academic]ournals

Vol. 8(47), pp. 5982-5988, 5 Decemlboer, 2013
DOI: 10.5897/AJAR11.1182

ISSN 1991-637X ©2013 Academic Journals
http://www.academicjoumnals.org/AJAR

African Journal of Agricultural
Research

Full Length Research Paper

Short-term effects of sustainable agricultural practices

for spring maize (Zea mays L.) production on soil
organic carbon characteristics

Zhang Jinjing®, Gao Qiang*, Wang Qinghe’, Dong Peibo®, Feng Guozhong?, Li Cuilan* and
Wang Lichun®*

'College of Resource and Environmental Science, Jilin Agricultural University, Changchun 130118, China.
Agricultural Environments and Resources Research Centre, Northeast Agricultural Research Centre of China,
Changchun 130124, China.

Accepted 5 September, 2013

The effects of the integrated adoption of several recommended sustainable agricultural practices (SAP)
on maize grain yield and the quantitative and qualitative characteristics of soil organic carbon (SOC)
were studied in 2 years, spring maize monoculture field plot experiment. The recommended agricultural
practices included conservation tillage, combined application of organic manure and chemical
fertilizers, and crop residue return. Compared with the conventional agricultural practices (CAP), the
maize grain yield increased in the SAP treatment, and the difference between the two treatments was
statistically significant (P<0.05) in the second season of the experiment (2010). The content of soil total
organic carbon (TOC) and organic C fractions (that is, water soluble organic C, easily oxidizable organic
C, particulate organic C, humus C and black C) were higher in the SAP than in the CAP treatment,
although the differences between the two treatments were not significant. The relative intensities of O-
alkyl C and carbonyl C and the aliphatic C / aromatic C ratio were higher, while the relative intensities of
alkyl C and aromatic C and the ratios of alkyl C / O-alkyl C and hydrophobic C / hydrophilic C were
lower in solid-state **C CPMAS NMR spectra of HF-treated soils in the SAP than in the CAP treatment.
The recommended sustainable agricultural practices were beneficial for the increase of maize grain
yield and the improvement of the quantity and quality of SOC during a short-term period.

Key words: Soil organic carbon, organic carbon fraction, agricultural practice, spring maize, **C CPMAS NMR.

INTRODUCTION

Anthropogenic activities have led to an increase in
atmospheric concentration of carbon dioxide (CO;) from
280 ppm in the pre-industrial era to almost 400 ppm at
present, and is increasing at the rate of about 2.2 ppm
per year (Lal, 2011). The sequestration of atmospheric
CO, into terrestrial soils is a vital solution for mitigating
climate change. The soil organic carbon (SOC) storage in

the global agro-ecosystem nearly accounts for 10% of the
total terrestrial SOC storage (Tang et al., 2010), and thus
agricultural soils play an important role in the global
carbon (C) cycle. At the same time, SOC in agro-
ecosystem also is also vital for soil quality, crop
productivity, and the sustainability of farming systems
(Rees et al.,, 2001). Agricultural practices can have
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profound effects on the organic C contents of agricultural
soils. Sustainable agricultural practices such as
conservation tillage (Chen et al, 2009), manure
application (Gong et al., 2009), crop residue return (Bakht
et al., 2009) and crop rotation (Kelley et al., 2003) are
effective in increasing SOC levels. However, the rate of
soil C sequestration through the adoption of sustainable
agricultural practices differs among eco-regions and is
dependent on soil texture and structure, rainfall,
temperature, farming systems and soil management (Lal,
2004).

Maize (Zea mays L.) is the second most important
cereal crop after rice in China. Jilin province, located in
the Songnen Plain of northeast China, is one of the major
maize-growing regions of China and is also one of the
major contributors to the maize belt of the world’s
temperate zone (Zhang et al., 2005). Nevertheless some
conventional agricultural practices used by local farmers
in this region are not correct for achieving the increase of
SOC and thus increasing/stabilizing maize yield. These
conventional practices included: (1) conventional tillage,
(2) single application of chemical fertilizers, and (3) crop
residues burning or removal. Analogous problems also
exist in other major agricultural regions of China (Wang et
al., 2008) and in many developing counties (Chivenge et
al., 2007; Bakht et al., 2009; Moloto, 2009). Thus, the
introduction of sustainable agricultural practices is
necessary to increase SOC. A number of researches
have been carried out on the effects of a single
agricultural practice on SOC characteristics. However,
the effect of the integrated and contemporary introduction
of some sustainable agricultural practices on SOC
characteristics, especially on the qualitative properties of
SOC, was not yet fully investigated. The aim of this study
is to assess the effects of the introduction of some
sustainable agricultural practices on both quantitative and
gualitative characteristics of SOC in 2 years, spring
maize monoculture field plot experiment.

