M. Acharya (2018) Int. J. Appl. Sci. Biotechnol. Vol 6(2): 63-66
DOI: 10.3126/ijasbt.v6i2.19726

Mini Review

Nitrogen and Water Use Efficiency in Conservation Agriculture
Milan Acharya1*
1Department

of Agronomy, Agriculture and Forestry University, Rampur, Chitwan Nepal

Abstract
Conservation agriculture is resource conserving strategy for improving productivity and profitability of farming through
efficient utilization of available resources with minimum foot print to the environment. Conservation Agriculture helps in
carbon sequestration, soil erosion control, ground water recharge and moisture conservation. Conservation agriculture has been
found to improve physical, chemical and biological properties of soil compared to conventional practices and ultimately helps
in increasing nutrient and water use efficiency. Optimizing soil fertility and soil moisture simultaneously is possible through
CA practice which ultimately increases resource use efficiency.
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Introduction
The undesirable consequences of modern agriculture
expand well beyond agricultural landscapes themselves.
Biogeochemical cycles have been extremely altered at
multiple scales and the rate of soil loss still exceeds soil
formation Nitrogen (N) and phosphorus (P) are the two
most important nutrients limiting biological production
(Chapin et al., 1986; Tyrrell, 1999) and are the most
extensively applied nutrients in managed terrestrial
systems, mainly as soluble inorganic fertilizers.
Introduction of high yielding varieties (HYVs) coupled with
expansion of irrigation facilities, and increased use of
chemical fertilizers and other agro-chemicals have brought
about spectacular increases in the yield of crops. About half
of the total increase in food grain has been attributed to the
use of fertilizers and more than one-third of this increase is
due to N fertilizes alone. Harvesting high yields by applying

only N is at best a short-lived phenomenon, as was shown
in the early years of the green revolution. Clearly "N-driven
systems" are not sustainable, as N becomes a 'shovel' to
mine the soil of other nutrients, with the result that soils
initially well supplied in other nutrients become deficient in
them and productivity declines.
Conservation agriculture (CA) has been found to change
physical, chemical and biological soil quality components
compared to conventional practices involving tillage and
thus affects N cycling in the soil and better moisture
conservation. Therefore, an intensive reviews on role of
conservation agriculture in sustainable crop production with
efficient resource utilization has been carried out with
following objectives; i) To know about the roles of CA
practices on nitrogen use efficiency and ii) To know about
the subsequent effect of improved soil properties on water
use efficiency.

Cite this article as:
M. Acharya (2018) Int. J. Appl. Sci. Biotechnol. Vol 6(2): 63-66. DOI: 10.3126/ijasbt.v6i2.19726
*Corresponding author
Milan Acharya,
Department of Agronomy, Agriculture and Forestry University, Rampur, Chitwan Nepal
Email: milan.new2007@gmail.com
Peer reviewed under authority of IJASBT
© 2018 International Journal of Applied Sciences and Biotechnology
This is an open access article & it is licensed under a Creative Commons Attribution 4.0 International License
(https://creativecommons.org/licenses/by/4.0/)

This paper can be downloaded online at http://ijasbt.org&http://nepjol.info/index.php/IJASBT

63

M. Acharya (2018) Int. J. Appl. Sci. Biotechnol. Vol 6(2): 63-66

Global Scenario of Nitrogen and Water Use
Projected 38% increase in global cereal demand by 2025
can be met by a 30% increase in N use and 20% yield
response. But declining cereal harvest area at the rate of
0.33% per year and 60% increase in global N use on cereals
would be required to meet cereal demand (Doberman,
2007).
One of the critical constraints to higher crop productivity is
the low efficiency of applied nutrients especially N and P.
In fifty years global scenario, total nitrogen input (Kg) and
yield (Kg) per hectare per year are increasing but nitrogen
use efficiency is in decreasing trend making farming system
unprofitable. Fifty years of study reveal that there is
decreasing NUE in India, Egypt and China, nearly constant
in Brazil, USA and Bangladesh and increasing in Greece,
France and Netherlands (Lassaletta et al., 2014).
Agriculture is the predominant user (75-80%) of the
available freshwater resource in many parts of the world. At
present most of the water used to grow crops is derived from
rainfed soil moisture, with non-irrigated agriculture
accounting for some 60% of production in developing
countries. Although irrigation provides only 10% of
agricultural water use and covers just around 20% of the
cropland, it can vastly increase crop yields, improve food
security and contribute 40% of total food production since
the productivity of irrigated land is three times higher than
that of rainfed land. The Food and Agriculture Organization
(FAO) predicts that agricultural water withdrawals will
increase by approximately 14% during 2000-2030 to meet
food demand. For a variety of reasons, feasible expansion
of irrigated agriculture will be able to accommodate only a
portion of this increased demand, and the rest must come
from an increase in the productivity of rainfed agriculture
through possible interventions. Improving WUE by 40% on
rainfed and irrigated lands would be needed to
counterbalance the need for additional withdrawals for
irrigation over the next 25 years from additional demand for
food. However, this is a big challenge for many countries.

