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Abstract
Soil degradation in intensive greenhouse vegetable fields is a major agricultural concern since these soils are widely used for
food production. Organic materials play essential roles in soil aggregate stability and carbon sequestration. We conducted a
5-year fertilization study in intensively farmed greenhouse vegetable fields to examine the effects of added organic matter on
soil aggregate stability, organic carbon fractions and their interrelationships. Four experimental treatments were included: 1)
mineral fertilizer only (CK); 2) mineral fertilizer combined with chicken manure (CM); 3) rice husks (RH); and 4) chicken manure
plus rice husks (MH). These organic materials applications significantly improved the proportion of > 0.25 mm aggregates while
decreasing the ratio of soil < 0.25 mm aggregates. The mean weight diameters of water-stable soil aggregates was increased
with organic fertilizer addition and were ranked RH [?] MH > CM > CK. The organic materials applications treatments had
a greater soil organic matter, humic acid and humus than the CK. RH addition significantly increased the proportion of >2
mm aggregates, possibly due to higher humus and polysaccharide carbon content. CM application increased soil Fe-ox content
due to soil acidification and increased aliphatic carbon content that in turn increased the proportion of 1-2 mm aggregates.
The study indicated a possible advantage for chicken manure and rice husk incorporation for the generation and persistence of
stable soil aggregates.