MATERIALS AND METHODS
Site description

The field experiment was started in April 2009 on a farm field
located in Sikeshu Township, Lishu County, Jilin Province, northeast
China (124°03' E, 43°20' N). The site has a semi-humid monsoon
continental climate of the temperate zone. The average annual
temperature is 6.5°C during the study period. The annual effective
accumulated temperature above 10°C ranges from 3 000 to 3
200°C. The average annual precipitation is between 525 and 550
mm, with 60% occurring between June and August. The average
amount of sunshine each year is about 2 500 h, and the frost-free
period is between 127 and 148 days.

The soil in the study site was classified as an Alluvic Primosols,
according to the Chinese Soil Taxonomy (CRGCST, 2001), a
Fluvent according to the USDA Soil Taxonomy (Soil Survey Staff,
1998), and a Fluvisol according to the World Reference Base (FAO-
ISRIC-ISSS, 1998). Alluvic Primosols was one common soil type
used for maize production in Jilin province. Before starting the
experiment in 2009, the content of organic C, total N, hydrolysable
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N, available P, available K, and pH in the 0 to 20 cm soil layer were
7.08, 1.04, 92.0, 29.1, 52.0 and 5.15 mg kg'l, respectively.

Experimental design and sampling

Two agricultural strategies, namely conventional agricultural
practice (CAP) and sustainable agricultural practice (SAP), were
adopted in the present study. Continuous spring maize monoculture
is common in the region. The maize cultivar used was Xianyu 335,
which was the dominant hybrid used in Chinese agriculture with
planting area above 5 000 000 ha between 1980 and 2009 (Wu et
al., 2011). The seeds were coated prior to sowing. The weeds were
controlled by atrazine after sowing. The size of each plot was 120
m? (20 x 6 m). The experimental design was a completely
randomized block with three replications for each of the two
treatments.

CAP

Before sowing in spring, rotary tillage and maize stubble breaking
were conducted in the 10 to 15 cm soil layer. The main purposes of
stubble breaking were to ensure the quality of sowing and facilitate
the decomposition of stubble. The sowing date was selected
according to the usual practice of the local farmers (around 20 April
of every year). The seeding rate was chosen to guarantee the final
number of maize seedlings was 55 000 plants ha'. During the
growth period of maize, intertilage was not conducted while N
fertilizer was top dressed at the jointing stage. Only chemical
fertilizers were applied for this treatment. The application rates of
fertilizers were 225 kg N ha®, 100 kg P,Os ha™ and 60 kg k,O ha™.
All of the P,Os and K,O and half of the N were applied as basal
fertilizers before sowing, and the remaining N was applied as
jointing fertilizer. After harvesting, the maize stubble was retained in
the field, while the maize stalk was either removed from the field or
burnt in situ.

SAP

There was no tillage operation prior to sowing in spring for this
treatment. Sowing was carried out when the temperature of soil
layer within 5 cm was stabilized at 5 to 6°C, and the air temperature
was stabilized at 7 to 9°C (around 1 May of every year). The seed
was sown manually in the plough furrow using disseminator by
precision dibbling method. The sowing rate was chosen to
guarantee the final number of maize seedlings was between 70 000
and 80 000 plants ha'. The maize roborant, which could confer
enhanced resistance to stalk lodging, was sprayed at jointing stage.
Both chemical and organic fertilizers were applied. The application
doses of fertilizers were 240 kg N ha™ as urea, 100 kg P,Os ha® as
superphosphate, 100 kg k,O ha® as potassium sulfate, 75 kg ha™
of ZnSO, and 2.0 to 2.5 t ha™ of organic fertilizer. All of the P,Os
and organic fertilizer and 45% of the N and 80% of the KO were
applied as basal fertilizers, ZnSO4 and 35% of the N was applied as
seed fertilizer, and the remaining N and K,O were applied as ear
fertilizer. After harvesting, the standing stubble of about 30 cm in
height was retained with all maize stalk left as a mulch cover. Maize
was cultivated in a three-year fallow rotation.

