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Abstract. This study explored the effects of different microbial agents on corn stalk composting to enable
the development of agents suitable for composting corn stalks in cold regions of northern China. Four
different microbial treatment groups were established: CK (straw), L (straw + 1% low-temperature
bacteria), M (straw + 1% normal-temperature bacteria), LM (straw + 0.5% low-temperature bacteria +
0.5% normal-temperature bacteria), and tests were repeated 3 times for each group. The results show that
the temperature of the heap reached 50°C on the second day of the L and LM treatments and reached
50°C on the sixth day of M. CK did not reach 50°C during the entire composting cycle. During the
composting process, the seed germination index, the degradation rate of total nitrogen, the total
potassium, the total phosphorus, the cellulose, and the hemicellulose degradation rates increased; In
contrast, the water content, conductivity, organic carbon and C/N showed a downward trend. The humic
acid and fulvic acid contents in each treatment showed a downward trend, while the humic acid and
HAJ/FA increased compared to CK. The conclusion of this experiment provides a theoretical basis for
achieving the rapid degradation of straw in the cold regions of northern China.
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Introduction

Corn stalk is a rich natural organic resource and can be used as a fertilizer source in
agricultural production (Wang, 2018). At present, the world's straw resources are
substantial and widely distributed, but the utilization rate is not high (Mulumba et al.,
2008; Lou et al., 2011). Straw returning is one of the main ways to utilize straw
resources. It is beneficial to the renewal of soil humus, the maintenance of soil organic
matter balance and the improvement of soil quality and can contribute to fertility,
protect the environment, increase the crop yield and is an important measure for
promoting the sustainable development of agriculture (Hachicha et al., 2012; Hu et al.,
2016). However, due to the influence of climate in the cold regions of northern China,
the slow decomposition of straw after being returned to the field affects the planting and
the cropping of the next year's crops. Further, this slow decomposition also allows some
pests to survive in the soil for a long time, which can cause serious damage to crop
growth (Gong et al., 2018). Therefore, accelerating the decomposition of straw is
important. The application of microbial agents is an effective measure for achieving the
rapid degradation of straw (Gao et al., 2014). Microbial agents can effectively break
down straw into a large number of elements such as the nitrogen, phosphorus and
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potassium required by crops and trace elements such as calcium, magnesium, manganese
and molybdenum, which can improve the physical and chemical properties of soil, improve
soil organic matter, enhance soil aeration, protect fertilizer and water retention function, and
stimulate crop growth and development (Zhou et al., 2018). Additionally, composting is an
effective way to quickly dispose of livestock manure and agricultural waste. The heat
generated during composting can kill viruses and weed seeds while decomposing the
organic matter into stable humic substances that can be used as organic fertilizers (Yan et
al., 2018). Therefore, this study conducted a simple composting test on straw by adding
low-temperature bacteria, normal-temperature bacteria and low-temperature and normal-
temperature mixed bacteria to study the dynamic changes occurring in the various maturity
indexes during the composting process, thus providing feasible management methods for
straw wastes in northern areas.

Materials and Methods
Composting materials and devices

The corn stalks were collected in the experimental field of Jilin Agricultural
University and pulverized to approximately 5 cm with a pulverizer. The basic properties
are shown in Table 1. The low-temperature bacterial agent is composed of low-
temperature bacteria preserved in the laboratory, including 14 (Yellow bacillus), 49
(Chain mildew genera) and NX5 (Section coli); the normal-temperature bacterium is Y2
(Short-wave pseudomonas); and the effective viable number of bacteria is > 108 cfu/g.

Table 1. Basic properties of corn straw

Organic carbon | Total nitrogen | Total phosphorus Total potassium Moisture content
(z'kg?) (z'kg?) (2'kg?) (g'kg?) (%)
512.27 8.42 0.67 8.31 9.85

Composting device

A soil trough with dimensions of 80x50x40 was excavated on the outdoor test site,
and a layer of plastic cloth was placed on the bottom to prevent water from penetrating
the ground. The pulverized straw was covered with plastic cloth to prevent water loss
and reduce the effects of rainy day.

