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Effects of conservation tillage on soil organic matter in paddy rice cultivation
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Abstract In this study the effect of conservation tillage on soil organic matter SOM in paddy rice cultivation after 10 yr
was investigated. Four treatments disk till-fallow DTF  disk till-wheat DTW  conservation till-fallow CTF and
conservation till-wheat CTW were used. The results indicated that the combinative application of no tillage ridge culture
and wheat cultivation was a sound conservation practice in paddy rice cultivation. It not only significantly increased the
concentration of SOM in the topsoil but also further affected humic acids HA optical and pyrolysis characteristics
through changing the composition and structure of SOM. At 0 —10 c¢m the greatest SOM content was in CTW  but declined
sharply with depth while in DTF  DTW and CTF was not as high at the surface as in CTW but the SOM content did not
decline as fast as in CTW. The oxidation stabilization of SOM was generally greater in no tillage and ridge culture than that
of disk till. The HA optical density in CTW at wavelength 665 nm and 465 nm was 0. 122 and 0. 705 while in DTF was
0.062 and 0. 321 respectively. E,/E, ratios in CTW were higher than that of in the other treatments. The enthalpy
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capacity of exothermal peak 360 —365 °C  for HA DTA curve in no tillage and ridge culture was lower than that of in disk
till  while the HA absorption peaks in 1000 —1050 c¢m ' presented the reverse trend. The oxidation stabilization coefficient
of HA in no tillage and ridge culture was higher than those in disk till indicating that polycondensation degree and
aromatization of HA were stronger. Those findings suggest that it may be possible to manipulate paddy soils through
conservational tillage and crop practices and thereby maintain adequate SOM concentrations mitigate soil organic carbon

loss from soil to atmosphere.
Key Words conservation tillage wheat cultivation soil organic matter paddy rice cultivation

1 Introduction

Recently a number of studies have shown that the amount of soil organic matter SOM increased at 0 —20 c¢m
soil depth with the application of conservation tillage ' > . Frequently tillage destroys SOM fractions > and urges the
transfer of SOM to depth soil layer * . The elimination of tillage favored accumulation of SOM ° . But these studies
have mainly focused on drylands soil and few have considered paddy soils. No tillage and ridge culture is a special
conservation tillage method i.e. the combinative application of no tillage and ridge culture. Ridges are reformed
atop the planted row by cultivation and the ensuing row crop is planted into ridges formed the previous growing
season. No-till was zero or little tillage. However the effects of no tillage and ridge culture on SOM are still hardly
understood especially in paddy rice cultivation. Moreover the increase of mean SOM content is also primarily
related to the return of straw to soil when crop harvested ®” . But the effects of drought-drought cultivation on SOM
have been of great interest and few documents have recorded the changes of SOM when flood-drought cultivation
has been made. In China paddy fields play a significant role in the overall agricultural ecosystems. The total area of
paddy fields reached 30 Mhm® in the mid-1980s 23% of the world’s total irrigated lands * . Paddy fields produce
one-quarter of grains for China’s market approximately accounting for 36% of world total rice yield ° . Paddy fields
had unique laws in movement accumulation and transformation of SOM due to paddy fields controlled by long-term
seasonal oxidation-reducible interaction. Currently no tillage ridge culture and flood-drought cultivation have been
widely adopted by farmers including smallholders. The objective of this research was to evaluate the effects of
conservation tillage on SOM in paddy rice cultivation and to ensure the long-term health of soils.
2 Materials and methods
2.1 Site description

Soil samples were collected in April or September every year from a field experiment that was established on the
research farm of Southwest University 106°26" E  30°26" N alt. 230 m  Chongging China in 1989. The
climate is subtropical monsoon with a yearly average temperature of 18.3 “C  a mean annual rainfall of 1105.4 mm
of which 70% occurs in the period from May to September and an annual frost-free period of 334 d. The soil at the
experimental site is gray brown purple paddy soil Hapli-Stagnic Anthrosols in Chinese Soil Taxonomy developed
from the purple parent material of Mesozoic J,s. The dominant clay mineral <1 pm is illite. Chemical and
physical properties of soil at 0 — 20cm in the experiment field are reported in Table 1. Before setting up the
experiment the area had been cultivated with a rice Oryza sativa L. or rice-wheat  Triticum aestivum L.
succession for 30 yr under disk till disc plough at 18 c¢m depth followed by harrowing twice with light discs at 10 c¢cm
depth .
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Table 1 Chemical and physical properties of the soils