1. Introduction
Greenhouses are widely used to maintain controlled environments for optimal vegetable production and to
maximize profits (Pratiwi et al., 2016). However, the high rates of successive planting and removal of crop
residues deplete soil organic carbon and lead to soil degradation (Zhao et al., 2019). In addition, elevated
greenhouse temperatures, extensive use of chemical fertilizers and high irrigation frequencies have negative
impacts on soil aggregation and aggregate stability in greenhouse vegetable production systems (Wang et
al., 2016). Consequently, soil degradation has become a core problem that affects the sustainable and green
development of greenhouse vegetable cultivation (Pratiwi et al., 2016).
Organic materials in soils are key components necessary for improving crop production and soil aggregate
stability (Mamedov et al., 2014; Zhao et al., 2018). Results of similar field trial showed that long-term organic
materials application promoted the formation of soil macro aggregates (>0.25 mm) and increased aggregate
stability (Zhao et al., 2018). Organic materials also generally increase soil organic matter (SOM) content,
which are an essential binding agent for aggregates (Zhao et al., 2017). In particular, macro-aggregates are
formed from the combination of micro-aggregates (0.05-0.25 mm) and SOM. Stable macroaggregates are
found to be richer in young and decomposable SOM than microaggregates (Janik et al., 2007). Aggregates
stability is affected by both SOM content as well as composition (Lehmann et al., 2001). For example,
soil humic substances (HM) are the primary binding agents for micro-aggregates (Six et al. 2000). In
contrast, polysaccharides are the organic cementing substances and have only transient binding effects on
macro-aggregates formation (Klotzbücher et al., 2013; Sarker et al., 2018).
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Multivalent metals also play profoundly important roles in the stability and size distribution of soil aggregates
(Wang et al., 2016). Polycrystalline and amorphous iron is more effective than free iron in stabilizing soil
aggregates (Klotzbücher et al., 2013; Wen et al., 2019; Guo et al., 2020). Exchangeable Ca2+ can also improve
soil structure through bridging with clay minerals and SOM (Zhu et al., 2016). In general, formation of soil
aggregates involves absorption of organic matter into clay and multivalent metal cations serve as bridges for
SOM participation in the formation and stability of soil aggregates (Wang et al., 2015).
The effects and mechanisms of fertilization on stability and size distribution of soil aggregates have been well
documented although these studies have primarily focused on the open field crop planting system (Wang
et al., 2016; Zhao et al., 2017). Less is known about the responses of stability and size distribution of soil
aggregates to the long-term application of organic materials in greenhouse vegetable cultivation soil. In
particular, different types of organic materials possess variable carbon (C) content and composition and
these differentially affect stabilities and turnover rates of aggregates (Mamedov et al., 2014; Sarker et al.,
2018). The objectives of the present study were (i) to evaluate the effects of application of organic material
on soil stable aggregates and organic carbon fractions (ii) to identify the associated mechanisms of organic
material addition on soil aggregate formation in greenhouse vegetable soils and (iii) to provide suggestions for
developing optimal organic material management strategies in sustainable greenhouse vegetable production.
2. Materials and Methods
2.1 Study site and experimental design
Field experiments were conducted in Shouguang city, Shandong province (36°55’N, 118deg45’E). The soil
was classified as molic gleysol based on the FAO-UNESCO World Soil Map. The basic chemical properties
of the soil (0-30 cm) were as follows: pH 7.35 (1:5, soil/water), SOM 14.9 g kg-1 , available N (AN) 148.9 mg
kg-1 , available P (AP) 117 mg kg-1 and available K (AK) 223 mg kg-1 .
Field experiments started in 2015. Tomatoes were the sole crop and were planted in the autumn-winter
season (August-January) and in the winter-spring season (February to June) each year, respectively. The
experiments contained 4 treatment groups: (1) CK, no organic fertilization, (2) CM, 30 t chicken manure ha
per season, (3) RH, 30 t rice husk per season, (4) MH, 10 t air-dried chicken manure and 20 t rice husk per
season. Each treatment adopted a randomized blocked-plot design containing 3 replicates. The total area of
each replicate plot was 41.0 m2 .
The organic nutrients used in these experiments was commercial chicken manure containing 257.2 g C kg-1 ,
16.3 mg N kg-1 , 19.4 mg P kg-1 and 8.4 mg K kg-1 . The C, N, P and K contents in the rice husks were
507.5 g C kg-1 , 4.6, 1.4 and 7.9 mg kg-1 , respectively (Table S1). In addition, all plots received the same
chemical fertilized. 363 kg ha-1 N, 296 kg ha-1 P2 O5 and 523 kg ha-1 K2 O that were incorporated into the
soils. Organic materials and 1000 kg ha-1 compound fertilizer (N 20%, P2 O5 20%, K2 O 20%) were applied
with soil ploughing before planting for each season. During the tomato growth stage, the remaining chemical
fertilizer (water-soluble compound fertilizer, N 20%, P2 O5 20%, K2 O 20% and N 16%, P2 O5 6%, K2 O 40%)
was applied with furrow irrigation at 9 times over each season at 75-100 mm each time.
2.2 Soil sampling and analyses
Five soil columns with 10 cm diameter in 0-30 cm were randomly taken from each treatment plot in April
2019. Each sample was mixed thoroughly and passed through an 8-mm sieve by gently breaking the soil
clods and avoiding soil deformation from mechanical compression. Pebbles, plant residue and creatures were
removed and the soil was air-dried at room temperature. A portion of the subsample was passed through a
2-mm sieve to investigate the soil organic matter, and the remaining soil was used to determine the aggregate
size distribution.
The soil pH was measured with a soil/distilled water ratio of 1:2.5. Exchangeable Na, Ca and Mg were
extracted in 5 mM EDTA-NaAOc (soil: solution ratio of 5:1). Elemental analyses was performed using
atomic emission spectroscopy with an Optima 8000 ICP-OES instrument (PerkinElmer, Waltham, MA,
USA). Amorphous Fe and Al oxides (Fe-ox and AL-ox) were extracted using the ammonium oxalate method
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(Li, 1997). For each sample, 0.5 g air-dried soil was placed into a 50 mL centrifuge tube and 25 mL 200 M
ammonium oxalate was added (soil: solution = 1:50). The mixture was shaken for 2 h in the dark and then
centrifuged immediately at 4000 rpm. The supernatant was diluted 5 times and the Fe and Al content in
the solution were determined using ICP.
2.3 Soil aggregate stability
To obtain different size fractions of water-stable aggregates, 50 g of soil samples were placed on the top of a
sieve series with mesh sizes of 2, 1, 0.5 and 0.25 mm from top to bottom. The sieve set was placed on the
shock rack of a aggregate analyzer, submerged in water, and shaken with amplitude of 3 cm at 30 oscillations
per minute for 30 min. The obtained size fractions at each sieve were washed into a beaker and then dried at
60degC for 24 h and weighed. Each fraction was weighed to calculate the dry aggregate stability expressed
by mean weight diameter (MWD). Mean weight diameter (MWD) was calculated as:

