Review Article
Conservation tillage's relevance in potato production: improving soil

quality and growth performance

Abstracts

In the conventional system, potato crop is grown under intensive tillage along with use of
high inputs that led to deterioration of soil health and environment. Hence, practicing of intensive
tillage create hindrance for accommodating a second crop immediately after harvesting of rice.
That’s why in many parts of India, rice stubble burning is a common practice done by farmers to
advance the time of planting. Thus, rice stubble burning which is accountable for the emission of
CO- considered as a serious issue in most of the rice growing areas. Considering the farmer’s
benefit as well as soil health and environment, conservation tillage i.e., zero/minimum tillage could
be one of the vital alternative options that could help to overcome the problem associated with
conventional tillage. Therefore, an attempt has been made to interpret the findings of conservation
tillage on performance of potato crop and its subsequent effect on soil health. Results showed
variable response on crop performances due to conservation tillage, but improved the soil health
and quality by increasing the soil organic carbon and nutrient availability.

Keywords: Conservation-Tillage, Stubble, Organic Carbon, Emission
Introduction

Intensive tillage is common in potato farming throughout the cropping cycle, which
typically results in soil degradation, erosion and nitrate leaching. To avoid the formation of clods
in the potato beds during soil preparation the entire topsoil is loosened and pulverized into minute
aggregates. Both mechanical weeding and mechanized harvesting required a great deal of soil
movement. Thus, in potato production, conservation agriculture is a resource-saving crop
production practice that offers various important techniques for soil conservation. A simple
conservation agriculture practice, "no-till or zero-till" cultivation can help to improve soil
conservation even more. In no-till or zero-till cultivation, the potato is pressed into the soil surface
followed by using a thick layer of mulch with straw that prevents rotting of the tuber (Anonymous,
2008). About 20 cm thickness of rice straw mulching (12 t/ha) is applied after planting the tuber
and nutrient demand is fulfilled with the help of foliar spray of fertilizers (Sarangi et al. 2018).



They stated that through conservation tillage especially zero tillage/minimum tillage,
potato planting can be advanced than conventional tillage by skipping some of the practices along
with added advantages of minimum weed infestation, less irrigation water requirement, no
intercultural requirement, less damage by rain, easy harvesting, less cost of cultivation, higher
yield with better tuber quality. The beneficial effect of mulching on potato yield was also reported
by Begum et al., (2014).

The adoption of zero tillage in subsequent crops also led to the advancement of planting
time by a minimum of 8 days (Quddus et al., 2020). Conservation agriculture (CA) approaches
have been created to lessen the impact of negative environmental effects such as heavy wind and
rainfall in agriculture and farming, such as soil deterioration and erosion resulting in lower
production. In India, conservation tillage practices such as zero/minimum tillage have been
adopted for increasing the cropping intensity and emerged as a new technique for enhancing the
productivity and the profitability of many crops. Hence, comparative assessments need to be made
between conservation and conventional potato cultivation concerning growth, yield and quality of
potatoes. The integrated approaches of application of organic sources of nutrient and conservation
agricultural practices positively enhances growth, yield and soil properties (Begum et al., 2013).

Crop growth performance

The conservation tillage practices greatly influence the growth parameters like plant
population, plant height, crop canopy, leaf area, root development, etc. of potatoes. The
conventional tillage helped in the early emergence of potato crops as compared to conservation
tillage which was found to be insignificant at 30 days after planting (Mundy et al., 1999). The
more friability and proper aeration of soil under conventional tillage created a favorable condition
for the early emergence of potato crops. Whereas, more soil compaction, bulk density (1.63g cm-
%) as well as high soil moisture content under conservation tillage reduced the early germination
of potatoes. Similar results were also reported by Barua (2022). The tillage practices affected leaf
area index (LAI) at the early stage of crop growth, but at the later stage of crop growth i.e., 9 and
13 weeks after planting, the conventional tillage practices produced significantly more LAI (2.54
and 3.27) as compared to reduced tillage (1.98 and 2.76) resulting in more above ground dry matter
production (1.36 t/ha) than reduced tillage (1.13 t/ ha) from 9 weeks after planting (Drakopoulos
et al., 2016). The early emergence of crops in conventional tillage might have helped in getting



more LAI. Similarly, the zero tillage also reduced the root dry weight (20.9) g in comparison to
conventional tillage (Nunes et al., 2006). Zero tillage reduced the formation of stems as well as
the expansion of leaf area resulting in lesser number of stems and leaf area in comparison to
conventional tillage (Barakat et al., 2020). However, no visible difference was observed in plant
height between the minimum and zero tillage practices Yaroson (et al. 2019) also reported flat
tillage in potato increased the plant growth parameter such as plant height (34cm), number of
leaves (289), number of stems (14.8), leaf area (645.1 cm?), plant cover area (4503.3 cm?) over
zero and ridge tillage. Similarly, Qasim et al. (2013) revealed that planting of potato in line on
plain wide beds followed by covering with soil from one side produced the highest PE (88.7%),
number of stems/ plant (3.5), plant expansion (45.5 cm) and average number of tubers/plant (10.1)
as compared to other tillage practices. Since soil was not tilled properly in zero/minimum tillage
it greatly reduced root and shoot development of potatoes as compared to conventional tillage,
whereas, in the case of conventional tillage, the intensive tillage and proper pulverization of soil
helped better root development and also increased the contents of macronutrients (N, P, K, Ca, and
Mg) which helped in attaining more crop growth.
Effect on yield parameters

