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Abstract. Through no tillage, deep ploughing, shallow ploughing + straw mulching and deep ploughing + 

straw mulching, sorghum planting experiments were carried out in hilly areas to study the effects of 

different tillage methods on soil enzyme activity. The acidity of Sorghum at jointing, flowering and 

harvesting stages was determined. The results showed that deep tillage and straw mulching could improve 

soil enzyme activities of sorghum. RS tillage improved soil invertase, acid phosphatase, polyphenol 

oxidase, catalase, soil urease, soil invertase and alkaline phosphatase activities in the whole growth period 

of sorghum, and the effects were relatively significant. There were differences between growth periods. 

At the jointing and flowering stages of sorghum, the protease activity of R and TS treatments was 

significant, and the activity of soil beta-glucosidase in T treatment was higher than that in RS treatment. 

Tillage can change the activity of sorghum soil enzymes and improve soil fertility in Hilly environments. 

Therefore, the method of Sorghum planting in hilly environment can be reasonably selected according to 

the growth demand of sorghum soil enzymes. 
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Introduction 

Sorghum (Sorghum bicolor (L.) Moench) is an annual herb of Gramineae. Its stalks are 

thicker and erect, basally with root sheaths glabrous or slightly white; leaf ligules dura 

mater, apex rounded. The ciliated panicles are loose at the edges, the main axis is bare, 

and the total stem is erect or slightly curved. Caryopsis convex on both sides, light red to 

reddish brown, 2.5-3 mm wide at ripening, apex slightly exposed. Spikelets with stalks 

are about 2.5 mm long, and linear to lanceolate, flowering and fruiting occurred in 

June-September. Soil enzymes activity refers to the ability of soil enzyme to catalyze 

material transformation (Jun et al., 2017). It is usually expressed by the amount of 

catalytic reaction products per unit of soil or the amount of residual substrates per unit of 

time. Domestic scholars have done a lot of research on Sorghum planting and growth: Bo 

(2016) showed that with the increase of planting density, the leaf area per plant of 

sorghum decreased, the ventilation and light transmission conditions deteriorated, and the 

ear, ear grain number and 1000-grain weight decreased, which was harmful to the 

development of sorghum. With the increase of planting density, the number of sorghum 

leaves did not change significantly. Zhang et al. (2016) studied the sweet sorghum 8 

agronomic traits such as the simple correlation, plant height and spike length, section 

number, stem diameter, sugar content, significantly associated heading stage, plant height 

and yield of straw, stem length, node number were positively correlated, and straw yields 

were positively correlated, stem diameter and the grain yield was significantly positively 

related, and plant height and fresh weight, leaf area per plant were positively correlated, 

http://xueshu.baidu.com/s?wd=author:(Ming%20Zhi%20Zhang)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
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were very significant positive correlation, and ear length were very significant negative 

correlation with thick stems. 

Sorghum is the main raw material for liquor brewing. The traditional habit of planting 

sorghum in southeastern Sichuan is the dominant production area of waxy sorghum in 

China. The waxy sorghum planted under unique ecological conditions is the preferred raw 

material for famous liquor manufacturers in Sichuan, Guizhou and Chongqing provinces 

(Supriya et al., 2017). However, due to the wide range of hills, fewer flat dams, more 

slopes, small plots and small scale of concentrated production of Sorghum in southeastern 

Sichuan, some of them adopt the way of planting sorghum in hills. Sorghum planting in 

hilly environment is more common, the degree of mechanization is very low, the 

phenomenon of “old, chaotic and miscellaneous” varieties is serious, the cultivation 

techniques are relatively backward, the control of diseases and insect pests is not in place 

in time, the docking of production and demand is not keeping pace with other factors, 

resulting in higher relative cost and poor efficiency of Sorghum planting (Kosmambetova 

et al., 2017). Under the condition of market economy, sorghum producers should aim at 

pursuing the highest economic benefits. 