Clay . 0. M. Total N Available N Available P Available K
% P g kg™ g kg™ mg kg~ mg kg~ mg kg~
25.09 7.14 23.1 1.87 146 8.4 161.8
2.2 Experiment treatments 25 em Top

The four treatments in this experiment were disk till-
Land level

fallow DTF  disk till- wheat DTW  conservation till- ~ ~~"7°\"""""7/°~ 0 N /2 vty A Wi
fallow CTF and conservation till-wheat CTW . The

same rice varieties were used in all plots in April while Botom <35 o>
the combination of wheat was also the same in DTW and
CTW in October. DTF The field was submerged 3 cm Fig. 1 The type of bulleting for ridge culture

below water lever all the year round. The paddy soil was
disked 25 —30 em depth and harrowed with a disk-harrow three times in April September and October of each
year respectively. DTW Tillage was done as in DTF. The field was submerged 3 c¢m below water lever and rice
was grown. After the harvest of the rice crop the field was drained through ditches around and wheat was grown.
During the wheat growing season the field was drained with ditches. After the harvest of the wheat crop the field
was submerged and disked and harrowed for rice cultivation. CTF no-till was performed. Ridges and furrows were
made in the fields and the wide width of ridge and furrow was 55 em Fig. 1 . The ridges were 25 cm wide on the
top and the furrows were 30 cm wide and 35 ¢cm deep from top of ridge to bottom furrow . Each plot consisted of 5
ridges. From the beginning of rice transplanting water surface was paralleled with ridge top in the field and during
the rest year water depth in furrows was 25 —30 c¢cm i.e. ridge tops protruded 5 — 10 cm from water surface.
After the harvest of the rice crop the field was in fallow submerged with water without tillage. CTW Tillage was
done as in CTF. Water level was similar to CTF during the rice growing season. After the harvest of the rice crop
water stable was lowered in furrows mud in furrows was stacked by shovel on ridge tops and then wheat was grown.
During the wheat growing season water level in furrows was maintained at 5 — 10 c¢m depth i. e. ridge tops
protruded 20 —25 em from the water surface. After the harvest of the wheat crop the field was submerged up to
ridge top for the cultivation of rice. The treatment plots 4 m X5 m were arranged in a complete randomized block
experimental design with four replications.
2.3 Soil sampling

Composite soil samples were collected in April or September in 1999 from each plot at 0 —10 10 —20 20 —
30cm and 30 —40 cm depths using a soil auger of 5 cm diameter at three locations within each plot from the upper
middle and lower one-third segments of the plot. Samples were taken using a bricklayer’s trowel sowed them at 0 —
10 10 —20 20 —30cm and 30 —40 cm depths. Subsamples in each plot were composited by depth. Subsamples

<3 em were subsequently air-dried and finely ground <2 mm . SOM inter-annual variation was analyzed using

collected composite soil samples in April or September from 1990 to 1999.
2.4 Data measurement

The pH SOM total N total P total K available N available P and available K were measured using the
routine soil sample lab analytical method according to Foster "

SOM oxidation was performed at room temperature by suspending 1 —2 g of soil in 10 —20 ml of 30% H,O0,.
After the end of the intense initial reaction samples were heated to 40 °C. Fresh H,0, was added daily until frothing

was no longer visible "' . This was usually achieved after 20 —40 d. After oxidation the samples were washed twice
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with demonized water freeze-dried and analyzed for the remaining SOM concentration.

Humic acids HA were extracted purified dialyzed and lyophilized by conventional procedures '* . Briefly
2 g of air-dried and finely ground samples were extracted under N, with 100 ml of 0.5 mol/L NaOH and stirred for
24 h. The suspension was centrifuged at 5000 g for 30 min and then filtered through a 0.45 pm filter using a Minitan
S System Millipore Bedford MA-USA . The solution was acidified with 5 mol/L HCI to pH < 2 to precipitate
the HA and was subsequently centrifuged at 5000 g for 20 min in order to eliminate the supernatant. The HA were
dissolved with NaOH 0.5 mol/L to produce a Na-humate. The Na-humates were dialyzed against Millipore water
using tubing Cellu Sep H1-USA  with a cut-off of 1000 Da until a neutral pH was achieved and were then freeze-
dried.