Role of Conservation Agriculture on Carbon
Sequestration
Conservation agriculture practices increases residue
biomass for succeeding crop. Total amount of residue
biomass inputs (t/ha) of preceding crop for succeeding crop
grown in maize-wheat- mung bean (MWMb) system during
four different years of experiment conducted in India was
27.05, 30.80 and 31.01 t/ha in conventional tillage (CT),
zero tillage (ZT) and permanent bed planting (PBP)
respectively (Parihar, 2016). The higher biomass yields in
ZT is due to the compound effects of additional nutrients ,
due to lesser weed population, improved soil physical
health, better water regimes and improved nutrient use
efficiency over CT (Unger 1998). Additional biomass yield
benefits over time from the legume (due to N-accumulation

through biological N2 fixation and leaf litter) were also
observed. Result of 4 years long study also revealed that the
amount of water use (Evapo-transpiration) in CT was more
than the CA (ZT and PB) practiced plots (Parihar, 2016).
Conservation agriculture trail conducted for more than five
year in Nepal on maize reveal more organic matter on
conservation agriculture plot (12.87 t/ha) compared to
traditional agriculture plot (10.93 t/ha) after 5 months
growing period of maize (Karki and Shrestha, 2015).

The Encouragement of Moisture Conservation
and Groundwater Recharge
Mulching is an important component of conservation
agriculture. Mulching influences soil evaporation,
transpiration, grain yield and water use efficiency of cereal
production. There is 23 and 45 mm less evaporation from
mulched winter wheat and maize respectively compared to
non mulched. 42, 43, and 68 mm less soil evaporation from
mulched winter wheat field, maize field and summer fallow
were observed respectively compared to non mulched as
reported by Zhang et al., (2002) and Jaubo et al., (1996).
Conservation agriculture trail on maize crop in Nepal
demonstrated saving of 150 mm soil moisture from
evaporation loss and 35 mm saving from transpiration loss
on CA practice compared to traditional agriculture practice.
Ground water recharge due to increased infiltration was
observed on CA (2.7mm/ minute) compared to traditional
agriculture practice (0.8mm/minute) (Karki and Shrestha,
2015). Conservation agriculture focuses on crop
diversification and continuous covering of soil surface
discouraging fallow field. Mulching on summer fallow
saved 68 mm soil moisture from evaporation loss,
contributing soil moisture conservation (Zhang et al., 2002
and Jaubo et al., 1996 ).

Nitrogen Use Efficiency in Conservation
Agriculture
Use efficiency of applied N as estimated by the difference
in N uptake of the above-ground portions of N fertilized and
unfertilized plots, and expressed as percentage of N
fertilizer applied to the crop is only about 30-40 per cent.
CA practice increases nutrient use efficiency of the crop by
15- 25 % (Karki and Shrestha, 2015). Permanent bed
planting is a special type of conservation agriculture
practice that helps in increasing N use. Permanent bed–all
straw left as stubble and PB–all straw burned had the
highest N use efficiency (28.2 and 29.1 kg grain kg−1 of N
supply, respectively) compared to straw removed(Limon et
al., 2000). Agronomic N use efficiency (kg/kg) in maize
under permanently raised beds (PRB) and conventional
tillage (CT) method were found 28% and 16% respectively
in an experiment conducted in Uzbekistan. Similarly,
Apparent N recovery efficiency in maize crop was found
higher in BRB (80%) than in CT (44%) (Devkota et al.,
2015). CA practices increases the soil organic matter
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(SOM) due to residue retention and cover cropping. An
experiment conducted in Portugal reveal that increasing
SOM from 1 %to 2 % will increase nitrogen-use efficiency
from 19.1 to 36.6 kg of wheat per kg of applied nitrogen
under Portugal's condition (Carvalho & Lourenço, 2014).