Soil enzymes are the general term of enzymes existing in soil, and they are one of the 

components of soil (Feng et al., 2018). Soil enzyme activity includes not only the 

enzymes accumulated in the soil, but also the enzymes released from the proliferating 

microorganisms to the soil. It mainly comes from the cell secretions of animals, plant 

roots and microorganisms in the soil and the decomposition of residues. Soil enzymes are 

involved in the synthesis and decomposition of humus, hydrolysis and transformation of 

organic compounds, plant and animal residues and various redox reactions of organic and 

inorganic compounds in soil (Xu et al., 2017). These processes are closely related to the 

release and storage of various nutrient elements in soil, the formation and development of 

humus in soil, the structure and physical condition of soil. They participate in the whole 

process of the occurrence and development of soil and the formation and evolution of soil 

fertility. Therefore, soil enzyme activity directly affects soil fertility and indirectly affects 

Sorghum yield (Cao et al., 2016). It is a feasible way to optimize the yield of Sorghum in 

hilly environment from the perspective of improving soil enzyme activity. In this paper, a 

sorghum cultivation area in hilly environment was selected as the research area, and 

sorghum was cultivated by different tillage methods to study the effect of Tillage 

Methods on soil enzyme activity. In order to increase the yield of sorghum, we should 

improve the activity of soil enzymes and optimize the formation and evolution of soil 

fertility. 

Materials and Methods 

Experimental Design 

The experimental area is located in the hilly area of 29°51', 106°27' and 244 m above 

sea level, with a subtropical monsoon humid climate. This is because there is a small 

difference in soil enzyme activity between flat land use patterns, while there is a large 

difference in soil microbial quantity in the hilly area with obvious characteristics. The 

average slope of the experimental area is between 10-6~10-2 mol/L. The annual total solar 

radiation is 87,108 kJ·cm-2, the annual total sunshine time is 1,276.7 hours, the annual 

average temperature is 18C (≥ 10C), the accumulated temperature is 5,979.5C, the 

highest temperature in summer is about 40C and the average rainfall is 1,133.7 mm. The 
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soil of the test plot is purple soil of dry land, with gentle slope and relatively uniform soil 

fertility. The cultivated soil in hilly environment is irrigated and silted soil with early 

cultivation and high maturity. Its thickness can reach 30-60 cm. The cultivation layer is 

light in texture and poor in water retention capacity. The volumetric heat capacity is 

generally 1-2.5 coke/cm3·℃. Moreover, due to the limiting factor of soil fertility level, the 

fertility level is quite different. 

The experiment was started in April 2018. Four tillage treatments (no-tillage, deep 

tillage, shallow tillage + straw mulching, deep tillage + straw mulching) were set up. Each 

treatment set was repeated three times. The area of each treatment plot ranged from 12 to 

24.75 hm2 and was arranged in random blocks. In order to facilitate experimental 

recording and improve detection efficiency, the following four methods are set as follows: 

(1) No-tillage (T): no tillage of the land, plastic film was replaced until the experimental 

Jiedong; and (2) Deep tillage (TS): tillage 30 cm of cultivated land with subsoiling shovel 

after autumn harvest, and rotary tillage, mulching and sowing in spring. (3) Shallow 

tillage + straw mulching (R): Stalk-straw cutting and shallow harrow suppression-

ploughing-shallow tillage-fertilization preparation-open-field drilling-weeding, pest 

control, treatment area 2.4 hm-2, straw returning amount of 104 hm-2. (4) Deep tillage + 

straw mulching (RS): Stalk-straw cutting and shallow harrowing to suppress, deep tillage-

fertilization preparation-open field drilling-weeding, pest control during sorghum 

harvesting in the previous crop. The treatment area is 2.67 hm-2, and the amount of straw 

returned to the field is about 114 kg hm-2. 

Sorghum was planted uniformly, sowing time was April 20, plant spacing was 20 cm, 

row spacing was 30 cm, and 7.2×104 plants/hm2were planted. Unified fertilization 

measures were adopted. The fertilizers used were urea, diamine phosphate, calcium and 

potassium chloride. The amount of chemical fertilizer used in each treatment was 

uniformly N 180 kg/hm2 and P2O595-98 kg/hm2 per year. Diamine iodate, calcium and 

potassium chloride were applied on the whole, urea 20%, jointing to heading 20%, 

heading to flowering 10%, and filling 50%. Irrigation for the whole growth period ranged 

from 34.1 to 36.3 m3/hm2. The fertilization, irrigation and management of sorghum 

cultivated land are the same in four different tillage modes of No-tillage, shallow tillage + 

straw mulching, deep tillage, deep tillage + straw mulching, which are different only in 

farming methods. Sorghum cultivation in the experimental area is shown in Figure 1. 