Compost design

Four treatments were established: CK (straw), L (straw + 1% low-temperature
bacteria), M (straw + 1% normal-temperature bacteria), LM (straw + 0.5%
low-temperature bacteria + 0.5% normal-temperature bacteria), and each treatment had
3 replications. Each treatment received 15 kg of corn stover, 1% of the microbial agent,
and added groundwater to adjust the straw water content to approximately 65%, with
the C/N being adjusted with urea to approximately 25. The mixture was uniformly
mixed and placed in the composting device, where it was piled into a small hill shape so
that the straw was approximately 20 cm higher than the composting device. The
experiment was conducted at the outdoor breeding ground of Jilin Agricultural
University. Composting began on April 20, 2019, and the piles were piled up and
sampled every 5 days. The composting time lasted for 40 days.
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Sample collection

The heaps were piled up and sampled every 5 days. The samples from the upper,
middle and lower parts were collected and mixed thoroughly. Then, approximately
200 g of the composting material was placed in two Ziploc bags: one for water content,
pH and conductivity (EC); one for the seed germination index (GI) and other indicators;
and the third one for natural air drying for organic carbon, total nitrogen, total
phosphorus, total potassium, cellulose degradation rate, hemicellulose degradation rate
and humus content.

Determination methods
Determination of temperature

The temperature was measured at the center of the pile at 8:30 am and 16:30 pm
every day, and the average of the two measured temperatures was taken as the stack
temperature of the day; the ambient temperature was also measured.

Determination of water content
Samples were taken, and 10.00 g of each were dried to a constant weight at 105°C.

Extraction

Extracts were obtained by using a water: fresh sample ratio of 10:1 mL/g on a shaker
for 2 h; the mixture was then filtered, and the filtrate served as the extract for the
determination of the pH, conductivity (EC) and seed germination index.

The pH was measured by using a pH meter, and the conductivity (EC) was measured
with a TM-03 waterproof conductivity meter.

Determination of the seed germination index (GI)

An appropriately sized filter paper was placed in a high-temperature sterilization dish
with a diameter of 90 mm. Ten soybean seeds were evenly spaced on the paper, and
10 mL of the extract was added to the culture dish. Treated water was used as a blank
control. The dish was placed in a constant temperature incubator at 25°C and cultured in
the dark for 48 h to determine the seed germination rate and root length. The seed
germination index (GI) = (sample germination ratexsample root length)/(control
germination ratexcontrol root length)x100%.

The determination of organic carbon, total nitrogen, total phosphorus and total
potassium was carried out according to the method for determining organic fertilizer-
related indicators following the national standard (Cao et al., 2014).

Cellulose and hemicellulose degradation rates were determined by the Van Soest
(Wang et al., 2016) washing method.

Determination of the components of the humus

The extraction of the components of the humus is based on the humus composition
modification method (Dou et al., 2007). The carbon contents of the extracted humus,
humic acid (HA) and fulvic acid (FA) were determined by external heating while using
potassium dichromate.
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The data processing
Excel 2016 and SPSS 24.0 were used for data collation and statistical analysis.