HA optical density following a procedure based on modifications to the method described by Nascimento
et al. ©  was determined on all subsamples. HA sampling was dissolved for 0. 136 mg C ml ™' using heat 0. 02
mol/L NaHCOj, solution. And then HA optical density was measured at wavelengths 726 665 619 574 533 496
and 465 nm through spectrophotometer 721 based on 0. 02 equivalent sodium bicarbonate NaHCO, solution
reference. For HA evaluation extinction coefficient FE  was employed. E, and E, from E,/E, was HA optical
density at wavelengths 465 and 665 nm respectively.

HA infrared spectrogram analysis was carried out through KBr electrolyte solutions " . 0.5 mg HA was mixed
with 150 mg KBr. Spectrogram analysis was measured by an infrared spectrophotometer HTTACH 1260- 10
Japan .

HA thermal analysis DTA  were performed with using a TG DTA92 instrument SETARAM France as

"> About 10 mg of lyophilized HA was weighed on an alumina Al,O, crucible and

described by Francioso et al.
isothermally heated to 30 °C for 10 min under air flow 8 L min~'  and then heated from 30 to 700 °C in a static
air atmosphere. The heating rate was 10 °C min ~'. Indium was used as reference standard. Calcined caolinite was
used as the reference material.
2.5 Statistical analysis

Data were analyzed statistically by analysis of variance ANOVA procedure. Duncan’s New Multiple Range
Test DMRT was employed to assess differences between the treatment means. The effects of conservation tillage
were declared as significant at 5% probability levels. Standard deviations were calculated for means values of all the
determination. All statistical analyses were performed with SPSS statistical package.
3 Results and discussion
3.1 SOM content and oxidation stabilization

Soil organic matter SOM content at 0 —20 cm soil depth was higher in CTW than that of in DTF DTW
and CTF during a continuous 10 yr observation as shown in Fig. 2. After the harvest of the rice crop in 1999 SOM
content was 89. 02% higher amounting to 4. 75% in CTW compared to that of in 1989 while was 36. 43%
56.62% and 47. 76% greater in DTF  DTW and CTF respectively. No tillage and ridge culture improved soil
microenvironment including enhancing soil temperature of ridge top protecting soil from erosion accelerating
thermal exchange between soil and atmosphere and further enhancing crop bioaccumulation . The application of
wheat cultivation increases the return of crop residues to soil. As a result soil in CTW had greater SOM
concentration than that of in DTF despite the perviousness in CTW was strengthened thus SOM being decomposed
quickly. DTW also returned plentiful crop residues but SOM concentration in DTW was less than that of in CTW
due to that the accumulation of crop residues in DTW was lower than that of in CTW. When compared among DTF
DTW and CTF the results found that DTW applied wheat cultivation and CTF combined no tillage and ridge culture
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SOM accumulation was not pronounced different because of mutually exclusive among their habitat characteristics.
That is  soil environment built by DTF  DTW and CTF favorable SOM concentration was almost in equilibrium with
available SOM decomposition and mineralization.

SOM content in CTW showed pronounced stratification and decreased with soil depth Fig.3 . At 0 —10 cm
SOM content was the greatest in CTW but declined sharply with depth. SOM content in DTF  DTW and CTF was
not as high at the surface as in CTW but did not decline as fast as in CTW. At20 —30 cm SOM content in CTW
was even lower than that of in DTF and DTW  while at 30 —40 ¢cm  SOM content in four treatments was not obvious
different. At the topsoil the ranks of SOM content along the decreasing sequence were CTW DTF CTF and DTW
while at the subsoil was DTF CTEF DTW and CTW. In permanent no tillage and ridge culture SOM are no longer
mixed into the subsoil. Moreover the application of wheat cultivation collected the more crop residues in soil

16

surface. This finding was similar to those of Al-Kaisi et al. who reported reducing tillage intensity and increasing

crop diversity could be effective in improving SOM.