Water Use
Agriculture

Efficiency

in

Conservation

Low water use efficiency (WUE) has been the concern as
the availability of water for agriculture is decreasing day by
day. For saving and effective utilization of this vital
resource, proper management strategies involving agrotechniques should be developed. Many promising strategies
for raising WUE are available and CA and conservation
tillage is one that increases water infiltration, reduces runoff
and improves soil moisture storage.
In regions with pronounced seasonal water scarcity or low
and erratic rainfall water use efficiency can be dramatically
improved by the practice of CA. Higher and more stable
crop yields have frequently been observed under CA, in
dryland areas and in drought affected years (Peterson &
Westfall, 2004; Cantero-Martinez et al., 2007). This
improved water use efficiency may reduce water
requirements for a crop by about 30 %, regardless of
whether crops are under irrigation or rain fed (Bot &
Benites, 2005). Similarly, there is improved nutrient use
efficiency under CA which is known to reduce nitrogen
application by 30-50% (Cantero-Martinez et al., 2007).
CA practices allow to increase water infiltration and to
reduce evaporation and erosion. No tillage and residue
retention gives positive control of surface water (Bachmann
and Friedrich 2003) and increase water availability to plants
in arid and semi-arid rainfed agriculture, and may lead to
enhanced water use efficiency (WUE) by crops. CA based
on no tillage system alters the partitioning of the water
balance, decreasing soil evaporation and increasing
infiltration and deep percolation, leading to increased yields
and WUE (Wang et al. 2004). Water use efficiency is
increased and save water by 15-50% through the adoption
of CA technologies. It reduces water runoff, better water
infiltration and more water in the soil profile throughout the
crop growing period. It has potential to increase water
application efficiency by over 50 % (Karki and Shrestha,
2015).
Experimental results and farmers experience disclose that
considerable saving in water (up to 20% – 30%) and
nutrients are achieved with zero-till planting and
particularly in laser leveled and bed planted crops. They
also found that across growing seasons, soil water content
under no-till was about 20% greater than under
conventional tillage (De Vita et al., 2007). Studies have
shown that cultivating crops on relatively permanent raised
beds with residue retention, potentially saves 12-23%
irrigation water in wheat and maize. Compared with

conventional agriculture practices, raised bed systems saved
up to 70% of irrigation water in rice (Devkota et al., 2015).
Crop water productivity (kg/m3) of crops grown under
cotton- wheat-maize and rice-wheat rotation system in
Uzbekistan was found higher in permanent raised bed
(PRB) system compared to conventional system. Water
productivity of wheat and maize grown on PRB was 1.73
and 0.88 kg/m3 while that under conventional system was
1.36 and 0.48 kg/m3 respectively. Similarly, under ricewheat system water productivity was higher for rice (0.27
kg/m3) and wheat (1.48 kg/m3) than on conventional
system (Devkota et al., 2015). WUE was observed higher
under mulched winter wheat (1.94 kg/m3) and mulched
maize (1.84 kg/m3) compared to non mulched field (Zhang
et al., 2002; Jaubo et al., 1996). Four years average WUE
(US $ net returns per ha per mm) in MWMb system was
higher in both PB (1.131) and ZT (1.019) compared to CT
(0.680) (Parihar et al., 2016). The significantly higher WUE
of MWMb system under CA practices compared to CT was
also due to lesser water use in CA plots compared to CT
plots. Das et al. (2016) reported 30% higher WUE in the
pigeon pea-wheat system in PB plots with 84% decreased
water use in a sandy loam soil of India.
Higher overall irrigation water productivity (kg grain m−3)
of wheat during five year experiment (2009-2014) was
found higher (1.57) in scenario of full CA (ZT: rice-wheatmungbean system) compared to conventional agriculture
(1.37). Similarly, water productivity of system was found
higher (1.94) in scenario of full CA (ZT: maize-wheatmungbean) compared to conventional agriculture (0.47)
(Parihar et al., 2016). Increase in total biomass (t/ha) is more
in CA practices (PB and ZT) compared to conventional
practices. The added biomass contributes to improved soil
properties, which also increases WUE (Parihar et al., 2016).
WUE is also positively correlated with soil fertility status.
Fertile soil resulted from CA practices will also have higher
WUE compared to less fertile (Deng et al., 2006). Further,
NUE can be successfully increased by supplying irrigation
water (Gajri et al., 1993). But it is not always possible to
provide irrigation facilities everywhere. So, conserving
moisture through CA can be an alternative strategy.

Conclusion
Conservation agriculture is one of the alternatives to cope
up with the recent scenario of inefficient resource
consuming scenario created by modern agriculture. Low
nitrogen and water use efficiency in global context is
challenging for profitability and sustainability of farming.
More than half the nitrogen used for crop fertilization is
currently lost into the environment. Increase in yield with
simultaneous increase in water and N is considered possible
through various researches. Even though a significant
improvement in NUE occurred in some countries, the
present results suggest that a further increase of nitrogen
fertilization would result in a disproportionately low
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increase of crop production with further environmental
alterations, unless cropping systems improve their
efficiency substantially. In that respect, CA could be a
suitable strategy to increase nutrient and water use
efficiency in profitable manner with minimum
environmental foot print.

Acknowledgement
The author is grateful to his colleagues and professors from
Agriculture and Forestry University, Chitwan, Nepal for
their help and cooperation in collecting the review papers.