MWD =

n
X

Xi Wi

i=1

The percentage of water-stable aggregate (WSA) was calculated as:
P4
WSA =100×

i=1

Wi

w

where i is the average diameter of ith size fraction of the aggregate, wi is the mass of ith size fraction of the
aggregate, and w is the total mass of all size fractions of the aggregate. i = 1, 2, . . . , 5 represent the
aggregate size >2.0 mm, 2.0-1.0 mm, 1.0-0.5 mm, 0.5-0.25 mm and <0.25 mm, respectively.
2.4 Carbon content of different soil organic matter
The SOM of soil samples were determined using the dichromate oxidation method (Kuwatsuka et al., 1992)
and humus composition was analyzed as previously described (Dou 2010). Briefly, soil was extracted in
a mixed alkali solution (NaOH + Na4 P2 O7 ) and then centrifuged. The supernatant represented humic
extractable substance (HM) and 30 mL was acidified to pH 1 to separate humic acid (HA) from fulvic acid
(FA). The precipitate was composed of HA while FA remained in solution. HA was re-dissolved with 0.05
M NaOH. All solutions were used for measurements. HA isolation and purification followed the procedure
described by the International Humic Substances Society (Kuwatsuka et al., 1992). Briefly, soil was decalcified
with HCl and extracted with NaOH for 24 h and then centrifuged. The supernatant contained the humic
extractable substance fraction and was acidified to pH 1.0. The precipitate contained HA and was dialyzed
against filter membrane to eliminate excess salts and then freeze-dried.
2.5 Analysis of soil surface functional groups
Soil surface functional groups were investigated using Fourier transform mid-infrared photoacoustic spectroscopy (FTIR-PAS, Peltre et al., 2014) using a Nicolet 6700 FTIR spectrometer (Thermo Scientific, Pittsburg,
PA, USA) equipped with a PA301 photoacoustic (PAS) detector with a cantilever microphone (Gasera, Turku, Finland). Samples of soils and fractions for mean diffuse reflectance FTIR (DRIFTS) analyses were ball
milled and dried overnight at 32ºC and packed in 10 mm ring cups and inserted into the PAS detector using
He as purge gas. Spectra were recorded from an average of 32 scans at a resolution of 4 cm-1 (i.e. with 2
cm-1 data-point intervals) in the range 4000-500 cm-1 .
The peak at 1160 cm-1 was assigned to stretching C-O in carbohydrates, nucleic acids and proteins (Janik et
al., 2007). The peak at 1390 cm-1 was aliphatic C-H, with potential contributions from carboxylates (C-O)
(Parikh et al., 2014). The peak at 1620 cm-1 was assigned to predominately aromatic C = C stretching
and asymmetric -COO- stretching (Baes & Bloom, 1989) but possibly also C = O vibrations (Stevenson,
1994). The double peak centered at 2930 cm-1 of the aliphatic C-H stretching (Baes & Bloom, 1989) was
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superimposed on the broad O-H peak centered at 3400 cm-1 (Movasaghi et al., 2008). For peak area investigations, wave-numbers of functional groups associated with non-organic compounds such as silicates and
alumino-iron oxides were avoided. The four peaks (1160, 1390, 1620 and 3400 cm-1 ) were used for further
treatments and were assigned to different organic functional groups and their potential stabilities were based
on current literature (Table 1).
Some organic materials and soil chemical properties are listed in the supporting information to assist in data
interpretation of the present study, including exchangeable C, N, P, K and other element concentrations,
functional groups in chicken manure and rice husks and soil microbial biomass carbon (MBC).
2.6 Statistical analysis
Significant differences of the soil properties among treatments were tested with one-way ANOVA followed
by the least significant difference (LSD ) at p < 0.05. Principal component analysis (PCA) and redundancy
analysis (RDA) were implemented using CANOCO software (Version 4.5, Microcomputer Power, Ithaca,
NY, USA) and were applied to visualize the stability and size distribution of soil aggregates using types of
organic material application as the constraining variable and the relationships between related soil properties
and aggregate size distributions. Monte Carlo tests were used to determine the main effectors of mean weight
diameter and aggregate size. All statistical analyses were carried out using SPSS 20.0 (IBM, Chicago, IL,
USA).
3. Results
3.1 Stability and size distribution of soil aggregates
The amount of large macro-aggregates (>2.0 mm) in the rice husk (RH) (8.5%) and manure-rice husk (MH)
(8.7%) treatments were higher than that for the control (CK) treatment (6.7%). We found no significant
differences in the amount of large macro-aggregates between the chicken manure (CM) and CK treatments.
The amount of aggregates in the 2.0 - 1.0 mm and 1.0 - 0.5 mm groups were greater for all 3 organic
fertilization treatments. Moreover, the amount of 2.0 - 1.0 mm aggregates in the CM and MH were greater
than in RH. Compared with CK treatment, CM, RH and MH treatments exhibited significant decrease at
the distribution of aggregates within the < 0.25 mm particle sizes (Fig. 1a).
The mean weight diameter (MWD) and water stable (WSA) soil aggregates strongly reflect total aggregate
distribution and stability. The MWD was significantly increased in RH and MH treatments and indicated
that long-term application of rice hulls enhanced aggregate stability (Fig. 1b). The WSA values also increased
with organic fertilizer addition compared with control and RH and MH values exceeded those of the CM
treatment (Fig. 1c).
3.2 Soil carbon content and composition
Over the 5 years of this study, SOM levels were significantly increased with the organic fertilizer applications
as expected (p< 0.05). The SOM accumulation in the RH treatments was 20.3 g kg-1 and was significantly
higher than that for the CM treatment (16.8 g kg-1 ). The amount of organic carbon was greatest in the
HM fraction followed by HA and FA for all treatments (Fig. 2). The organic carbon in the HM fraction was
significantly greater with the application of organic material, and both rice husk (RH and MH) treatments
were significantly higher than for the CM soil. The amounts of organic carbon in the HA fraction were
increased with organic material addition in which the maximal 4.4 g kg-1 was found for RH treatment. The
SOC in the FA fraction were ranked in the order CM > MH > RH[?]CK.
3.3 DRIFTS analysis
We examined the surface properties of our experimental soils using DRIFTS analysis. The spectra of the 4
soils generally featured common peaks with different intensities. For example, the 1160 cm-1 peak was the
primary contributor to the total relative area in the soil spectra followed by peaks at 3400, 1620 and 1390
cm-1 (Fig. 3). The DRIFTS peaks of the four investigated bands were affected significantly by fertilizer
treatment (p < 0.05) (Table 2). The average relative area of the 1390 cm-1 peak was 8.00 % in CK treatment