Tillage practices greatly influenced the grading of potato, green tuber (%) as well as quality
of tubers. The conventional tillage produced higher number of tubers/ plant (7.36) and weight of
large size tubers/plant (791.09 g) as well as medium size tubers/plant (182.69 g) than the zero and
minimum tillage (Barakat et al., 2020). The better yield under the conventional tillage was due to
production of more number as well as large size potato. Abrougui et al. (2014) also reported that
conventional tillage produced more number of large as well as medium size tubers which
accounted for 56.54 and 33.33 %, respectively of total tuber production as compared to reduced
tillage, whereas, reduced tillage produced the highest yield of small tuber which accounted almost
for 61% of total produce. The zero-tillage led to production of more green tubers than the
conventional tillage (Barua, 2022).
Effect on tuber yield

The conservation tillage with straw mulching conserved the soil moisture and regulated the
soil temperature which ultimately helped in early tuber bulking and ultimately increased the tuber
yield of potato (Chaki et al., 2014). The crop performed better even in saline soil in zero tillage

(ZT) in comparison to conventional tillage (CT) with higher tuber yield (20.17 t/ha) along with



better tuber qualities mainly the crude protein, fat, crude fibre and carbohydrate (Sarangi et al.,
2018). But the yield may vary depending upon the mulch material used for example, zero tillage
mulched with rice husk produced higher total tuber yield (13.99 t/ha) in potato as compared to
mulching with rice straw (11.08 t/ha) in costal saline soil (Ali et al., 2019).

The zero tillage with straw mulching recorded 35.3% higher tuber yield as compared to
conventional tillage without mulching (Hou and Li, 2019). The paddy straw mulch regulated the
soil temperature as well as soil moisture which subsequently increased the potato tuber yield. The
improvement in soil hydrothermal properties which increased the water use efficiency resulted in
higher tuber production under conservation tillage with straw mulching. On the other hand,
Xianging Hou and Rong Li (2018) reported that potatoes sown under conventional tillage recorded
higher potato yield of 26.86 t/ha over the no-tillage practices (256.97 t/ha) due to the beneficial
effect of tillage affecting the physiological processes of the crop and tuber yield formation
However, the marketable yield was found to be higher under no-tillage practices over conventional
tillage. Whereas, Alva et al. (2010) reported insignificant difference in tuber yield, tuber grades
between conventional and reduced tillage. Mulching is another best practice adopted in
conservation tillage to obtain significantly higher yield. Begum et al., (2014) also reported that
with incorporation of mulch material 24.04 % higher tuber yield (18.57 t/ha) was achieved in
Assam condition.

Effect on tuber qualities

Several scientists reported variable results in case of tuber qualities due to different tillage
practices (Barakat et al., 2020; Sarangi et al., 2020). Adequate quantity of nitrate and starch content
in potato tuber is considered as an important component of tuber required for the human body. The
zero tillage increased the nitrate content in tuber (104 g/kg fresh mass) over conventional (94.3
g/kg fresh mass), but, no significant difference was observed in starch content of potato (Boligtowa
and Glen, 2003). Protein is an important quality parameter required for daily growth of human
being. The practicing of narrow ridges with ridge planting techniques (CR) in potato significantly
improved the protein content of tuber (1.60 %) in comparison to other tillage practices such as flat
plot without mulch (1.10 %) and other ridge-furrow plastic mulching techniques (Qin et al., 2014).
They also reported insignificant differences in starch content of tuber due to different tillage

practices.



The reduced tillage practices in potato enhanced the specific gravity (1.08), dry matter
content (25.0 %), and starch content (15.7 %) of potato tubers over conventional tillage systems
(1.07; 24.1; 13.0%, respectively) (Drakopoulos et al., 2016). The practicing of zero tillage in potato
with mulch significantly increased the crude protein (2.1 %), fat (0.81 %), fibre (0.75 %) and
carbohydrates (15.7 %) of potato tuber over conventional ridge planting (1.4; 0.08; 0.39;11.9,
respectively) (Sarangi et al., 2020). Similarly, Barua H.J. (2022) reported zero tillage and paddy
straw mulching treatment significantly enhanced the total soluble sugar, crude fibre total
carbohydrates, crude protein content on dry weight basis and dry matter content as compared to
conventional and other minimum tillage practices. On the contrary, Barakat et al. (2020) reported
higher starch content (14.49 %) as well as tuber dry matter (18.29 %) in conventional tillage than
the zero tillage (12.28 & 16.07 %, respectively) and minimum tillage (13.49 & 17.35 %),
respectively.