Sample Collection and Indicator Determination 

Sampling of soil samples 

In 2018, root soil was collected during the jointing, flowering and harvesting periods of 

sorghum. During the collection, 2 cm of topsoil was taken, and 0-20 cm of root soil was 

taken for each plot according to the s-shaped sampling method. Soil enzyme activity is 

different in different areas. In order to ensure the accuracy of experimental data, it is 

necessary to control the consistent amount of experimental enzymes. Therefore, different 

plot sizes are needed, and the sampling points of each plot are 90, 80 and 70, respectively. 

After collecting at multiple points on each plot, the soil is evenly mixed. Some are packaged 

in sterile, self-sealing bags. They were immediately placed in an ice box and taken back to 

the lab. 4℃ refrigerator preservation, soil microbial diversity measurement. The other part 

of the soil was removed, dried and stored in a 2mm screen for the determination of soil 

enzyme activity and soil nutrient content. 



Wang et al.: Effects of different tillage methods on the soil enzyme activity in Sorghum cultivated land in a hilly environment 

- 2898 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(2):2895-2908. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1802_28952908 

© 2020, ALÖKI Kft., Budapest, Hungary 

 
(a) Sorghum planting coverage 

 
(b) Mature sorghum 

Figure 1. Sorghum planting in hilly environment 

 

 

Method for determination of enzyme activity 

Soil invertase activity (in terms of glucose quality, mg·g-1, 24h, 37C) was 

determined by 3,5-Dinitrosalicylic acid colorimetry, soil acid phosphatase (in terms of 

phenol quality, μmol·g-1, 24h, 37C) and soil polyphenol oxidase (in terms of purple 

gall quality, mg·g-1, 24h, 37C) were extracted by Suzhou Keming Biotechnology Co., 

Ltd. Soil acid phosphatase (S-ACP) kit and soil polyphenol oxidase (PPO) kit (Pan et 

al., 2018); catalase activity was determined by potassium permanganate titration, 

expressed in milliliters of potassium permanganate consumed by 1 g of dry soil after 20 

minutes; urease activity was determined by Indigo phenol colorimetry, and transformed 

into biogenic soil after 6 hours and 1 g of dry soil. The NH3-N milligram number was 

expressed; the activity of sucrase was determined by nitrosalicylic acid colorimetric 

method, expressed by the milligram number of glucose in 1 g of dry soil after 24 hours 

(Wen et al., 2017); the activity of alkaline phosphatase was determined by sodium 

phosphate colorimetric method; the activity of protease was determined by Indigo 

colorimetric method; and the activity of β-D-glucosidase was determined by B-D-

glucosidase colorimetric method. 

Microbial bacteria determination 

The number of bacteria, actinomycetes and fungi were counted by dilution plate 

method. 
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Soil respiration measurement 

Soil respiration flux was measured by Li-8100 soil carbon flux automatic 

measurement system. Seasonal variation was determined according to the main growth 

stages of summer sorghum. Fertilizer application and irrigation should be avoided, and 

the optimum period was about 15 days. Soil respiration was measured at different 

growth stages, from 8:00 to 20:00 (every 2 hours). It was required that the plastic film 

should be uncovered on the bare area of the respiratory chamber edge one day before 

each measurement to remove the accumulated CO2 in the film. On the premise of not 

disturbing the soil and the PVC ring, the above-ground green plants were cut off from 

the roots and litter was removed from the circle one day before each determination 

(Zheng et al., 2017; Faust et al., 2018). In order to reduce the error of temperature to the 

test in the diurnal variation of respiration, we adopt the sequential measurement method 

to carry out the cyclic measurement. The flux value can also be automatically calculated 

by synchronous measurement of CO2 volume fraction in the respiratory chamber, soil 

temperature, near-surface air temperature and air relative humidity (Wang et al., 2017). 

Soil nutrient determination 

Soil organic carbon: using chromic acid redox titration dilution method; total 

nitrogen: using semi-micro Kjeldahl method; quick-acting potassium: using Extraction 

Flame photometry; pH value using potentiometric method. 

Data Processing 

The experimental data were unified by Excel 2003, and then analyzed by SPSS 22.0 

statistical analysis software for variance, correlation (p < 0.05), and significant 

difference (p < 0.05). 

