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Abstract. Plough tillage had existed in Chinese agricultural history for a very long time. However, more and more
farmers prefer to use the rotary machine to do the land preparation due to its ability to provide better soil
fragmentation in recent years. The present study was conducted in order to study the effect of plough tillage on
grain yield, quality and soil organic matter in ratooning rice systems, in Hunan Province, China, using a rice
cultivar, Huanghuazhan as material and two tillage treatments were applied in present study. Conventional rotary
tillage was named as CK and plough tillage was named as PT. The result showed that compared to CK, PT
treatment not only could improve the grain yield of both main-crop rice and ratooning rice, but also increased the
grinding quality and nutrition quality of grains in main-crop rice. Furthermore, higher soil organic matter was
recorded under PT.
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Introduction

Ratooning rice is a special cultivation method in rice production. It has a long history in
China which can be traced back to 1700 years ago (Min et al., 2017). It is characterized by
cutting only about two-thirds of the upper part of the rice plant, collecting rice panicles, leaving
behind one-third of the plant and root system, fertilization and cultivation, so that it can grow
another season of rice. Normally, there will be some axillary buds when rice matures in the
first season and after harvesting in the first season, they will be retained. On the basis of the
original root system, these axillary buds will grow and heading again. After about 2 months,
they will mature again and can be harvested (Rog¢ et al., 2016). Generally, the grain size of
rice in the second season is smaller than that in the first season, but the number of panicles in
the second season is higher than that in the first season (where the original panicle is cut, more
than two panicles will grow), so the yield is not small.

The areas suitable for planting ratooning rice are mainly those where sunshine and heat are
not enough to grow two-crop rice, but there are many areas where one-crop rice is planted.
Because it grows again on the original roots, it saves the period from the first crop to the
middle of the second crop (so it is called Ratooning rice, not Two-crop rice) in the second crop
rice growing area. In this way, ratooning rice can be planted in areas with more than one
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season, thus increasing yield (Kupkanchanakul et al., 1990). At present, many areas in China,
such as Sichuan and Fujian provinces, are experimenting to popularize this cultivation (Luzhou
and Hz, 2000). Thus, developing ratooning rice is an important task to ensure China’s future
food security.

As an important part in rice production, tillage is required to reduce the loss of water and
fertilizers through excessive percolation and it also could decrease weeds and enhance nutrient
availability (Alam et al., 2018). In Chinese agricultural history, there were two tillage methods
including plough tillage and rotary tillage. Recently, because of the better soil fragmentation,
most of framers are likely to use rotary machine to do the land preparation. However,
excessive soil fragmentation under rotary tillage could induce the reduction in soil’s ability to
regulate water, air and heat (Abu-Hamdeh, 2000). The study of SUN (2017) revealed that
compared to rotary tillage, plough tillage not only could improve the soil environment, but also
could promote the root activity and the production of tobacco leaf.

In order to study the effect of plough tillage on ratooning rice system productivity and soil
organic matter, present study was conducted in Hunan Province (major rice producing
province in Central China) with the hypothesis that plough tillage could improve rice yield and
grain quality in ratooning rice system.

Materials and methods
Plant material and growing conditions

A rice cultivar, Huanghuazhan, which having a growth period of 129-131 days and widely
grown in Central China, was used in present experiment and planted at Hongshuo Farm,
Datong Lake District, Yiyang, Hunan Province (29 08’ N, 112 26’ E) in 2017. Before sowing,
the seeds were soaked in water for 24 h, germinated in manual climatic boxes for another 12 h
and shade-dried. Then, the germinated seeds were sown in polyvinyl chloride trays for nursery
raising. The experimental site enjoyed a subtropical monsoon climate and the air temperature
during the experiment was shown in Figure 1. The soil type of paddy field is fluvo-aquic soil
and mechanical composition is as follows: sand (0.05~2 mm) accounts for 34%, silt
(0.002~0.05 mm) for 56.7%, clay (0~0.002) for 9.3%. It contained organic matter 29.30 g kg,
total N 1.94 g kg'!, total P 1.31 gkg'!, and total K 26.70 g kg™.
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Figure 1. The temperature during the field experiment
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Treatment description and sampling

Two land preparations, plough tillage and rotary tillage were adopted in present
study. We set rotary tillage as control (CK) and name plough tillage as PT.

CK: Before transplanting, the paddy field was puddle twice with rotary cultivator.

PT: Before transplanting, the paddy field was puddle twice with plough cultivator.

