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Abstract: Returning corn cobs to the field during corn kernel harvesting is an effective way to improve
soil properties and increase crop yield. However, seasonally frozen soil seriously hinders the field
decomposition process of corn cobs. To explore the decomposition characteristics and promote field
decomposition, in this study, the nylon mesh bag method was used to perform field decomposition
tests for 150 days. Fiber composition analysis and microstructure observation were carried out. The
results showed that the field decomposition of corn cob was influenced by temperature, precipitation,
and frozen soil environment. The 150-day cumulative decomposition rates of the pith, woody ring,
and glume were 40.0%, 24.2%, and 36.3%, respectively. Caused by the difference in fiber compositions,
the decomposition speeds of pith and glume were much higher than that of the woody ring. The
complex microstructures of the pith, woody ring, and glume led to differences in the accessibility
of cellulose, which indirectly influenced the field decomposition characteristics. The homogeneous
sponge-like structure of the pith and glume increased the accessibility of cellulose and ultimately
accelerated the field decomposition, while the compact lignocellulosic structure of the woody ring
hindered the decomposition process. Compared with corn stalk, corn cob had similar or even better
field decomposition characteristics and excellent application prospects.

Keywords: sustainability of crop plants; corn cob; field decomposition; fiber composition; microstructure

1. Introduction

Corn is one of the world’s three main grain crops and the largest grain crop in China.
Corn cob is the essential by-product in corn production, which accounts for about 15% of
the total mass with a moisture content ranging from 66% to 47% w.b. [1]. It is estimated
that there are about 164 Tg corn cobs produced globally each year [2] and 45.9 Tg corn cobs
produced annually in China. However, there are only about 8 million tons of corn cobs
used in various applications. In total, 82.6% of the corn cobs are burned [3], which not only
releases pollutants but also causes waste of biomass resources [4]. Returning to the field
seems to be a reasonable treatment of corn cobs produced in harvesting.

At present, China’s corn-harvesting technology is transforming from mechanized
ear harvesting to corn kernel harvesting, especially in northeast China [5,6]. Generally, in
northeast China, the corn kernel harvesting starts in early November, and the corn cobs are
thrown into the field in the mechanized harvest. After harvesting, residues such as corn
cobs on the ground are returned into the soil using turn-plow till sowing in early April of
the following year. However, under the climate condition of low temperature in northeast
China, the corn cobs decompose slowly after returning to the field, which causes short-term
soil acidification [7], affects crop root development, aggravates pests and diseases, and
reduces the quality of spring sowing [8,9]. Therefore, in order to improve soil physical and
chemical properties [10], combat soil erosion [11], promote crop growth, and increase crop
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yield [12,13], it is of great significance to explore the field decomposition characteristics of
corn cobs under the conditions of corn kernel harvesting technology in northeast China.

In terms of the various residues collected from corn production, most research has
focused on the field decomposition of corn stalk. Zhao et al. [14] simulated the accumu-
lation and mineralization of organic carbon in chernozem under different stalk return
methods after corn harvesting. Villamil et al. [15] investigated the effects of corn residue,
tillage, and nitrogen rate on soil properties. Jia et al. [16,17] indicated that standing corn
residue can act as an effective way to control wind erosion and compared the effects of two
major corn stalk management techniques on soil frost depth, snow depth, and soil heat
flux in northeast China. Cao et al. [18] and Yu et al. [19] assessed the field decomposition
of corn stalks in two areas to explore the decomposition characteristics of corn stalks under
different conditions. However, as a kind of residue with a proportion second only to corn
stalk, there are few studies on the field decomposition of corn cob.