Results
Stack temperature

As can be seen from Fig. 1, the ambient temperature varies from 11.0°C to 27.5°C
during the composting period, and the ambient temperature in the early composting
period is less than 25°C. On the first day of composting, the ambient temperature was
21.5°C, and the temperatures of the treated CK, L, M, and LM stacks were 21.7°C,
20.7°C, 22.0°C, and 21.6°C, respectively. After treatment, the temperature of L and LM
increases rapidly, reaching 50°C or more on the next day and staying above 50°C for
10 days. The maximum temperature of the treatment M was 60.6°C, and the maximum
temperature of LM was 61.8°C, with a temperature of more than 60°C being maintained
for 3 days. The treatment M reached 50°C on the sixth day, where it stayed for 6 days.
The CK, which lacked the added microbial agent, did not reach 50°C during the entire
composting process. After the high-temperature period, the temperature of the reactor
began to decrease. After 20 days, the temperature of each treatment reactor was
basically maintained at approximately 30°C. The heap temperature, except for that of
CK, was maintained at 55°C for more than 3 days or at 50°C for more than 5-7 days,
which is sufficient to kill harmful substances.
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Figure 1. Change of compost temperature during composting

Water content of the heap

As shown in Fig. 2, the water content of the pile gradually decreased with the
composting time. The water content when composting was initiated was approximately
65%. At 5 days, the water content of each treatment was significantly reduced. The
water contents of CK, L, M and LM decreased by 7.51%, 10.44%, 9.11% and 11.39%,
respectively. During the entire composting cycle, the moisture content of LM was the
largest, CK was the smallest, and the treatment L and M were between the two. At the
end of composting, the water contents of CK, L, M and LM were 43.51%, 38.19%,
39.21% and 36.35%, respectively, and these values were 22.03%, 26.77%, 25.79% and
28.92% lower than the initial values.
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Figure 2. Change in moisture content during composting (The error bars displayed in the figure
is the positive and negative deviation of the standard deviation of data in different sampling
days for each treatment)

pH and conductivity (EC)

As shown in Fig. 3, the pH values of the CK, L, M, and LM treatments before
composting were 7.54, 7.61, 7.61, and 7.59, respectively. The pH of the treated LM
increased rapidly, reaching a maximum of 8.42 on the 10th day, whereas the pH of the
treated L, M and CK peaked on days 15, 20 and 20, respectively, with values of 8.61,
8.50 and 8.36. Afterward, the pH of each treatment decreased to a different extent. At
the end of composting, the pH values of the CK, L, M and LM treatments were 8.16,
8.33, 8.35 and 8.11, respectively.
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Figure 3. Changes in pH during composting (The error bars displayed in the figure is the
positive and negative deviation of the standard deviation of data in different sampling days for
each treatment)

As shown in Fig. 4, with the change in composting time, the conductivity of each
treatment shows a general trend of decreasing first and then slowly increasing before
stabilizing. At 60 days, the conductivity of the LM treatment was the smallest, CK was
the highest, and L and M were between the two. Over the entire composting period, the
conductivity change between treatments was not particularly significant but was less
than 3000 ps/cm.
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Figure 4. Changes in electrical conductivity during composting (The error bars displayed in the
figure is the positive and negative deviation of the standard deviation of data in different
sampling days for each treatment)

Seed Germination Index (Gl)

As shown in Fig. 5, the seed germination index gradually increases with the
composting time, but on the fifth day, the seed germination index of each treatment is
reduced, which may be due to the generation of harmful substances in the heap. After
the fifth day, the seed germination index of each treatment increased significantly, with
that of the LM treatment increasing most obviously, CK increasing the least, and L and
M increasing with values between the two. On the 15th day of treatment, for LM, the
seed germination index reached 80%. For L and M, it reached 80% on the 20th day, and
for CK, it reached 80% on the 25th day. At the end of composting, the germination
index of the L, M and LM seeds treated with added microbial agents was 100%, and for
CK, it was 95.27%, which indicated that the compost had reached maturity. This result
may be obtained because the corn stalk itself contains less toxicity, and composting can
increase the nutrients of the heap, thus providing sufficient seed germination and
nutrients.
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Figure 5. Changes in the seed germination index during the composting process (The error
bars displayed in the figure is the positive and negative deviation of the standard deviation of
data in different sampling days for each treatment)
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Total nitrogen, organic carbon and C/N