Results 

Effects of Different Tillage Ways on Soil Enzyme Activities in Soil of Sorghum 

Effects of different tillage methods on soil invertase activity in Sorghum 

Soil invertase can hydrolyze sucrose into corresponding monosaccharides and be 

absorbed by the organism. Enzymatic products are closely related to the content of 

organic matter, nitrogen and phosphorus in soil, the number of microorganisms and the 

intensity of soil respiration (Moon et al., 2019). They are important indicators for 

evaluating soil fertility. Table 1 shows that the invertase activity changes in different 

treatments are basically the same, that is, with the development of sorghum growth 

period, the invertase activity in rhizosphere soil of each treatment increased rapidly 

from jointing stage to flowering stage, and decreased rapidly at maturity stage. The 

activity of invertase in Sorghum soil was increased by different treatments at different 

growth stages, but the increment was different among different treatments. At jointing 

stage, there was significant difference between treatments and T treatment (P < 0.05), 

but there was no significant difference between them. At flowering stage, there was 

significant difference between RS treatment and T treatment (P < 0.05), and the activity 

of TS and TS treatment was significantly higher than that of T treatment (P < 0.05); at 

harvesting stage, the activity of RS and R was significantly higher than that of T and TS 

treatment (P < 0.05), and other treatments (P < 0.05). There was no significant 
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difference between them. The results showed that RS, R and TS treatments could 

improve the activity of transformation enzymes in Sorghum rhizosphere soil during the 

whole growth period, and RS treatment had the most significant effect. 

 
Table 1. Changes of invertase activity in Sorghum soil (mg·g-1) 

Handle Jointing stage Florescence Harvest period 

T 8.80±1.08b 58.55±6.07c 47.38±4.08b 

TS 15.35±0.21a 79.35±0.95ab 68.63±9.35a 

R 15.64±3.07a 78.03±5.71ab 57.14±0.29b 

RS 16.70±0.61a 89.05±2.52a 78.02±0.17a 

Different lowercase letters in the same column indicate significant difference in P < 0.05 level. The 

same below 

 

 

Effects of different tillage methods on acid phosphatase activity in Sorghum soil 

Soil acid phosphatase is a kind of enzymes that catalyze the mineralization of soil 

organic compounds. Its activity directly affects the decomposition and transformation of 

soil organic compounds and their bioavailability. It is an index to evaluate the direction 

and intensity of soil phosphorus biotransformation. Table 2 shows that the activity of 

acid phosphatase in the rhizosphere of sorghum is higher at flowering and ripening 

stages. The activity of acid phosphatase in the rhizosphere of sorghum treated by RS, R 

and TS is higher than that of T during the whole growth period of sorghum (Xu et al., 

2017). The activity of acid phosphatase in rhizosphere soil under RS treatment at 

flowering stage was significantly higher than that of other treatments (P < 0.05), but 

there was no significant difference between other treatments and control. The results 

showed that RS could significantly increase phosphatase activity in Sorghum 

rhizosphere soil at flowering stage, and R and TS could also increase phosphatase 

activity in Sorghum soil, but the effect was not significant compared with RS. 

 
Table 2. Changes of soil phosphatase activity in Sorghum (μmol·g-1) 

Handle Jointing stage Florescence Harvest period 

T 87.34±16.87a 97.20±3.44b 92.08±13.00a 

TS 95.62±9.27a 102.40±10.77ab 108.32±14.47a 

R 102.37±17.26a 109.53±1.85ab 108.08±26.07a 

RS 103.25±14.00a 113.10±2.07a 112.81±23.66a 

 

 

Effects of different tillage methods on polyphenol oxidase activity in Sorghum soil 

Soil polyphenol oxidase mainly comes from the decomposition and release of soil 

biological, plant root exudates and animal and plant residues, catalyzing the oxidation 

of aromatic compounds into quinones, quinones react with soil proteins, amino acids, 

sugars, minerals and other substances to form organic matter and pigments, completing 

soil aromatic compounds recycling for soil environmental remediation. During sorghum 

growth period, the change trend of polyphenol oxidase activity in rhizosphere of 

different treatments was similar (Basak et al., 2018). The polyphenol oxidase activity 

increased rapidly from jointing stage to flowering stage, and then decreased rapidly at 

harvest stage (Table 3). At jointing stage and harvest stage, the activities of polyphenol 

oxidase in Sorghum soil treated with RS and R were significantly higher than those 
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treated with T (P < 0.05). At flowering stage, the activity of enzyme under RS and R 

treatment was higher than TS and T, but only the difference between RS and R reached 

significant level (P < 0.05). The results showed that RS and R could significantly 

increase the activity of polyphenol oxidase in Sorghum soil, while TS could improve 

the activity of polyphenol oxidase in Sorghum rhizosphere to a certain extent, but the 

effect was not significant. 