As a valuable biomass resource, the structure and characteristics of corn cob have
been studied by many domestic and foreign scholars. Anazodo et al. [20] divided the
structure of corn cob into three layers and explored the mechanical properties of corn cob
from quasi-static radical compression force-deformation curves. Takada et al. [21] and
Lu et al. [22] examined the chemical compositions and characteristics of the three layers of
corn cob. Pinto et al. [23,24] described the macrostructure and microstructure of different
components of corn cob and assessed its elementary chemical composition, density, water
absorption, fire resistance, and thermal insulation capacity. Ji et al. [25] explored the impact
and mechanism of mechanical fragmentation on microstructure features and enzymatic
hydrolysis at different plant scales. The above studies generally concentrated on the
inherent structure and properties of corn cob. There are no published reports documenting
in detail the field decomposition of corn cob, especially associating the decomposition
characteristics with the fiber compositions and microstructures.

Based on the above considerations, in this study, different components of corn cob
were obtained by mechanical cutting pretreatment. Then, field decomposition tests were
conducted to analyze the decomposition characteristics of corn cob and to compare them
with the field decomposition characteristics of corn stalk. Finally, the influences of fiber
composition and microstructure on the field decomposition characteristics were explored
by Fourier-transform infrared spectroscopy and scanning electron microscopy. The results
can provide a theoretical basis for accelerating the field decomposition process of corn cob
and developing corn-cob-crushing devices suitable for a corn kernel harvester.

2. Materials and Methods
2.1. Material Preparation

The corn variety used in the test was Feitian 358, which is a typical early maturing
spring corn variety in northeast China and suitable for corn kernel harvesting technology.
The experimental corn was acquired from Jilin University Agricultural Experiment Base
(43◦56′46′ ′ N, 125◦14′52′ ′ E) in October 2019. Mature corn ears were obtained by hand-
picking. Then, corn cobs without visual damage and degradation were obtained by manual
threshing. After natural drying at a constant temperature (23 ± 1 ◦C) and humidity
(60 ± 5% RH), the average moisture content of the experimental corn cobs was 6.3% (wet
basis), the average length was 190.8 mm, the average diameter was 26.4 mm, and the
average mass was 20.2 g.

The macroscopic structure of a corn cob can be divided into three layers, namely the
pith, the woody ring, and the glume, as shown in Figure 1. The cross-section of the pith is
an irregular circle, and its outer side is an annular woody ring and an annular glume. The
middle 100-milllimeter portion of the experimental corn cob was cut off as the “whole corn
cob”, which was used as the control group of the field decomposition test. After that, the
separated pith, woody ring, and glume were obtained by dividing the whole corn cob. The
physical parameters of the different components of corn cob are shown in Table 1.
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Table 1. Physical parameters of different components of corn cob (100 mm).

Components Mass/g Volume/mm3 Surface
Area/mm2 Density/(g/cm3)

Water
Absorption/%

Pith 0.3 66.5 2613.8 4.7 1935%
Woody ring 13.6 331.1 6762.4 40.9 216%

Glume 1.7 175.0 13,760.3 9.7 356%

The soil used in the test was taken from Jilin University Agricultural Experiment Base
at a depth of 20 cm. After removing stones and roots, the soil was sieved using a sieve
with an aperture of 2 mm. The distributions by mass of particles of different sizes in the
experimental soil were as follows: sand (0.02~2 mm), 37.7%; silt (0.002~0.02 mm), 23.9%;
and clay (0~0.002 mm), 38.5%. The nutrient contents of the experimental soil as determined
by a soil nutrient analyzer were as follows: organic matter, 21.6 g/kg; available nitrogen,
77.6 mg/kg; available phosphorus, 18.2 mg/kg; and available potassium, 83.2 mg/kg. The
saturated water capacity of the soil was 34.4%, the bulk density was 1.37 g/cm3, and the
pH value was 6.4.

2.2. Field Decomposition Tests

The field decomposition tests of the corn cobs were carried out using the nylon mesh
bag method. The whole corn cob, pith, woody ring, and glume were separately packed into
nylon mesh bags with apertures of 0.4 mm (2 g for each bag and 100 bags for each type).
After sealing, the mesh bags were embedded into the test boxes with prepared soil. The
test boxes were 58.5 cm long, 44.6 cm wide, and 32.9 cm high. The experimental samples
were buried at a depth of 20 cm, and 10 bags of samples were buried in each box. To be
consistent with the natural environment conditions of the field such as the temperature and
precipitation, the test boxes were placed on the field surface at Jilin University Agricultural
Experiment Base.