The soil samples were collected to a depth of 0 to 20 cm in
October 2010 from five locations in each plot, and then thoroughly
mixed into a composite sample. The collected soil samples were
air-dried, milled and sieved through a 2 mm sieve. Prior to solid-
state **C NMR analysis, all soil samples were pre-treated with 10%
hydrofluoric acid (HF) as recommended by Schmidt et al. (1997) to
remove magnetic materials, concentrate the organic matter, and
increase the signal-to-noise (S/N) ratio of the resultant NMR
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Figure 1. Maize grain yield under conventional agricultural practices (CAP) and sustainable
agricultural practices (SAP) in 2009 and 2010.
spectra. Academy of Sciences, Changchun, China. The spectra were

Soil analysis

Soil total organic carbon (TOC) was determined by K,Cr,O7
oxidation and total N by semi-micro Kjeldahl method (Lao, 1988).
The water soluble organic carbon (WSOC) and humus carbon (HC)
in each sample were successively analyzed according to the
method described by Zhang et al. (2010). Briefly, the soil samples
were first suspended in distilled water at 70+1°C for 60 min. The
supernatant was referred to as the water soluble fraction (WSF).
After centrifugation, the remaining soil was further extracted using a
solution of 0.1 mol I NaOH and 0.1 mol I* NasP,0O7 at 70+1°C for
60 min. The dark brown alkaline supernatant solution,
corresponding to the total alkali-soluble humic extract (HE), was
separated into the acid-insoluble humic acid (HA) and the acid-
soluble fulvic acid (FA) fractions by acidifying the alkaline
supernatant to pH 1.0. The residue remaining after extraction was
referred to as the humin (HM) fraction. The carbon contents of WSF
(WSOC), HE (HEC) and HA (HAC) were directly determined, while
that of HM (HMC) was calculated by subtraction. Easily oxidizable
organic carbon (EOC) was determined as described by Blair et al.
(1995). Soil samples containing 15 mg of organic carbon were
reacted with 333 mmol I* KMnO, solution for 60 min, and the
amount of EOC was spectrophotometrically determined from the
amount of KMnO4 reduced. Particulate organic carbon (POC) was
measured following Cambardella and Elliott (1992). Soil samples
were dispersed in 100 ml of 5 gL™ (NaPOs)s solution and shaken at
90 r min* for 18 h. The suspension was passed through a 53 pym
screen and the retained coarse fraction was rinsed with distilled
water, dried at 65°C, weighed and ground for determination of
organic C.

Black carbon (BC) was analyzed by the method given by Aiken et
al. (1985). Soil samples were reacted with 25 ml of 0.1 mol L™
K2Cr,07+2 mol L™ H,SO, solution at 55+1°C for 60 h, and the
oxidized organic C was determined by titration using 0.2 mol L™
FeSO, solution. The content of BC was calculated by subtracting
the oxidized organic carbon from the TOC.

The solid-state *C CPMAS NMR experiment was performed in
the National Analytical Research Center of Electrochemistry and
Spectroscopy, Changchun Institute of Applied Chemistry, Chinese

obtained on a Bruker AVANCE IIl 400 WB spectrometer (Fallanden,
Switzerland) operating at 100.62 MHz, equipped with a 4 mm probe
head. The dried and finely powdered soil samples (<0.1 mm) were
packed in the ZrO, rotor closed with Kel-F cap. The conditions used
were: spinning rate 5 KHz, contact time 2 ms, recycle delay 6 s, line
broadening 50 Hz, and 8000 total scans. Chemical shifts were
referenced to the resonances of Adamantane standard (6=29.5).
Spectra were divided into four main chemical shift regions (Mathers
et al., 2003), namely alkyl C (0 - 50 ppm), O-alkyl C (50 - 110 ppm),
aromatic C (110 - 160 ppm) and carbonyl C (160 to 210 ppm). The
relative intensity for each chemical shift region was obtained with
the integration routine of the spectrometer. The ratios of alkyl C to
O-alkyl C (alkyl C / O-alkyl C), of aliphatic C to aromatic C (aliphatic
C / aromatic C), and of hydrophobic C to hydrophilic C (hydrophobic
C / hydrophilic C) (Zhang et al., 2009) were calculated.

Statistical analysis

Data were analyzed statistically by analysis of variance (ANOVA)
procedure. Least significant difference (LSD) was employed to
assess differences between treatment means at 5% significance
level. Standard deviations were calculated for means values of all
the determination. All statistical analyses were performed using the
SPSS 16.0 for Windows statistical software package (SPSS,
Chicago, IL, USA).