 
Table 3. Changes of polyphenol oxidase activity in Sorghum soils (mg·g-1) 

Handle Jointing stage Florescence Harvest period 

T 4.74±1.28d 5.07±1.33b 4.82±0.45d 

TS 8.07±0.91ab 6.57±1.14c 5.20±3.27ab 

R 6.83±0.49bc 9.10±1.38ab 7.04±1.72ab 

RS 9.28±0.22a 11.47±0.26ab 9.12±0.86a 

 

 

Effects of different tillage methods on catalase activity in Sorghum soil 

Table 4 shows that the catalase activity of all treatments has the same trend during the 

growth period of sorghum. The catalase activity of all treatments is the highest at jointing 

stage, then decreases at flowering stage, while the catalase activity of treatments T, R and 

RS rises slightly at harvest stage. Different tillage treatments could increase the activity of 

soil catalase in different stages of sorghum. At jointing stage of sorghum, the activity of 

soil hydrogen peroxide changed from 1.54 to 1.66 mL/g (Kylili et al., 2018). Among 

them, the activity of hydrogen peroxide in RS treatment was higher than that in other 

treatments, reaching 1.66 mL/g, and there was no significant difference with other 

treatments. During the flowering stage of sorghum, the change of catalase activity in soil 

was 1.30-1.46 mL/g, and there was no significant difference among different tillage 

treatments. During sorghum harvest period, the change of soil catalase activity was 

1.36-1.58 mL/g, and the order of soil catalase activity was RS > R > T > TS. 

 
Table 4. Changes of catalase activity in Sorghum soil (mL·g-1) 

Handle Jointing stage Florescence Harvest period 

T 1.54±0.02ab 1.30±0.01b 1.44±0.04b 

TS 1.55±0.04ab 1.41±0.05b 1.36±0.04b 

R 1.56±0.03ab 1.34±0.01b 1.58±0.05b 

RS 1.66±0.03b 1.46±0.05b 1.59±0.06b 

 

 

Effects of different tillage methods on soil urease activity in Sorghum 

From Table 5, it can be seen that the trend of urease activity in different growth stages of 

sorghum is basically the same, and the peak value of urease activity is reached at flowering 

stage. Soil urease activity changed from 2.34 mg/g to 2.46 mg/g at jointing stage of 

sorghum, and there was no significant difference among different fertilization treatments. 

At the flowering stage of sorghum, the soil urease activity changed from 2.51 mg/g to 2.86 

mg/g, and the activity of urease in RS treatment was the highest (Ye et al., 2017). The 

urease activity in each tillage treatment was RS > R > TS > T, and the difference between 

treatments was small. Soil urease activity changed from 2.05 mg/g to 2.32 mg/g during 

harvest period. The order of size and flowering time of all tillage treatments were the same. 

RS treatment was significantly higher than T treatment, with an increase of 13.1%. 
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Table 5. Changes of catalase activity in Sorghum soil (mg·g-1) 

Handle Jointing stage Florescence Harvest period 

T 2.34±0.003b 2.51±0.08ab 2.05±0.13b 

TS 2.34±0.121b 2.66±0.13b 2.10±0.10bc 

R 2.37±0.06b 2.70±0.03b 2.13±0.04bc 

RS 2.46±0.09b 2.86±0.06b 2.32±0.02c 

 

 

Effects of different tillage methods on invertase activity in Sorghum soil 

Table 6 shows that all tillage treatments can improve soil invertase activity at 

different stages of sorghum. The changes of soil invertase activity at jointing stage and 

harvest stage of sorghum are 15.03-25.55 mg/g and 15.60-34.42 mg/g, respectively. The 

activities of RS and TS in treatment are significantly higher than those in treatment T 

and R. At the flowering stage of sorghum, the change of soil sucrose activity was 21.14-

34.3.7 mg/g, the order of size was RS > TS > R > T. Compared with T treatment, the 

increase of RS, TS and R were 62.58%, 38.55%, 21.71%, respectively. The soil enzyme 

activity of RS treatment was significantly higher than that of T treatment. 