In northeast China, the field decomposition of corn cobs begins from the fall harvest
(early November) to the spring sowing (early April of the following year). Therefore, the
field decomposition period in this study was determined to be 150 days to cover all the
decomposition periods in the field. The temperature and precipitation in the test area are
shown in Figure 2 [26]. The thickness distribution of frozen soil in the test area is shown
in Figure 3. Seasonally frozen soil appeared at the beginning of the tests. Subsequently,
its thickness continued to spread deeper and deeper, reaching its maximum depth at day
120. After the 135th day, the frozen soil started to thaw from the field surface to the deeper
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layers. According to the characteristics of temperature and frozen soil, the decomposition
process can be divided into three periods, which are the cooling period (1 November to
15 December), the frozen period (15 December to 28 February), and the thawing period
(1 March to 1 April).
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The sampling interval of the field decomposition test was 15 days, and each group of
samples was taken with 10 bags at a time. After sampling, the soil adhering to the surface of
the experimental samples was washed. The experimental samples were dried at 105 ± 2 ◦C
for 24 h and weighed. The cumulative decomposition rate (%) and decomposition speed
(g/d), respectively, can be calculated by the following formulas:

RD =
M0 −Mr

M0
× 100% (1)

VD =
M0 −Mr

TD
(2)

where RD is the cumulative decomposition rate (%); M0 is the initial mass of the exper-
imental sample (g); Mr is the residual mass of the experimental sample (g); VD is the
decomposition speed (g/d); TD is the decomposition time (d).
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2.3. Infrared Spectrum Analysis

As a kind of natural biomass, the material composition of corn cob heavily influences
its field decomposition process. Fourier-transform infrared spectroscopy (FTIR) is an effec-
tive method for qualitative analysis of the compound composition of corn cob, especially
the fiber composition. The pith, woody ring, and glume were dried in a drying oven at
105 ± 2 ◦C for 24 h. Afterward, these samples were ground into fine powder and made
into observation tablets using the pressed-disk technique. Finally, a Shimadzu IRAffinity-1
Fourier Transform Infrared Spectrometer was used to analyze the prepared tablets in the
wavelength range of 400~4000 cm−1.

2.4. Microstructure Observation

The microstructure of materials is also an important factor affecting field decompo-
sition. In order to observe the microstructural forms and the densification properties of
different components, microstructure observation was carried out. Before the observation,
the samples were plated using a Cressington 108 automatic sputter coater after sufficient
drying. After that, an EVO-18 scanning electron microscope (SEM) was used to observe
the microstructures of the pith, woody ring, and glume. The microstructure observation
was carried out at a lower acceleration voltage and as quickly as possible.

3. Results and Discussion
3.1. Decomposition Characteristic Analysis

It can be seen from Figure 4 that during the 150-day field decomposition process,
the whole corn cob, pith, woody ring, and glume had similarities in their decomposition
characteristics, which followed the pattern of first being fast, then slow, and ultimately
accelerating gradually. The average decomposition speeds and cumulative decomposition
rates of corn cob components are shown in Table 2. During the same period, piths had the
highest cumulative decomposition rate, followed by glumes. The cumulative decomposi-
tion rates of the woody rings and whole corn cobs were the lowest in all periods and they
were approximately equal. Regression analysis of field decomposition (Table 3) showed
that fitting curves for the cumulative decomposition rate of the above samples conformed
to the cubic polynomial distribution.
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Table 2. Average decomposition speeds and cumulative decomposition rates of corn cob components.