References
Bachmann TL and Friedrich T (2003) Conservation Agriculture in
Mongolia. Increasing Wheat Production in Central Asia
through Science and International Cooperation, 9.
Bot A and Benites J (2005) The importance of soil organic matter:
Key to drought-resistant soil and sustained food
production (No. 80). Food & Agriculture Org.
Cantero‐Martínez C, Angás P and Lampurlanés J (2007) Long‐
term yield and water use efficiency under various tillage
systems in Mediterranean rainfed conditions. Annals of
Applied Biology 150(3): 293-305. DOI: 10.1111/j.17447348.2007.00142.x
Carvalho M and Lourenço E (2014) Conservation agriculture–a
Portuguese case study. Journal of agronomy and crop
science 200(5): 317-324. DOI: 10.1111/jac.12065
Chapin III FS, Shaver GR and Kedrowski RA (1986)
Environmental controls over carbon, nitrogen and
phosphorus fractions in Eriophorum vaginatum in Alaskan
tussock tundra. The Journal of Ecology 167-195.
Das TK, Bandyopadhyay KK, Bhattacharyya R, Sudhishri S,
Sharma AR, Behera UK, ... & Bhar LM (2016). Effects of
conservation agriculture on crop productivity and wateruse efficiency under an irrigated pigeonpea–wheat
cropping system in the western Indo-Gangetic Plains. The
Journal of Agricultural Science 154(8): 1327-1342. DOI:
10.1017/S0021859615001264
De Vita P, Di Paolo E, Fecondo G, Di Fonzo N and Pisante M
(2007). No-tillage and conventional tillage effects on
durum wheat yield, grain quality and soil moisture content
in southern Italy. Soil and Tillage Research, 92(1-2), 6978. DOI: 10.1016/j.still.2006.01.012
Deng XP, Shan L, Zhang H and Turner NC (2006) Improving
agricultural water use efficiency in arid and semiarid areas
of China. Agricultural water management 80(1-3): 23-40.
DOI: 10.1016/j.agwat.2005.07.021

Devkota M, Devkota KP, Gupta RK, Sayre KD, Martius C and
Lamers JP (2015) Conservation agriculture farming
practices for optimizing water and fertilizer use efficiency
in Central Asia. Managing water and fertilizer for
sustainable agricultural intensification 242.
Gajri PR, Prihar SS and Arora VK (1993) Interdependence of
nitrogen and irrigation effects on growth and input-use
efficiencies in wheat. Field Crops Research 31(1-2): 7186. DOI: 10.1016/0378-4290(93)90051-N
Jubao Z (1996) The effect of straw mulch on crop water use
efficiency in dryland. Scientia Agricultura Sinica (China).
Karki TB and Shrestha J (2015) Should we go for conservation
agriculture in Nepal? International Journal of Global
Science Research 2(4): 271-276.
Lassaletta L, Billen G, Grizzetti B, Anglade J and Garnier J (2014)
50 year trends in nitrogen use efficiency of world cropping
systems: the relationship between yield and nitrogen input
to cropland. Environmental Research Letters 9(10):
105011. DOI: 10.1088/1748-9326/9/10/105011
Limon-Ortega A, Sayre KD and Francis CA (2000) Wheat
nitrogen use efficiency in a bed planting system in
northwest Mexico. Agronomy Journal 92(2): 303-308.
DOI: 10.2134/agronj2000.922303x
Parihar CM, Jat SL, Singh AK, Kumar B, Pradhan S, Pooniya V
and Yadav OP (2016) Conservation agriculture in irrigated
intensive maize-based systems of north-western India:
effects on crop yields, water productivity and economic
profitability. Field Crops Research 193: 104-116. DOI:
10.1016/j.fcr.2016.03.013
Peterson GA and Westfall DG (2004) Managing precipitation use
in sustainable dryland agroecosystems. Annals of Applied
Biology 144(2): 127-138. DOI: 10.1111/j.17447348.2004.tb00326.x
Tyrrell T (1999) The relative influences of nitrogen and
phosphorus on oceanic primary production. Nature
400(6744): 525. DOI: 10.1038/22941
Unger PW and Jones OR (1998) Long-term tillage and cropping
systems affect bulk density and penetration resistance of
soil cropped to dryland wheat and grain sorghum. Soil and
tillage research 45(1-2): 39-57. DOI: 10.1016/S01671987(97)00068-8
Zhang S, Shan L and Deng X (2002) Change of water use
efficiency and its relation with root system growth in
wheat evolution. Chinese Science Bulletin 47(22): 1879.

This paper can be downloaded online at http://ijasbt.org&http://nepjol.info/index.php/IJASBT

66