As shown in Fig. 6, during the composting process, the total nitrogen content
generally increased, and the total nitrogen following the addition of the microbial agent
was significantly higher than that of CK. The initial total nitrogen was approximately
2%. At the end of composting, the total nitrogen contents of L, M and LM were 2.35%,
2.38% and 2.56%, respectively, and were 0.14%, 0.17% and 0.35% higher than that of
CK. The microbial agent had a significant increasing effect on the total nitrogen during
composting. On the 10th day, a decline occurred that was probably due to the high
microbial activity at this stage, which led to an increase in temperature and, as a result, a
large release of NHs, thus decreasing the nitrogen content; then the nitrogen content
gradually increased gradually, probably due to composting. With the maturation of the
organic matter, the decomposition of the minerals and the organic carbon content
continued to decline, thus promoting the enrichment of total nitrogen (Li et al., 2015).

—e— CK
—=—L
—t—M
—e— LM

Totall nitrogen(%)

15

0 5 10 15 20 25 30 35 40

Composting time(days)

Figure 6. Changes in total nitrogen during the composting process (The error bars displayed in
the figure is the positive and negative deviation of the standard deviation of data in different
sampling days for each treatment)

As shown in Fig. 7, the organic carbon content is approximately 52% at the
beginning of composting and then decreases with the increase in composting time. The
LM treatment showed a rapid decrease in the organic carbon content, whereas the CK
showed a slow decrease, with L and M falling in between the two. In the first 20 days,
the decline in the organic carbon in each treatment was greater, but this decline slowed
and basically stabilized after 20 days. This pattern may be due to the strong energy
consumption of the microorganisms in the early composting period, which caused the
loss of carbon sources. At the end of composting, the organic carbon contents of CK, L,
M and LM were 33.67%, 31.95%, 32.77% and 29.88%, respectively. The organic
carbon content of the LM treatment was significantly (p<0.05) lower than in the other
treatments.

The initial C/N range of composting is 25-30 (Zhang et al., 2015). As shown in
Fig. 8, the C/N values of CK, L, M and LM at the initial composting are 26.24, 26.13,
25.78 and 25.98, respectively, which is especially suitable for microbial survival.
However, as the composting test progressed, the C/N of each treatment gradually
decreased and finally stabilized. This pattern occurred because the microorganisms in
the composting process need to consume a large amount of carbon sources to gradually
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reduce the organic carbon, whereas the relative content of the total nitrogen is increased,
which means the C/N is lowered. At the end of composting, the C/N of the CK, L, M,
and LM treatments decreased to 15.24, 13.60, 13.77 and 11.67, respectively, with all
being lower than 20.
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Figure 7. Changes in organic carbon during the composting (The error bars displayed in the
figure is the positive and negative deviation of the standard deviation of data in different
sampling days for each treatment)
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Figure 8. Changes of C/N during composting

Total potassium and total phosphorus

As shown in Fig. 9, the total potassium content of each treatment showed an
increasing trend at the beginning of composting, and after 20 days, different trends
began to appear. Treatments L and M reached the highest values at the end of
composting with values of 15.18 g/kg and 14.94 g/kg, respectively, whereas the highest
values for LM and CK appeared on days 35 and 30 with values of 14.27 g/kg and
14.41 g/kg. For the entire composting process, the total potassium content of the added
microbial agents was higher than that of CK, indicating that the addition of microbial
agents can promote the increase in the total potassium content.
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Figure 9. Change in the total potassium during the composting process (The error bars
displayed in the figure is the positive and negative deviation of the standard deviation of data in
different sampling days for each treatment)

As shown in Fig. 10, the total phosphorus content of each treatment gradually
increased with the increase in the composting time. At 40 days of composting, the total
phosphorus contents of CK, L, M and LM were 1.81 g/kg, 1.88 g/kg, 1.92 g/kg and
2.11 g/kg, respectively. In contrast, the composting increased by 1.41 times, 1.37 times,
1.37 times and 1.81 times, respectively. The total phosphorus content observed over the
entire  composting process was as follows: LM>M>L>CK. As indicated, the
low-temperature and normal-temperature mixed bacterial treatment had the best effect.
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Figure 10. Change in the total phosphorus during the composting process (The error bars
displayed in the figure is the positive and negative deviation of the standard deviation of data in
different sampling days for each treatment)