Components Cooling Period Frozen Period Thawing Period

Average decomposition
speed/(%/d)

Pith 0.57 0.10 0.22
Woody ring 0.25 0.10 0.19

Glume 0.51 0.08 0.24

Cumulative
decomposition rate/%

Pith 25.8 33.3 40.0
Woody ring 11.1 18.6 24.2

Glume 23.1 29.1 36.3

Table 3. Regression analysis of field decomposition of corn cob.

Components Regression Equation R2 Prediction of Decomposition Rate/%

Pith y = 1.7587 + 0.95x − 0.01084x2 + 0.0000416979x3 0.977 64.7
Woody ring y = 0.41438 + 0.36648x − 0.00365x2 + 0.0000151887x3 0.995 36.7

Glume y = 0.93567 + 0.84281x − 0.00951x2 + 0.0000366835x3 0.986 58.5
Corn cob y = 0.18043 + 0.43717x − 0.00457x2 + 0.0000175681x3 0.999 33.3

3.1.1. Pith

The decomposition speed of the pith was the fastest in the initial stage. The average
decomposition speed of the pith in the cooling period was 0.57%/d, and the cumulative
decomposition rate was 25.8%. At this time, the average temperature of the test area was
higher than 0 ◦C, and the average precipitation was more than 10 mm. After this period,
the seasonally frozen soil in the test area gradually spread to 20 cm underground, which
was the depth of the field decomposition test. Meanwhile, the precipitation at the test
area also dropped to the lowest level of the year. The average decomposition speed of
the pith during the frozen period decreased to 0.10%/d, the cumulative decomposition
rate reached 33.3%, and the net increase in the decomposition rate was 7.5%. The average
decomposition speed of the pith during the thawing period rose to 0.22%/d, the cumulative
decomposition rate reached 40.0%, and the net increase in the decomposition rate was 6.7%.
As the thawing period continued, the temperature and precipitation gradually increased.
Based on the regression equation of the cumulative decomposition rate of piths, it can be
predicted that the cumulative decomposition rate of piths would reach 64.7% as of 1 May,
which was the spring sowing time in the northeast. At that time, the main structure of the
piths would be completely decomposed and would not adversely affect the sowing.

3.1.2. Woody Ring

The decomposition characteristics of the woody rings followed the same pattern as
those of the piths, but the cumulative decomposition rate of the woody ring was low for
the whole period. The fitting degree of the cumulative decomposition rate of the woody
ring was lower than that of the pith, and the decomposition speed fluctuated more. The
average decomposition speed of the woody ring in the cooling period was 0.25%/d, and
the cumulative decomposition rate was 11.1%. Then, the average decomposition speed in
the frozen period reduced to 0.10%/d, and the cumulative decomposition rate increased
to 18.6%; the net increase in the decomposition rate was 7.5%. In the thawing period,
the average decomposition speed reached 0.19%/d, the cumulative decomposition rate
reached 24.2%, and the net increase in the decomposition rate was 5.6%. According to
the regression equation of the cumulative decomposition rate, it can be predicted that the
cumulative decomposition rate of the woody ring would reach 36.7% on 1 May. At the
time of spring sowing, the undecomposed woody ring would be the main residue in the
field. It is also the main substance affecting corn emergence and seedbed stability.

3.1.3. Glume

The trend of the cumulative decomposition rate of the glumes was almost the same
as that of the piths, but there was a slight difference. After the 15th day, the cumulative



Agriculture 2021, 11, 556 7 of 13

decomposition rate of the glumes was always about 3% lower than that of the piths. In
other words, the decomposition speed of these two components of the corn cob was almost
the same throughout the test period.

The average decomposition speeds of glume in the cooling period, frozen period, and
thawing period were 0.51%/d, 0.08%/d, and 0.24%/d, respectively. The cumulative de-
composition rates were 23.1%, 29.1%, and 36.3%, respectively. According to the regression
equation of the decomposition rate, it can be predicted that the cumulative decomposition
rate of the glume could reach 58.5% on 1 May.