 
Table 6. Changes of invertase activity in Sorghum soils (mg·g-1) 

Handle Jointing stage Florescence Harvest period 

T 15.03±1.07a 21.14±1.06a 15.60±3.16a 

TS 22.82±1.47c 29.29±4.07c 34.42±4.31c 

R 16.26±0.50b 25.73±1.76b 19.52±2.80b 

RS 25.55±1.48c 34.37±1.86c 30.36±1.23c 

 

 

Effects of different tillage methods on alkaline phosphatase activity in Sorghum soil 

Table 7 shows that the change trend of alkaline phosphatase activity is basically the 

same in all growth stages of sorghum. The alkaline phosphatase activity is higher at 

jointing stage, slightly decreased at flowering stage, increased at harvest stage and 

reached the peak value. Soil alkaline phosphatase activity was increased by different 

tillage treatments. Soil alkaline phosphoric acid activity changed from 0.926 g/g to 

1.205 mg/g in jointing stage of sorghum. The order of size was RS > TS > R > T. The 

activity of RS and TS in treatment was significantly higher than that in treatment T, and 

there was no significant difference between treatment R and treatment R. At the 

flowering stage of sorghum, soil alkaline phosphatase activity changed from 0.933 mg/g 

to 1.037 mg/g. The soil alkaline phosphatase activity of RS treatment was 1.037 mg/g 

significantly higher than that of T treatment, and there was no significant difference 

with other treatments. Soil alkaline phosphatase activity changed from 1.107 mg/g to 

1.40 mg/g during sorghum harvest, and the order of size was RS > R > TS > T. Among 

them, RS treatment was significantly higher than T and TS treatment, and there was no 

significant difference between R treatment and RS treatment. 

 
Table 7. Alkaline phosphatase activity in Sorghum soil (mg·g-1) 

Handle Jointing stage Florescence Harvest period 

T 1.004±0.008ab 0.933±0.036ab 1.107±0.029ab 

TS 1.064±0.013c 0.942±0.014ab 1.234±0.043bc 

R 1.010±0.051bc 0.972±0.021ab 1.307±0.039cd 

RS 1.104±0.021c 1.037±0.011b 1.400±0.020d 
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Effects of different tillage methods on soil protease andβ-glucosidase activities in 

Sorghum 

Table 8 shows that there are significant differences in protease activity between different 

treatments at jointing and flowering stages. The effects of R and TS treatments are significant 

in the two growth stages, but not in the harvest stage. Table 9 shows that the activity of soil 

beta-glucosidase is better in R treatment at different stages of sorghum growth and 

development, jointing stage and flowering stage, T > RS, harvest stage, T < RS. 

 
Table 8. Changes of soil protease activity in Sorghum (mg·g-1) 

Handle Jointing stage Florescence Harvest period 

T 43.23±1.48ab 20.45±1.20cd 22.01±1.62a 

TS 13.05±3.64cd 20.73±0.27ab 21.40±0.17a 

R 61.05±3.26ab 23.64±0.64bc 21.40±3.07a 

RS 31.42±1.67cd 15.10±1.30cd 23.20±9.21a 

 

 
Table 9. Changes of soilβ-glucosidaseactivity in Sorghum (mg·g-1) 

Handle Jointing stage Florescence Harvest period 

T 52.82±1.26b 59.73±4.28a 35.84±0.59b 

TS 46.53±2.02c 50.06±2.28b 29.21±4.00c 

R 62.79±0.70a 60.02±2.33a 47.16±1.66a 

RS 42.03±0.35d 57.00±1.77a 44.09±1.55a 

 

 

Correlation Analysis 

Analysis of correlation between soil microbial biomass and soil enzymes (invertase, 

phosphatase, polyphenol oxidase) activity 

Soil enzymes are involved in various soil metabolic processes and energy 

transformation, and have a good correlation with the number of soil microorganisms. 

Pearson correlation analysis of soil microbial quantity and soil enzyme activity showed 

that there was a certain correlation between them (Table 10). Among them, bacteria 

were positively correlated with acid phosphatase, transformation and polyphenol 

oxidase; fungi were positively correlated with acid phosphatase and invertase, but not 

with polyphenol oxidation; actinomycetes were positively correlated with acid 

phosphatase, invertase and polyphenol oxidase. 