Degradation rate of cellulose and hemicellulose

The main components of corn stalks include cellulose, hemicellulose, and lignin,
which are difficult to decompose under natural conditions, and microorganisms provide
the best means of degradation. As shown in Fig. 11, in the composting process,
hemicellulose is decomposed by continuous consumption due to the vigorous activity of
the microorganisms, so the degradation rate of the hemicellulose is continuously
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increased. However, the degradation rate of hemicellulose treated with added bacteria
was significantly higher than that of CK, and the degradation rate of LM was always the
greatest, with L and M being in between the two. At the end of composting, the
hemicellulose degradation rates of CK, L, M and LM were 25.65%, 31.22%, 33.33%
and 37.52%, respectively, indicating that the addition of microbial treatment can
significantly reduce the hemicellulose content, especially when inoculated at low or
optimal temperatures.

40 r

Hemicellulose degradation rate(%4)

0 5 10 15 20 25 30 35 40
Composting time(days)

Figure 11. Changes in the degradation rate of the hemicellulose during the composting process
(The error bars displayed in the figure is the positive and negative deviation of the standard
deviation of data in different sampling days for each treatment)

The rate of degradation of cellulose was somewhat slower than that of the
hemicellulose. As shown in Fig. 12, the cellulose degradation rates of CK, L, M and
LM were 4.15%, 5.21%, 6.81% and 6.87%, respectively, at 5 days of composting, and
they were 23.05%, 25.18%, 28.71% and 32.15%, respectively, at 40 days. The
degradation rate of cellulose treated with added bacteria was significantly higher than
that of CK. The degradation rate of cellulose in the whole composting process was as
follows: LM>L>M>CK, which was consistent with the trend for changes in the
hemicellulose degradation rate and indicates that the addition of microbial agents could
promote the decomposition of cellulose and hemicellulose.

Changes in humus composition

As shown in Table 2, the humus, fulvic acid, humic acid and HA/FA were basically
the same as before composting, and the difference was not significant (p<0.05); when
composted for 60 days, humus and fulvic acid showed a downward trend, whereas the
humic acid and HA/FA showed an increasing trend. The humic and fulvic acids of CK
(72.55 and 37.06) and M (79.82 and 16.74) were significantly higher (p<0.05) than
those of L (53.04 and 12.21) and LM (63.31 and 12.90); compared with CK, in the
treatments with added bacteria, the humic acid content of the treatments showed a
significant increase (p<0.05). The order of HA/FA for the treatments was
LM>M>L>CK, and the humus quality of the added bacteria was better than that of CK.
The humus contents of L and LM were lower, probably because the temperature of the
heap was higher than that of M and CK during the composting process. Such an
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increase in temperature may lead to the more rapid decomposition rate of organic
materials and to a lesser degree of humification.
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Figure 12. The change in the cellulose degradation rate during composting process (The error
bars displayed in the figure is the positive and negative deviation of the standard deviation of
data in different sampling days for each treatment)

Table 2. Changes in humus composition at the beginning and end of composting

Time Humus Fulvic acid Humic acid

(@ Treatment (a/kg) (a/kg) (a/kg) HAFA
0 CK 90.99+0.10a 61.444+0.92a 29.55+191a 0.48+0.04a
L 92.40+1.45a 63.29+0.83a 29.11+1.81a 0.46+0.03a
M 92.49+041a 61.38+2.64a 31.11+3.03a 0.49+0.07a
LM 91.30+5.51a 63.81+3.52a 27.50+£2.02a 0.43+0.01a
40 CK 72.554+0.68a 37.06+0.42a 35.49+1.09d 0.96+0.04c
L 53.044+2.55¢ 12.21+0.16¢ 40.83+2.42¢ 3.344+0.16b
M 79.82+6.70a 16.74+0.68b 63.08+6.06a 3.64+0.32a
LM 63.31+2.82b 12.90+0.76¢ 50.41+2.08b 3.91+0.09a