3.1.4. Overall Analysis and Comparison

Under the same soil environment and climate conditions, the average decomposition
speeds and cumulative decomposition rates of the whole corn cob, pith, woody ring,
and glume showed significant differences. As can be seen from Figure 4, the cumulative
decomposition rates of the pith, woody ring, and glume in 150 days were 40.0%, 24.2%, and
36.3%, respectively. Compared with the whole corn cob, the cumulative decomposition
rates were increased by 81%, 10%, and 64%, respectively.

As a residue produced simultaneously with corn cob in mechanized corn harvesting,
the field decomposition characteristics of corn stalk have been investigated by many scholars.
Field decomposition characteristics of corn stalk in Songyuan, Jilin Province (45◦26′64′ ′ N,
124◦87′69′ ′ E), and that in Yangling, Shaanxi Province (34◦17′51′ ′ N, 108◦00′48′ ′ E), were
selected for comparison [18,19]. The locations of the field decomposition tests are shown in
Figure 5. Among them, field decomposition of corn stalk in Songyuan began on 25 April
and lasted for 150 days. Field decomposition of corn stalk in Yangling began on 31 October
and lasted for 300 days, but only the decomposition in the first 150 days was selected
for comparison.
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For comparison, the corn stalks of Songyuan and the corn cobs of Changchun were
decomposed for 150 days in the field in summer and winter, respectively. Although the sites
and soil environments were similar, there were significant differences in the cumulative
decomposition rate and decomposition speed. It can be seen that differences in temperature
and precipitation can significantly affect the field decomposition speed in different seasons.
Yangling’s corn stalks and Changchun’s corn cobs decomposed in the field for 150 days in
winter. In the first 30 days, as the precipitation levels were approximately the same and
the temperatures were around 0 ◦C, the field decomposition speeds were approximately
the same. After 30 days, the temperature in Yangling remained at a certain level, while the
temperature in Changchun continued to decrease. Seasonally frozen soil appeared, and
field decomposition entered the frozen period. In the frozen period, the field decomposition
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speed in Changchun was significantly lower than that in Yangling, indicating that the
seasonally frozen soil greatly hindered the process of field decomposition. Then, from the
thawing period to spring sowing, the field decomposition speed returned to normal. It
is worth noting that the decomposition speeds of the pith and glume were significantly
higher than that of the corn stalk. Compared with corn stalk, corn cob had similar or even
better field decomposition characteristics.

3.2. Effect of Fiber Composition on Field Decomposition

As an enzymatic reaction with the participation of microorganisms, the field decompo-
sition characteristics of corn cob are influenced by its chemical composition, especially the
fiber composition. Corn cob is mainly composed of cellulose, hemicellulose, and lignin. The
contents of these fiber components in the pith, woody ring, and glume are different, which
indirectly affects the field decomposition characteristics of corn cob. Fourier-transform
infrared spectroscopy was used for qualitative analysis of the fiber compositions in the
pith, woody ring, and glume, and the results are shown in Figure 6.
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According to the attribution analysis of the FTIR in Figure 6 and Table 4, the trans-
mittances of pith, woody ring, and glume were different, but the trends were roughly the
same. Among them, the absorption peaks related to cellulose mainly appeared around
1028, 1245, 2889, and 3385 cm−1. The absorption peaks at 1028 and 2889 cm−1 represented
the stretching vibration of C–O–C and C–H groups, respectively, while the absorption
peaks at 1245 cm−1 represented the bending vibration of O–H [27]. The absorption peaks
near 3385 cm−1 were the descending stretch in cellulose. The absorption peaks around
1516 and 1612 cm−1 were mainly derived from lignin aromatic skeletal vibration and C=O
stretching [28]. The transmittances of the absorption peaks here were as follows: woody
ring > pith > glume. The absorption peaks at 1727 cm−1 were the main characteristic
peaks that distinguished hemicellulose from other components and represented the C=O
stretching vibration of the acetyl group and carboxyl group in hemicellulose [29]. The
absorption peaks near 1368 cm−1 represented the bending vibration of C-H groups, which
existed in cellulose and hemicellulose simultaneously.
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Table 4. Functional groups of FTIR of different fiber components.