4

Posted on Authorea 9 Jun 2020 — The copyright holder is the author/funder. All rights reserved. No reuse without permission. — https://doi.org/10.22541/au.159171195.56227323 — This a preprint and has not been peer reviewed. Data may be preliminary.

that was increased by 22.0, 17.6 and 13.4% in MH, CM and RH treatments, respectively. The relative peak
areas at 1620 cm-1 also varied significantly across all the four treatments; the smallest peak area was found
for MH and the largest for CK (p < 0.05). The relative 1160 cm-1 peak areas were increased slightly with
organic material addition and RH was the largest. Similarly, the 3400 cm-1 relative peak area was increased
in CM and MH treatments, but was decreased in RH treatment (Table 2).
3.4 Soil properties associated with aggregate formation
The soil pH values were decreased in the CM treatment compared with other three treatments. In addition,
the Fe-ox content was significantly increased with organic material application compared with CK, especially
for CM and MH. The soil Al-ox content for CM treatments was increased above CK (Table 3). The soil Na+
content in the CM treatment was significantly higher than the other three treatments (CM>MH>RH>CK).
The soil Ca2+ level in soil was decreased by 29.2 and 21.0% for CM and MH respectively. However, no
significant differences were found for soil Mg2+ levels among the four treatments (Table 3).
3.5 Correlation analyses between soil properties and soil aggregate
Principal component analysis (PCA) was used to explore the effects of organic material input on the soil
aggregate stability and size distribution. The first principal coordination axis (accounting for 63.3% of the
variation) was significantly different between CK and the other three treatments. CK and CM were located
on the positive side of the x-axis while RH and MH were on the negative side suggesting a significant impact
of RH and MH on the soil aggregate stability and size distribution. The second principal coordination axis
accounted for 28.9% of the variation among the samples and clearly separated CK and CM (Fig. 4).
Redundancy analysis (RDA) indicated that the contribution of the tested soil parameters to the soil aggregate
stability and size distribution were explained by the different soil humus, carbon functional groups and
mineral ions. The RDA (a) illustrated that soil aggregate stability and size distribution were significantly
affected by HM-C (F=22.2, p=0.002), SOM (F=18.9, p =0.002) and HA-C (F=13.3, p=0.002). MWD,
WAS and the proportion of >0.25 mm aggregates were positively correlated with SOM, HM and HA while
the proportion of <0.25 mm aggregates was negatively correlated with these. The proportion of 2-1 mm
aggregates had significant positive correlations with HA (Fig. 5a).
The RDA (b) showed that polysaccharide-C, aliphatic-C and carboxyl or amidogen - C were significantly
correlated with the soil aggregate stability and size distribution (p < 0.05). All carbon functional groups
in the RDA model had positive correlations with MWD, WSA and the proportion of >0.25 mm aggregates,
but were negative with the proportion of <0.25 mm aggregates (Fig. 5b).
The RDA(c) showed that Fe-ox and Ca2+ had significant positive effects on the MWD, WSA and the
proportion of >0.25 mm aggregates while the proportion of >0.25 mm aggregates was negatively correlated
with the Fe-ox and Ca2+ (Fig. 5c).
4. Discussion
4.1 Effects of organic material application on soil aggregate
The effects of organic material application on our experimental soil aggregates were profound. These organic
materials applications significantly improved the proportion of > 0.25 mm aggregates while decreasing the
ratio of soil < 0.25 mm aggregates (Fig. 1). These data agree with the results of previous studies using
straw returned to the fields post-harvest and manure addition that promoted the formation of the large
and small macro-aggregates and decreased the silt plus clay fraction (Zhao et al., 2018; Wang et al., 2015;
Mamedov et al., 2014). We also found that organic material applications induced an obviously increase of
WSA, especially RH and MH treatments. Meanwhile, the increase of MWD was only observed in RH and
MH treatments (Fig, 1c). These results confirm the effectiveness of rice husks amendments to increase soil
aggregate stability in the intensively managed greenhouse soils. Rice husks have been shown to improve soil