The treatments were arranged in randomized complete block design (RCBD) in
triplicate with net plot size of 665 m>. After the harvest of main-crop rice and ratooning
rice, five soil cores (0—20 cm depth, 2 cm in diameter) were collected in each plot for
the determination of soil organic matter.

Estimation of soil organic matter

The light fraction (LF) and heavy fraction (HF) of soil organic matter were separated
using the method described by Camberdella and Elliott (1993). Briefly, 10 g of air-dried
soil was homogenized with 30 ml Nal solution (gravity 1.8 g cm?®) in a 100 ml
centrifuge tube by shaking on a reciprocating shaker for 60 min at 200 rpm, after which
it was centrifuged at 1000 x g for 15 min. The LF, all floating material after
centrifugation, was poured into a vacuum filter unit with a 0.45-um nylon film, and the
material retained by the film was washed with 0.01 M CaCl2 and distilled water. This
process was repeated three times. The HF remaining in the centrifuge tube was washed
three times with ethanol to remove excess Nal, after which it was washed twice with
distilled water. Next, the LF and HF were dried at 60 °C for 48 h, and then weighed and
ground to pass through a 0.15-mm sieve for organic determinations. The organic matter
in LF and HF were determined by the wet oxidation method with K2Cr207 at 170-
180 °C (Zhao et al., 2016).

Yield and yield related traits

At maturity stage, the rice grains were harvested from ten-unit sampling area (1 m?)
in each plot and then threshed by machine. The harvested grains were sun-dried and
weighted in order to determinate the grain yield. Twenty hills of rice from different
locations in each plot were sampled for estimate the average effective panicles number
per hill. Then, eight hills representative plants were taken for estimation of the yield
related traits.

Grain quality

After sun drying, grains were stored at room temperature for at least a month to
determine grain quality components. About 1.0 kg rice grains from each treatment was
taken from storage and brown rice rate was estimated using a rice huller (Jiangsu,
China) while milled rice and head rice recovery rates were calculated by using a Jingmi
testing rice grader (Zhejiang, China). Grains with chalkiness and chalkiness degree were
estimated by using an SDE-A light box (Guangzhou, China) while an Infratec-1241
grain analyzer (FOSS-TECATOR) was used to determine the grain amylose and protein
contents.

Statistical analysis

Data were analyzed on Statistix 8.1 (Analytical Software, Tallahassee, FL, USA)
while differences among means were separated by using least significant difference

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(4): 7641-7647.
http://www.aloki.hu e ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOL: http://dx.doi.org/10.15666/acer/1704_76417647
© 2019, ALOKI Kft., Budapest, Hungary



Du et al.: The effect of plough tillage on productivity of ratooning rice system and soil organic matter
-7644 -

(LSD) test at 5% probability level. Graphical representation was conducted via Sigma
Plot 14.0 (Systat Software Inc., California, USA).

Results
Soil organic matter

As shown in Figure 2, plough tillage significantly influenced the soil organic matter
compared to CK. After the harvest of main-crop rice, 28.11% higher soil organic matter
was recorded in PT than CK. After the harvest of ratooning rice, compared to CK, PT
treatment increased soil organic matter by 19.56%.
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Figure 2. The effect of plough tillage on soil organic matter in ratooning rice system (Means
sharing a common letter do not differ significantly at (P < 0.05) according to least significant
difference (LSD) test)

Yield and yield related trails

As shown in Table 1, plough tillage affected rice yield and related trails in ratooning
rice system significantly. For main-crop rice, PT treatment increased panicle number,
grains number and yield by 12.03, 7.02 and 10.99%, respectively whilst there was no
significant difference between PT and CK in both seed-setting rate and 1000-grain
weight. For ratooning rice, compared to CK, 4.51, 7.47, 4.42 and 4.72% higher panicle
number, grains number, 1000-grain weight and yield were recorded in PT.

Table 1. The effect of plough tillage on rice yield and related trails in ratooning rice system

Panicle Grains Seed- 1000-orain
Treatment| number per | number per setting wei l%t (@ Yield (t ha?)
hill panicle rate (%) ghtie
) ) PT 326.97+16.78a | 128.56+3.76a |86.60+£3.71a| 22.82+0.65a | 7.50+0.39a
Main-crop rice
CK 291.87+£15.99b | 120.1242.64b [85.61+2.29a| 22.42+1.03a | 6.76+0.41b
o PT 355.9448.65a | 56.36+1.48a |78.51+1.90a| 22.69+0.43a | 3.46+0.06a
Ratooning rice
CK 340.70b+6.40b | 52.4440.71b |77.64+2.00a| 21.73£0.55b | 3.30+0.07b