Wavelength/cm−1 Functional Groups

1028 C–O stretching vibration in cellulose
1245 –OH bending vibration in cellulose
1368 C–H bending vibration in cellulose and hemicellulose
1516 Aromatic skeletal vibration
1612 Aromatic skeletal vibration plus C=O stretching
1727 C=O stretching vibration in hemicellulose
2889 C–H stretching vibration in cellulose
3385 –OH descending stretch in cellulose

As early as the last century, Lu et al. [22] had subdivided the structure of the corn
cob and determined the fiber compositions of each component. The contents of cellulose,
hemicellulose, and lignin measured by Lu et al. are shown in Table 5. It can be seen
from the table that the hemicellulose content was the highest in the pith and glume, while
the cellulose content was slightly lower than the hemicellulose content. Cellulose was
the most abundant fiber type in the woody ring, and its content was much higher than
that of hemicellulose. Furthermore, the content of lignin in the woody ring was higher
than that in the pith and glume, which may be one of the reasons for the differences in
decomposition characteristics.

Table 5. Fiber composition of corn cob (%, dry basis).

Components Lignin Cellulose Hemicellulose

Pith and glume 5.4 35.7 37.0
Woody ring 6.8 47.1 37.3

Cellulose is the most abundant polymer in corn cobs. As the structural polysaccharide
of the cell wall of corn cob, it accounts for 30~50% of the total fiber composition. Hemicellu-
lose is second only to cellulose in the fiber composition of corn cob, accounting for 30~40%
of the total fiber composition. Hemicellulose is usually used as the adhesive to connect
cellulose microfibers in corn cob. The strength of the chemical bonds in hemicellulose
is lower than that in cellulose, and FTIR shows that there are fewer chemical bonds in
hemicellulose than in cellulose. The degree of polymerization of hemicellulose is also
significantly lower than that of cellulose. As a result of this, hemicellulose is the first fiber
to decompose in corn cob, and its cumulative decomposition rate is also higher than that
of cellulose [30]. The content of lignin in corn cob is about 5~10%, and the main function
of lignin is to strengthen the connection between cellulose microfibrils and enhance the
mechanical strength of fiber structure. During the field decomposition process, the presence
of lignin seriously hindered the decomposition of fiber structures in corn cob, mainly in the
following aspects: (1) Lignin has steric hindrance in the enzymatic hydrolysis of cellulose
by cellulase; (2) lignin has some ineffective adsorption to cellulase; and (3) the products of
enzymatic hydrolysis of lignin are toxic to microorganisms [31].

In terms of different experimental samples, the relative contents of hemicellulose in the
pith and glume were higher than that in the woody ring, so the decomposition speeds of the
pith and glume were higher than that of the woody ring in the cooling period. For different
fiber compositions, when the corn cob was decomposed in the field, the decomposition
process of cellulose and hemicellulose generally followed the trend of “first fast and then
slow”, and the decomposition speed and cumulative decomposition rate of hemicellulose
were higher than those of cellulose from beginning to end. Due to the hindrance of lignin
in field decomposition, the decomposition speed of lignin was the slowest, and there was
no obvious speed fluctuation in the whole process. Therefore, lignin was the main fiber
type that needed to be decomposed in the late stage of field decomposition, and it was also
the main component that remained in the field.
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Considering that the field decomposition of lignin was very slow, the decompo-
sition speed of lignin could be increased by additional means to ultimately accelerate
the overall decomposition process of corn cob. For instance, a decomposing agent or
lignin-decomposing enzyme can be applied in the process of returning cobs to the field,
allowing rapid decomposition of lignin in the early stages of field decomposition and
reducing the impact of steric hindrance and ineffective adsorption of lignin. In addition,
lignin-decomposing microorganisms, such as white-rot fungi, actinomycetes, and some
bacteria, can be added to the field to fully decompose lignin during the entire period of
field decomposition.