The data in the table were X+SD, different lowercase letters in the same column indicated significant
difference (P<0.05)

Discussion

Composting is one of the means by which agricultural waste can be effectively
utilized (Chen et al., 2015), and microbes play a leading role in the whole process of
composting; thus, the addition of exogenous microorganisms is beneficial to accelerate
the composting process (Wang et al., 2005). Composting studies on livestock manure,
agricultural waste, and sludge have shown that the addition of microbial agents can
increase the rate of decomposition and demonstrate the feasibility of adding exogenous
agents (Lu et al., 2010; Gou et al., 2017). In this study, different microbial inoculants
were added to the simple compost of corn stover, and the results showed that the
temperature progression of the added bacteria treatment was accelerated, the high
temperature period was prolonged, the seed germination index, total nitrogen, total
potassium, total phosphorus, cellulose degradation rate, hemicellulose degradation rate,
humic acid and HA/FA increased; however, the water content, conductivity, organic
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carbon, C/N, humus and fulvic acid decreased, shortening the maturity time and
increasing the maturity effect.

Temperature is an important indicator of composting, which can reflect the
degradation of organic components and affect the composting effect (Luo et al., 2013):
the higher the temperature is, the more likely the death of any pathogens (Gonzélez et
al., 2015). In this study, the temperature of the corn stalk heap reached 50°C, whereas in
other studies that only used straw and cow dung or pig manure and other mixed
composting, the temperatures reached 50°C or more. During the entire composting
process in a study on fresh pig manure and wheat straw compost, the temperature did
not reach 60°C (Ma et al., 2018). The current study shows that the addition of microbial
agents can increase the temperature of the heap and quickly start and prolong the high
temperature period, especially as observed with the LM treatment; these results are
consistent with the results of Gou et al. (2017). An increase in temperature causes the
water to evaporate, which affects the water content of the heap. Most studies have
shown that, at the end of composting, the water content of the heap is less than 30%
(Feng et al., 2013; Li et al., 2014), and at the end of the composting, the water content
of each treatment is greater than 30%, which may occur because part of the heap is
buried in the soil and all of the heap is covered with a plastic sheet with a small vent,
thus resulting in undisturbed water dispersion.

The increase in pH is due to the decomposition of proteins and amino acids during
composting to produce ammonia, which increases the pH (Jiang et al., 2015). The pH
reduction is due to the formation and nitrification of low molecular weight fats (Zorpas
et al., 2008). The final pH of the test is less than 9, which meets the compost maturity
standard (Debertoldi et al., 1983). Conductivity (EC) is an important indicator for use
when measuring the compostability of materials. The conductivity of each treatment at
the end of composting was less than 2500 ps/cm, so it meets the requirements of
compost maturity (Sheng et al., 2017) and will not affect the normal growth of plants.
Some studies have suggested that when GI>50%, compost is basically harmless to plant
growth and development and reaches basic maturity, whereas when G1>80%, compost
can be considered fully decomposed (Zucconi et al., 1981). In all the treatments in this
study, the seed germination index was more than 50% during the whole period of
composting. This result may be obtained because the corn stalk itself contains less
toxicity, and composting can increase the nutrients of the heap, thus providing sufficient
seed germination and nutrients.