RESULTS
Maize yield

Maize grain yields under CAP and SAP treatments are
shown in Figure 1. In the first experimental season
(2009), the difference between maize grain yields
obtained by different agricultural practices was not
statistically significant, but a higher value could be
observed in the SAP treatment than in CAP. The grain
yield was significantly higher in the second experimental
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Table 1. The contents of total organic carbon (TOC), water soluble organic carbon (WSOC), easily oxidizable organic carbon (EOC),
particulate organic carbon (POC), total alkali-soluble humic extract carbon (HEC), humic acid carbon (HAC), humin carbon (HMC) and black
carbon (BC) in soils under conventional agricultural practices (CAP) and sustainable agricultural practices (SAP).

Agricultural TOC WSOC EOC POC HEC HAC HMC BC
practices (g kg) (g kg) (g kg) (g kg) (g kg) (9 k) (g kg) (g kg)
CAP 7.30+0.65 0.23+0.12 2.05+0.63 1.17+0.24 2.91£0.54 2.45+0.22 4.40£0.12 3.29+0.61
SAP 8.07+0.80 0.24+0.10 3.66+1.01 1.53+0.13 3.29+0.38 2.50+0.30 4.78+0.42 3.49+1.75
F(P) 158 (>0.05)  0.02(>0.05) 548 (>0.05)  5.26 (>0.05) 1.00 (>0.05) 0.06 (>0.05) 2.34 (>0.05) 0.03 (>0.05)

Mean values + standard error of three replicates are presented. F, variance ratio; P, significance level.

season (2010) for the SAP treatment (8.24 t ha™*) than for
the CAP treatment (7.78 t ha™'). Moreover, maize grain
yield was significantly lower in 2010 than in 2009.

Soil total
fractions

organic carbon and organic carbon

The contents of soil total organic C and organic C
fractions are shown in Table 1. The contents of TOC,
WSOC, EOC, POC, HEC, HAC, HMC, BC were all higher
in the SAP than in the CAP treatment, although the
differences between the two treatments were not
statistically significant. The increase amplitudes were
larger for the EOC and POC (78.5 and 30.8%,
respectively) than for the HEC, HAC, HMC and BC (13.1,
2.04, 8.64 and 6.08%, respectively).

Solid-state *C CPMAS NMR spectra of HF-treated
soils

The solid-state *C CPMAS NMR spectra of HF-treated
soils under CAP and SAP treatments are shown in Figure
2. In the alkyl C region, three major peaks at 20, 25 and
43 ppm could be identified. The peaks were assigned as
-CHs, -CH,-, and branched aliphatic C, respectively. In
the region for O-alkyl C, the signals at 54 - 57, 71 - 73
and 101 - 104 ppm were generally ascribed to methoxyl
C, carbohydrate C and di-O-alkyl C, respectively. In the
aromatic C region, the signal at 122 to 129 ppm was due
to aryl C. The small peaks at 151 to 156 ppm were the
signal of phenolic C. The signals in the carbonyl C region
were concentrated between 170 and 188 ppm, indicating
that there was carbonyl C of carboxylic acids, esters and
amides (Kogel-Knabner, 1997; Mathers et al.,, 2003;
Zhang et al., 2009).

The relative intensity of carbon functional groups of HF-
treated soils is shown in Table 2. Although there was no
significant difference in the relative intensity of alkyl C, O-
alkyl C, aromatic C and carbonyl C regions between the
CAP and SAP treatments, an increase in the O-alkyl C
and carbonyl C and a decrease in the alkyl C and
aromatic C were observed in the SAP treatment. The
ratios of alkyl C / O-alkyl C and hydrophobic C /

hydrophilic C were lower, whereas the aliphatic C /
aromatic C ratio was higher in the SAP than in the CAP
treatment.

DISCUSSION

Previous studies showed that the maize grain yield was
higher under the combined application of organic manure
and chemical fertilizers than under the application of
chemical fertilizers only (Fan et al., 2005), under rational
sowing date and planting density than under conventional
ones (Andrade, 1995; Otegui et al., 1996), and under
crop residue return than under residue removal (Sharma
et al.,, 2011). However, the results on the effect of tillage
practices on maize grain yield were not consistent among
studied. Some studies showed that maize grain yield was
higher under reduced/no tillage than under conventional
tilage (Wang et al.,, 2007; Sharma et al., 2011), other
studies indicated that reduced/minimum/no tillage (Atreya
et al., 2008; Sharma et al., 2011) could give similar or
even lower maize grain yield as compared to
conventional tillage. In the present study, we found that
maize grain yield increased by the integrated application
of the recommended sustainable agricultural practices
with respect to the conventional agricultural practices
(Figure 1). Thus, the recommended agricultural practice
was suitable for the local maize production. The
significantly lower maize grain yield during the second
year than during first could be due to lower precipitation
from early June to early July in 2010 than in 2009.