> ---¢--DTF* —-®--DTW S ---¢--- DTF* —-=--DTW
£_50F s CTF -=-CTW l l gsof 1 —-a=- CTF -=--CTW
55 45 - 5asl DRIY
= =] <
8% 40 340 s
5 = 5
£ 5 35 E3s|
= £
24 30 230
S = s
2= 05 2
@) . o 25+
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1990 1993 1995 1997 1999 s 10 15 20 25 30 35 40
Year Soil depths (cm)
Fig.2  Soil organic matter change from 1990 to 1999 under different Fig.3 SOM content under different conservation tillage

conservation tillage # See note beneath Fig.2

% DTF disk till fallow DTW disk till wheat CTF conservation till

fallow CTW conservation till-wheat

The oxidation stabilization coefficient of SOM was significant different P < 0.05  Fig.4  but they were
less than 1. The oxidation stabilization of SOM was generally greater in no tillage and ridge culture than that of disk
till. In contrast to the topsoil the subsoil SOM has much higher oxidation stabilization. The oxidation stabilization of
organic compound was closely relation to its corresponding molecule structure and was higher when comparing with that
of aliphatic compound. Humus was the polymeric composite

O0DTF* 8 DTW
a CTF @ CTW

material of complex multi-condensation including poly-
hydroxybenzene aromatic compound and aminobenzene ni-
trogen-containing compound. In humus molecular weight
for every compound was different and their aromaticity
was also different. Compared fulvic acid compound the

molecular weight of humic acid compound was greater and

Oxidation stabilization coefficient

their aromaticity was stronger. The oxidation stabilization

0-10 10-20 20-30 30-40
of SOM in different treatments was pronounced different Soil depth (cm)

thus practically showing the different SOM composing.
Fig.4 SOM oxidation stabilization coefficient under different conservation
That is  no tillage and ridge culture and wheat cultivation .~
t=)
can affects SOM composing and structure. This result was See note beneath Fig. 2

consistent with those described by Neufeldt et al. " on
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soil texture and land management practice effects on SOM.
3.2 HA optical characteristics 08 —
: ---¢-- DTF* —-®-- DTW
Significant differences between effects of different --a— CTF --¢- CTW T
. . . - g !
treatments on HA optical density occurred as shown in &z 06 e
Fig.5. The greatest HA optical density was CTW the fol- 5 04l ,;’.}" A
= e 7
lowing was DTW  and the least was DTF. These findings & e 227 ¥ PR § E
©o2l o xT
indicated that no tillage and ridge culture with wheat culti- 02 KT __,.—i-” Te
L - R -
vation favored the formation of humus which showed the 0 oo 45,— , ) , , |
726 665 619 574 533 496 465

greater molecular weight and the more complex structure.

and HA optical

Wave length (mu)
The molecular complexity is the higher
density value is the greater. Aromatic core has hlgher con- Fig.5 HA optical density under different conservation tillage
the

much single HA with lower aromaticity has the more side

bonds

Notes # See note beneath Fig.2

densation degree due to the more radicel. However

and the less optical density. A number of studies showed that composition of humus and HA optical charac-
teristics depended on tillage systems and crop practices '* . Tillage to some degree influenced composition of soil
humus. The proportion of HA to fulvic acid was greater in paddy rice than that of in wasteland or grassland but just
the reverse was the rate of labile HA. No tillage and ridge culture with wheat cultivation enhanced the exchange of
soil surface moisture heat and gas concentrates more biomass and organic matter. Under these circumstances the
greater molecular weight humus was created easily.
E,and E,/E, ratios were higher in CTW

when

Table 2 HA E, E; and E,/E; under different conservation tillage

compared with that of in other treatments. E,/E, values

enhance associated with the increase of soil fertility. Treatments E, Ee Es/E
But the differences were not pronounced. No tillage and DTF* 0.321d 0.062¢ 518
. . . . DTW 0.616b 0.120a 5.13
ridge culture with wheat cultivation reduced the human
CTF 0.439¢ 0.079b 5.56
disturbance to soil increased the return of biomass to CTW 0. 7054 0. 1224 5.78
soil and further enhanced soil nutrient-providing and Notes * See note beneath Fig.2 The data in table were expressed as

nutrient-holding Capacities, Thus the polymeric of soil Means means for the same measurement followed the same letter are not

significantly different P < 0.05 by Duncan’s multiple range test

humic substances raised the atomic groups of aromatic
nucleus increased. The aromaticity and complexity of
aromatized molecules and humification all went up and the quality of humic substances became better. E,/E ratios
are closely relation to the aromaticity. But Tan and Giddens " found that E,/E, values are the results of the
coupling of complex factors mno correlation could be found between HA optical characteristics and aromaticity of HA.
Moreover he also reported that HA optical characteristics could determine relatively the complexity of humus and the
content of color function groups.
Four treatments had the following characteristics of soil HA absorption peaks Fig. 6 3350 — 3450 c¢m ™'
hydrogen bonding OH 2800 — 2900 ¢m ™' aliphatic C—H stretching and 2200 — 2400 cm ™' 1695 — 1700
carboxyl and ketone C=0 stretching 1550 — 1630 c¢m ™'