 
Table 10. Number of soil microorganisms and correlation coefficients of soil enzymes under 

different tillage patterns 

Content Bacteria Actinomyces Fungus 

Acid phosphatase 0.568** 0.908** 0.586** 

Polyphenol oxidase 0.468** 0.699** 0.323 

Invertase 0.603** 0.550** 0.757** 

** indicates a significant correlation at P < 0.01 level and * a significant correlation at P < 0.05 level 

 

 

Correlation between soil respiration rate and activities of soil enzymes (catalase, 

urease, invertase, alkaline phosphatase, protease, beta glucosidase) and soil nutrients 

Soil respiration in this area varies significantly with different growth stages 

(Figure 2). 
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Figure 2. Changes of soil respiration rate during Sorghum growth period under different tillage 

patterns 

 

 

In the figure above, T represents no-tillage, TS represents deep tillage, R represents 

shallow tillage + straw mulch, and RS represents deep tillage + straw mulch. It can be 

seen from figure 2 that soil respiration rates vary at different growing stages. The soil 

respiration rate at harvest stage was the lowest when RS method was adopted, with a 

value of 6.5 mol·m-2·s-1, and the soil respiration rate at elongation stage was also the 

lowest with a value of 9.8 mol·m-2·s-1. The soil respiration rate at flowering stage was 

the lowest when TS mode was adopted, and the value was 10.5 mol·m-2·s-1. 

Soil nutrient content of Sorghum in hilly environment includes organic carbon, total 

nitrogen, available potassium and pH value. The change of soil organic carbon content 

during sorghum growth period is only listed in this paper as shown in Figure 3. 
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Figure 3. Changes of soil organic carbon content in Sorghum growing period under different 

tillage patterns 
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In the figure above, Trepresents no-tillage, TS represents deep tillage, R represents 

shallow tillage + straw mulch, and RS represents deep tillage + straw mulch. It can be 

seen from Figure 3 that soil organic carbon content varies at different growing stages. 

The soil organic carbon content in the harvest period was the lowest when R method 

was adopted, and the value was 3.3k·kg-1. The soil organic carbon content in jointing 

stage was the lowest when T method was adopted, and the value was 5.8k·kg-1. The soil 

organic carbon content at flowering stage was the same in all four ways, and the value 

was 4.5k·kg-1. 

The results of correlation analysis between soil respiration and soil fertility factors 

showed that (Table 11) the correlation degree between soil nutrients was high, and the 

correlation among various indicators reached significant or extremely significant levels, 

which could be used to evaluate the soil fertility. The correlation analysis of soil 

enzyme activities showed that urease and other enzymes except protease reached a 

significant level, among which catalase, alkaline phosphatase andβ-glucosidase reached 

a very significant level (p < 0.01). There was a good correlation between soil respiration 

rate and other soil fertility indicators except alkaline acid enzyme, total nitrogen, 

available potassium and pH value, among which catalase, urease and invertase reached 

a very significant level (p < 0.01). 

 
Table 11. Relationships between soil respiration rate and soil enzyme activity and soil 

nutrients 

Content 
Respiratory 

rate 
Protease Catalase 

Alkaline 

phosphatase 
Urease Invertase 

Beta-

glucosidase 

Organic 

carbon 

Total 

nitrogen 

Available 

potassium 

PH 

value 

Respiratory 

rate 
1           

Protease 0.373* 1          

Catalase -0.736** -0.322* 1         

Alkaline 

phosphatase 
-0.228 0.230 0.181 1        

Urease -0.640** 0.001 0.421** 0.744** 1       

Invertase 0.428** 0.155 -0.507** -0.048 -0.348* 1      

Beta-

glucosidase 
0.320* 0.304 -0.308 -0.327* -0.580** 0.502** 1     

Organic 

carbon 
0.387* 0.302 -0.286 -0.222 -0.461** 0.525** 0.585** 1    

Total 

nitrogen 
0.305 -0.103 -0.204 -0.283 -0.383* 0.347* 0.404* 0.507** 1   

Available 

potassium 
0.199 0.148 -0.270 -0.506** -0.527** 0.627** 0.699** 0.602**  1  

pH value -0.260 -0.204 0.300 0.483** 0.483** -0.506** -0.551** -0.605**  -0.717** 1 

 

 

Discussions 

The total activity of soil enzymes can reflect the soil fertility to a certain extent. 