Effect on soil physical properties

The zero tillage with paddy straw mulching in potato reduced the bulk density from 1.49
Mg/m3 to 1.44 Mg/m3 (Sarangi et al., 2020). The soil aggregation is one of the important physical
parameters of soil. The reduced tillage intensity resulted in a shift in aggregate distribution, with
more micro-aggregates and fewer macro aggregates (Piazza et al., 2020). This impact was
attributed to the higher soil C content in micro aggregates. In potato, the breakdown of water-
stable soil macro-aggregates due to conventional tillage significantly increased the soil micro-
aggregates (29.7 %) thereby decreasing the mean weight diameter during the crop growing phase
in comparison to conservation tillage (26.7 %) (Carter et al., 2009). Whereas, conventional tillage
systems decreased the water infiltration rate and destroyed soil aggregates in potato (Yaroson et
al., 2019). On the contrary, Qin et al. (2014) reported insignificant difference in residual soil
moisture due to conservation tillage practices followed in potatoes. In a nutshell practicing of
conservation tillage improved the soil physical properties by modifying the soil bulk density and
improving soil aggregation. Through practicing of conservation tillage, the soil condition of poorly
aggregates soil can be improved.

Effect on soil organic carbon & nutrient availability

The tillage practices significantly affected the soil chemical properties such as organic

carbon, soil pH, and electrical conductivity (EC) and soil microbial biomass carbon. Although the

conventional tillage is required for better crop germination and growth, but conservation tillage is



gaining popularity because of many disadvantages associated with conventional system such as
reduction in soil organic matter, inherent soil fertility in the top soil along with increased risk of
soil erosion (Daccache et al., 2011). On the other hand, conservation tillage led to enhancement of
soil organic carbon (Singh et al. 2014), thereby improved the fertility of the soil. The impact of
conservation tillage varies depending upon the factors like initial soil condition, crops and
cropping system that is followed. However, improvement in soil organic carbon depended upon
the type of soil as well as crop grown. Practicing of zero tillage with paddy straw mulch enhanced
soil organic carbon from 0.39 to 0.44% as compared to conventional cultivation in potato (Sarangi
et al., 2020). Earlier, Carter et al. (2009) also reported increase in soil organic carbon under
conservation tillage practices as compared to conventional in potato. Lewis et al. (2011) also
reported 14% higher labile carbon in conservation tillage than conventional tillage system in cover
crops-soybean-maize rotation.

The accumulation of organic carbon took place up to a depth of 25 cm in clay loam, 15
cm in loam and 10 cm in sandy loam soil indicating more accumulation of organic carbon with
increase in fineness in soil texture (Singh et al., 2014). Many researchers reported that the soil
organic carbon was greatly increased under conservation tillage below 10 cm as compared to
conventional tillage method (Berner et al., 2008; Mishra et al., 2010; Gadermaier et al., 2011).
While, some of the researchers reported higher levels of organic carbon in the top 10 cm layer soil
(Blanco-Canqui, and Lal, 2008; Vian et al., 2009). The difference in soil organic carbon mainly
occurred due to difference in soil texture, native organic carbon, temperature, and moisture and
soil depth. In case of conservation tillage systems of potato, more application of surface-applied
residues created a favorable environment for buildup soil microorganisms that immobilized
nitrogen thereby increasing the soil available nutrients (Collins et al., 2010).

Table 1: Advantages of conservation tillage over conventional

The advantages of conservation tillage over conventional tillage is given in the following table

SI. No. Parameters References

1 Yield advantage 6-10% increase in grain yield as| Laxmietal., 2007

compared to conventional practice

2 Water economy Irrigation water saving upto 20-35% | Laxmi et al., 2007,
Bhushan et al., 2007




3 Monetary benefit | Saving in cost of cultivation up to 5- | Laxmi et al., 2007;

10%, Gupta and Seth, 2007
4 Economic benefit | 40% increase in benefit-cost ratio Barua (2022)
5. Energy saving Zero tillage led to a significant | Kumar et al. (2013)

increase in the energy usage efficiency
by 13%,

Summery and conclusion
Practicing of zero/minimum tillage increased overall tuber production of potato crop
reduced the production of large size potato. In some cases, inadequate application of mulch
material leads to tuber greening. Hence, standardization of mulch material should be done to
reduce the intensity of tuber greening. Conservation tillage with mulch improved the soil health
by increasing the soil organic, soil microbial biomass carbon and ultimately increased the nutrient
availability to crop. Conservation tillage in potato also improved the soil health by improving soil
aggregation. Hence, this technique could be a vital approach for potato cultivation under the
changing climatic conditions.
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