physical properties (Chien et al., 2011; Anikwe 2000). This may be the result of the large specific surface
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area that can alter the total number of pores per volume and increase the bulk density (Pratiwi et al., 2016).
This pore size distribution can directly affect soil structure development (Chien et al., 2011).
4.2 Effects of organic material application on soil carbon fractions
Total SOM levels were significantly increased by continuous organic material application in the intensively
managed greenhouse soils and RH levels were greater that MH and CM (Fig. 2a). This is most likely related
to a greater total carbon input for RH resulting in greater SOM accumulation (Fig. S1). Moreover, the
degradation of rice husk releases lipids and waxes that can form a hydrophobic coating around the SOM and
act as a protective barrier against microbial decomposition (Pratiwi et al., 2016).
Soil humic fractions play a central role in stabilizing soil organic carbon pool (Fig 2,Xu et al., 2018). After five
years of different organic amendments, soil HM levels had increased compared with CK (Fig. 2b). HumusC could be tightly bound to mineral surfaces to form metal-organic-mineral coatings through adsorption
by ligand exchange with protonated surface hydroxyls (Tadashi and Randy, 2016). This acted to prevent
microbial decomposition and mineralization (Zhao et al., 2019). Among the three organic amendments,
RH resulted in the highest concentrations of HA while no differences were found between CM and MH.
This result is consistent with a previous study that found application of mineral fertilizer plus maize straw
or maize straw-derived biochar increased HA concentrations (Zhang et al., 2019). Alterations in soil HA
were primarily due to the entry of HA extracted from straw into the soil (Zhang et al., 2011). In addition,
Kuzyakov (2010) indicated that priming effects on SOM mineralization increased linearly with C input at
low input rates. Moreover, addition of manure alone or accompanied with rice husks increased microbial
biomass as evidenced by the increase of MBC content and promoted HA decomposition (Fig. S3).
Generally speaking, FA can provide agreater amount of bioavailable carbon as an electron donor for microbial
respiration than HA and HM (Qiao et al., 2019). However, FA are a mixture of complex organic compounds
and the majority are insoluble in water at neutral pH. This leads to low bioavailability of FA for microbes
(Stevenson 1994). This might partly explain why the CM soils had higher FA levels than the other treatments
(Fig. 2).
We also found a lower proportion of aromatic groups together with a higher proportion of aliphatic, polysaccharide and carboxyl or amidogen groups in the soils that contained added organic material (Table 2). This
supports the theory of a rapid, microbial-induced improvement in activated soil carbon functional groups
after the addition of fresh organic residues that were rich in labile polysaccharides (Sarker et al., 2018).
Compared with chicken manure, rice husks contained a larger proportion of polysaccharides and smaller
proportions of aromatics (Fig. S2 and Table S2). In agreement with this we found that the carbon functional groups in CM soils were richer in aromatics while the rice husk soils contained higher percentages of
polysaccharides (Fig. 3 and Table 2).
Organic material application also can affect the soil ion content either directly by adding ions or indirectly
by altering other soil properties such as pH or SOM (Adhikari and Yang, 2015). The pH of our CM soils
was less than for the other treatments (Table 3). Decreased soil pH can mobilize exchangeable Fe and
Al while decreasing exchangeable Ca and Mg in calcareous soils (Table 3) (Klotzbucher et al., 2013; Wen
et al., 2019). In particular, our CM soils contained greater amounts of organic structures recalcitrant to
biodegradation (aliphatic and aromatic fractions). These compounds would then be preferentially sorbed
onto reactive poorly crystalline Fe oxides (Adhikari and Yang, 2015; Wen et al., 2019; Guo et al., 2020).
We found a significant positive correlation (p < 0.05) between aliphatic and aromatic fractions and Fe-ox
fractions (Table S4).
4.3 The linkage between soil aggregate and soil chemical properties
Our RDA revealed that SOM and humus composition except for FA-C were significant predictors of soil