Composting can increase the total nitrogen, total potassium and total phosphorus
content of organic matter, especially the addition of microbial agents, which is
consistent with the results of Jia et al. (2011) and Gou et al. (2017). The reduction in the
organic carbon in corn stalks is caused by the respiration of microorganisms, which
causes the carbon source in the straw to be released in the form of CO2. The greater the
number of microorganisms, the stronger the activity is and the greater the consumption
of the carbon sources; thus, the organic carbon decreases more rapidly (Yang et al.,
2013), C/N is an important indicator to measure the degree of compost maturity.
Generally, when C/N is 15-20, the compost has reached the maturity standard (Shi,
2010). At the end of composting, the C/N of each treatment was less than 20, so the
decomposing effect was achieved. In comparison, the C/N ratio reported by Wei et al.
(2007) and for other domestic waste composts is 12.95 at 63 days, but most of the
research on compost has reported a C/N greater than 15 (Lao et al., 2015), which may
be related to the initial adjustment of the C/N ratio during composting.
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The addition of microbial compost is beneficial to the degradation of cellulose and
hemicellulose, which is consistent with the results of Gou et al. (2015). This may be
because, after the addition of the microbial agent, the enzyme produced can hydrolyze
the cellulose and hemicellulose in the straw, thereby destroying the complex structure of
the lignocellulose and promoting the rapid degradation of the straw. The composition,
content and quality of humus in the compost can be used as important parameters for
compost quality and maturity (Bremanis et al., 2013). The compost in this study showed
a downward trend in the humus and fulvic acid, whereas the humic acid and HA/FA
showed an increasing trend, which is consistent with the results of Chen et al. (2007)
and Liu et al. (2018). Thus indicating that compost is beneficial to the transformation of
organic matter to humus and to its stabilization.

Conclusion

The results of this study show that, compared with CK, the treatments receiving the
added microbial agents showed the rapid initiation of a high temperature period that was
prolonged and showed beneficial changes in the seed germination index, total nitrogen,
total potassium, total phosphorus, cellulose degradation rate, and hemicellulose
degradation rate. The carbon content of HA and the HA/FA showed an increasing trend,
whereas the water content, conductivity, organic carbon, C/N, humus and eucalyptus
carbon content of the heap showed a downward trend with the addition of the low-
temperature bacteria + normal-temperature bacteria. The LM treatment showed the best
effect, not only shortening the maturity cycle but also increasing the compost quality,
which provides a theoretical basis for straw composting in areas with low temperatures.

Implications for conservation

This study explored the effects of different microbial agents on corn stalk
composting to enable the development of microbial agents suitable for composting corn
stalks in cold regions of northern China. Microbial agents can effectively breakdown
straw into a large number of elements such as the nitrogen, phosphorus and potassium
required by crops and trace elements such as calcium, magnesium, manganese and
molybdenum, which can improve the physical and chemical properties of the soil,
improve the soil organic matter, enhance soil aeration, protect fertilizer and water
retention function, and stimulate crop growth and development. Additionally,
composting is an effective way to quickly dispose of livestock manure and agricultural
waste. The heat generated during composting process can break down organic matter
into stable humus, which can be used as organic fertilizer. Therefore, this study
conducted a simple composting test on straw by adding low-temperature bacteria,
normal-temperature bacteria and low-temperature and normal-temperature mixed
bacteria to study the dynamic changes occurring in the various maturity indexes during
the composting process, thus providing feasible utilization measures for straw wastes in
northern areas.

The results of this study show that, compared with CK, the treatments receiving the
added microbial agents showed the rapid initiation of a high temperature period that was
prolonged and showed beneficial changes in the seed germination index, total nitrogen,
total potassium, total phosphorus, cellulose degradation rate, and hemicellulose
degradation rate. The carbon content of HA and the HA/FA showed an increasing trend,
whereas the water content, conductivity, organic carbon, C/N, humus and eucalyptus
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carbon content of the heap showed a downward trend with the addition of the
low-temperature bacteria + normal-temperature bacteria. The LM treatment showed the
best effect, not only shortening the maturity cycle but also increasing the compost
quality, which provides a theoretical basis for straw composting in areas with low
temperatures.
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