Material cycle and energy conversion in soil ecosystem are closely related to soil 

enzyme activity (Nannipieri et al., 2017). The results showed that different crop tillage, 

fertilization system and planting methods could cause changes in soil enzyme activity. 

In this study, we found that the activities of polyphenol oxidase, invertase and acid 

phosphatase in Sorghum rhizosphere soil were higher at flowering stage (Chen et al., 

2016). The main reason is that the enzyme activity is affected by temperature and soil 

properties. When the soil temperature is low, the activity is weak, and when the soil 
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temperature is suitable, the enzyme activity increases. At harvest time, the microbial 

activity decreases, and the enzyme activity decreases at a certain level. At the same 

time, the results showed that deep tillage and straw mulching could improve soil 

enzyme activity in varying degrees, and the effect was most significant under both deep 

tillage and straw mulching (Sun et al., 2017). This is because straw mulching not only 

regulates soil temperature, but also has a greater impact on soil organic matter and 

available nutrients, and can increase the number of soil microorganisms, increase the 

substrate for microbial transformation, so soil enzyme activity will increase.  

The results showed that the effects of different tillage methods on soil enzymes in 

Sorghum growth period were different. On the whole, straw mulching and deep tillage 

could significantly improve the activities of soil hydrogen peroxide and urease in 

Sorghum at different stages. However, there was no significant difference in soil 

catalase and urease activities among different tillage treatments, except TS, T and T 

treatments at jointing stage of catalase, which indicated that the activities of hydrogen 

peroxide and urease in sorghum were less affected by straw mulching and deep tillage. 

Deep tillage and straw mulching can improve soil acid and alcohol activity. The results 

showed that alkaline acidase activity of soil treated by deep tillage or straw mulching 

was higher than that treated by chemical fertilizer. Straw mulching played a key role. 

Straw mulching improved soil productivity, increased the activity of plants, animals and 

microorganisms in soil, promoted the secretion of extracellular enzymes and enhanced 

soil enzyme activity (Wang et al., 2018). Deep tillage or straw returning can improve 

soil invertase activity, which is similar to the conclusions reported in many literatures. 

The straw returned to the field also provided the substrate for soil enzymes, provided 

enough energy for microorganisms, and caused changes in soil enzyme activities 

(Gopalsamy et al., 2017). 

The correlation between urease, alkaline phosphatase, sucrose alcohol, protein 

alcohol, catalase and beta-glucosidase and soil respiration rate were studied in this 

experiment to provide basis for improving soil enzyme activity. The results showed that 

there was a good correlation between soil respiration and soil enzyme activity (except 

alkaline phosphatase) (Chen, 2017). In addition, the effect of growth period on soil 

respiration rate should not be neglected. This study found that the respiration rate of 

Sorghum at jointing stage and before jointing stage was higher than that at flowering 

and harvesting stage. This may lead to a large loss of soil organic carbon and an 

increase in CO release from soils caused by early tillage and sowing, on the other hand, 

it may be caused by early irrigation. The increase of water content promoted root 

respiration and the activity of biological community, which enhanced soil respiration. 

Conclusions 

This study analyzed the soil enzyme activity of sorghum under different tillage 

methods at different growth stages. The activities of sucrase, acid phosphatase, 

polyphenol oxidase, catalase, soil urease, soil invertase and alkaline phosphatase in deep 

tillage and straw mulching were detected by colorimetry. Under tillage, shallow tillage 

+ straw mulch and deep tillage, enzyme activity was significant. Protease activity was 

significantly different between treatments at jointing and flowering stages. In the two 

stages of growth, R treatment and TS treatment were effective. The activity of soil - 

glucosidase was better during the growth, jointing, flowering, ripening, harvesting and 

ripening of sorghum. Using li-8100 soil carbon flux automatic measurement system, it 
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was proved that soil microbial quantity was positively correlated with soil enzymes, 

bacteria and actinomycetes were positively correlated with acidity, invertase and 

polyoxygenase, and fungi were positively correlated with acid phosphatase and 

invertase. Choose deep tillage and straw mulching cultivation, therefore, to improve the 

soil microorganism quantity and activity, to the growth of sorghum in the hilly 

environment to build a good ecological environment, to keep the hilly ecosystem 

sustainable production capacity at the same time is important, then can be tested with 

different temperature experiment indexes such as, in order to promote the further 

development of this part. 
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