1350 — 1400 em ™' carboxyl CH, bending and O—H stretching and 1000 — 1050 c¢m .

cm
bond

of HA from every soil samples presented obvious differences the regular variation did not occur. In contrast to CTW

aromatic C=C and carboxyl conjugated double

Despite the peaks

and DTW  the adsorption peaks DTF and CTF at 1000 — 1050 ¢m ™' were much stronger. The reason for these was

that the return of crop residues to soil in DTF and CTF was the less thus the application of organic materials
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decreasing compared with that of in DTW and CTW. The decrease of the return of crop residues to soil resulted in
the increase of HA infrared spectrogram value. Dou et al. * found application of organic materials led to the decline
of soil HA adsorption optical value. In addition the return of crop residues to soil was different between DTF and
CTF or DTW and CTW while their adsorption peaks was very similar.

207°C

DTF* DTE* 362°C

;

80°C 208°C
360°C
DTW DTW
198°C
87°C
365°C
CTF CTF
73°C 196°C
CTW 360°C
CTW
76°C
L I I I I I |
4000 3400 2800 2200 1600 1000 400
Wave number (cm 1)
Fig.6 HA infrared spectrogram under different conservation tillage Fig.7 HA DAT curve under different conservation tillage
* See note beneath Fig. 2. * See note beneath Fig.2

3.3 HA pyrolysis characteristics

Soil HA DTA curve from four treatments were similar Fig.7 . There was a consensus on two basic features.
That is the adsorption peaks occurred at 73 —87 °C  and the exothermic peaks happened at 360 —365 “C. Similar
DTA curve showed that there existed in the commonness of chemical compositions and structural features of soil HA
between treatments. The characteristics of the humic extracted from the different soils were generally similar to those
of humic materials originating from soils formed under widely different geographic and pedologic conditions.
Compared with Fig. 7 and Table 3  there was some variations besides some commonness. There are 1 the enthalpy
capacity of adsorption and exothermic peaks  ii the ranks of the enthalpy capacity of endothermic peaks with DTW
> CTF > CTW > DTF iii the ranks of the enthalpy capacity of exothermal peaks with DTF > DTW > CTF >
CTW. The energy state of soil HA is consolidation degree itself. The energy state of soil HA was the higher the

Table 3 The enthalpy capacity of DTA curve of HA H under different conservation tillage

Endothermic peak 73 ~87 C Exothermal peak 360 ~365 C
Treatments
Peak temperature °C HJg! Peak temperature °C HJg!
DTF * 80 159.93¢ 362 125.60a
DTW 87 181.42a 360 120.20b
CTF 73 172.60b 365 118.25¢
CTW 76 170.38b 360 114.57d

# See note beneath Fig.2 The data in table were expressed as Means means for the same measurement followed the same letter are not significantly

different P < 0.05 by Duncan’s multiple range test
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condensation of HA became lower and further the aliphatic side chain was the more. Otherwise the energy state of
soil HA was the lower and the aliphatic side chain was relatively the less. No tillage and ridge culture resulted in
the decrease of the enthalpy capacity of exothermal peak value. The condensation of soil HA under no tillage ridge
culture was higher and the aromatization of SOM was improving. Dorado et al. *' also found that soil management
substantially affects the accumulation mechanisms of the HA fraction.
4 Conclusions

The combinative application of no tillage and ridge culture and wheat cultivation was a sound conservation
practice in paddy rice cultivation. It not only significantly increased the concentration of SOM in the topsoil but also
further affected HA optical and pyrolysis characteristics through changing the composition and structure of SOM.
Those findings suggest that it may be possible to manipulate paddy soils through conservational tillage and crop
practices and thereby maintain adequate SOM concentrations mitigate soil organic carbon loss from soil to

atmosphere.
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