In previous studies, higher soil organic C contents
under no tillage with residue return than under
conventional tillage with residue removal (Razafimbelo et
al., 2008), under reduced tillage than under conventional
tillage (Simansky et al., 2008), under tillage with organic
manure than under tillage without organic manure
(Agbede and Ojeniyi, 2009), and under the combined
application of organic manure and chemical fertilizers
than under the application of organic manure or chemical
fertilizers (Cai and Qin, 2006; Zhu et al., 2007), have
been reported. These could explain our present result
that the content of SOC was higher in the recommended
than in the conventional agricultural practices (Table 1).
By the application of some different sustainable
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Figure 2. ®C CPMAS NMR spectra of HF-treated soils under (a) conventional agricultural practices (CAP) and (b)

sustainable agricultural practices (SAP).

Table 2. Distribution of different carbon types from **C CPMAS NMR spectra of HF-treated soils under conventional agricultural practices

(CAP) and sustainable agricultural practices (SAP) (%).

Agricultural . Alkyl C/ Aliphatic C/ Hydrophobic C/
prgactices Alkyl C O-alkyl C Aromatic C  Carbonyl C O-alkyl C Aromatic C Hydrophilic C
CAP 58.246.73 24.61+2.71 8.46+2.27 8.37+1.89 2.41+0.56 10.3+2.84 2.07+0.47
SAP 56.0+7.15 27.0+1.09 7.3743.05 9.1243.15 2.0840.33 13.146.92 1.78+0.30
F(P) 0.14 (>0.05) 2.09 (>0.05) 0.24 (>0.05) 0.12(>0.05) 0.78 (>0.05)  0.44 (>0.05) 0.82 (>0.05)

Mean values + standard error of three replicates are presented. F: variance ratio; P: significance level.

agricultural techniques, some researchers (Jhamtani,
2007; Moloto, 2009) found that farms that were managed
under sustainable agricultural practices generally contain
higher soil organic C content than farms that were
managed under conventional agricultural practices, in
accordance with our results. The larger increase in the

active organic carbon fractions (EOC and POC) than in
the resistant organic carbon fractions (HEC, HAC, HMC
and BC) (Table 1) implied that the two active organic
carbon fractions could be a more sensitive index for the
effects of agricultural practices.

The ratios of alkyl C / O-alkyl C, aliphatic C / aromatic



C, and hydrophobic C / hydrophilic C have been used as
indicators of the degree of decomposition or
humificationaliphaticity or aromaticity, and hydrophobicity
of SOC, respectively (Webster et al., 2001; Chen and
Chiu, 2003; Mathers et al., 2003; Ussiri and Johnson,
2003; Chen et al.,, 2004; Zhang et al., 2009). A larger
value of the ratios indicates that SOC was more
decomposed, aliphatic and hydrophobic. Thus, our
results (Table 2) implied that the degree of decomposition
and hydrophobicity of SOC was lower while that of
aliphaticity was higher in the SAP than in the CAP
treatment. Moreover, the alkyl C: O-alkyl C ratio has been
used as an indicator of the quality of SOC (Chen et al.,
2004). The lower alkyl C/O-alkyl C ratio in our study in
soil under SAP than under CAP treatment indicated that
less accumulation of relative recalcitrant carbon
components and thus the quality of SOC was better in
the SAP treatment. The increase of aliphatic C / aromatic
C ratio and the decrease of hydrophobic C / hydrophilic C
ratio were identical with the decrease of alkyl C / O-alkyl
C ratio under SAP with respect to the CAP treatment.
The improved SOC quality under SAP could also be
ascribed to the use of conservation tillage, combined
organic and chemical fertilizers, and crop residue return.
In the previous studies, it was found that the
carbohydrate was higher and aromatic C was lower in no
tilage than in conventional tillage soils (Arshad et al.,
1990).

In  conclusion, the recommended sustainable
agricultural practice could increase maize grain yield and
improve the gquantitative and qualitative characteristics of
SOC with respect to the conventional agricultural practice
during a short-term period. Further studies are necessary
to assess long-term effects of sustainable agricultural
practice on SOC dynamics.
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