Values sharing a common letter within a column do not differ significantly at (P <0.05) according to
least significant difference (LSD) test for both the years. The same as below
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Grain quality

As shown in Table 2, plough tillage affected grain quality in ratooning rice system
significantly. For main-crop rice, compared to CK, PT treatment significantly increased
brown rice rate, milled rice rate, head rice rate, crude protein content, amylose content
and Akali value by 6.27, 1.51, 10.76, 1.40, 8.82 and 2.92%, respectively. Moreover,
25.64% lower chalky rice rate was recorded in PT treatment than CK. For ratooning
rice, PT treatment increased both brown rice rate and Akali values significantly
compared to CK. However, there was remarkable difference between CK and PT in
milled rice rate, head rice rate, crude protein content, amylose content, chalky rice rate
and chalkiness.

Table 2. The effect of plough tillage on grain quality in ratooning rice system

Brown rice | Milled rice | Head rice lﬁ:::g::l Amylose
0, 0, 0,
rate (%) rate (%) rate (%) content (%)

. Chalky rice | Chalkiness
content (%) Akali rate (%) (%)

Treatment

Main-crop PT 73.13+0.34a |64.60+0.33a | 42.52+0.05a| 7.26+0.03a | 18.50+0.04a| 5.86+0.07a |19.33+0.88b| 14.96+0.90a
rice CK 68.82+0.30b [63.64+0.16b | 38.39+0.05b | 7.16+0.03b | 17.00+0.40b| 5.70+£0.05b |26.00+0.78a | 14.10+2.84a

Ratooning PT 73.13+0.32a |65.26+0.94a | 46.73+1.97a| 10.76£0.09a | 17.90+0.10a | 7.03+0.07a | 5.06+0.58a | 14.83+1.36a

nee CK 71.10+0.31b [65.78+0.89a [47.99+1.63a | 11.00+0.05a | 17.77+0.07a| 6.90£0.03b | 4.33+0.67a | 13.16+1.98a

Correlation analysis

As shown in Figure 3, there exited a significant positive correlation between rice
yield and grain number. However, panicle number, seed-setting rate and grain weight all
did not have significant correlation with the grain yield. Furthermore, there also existed
a significant positive correlation between yield and soil organic matter (Fig. 4).
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Figure 3. The correlation between yield related trails and yield in ratooning rice system
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Figure 4. The correlation between yield and soil organic matter

Discussion

The development of ratooning rice is a vital way to achieve a full utilization of the
solar-thermal resources in autumn and promote the profit of rice field. Previous study
(Fu-Xian et al., 2015) already showed some key regulation technologies in ratooning
rice cultivation such as varieties selection and fertilizer application. Present study
revealed the effect of different tillage on yield, grain quality and soil organic matter in
ratooning rice. Compared with conventional rotary tillage, plough tillage significantly
increased the yields of both main-crop rice and ratooning rice. The increment in main
crop rice yield could be explained by the improvement in panicle number and grain
number. The increment in ratooning rice yield not only because of the enhancement of
panicle number and grain number, but also due to the higher grain weight under plough
tillage. Furthermore, we also observed a significant positive correlation between yield
and soil organic matter which indicated that the improvement in soil organic matter due
to plough tillage might be the direct reason of the yield increment. This result agreed
with the study of Wei et al. (2016) who demonstrated that soil organic matter was an
important factor which affected rice productivity significantly. Normally, the degree of
soil fragmentation under rotary tillage is higher than plough tillage. But it also means
the rotary tillage had rotary tillage destroys the soil more severely and excessive soil
fragmentation can induce the decrement of biodiversity in farmland soil (Biswas et al.,
2017). Our study showed that plough tillage was more suitable for ratooning rice
cultivation because it not only improved the rice yield, but also had less soil
fragmentation and improved the soil organic matter.

Moreover, in our study, we observed that plough tillage improved some grain quality
attributes. Normally, rice price in market mostly depend on grain quality (Luo et al.,
2018). For main-crop rice, plough tillage not only improved rice grinding quality such
as brown rice rate, milled rice and head rice rate, but also increased the grain nutrition
quality such as protein and amylose content. The increments in grain quality might
because the plough tillage improved rice growth and development.

Conclusion

In ratooning rice system, compared to rotary tillage, plough tillage not only could
improve the grain yield of both main-crop rice and ratooning rice, but also increased the
grinding quality and nutrition quality of grains in main-crop rice. Moreover, higher soil
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organic matter was recorded in plough tillage than rotary tillage. In order to explore the
mechanism of how tillage affects ratooning rice performance, further investigation
should be at the field trials.
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