aggregate stability and size distribution (p < 0.05). This is consistent with the theory that SOM is a key
stabilizing agent for aggregates, especially for soils dominated 2:1 by clay minerals (Mamedov et al., 2014).
HA can form a bridge between soil clay platelets (Sander et al., 2004) and increase aggregate resistance
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to slaking by inducing hydrophobic conditions (Song et al., 2018). The higher concentrations of HM in
the RH and MH soils of the present study may have matched the higher MWD and WSA, so that rice
husk addition had observable effects on soil aggregate stability (Anikwe, 2000). The amount of humic-like
substances synthesized from plant residues remaining in soil determines soil aggregate stability (Parwada
and Van, 2019). These results confirm the observations of other researchers that HM substances are usually
considered as the major binding agents of macro-aggregates (Six et al., 2000).
At the molecular level, our study revealed that polysaccharide -C, carboxyl or amidogen -C, aliphatic C and aromatic -C all had significant and pervasive effects on the formation of soil macro-aggregates.
Polysaccharide-C acts as a binding agent in soil and is elevated primarily in macro-aggregates (Sarker et al.,
2018; Guo et al., 2020). In our study, rice husk application increased the percentage of polysaccharide-C
(Table 2) that could favor formation of soil macro-aggregates and increase aggregate stability. This support
the hypothesis of a rapid improvement in aggregate stability following addition of fresh organic residues that
provide a source of labile polysaccharides (Sarker et al., 2018). In addition, preferential microbial consumption of carbohydrates or alkyl-rich compounds can alter soil structure (Chevallier et al., 2010). In particular,
aliphatic-C fractions were positively associated to aggregate stability, indicating a promoting effect on soil
structure. Accordingly, aliphatic-C is important in organo-mineral interactions and is found throughout the
microstructure of aggregates (Kinyangi et al., 2006). In our experiments, we found significant positive correlations with aggregate stability (e.g., MWD) as well as Fe-ox. This supports the aggregate formation model
of micro-aggregates through interactions between mineral surfaces and aliphatic-C with little protection in
early stages of formation (Lehmann et al., 2001).
Generally, addition of organic material significantly improved SOM content and hence the stability of soil
aggregate. However, these effects were highly variable depending on amendment types as shown by our
soil aggregate stability and size distribution results (Fig. 1a). Rice husk addition significantlly increased
the proportion of > 2 mm aggregates possibly due to higher HM and polysaccharide-C content. Chicken
manure application increase Fe-ox due to soil acidification and increase aliphatic-C content that in turn,
may have increased the proportion of small macro-aggregates. However, rice husks are more recalcitrant
to decomposition and excessive accumulation can increase soil preferential flow resulting in loss of fertilizer
and other soil components (Anikwe 2000; Pratiwi et al., 2016). Hence, rice husks and chicken manure
combined application may be better increasing soil aggregate stability and size distribution. However, further
studies are still necessary to examine the proportion between rice husks and chicken manure increasing soil
productivity.
5. Conclusions
Proper and sustainable management of organic material additions to soils can increase the proportion of
>0.25 mm aggregates and promotes aggregate stability. Organic material application affects the aggregate
stability, either directly by its organic matter contents and architectural features or indirectly by altering the
composition of soil humus and C functional groups, iron oxides and other key factors that control particle
aggregation. Rice husk addition significantly increased the proportion of >2 mm aggregates, possibly due
to higher HM and polysaccharide-C content. Chicken manure application increased soil Fe-ox content due
to soil acidification and increased soil aliphatic-C content that in turn, increased the proportion of 1-2 mm
aggregates. We suggest that the combinations of chicken manure and rice husks are a positive and effective
agriculture measure to improve greenhouse vegetable soil structure.
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