads to 

decreased soil organic matter and total nitrogen content. In terms of field growth of flue-cured tobacco, 

tobacco plants applied with water-retaining agent display better field growth. The total phosphorus and 

total potassium contents are not significantly different, while content of soil available potassium increases 

significantly, which is similar to the findings of Mao Sishuai et al.[23]. Different treatments exert great 

effect on soil available potassium content, demonstrating obvious law. For its reason, K-PAA used in this 

experiment contains a large number of -COOK functional groups, K
+
 dissociates after rapidly absorbing

water in the early growth stage, which significantly increases the soil available potassium content, but due 

to the relatively rapid decline in the performance, the water-retaining agent dissociates much less K
+
 in the

later period. The granular attapulgite-PAM with high cross-linking density is more likely to form channels 

in its molecules to store nutrients after water absorption and swelling, which can slow down the release of 

soil nutrients. Moreover, its aggregated attapulgite has rich trace elements, strong ion adsorption and ion 

exchange, which can adsorb potassium ions in soil and slowly release it, resulting in longer synergistic 

effect on soil available potassium. In the vigorous growing stage, water-retaining agent barely increases 

soil available potassium, mainly due to the potassium requirement law of tobacco plants. In the vigorous 

growing stage, tobacco plants grow rapidly and require a relatively large amount of potassium, so there is 

smaller potassium content in the soil. Hole application better increases soil available potassium than 

broadcast application, while increased concentration of water-retaining agent does not significantly 

increase soil available potassium. 
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2.7.3 Effects of different treatments on the growth of flue-cured tobacco and the intrinsic quality of 

tobacco leaves 

In this study, after the application of water-retaining agent, there was significantly decreased total 

sugar and reducing sugar in tobacco leaves, while the total nitrogen, nicotine, and K
+
 generally increased.

The Cl
-
 content is different between the middle and upper leaves, which increases slightly in middle leaves,

but decreases significantly in the upper leaves. Where, the changes of total sugar, reducing sugar, and 

nicotine content are quite different from the findings of Mei Yanan et al.[24], Bai Gangshuan, et al.[7,25], 

but are similar to findings of Xu Lu et al.[26]. It’s possibly because obvious drought stress was set in the 

former experiment, but the stress was significantly eased after the application of water-retaining agent, 

with activity of tobacco plants increased and content of total sugar and reducing sugar on the rise. In this 

experiment, drought stress was mainly set in the early, middle development stages, with no obvious 

drought stress in the late stage. Moreover, the two experimental tobacco-growing areas were quite different 

in terms of primary plant varieties, ecology, soil conditions and conventional chemical components of 

tobacco leaves. Therefore, the author believes that the two conclusions are less comparable. The later 

experimental site is Panzhihua with climate and soil conditions closer to this study. The tested varieties are 

all dajinyuan, so the conclusion is relatively more comparable. In this study, after the application of water-

retaining agent, the content of total sugar and reducing sugar in the upper leaves decreased, and the content 

of total nitrogen and total alkali increased. For its reason, on the one hand, the root system of flue-cured 

tobacco ages in the late growth stage. Coupled with soil leaching and deposition, the soil porosity 

decreases, the overall activity of the plant is poorer, and the total sugar and reducing sugar content 

decreases. On the other hand, the content of total sugar and reducing sugar is also related to the maturity of 

tobacco leaves. The present study found that with the increase of tobacco leaf maturity, the content of total 

sugar and reducing sugar presented a downward trend, while the content of total nitrogen and nicotine 

displayed an upward trend[27-29]. It is thus speculated that the decrease of two sugars in this experiment is 

because the application of water-retaining agent advances the growth process of flue-cured tobacco, and 

increases the maturity of upper leaves. 

Cl
-
 mainly exists in the form of water-soluble chlorine, which is extremely mobile in tobacco plants. It

enters the roots of tobacco plants through the symplast pathway. The flow direction has relation with the 

transpiration rate of plant organs. Generally, organs with higher transpiration rate have higher Cl
-
 content.

In addition, due to the greatly different soil chlorine content between the various tobacco-growing areas, its 

content is not obviously related to leaf position in field production[30, 31]. In this experiment, the chlorine 

content in upper leaves decreased significantly after the application of water-retaining agent. For its reason, 

on the one hand, the replacement of Cl
-
 by water-retaining agent results in decreased Cl

-
 content in the

soil[19, 20], and at the same time, the water-retaining agent contains a large number of hydrophilic groups 

OH
-
 which antagonizes the absorption of Cl

-
[32,33]. Moreover, water-retaining agent can dissociate a large

number of anions and cations, among which K
+
, SO4

2-
, etc. are inconducive to the absorption of Cl

-
. On the

other hand, Cl
-
 content in tobacco leaves is positively correlated with Cl

-
 content in soil[2, 33-35], and

nearly 60% Cl
-
 in tobacco leaves comes directly from soil[33]. Baoshan Changning tobacco-growing area
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located in the southwest generally has low soil chlorine content[32]. The two factors lead to insufficient Cl
- 

supply in the soil, so upper tobacco leaves have significantly decreased Cl
-
. The content of potassium ion

in tobacco leaves is usually positively correlated with the content of soil available potassium. In this study, 

the content of soil available potassium increased significantly after the application of water-retaining agent, 

while potassium content in the middle leaves was not significantly different, though potassium content in 

the upper leaves increased significantly. For its reason, the absorption of potassium ions in flue-cured 

tobacco is mainly active, and its transport direction is affected by root pressure and transpiration rate. 

However, the tobacco plants age in the mature stage of flue-cured tobacco, with activity declined and root 

potassium absorption decreased. Therefore, upper leaves have lower potassium content than middle leaves. 

In this study, with the potassium ion proportion above 3%, the middle leaves belonged to potassium-rich 

tobacco leaves[22] whose potassium absorption was close to saturation, so the positive correlation between 

soil available potassium and potassium content in tobacco leaves is mainly reflected in the upper leaves. 

III. CONCLUSION

Compared with attapulgite-PAM, K-PAA can aggregate more soil aggregates in the early growth stage 

of flue-cured tobacco, thus increasing soil bulk density. After its application, soil water content is higher, 

and at the same time, more K
+
 is dissociated, with soil available potassium content increased. On the other

hand, attapulgite-PAM has better stability, which can reduce soil bulk density and increase soil porosity in 

the early growth stage, and can better increase soil available potassium in the later stage after application. 

Hole application has better water retention effect than broadcast application. Under the application amount 

gradient in this experiment, the water retention performance increases with the increase of application 

amount. Application of water-retaining agent can regulate the growth and quality formation of flue-cured 

tobacco, promote the early growth and rapid development of flue-cured tobacco in the early growth stage, 

coordinate the sugar-alkali ratio and nitrogen-alkali ratio of tobacco leaves, thus improving the overall 

smoking quality of tobacco leaves. 
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