3.3. Effect of Microstructure on Field Decomposition

The microstructure was also a key factor affecting the decomposition characteristics;
in other words, fiber accessibility was the decisive factor affecting the field decomposition
speed [32]. The complex microstructures of the three components of corn cob made their
specific surface areas and cellulose accessibility different, which eventually led to the
differences in decomposition speed. The microstructures of the different components of
corn cob were obtained by SEM, and the results are shown in Figure 7. As shown in the
SEM images, the microstructures of the different components of corn cob are quite different.
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The microstructure of the pith (Figure 7a) is a homogenous sponge-like tissue with
thin walls and full of air. The cells are so tightly connected that there are almost no gaps.
This sponge-like microstructure gives it a low density, good water and oil absorption ability,
and a large specific surface area for cellulose. During field decomposition, the high specific
surface area of the pith made the contact between cellulose and microorganisms more
adequate and accelerated the decomposition speed.

As an important plant organ, the microstructure and physico-chemical properties of
corn cob share many similarities with cork, mainly in the woody ring. The macroscopic
texture and strength of the woody ring are similar to those of cork [24], making the woody
ring the main source of density and mass of the corn cob. The pith and woody ring are
connected by internodal tissues. The woody ring (Figure 7b) has a compact homogeneous
microstructure with a higher density than the pith. Its microstructure is a hollow tubular
structure with cellulose as the skeleton, which is filled and bonded by lignin. The cellulose
skeletons interweave as a whole to form a compact three-dimensional network entity. In
the woody ring, lignin strengthens the connection between cellulose microfibrils, creating
the space barrier between microbial enzymes and cellulose, reducing the accessibility of
cellulose, and ultimately reducing the decomposition speed of the woody ring.

Glume is the connection between the corn cob and corn kernels, which is a kind of
degenerated plant tissue. As can be seen in Figure 7c, the connection between the glume
and woody ring is not transitional, but rather a well-defined embedded connection. Like
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the pith, the internal microstructure of the glume is also a porous cellular structure, with the
main difference being the distribution of many transparent glandular hairs and elliptical
protrusions on the outer surface of the glume. The loose and complex microstructures of
the pith and glume make the corn cob maintain good physical properties and structural
integrity while having much higher absorption characteristics than other agricultural
materials do.

Furthermore, in the determination of water absorption, we found that although the
macroscopic structure of corn cob is relatively loose, its water absorption process is a
slow progressive saturation. It can be speculated that corn cobs may have a capillary-like
structure, making their water absorption process similar to osmosis. This kind of porous
cellular microstructure and capillary-like structure also have an important influence on the
field decomposition of corn cob.

Therefore, using physical, chemical, and biological means to destroy the fiber structure
of the corn cob and improve the accessibility of cellulose is of great significance to promote
the field decomposition of corn cob.

4. Conclusions

In this study, field decomposition tests were carried out to investigate the decom-
position characteristics of different components of corn cob under seasonally frozen soil
conditions. After that, the effects of fiber compositions and microstructures on field decom-
position were explored by FTIR and SEM, respectively. The results can be summarized
as follows:

The field decomposition of corn cob followed the pattern of first being fast, then slow,
and ultimately accelerating gradually. The decomposition speed order was as follows:
pith > glume > woody ring, and the cumulative decomposition rates of the pith, woody
ring, and glume were 40.0%, 24.2%, and 36.3%, respectively. The fiber components of
corn cob greatly affected its field decomposition process. Among them, hemicellulose
was the first fiber component to decompose, followed by cellulose. The presence of
lignin severely hindered field decomposition. The complex microstructures of the three
components made the cellulose accessibility different, which eventually led to the difference
in decomposition speed.

Compared with corn stalk, corn cob has better field decomposition characteristics and
excellent prospects. This study can provide a theoretical basis for the field decomposition
of agricultural residues in seasonally frozen soil.
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