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1. Introduction: With the increasing world population, the need for food production has
increased. The limited water resources and environmental pollution caused by excessive
consumption of chemical fertilizer consumption have made it challenging to produce
more food. One of the ways to increase the sustainable production of agricultural
products is to focus on water use efficiency (WUE) and different sources use efficiency.
Potato (Solanum tuberosum L.) needs large quantities of nitrogen (N), potassium (K),
and phosphorus (P) fertilizers and water to achieve high yields. Availability of the inputs
needs to be adjusted to the temporally dynamic needs of the plant, but the inputs also
need to be available in the space where the crop root system can absorb them, and
conditions are conducive for root activity and nutrient uptake. These interactions are
complex, are affected by biological, physical, and chemical characteristics of soil,
demonstrate a strong impact of climatic conditions, and have a high degree of
uncertainty. Enhancing the efficiency of the consumption of the inputs is challenging.
The objectives were to study the spatial variations of important inputs such as nitrogen,
phosphorus, and potassium, and water consumption efficiencies in the potato crop in
Iran.

2. Materials and Methods: To investigate the spatial variations of water, nitrogen,
phosphorus, and potassium consumption efficiencies of potato during 2011-2020, the
research was carried out in different regions of Iran. For this purpose, the provinces that
produced more than 80 percent of the country's potatoes were determined, then in each
province, the cities that produced more than 80 percent of the potatoes were selected.
The required data were collected using recorded statistics and information, and face-to-
face interviews, and the efficiency indicators of N, P, K, and water consumption in these
areas and correlation coefficients (Pearson coefficient) between climatic parameters
(such as temperature and precipitation), tuber yield, and inputs were calculated. Data
analyzed using Sigma Plot Software.

3. Results and Discussion: The results showed that the highest nitrogen and water
consumption efficiency were observed in Bahar city of Hamadan province (with 242.71
kg tubers per kg nitrogen) and Meshkin city of Ardabil province (with 8.96 kg tubers
per m® water), respectively. The average consumption efficiency for the inputs showed
that the highest consumption efficiency of nitrogen, phosphorus, and water were
computed with 159.01 kg tubers per kg nitrogen, 177.30 kg tubers per kg phosphorus,
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and 7.15 kg tubers per m® of water in Ardabil province, respectively. The highest
efficiency of potassium use, equal to 628.27 kg tubers per kg potassium, was observed
in Kerman province. The lowest nitrogen, phosphorus, and potassium use efficiencies
were 20.54 kg tubers per kg nitrogen, 35.89 kg tubers per kg phosphorus, and 21.72 kg
tubers per kg potassium in Golestan province, respectively. The lowest water
consumption efficiency was equal to 593.0 kg tuber per m® of water, was calculated for
Kerman province. The results of the research also revealed that among different
parameters, nitrogen and water consumption efficiency had the most positive and
significant correlation with each other. Meanwhile, potassium consumption efficiency
was not significantly correlated with the efficiency of other resources. The regression
analysis between potato yield in the studied areas with climatic and agricultural
parameters also showed that the increase of nitrogen and phosphorus, respectively, had
the greatest effect on the increase of potato yield, while temperature showed the least
effect. Increasing potassium also showed a negative effect on potato yield.

4. Conclusion: Strong interactions between water and different nutrient use efficiencies are
common in many farming systems. Management operations that aim to improve WUE,
NUE (nitrogen use efficiency), PUE (phosphorus use efficiency), and KUE (potassium
use efficiency) simultaneously are more successful than those that seek to optimize these
inputs separately. The complexity of enhancing NUE, PUE, KUE, and WUE needs
integration of agronomy, breeding, and crop physiology to better understand the
interactions of the indicators and their related traits with various environmental
conditions. Sustainable intensification of agriculture should rely, therefore, on defining
management approaches towards enhancing water and nutrient use efficiency,
especially N. Considering the significant correlation of resource use efficiencies with
each other and their direct impact on potato yield, it seems that the investigation and
management of climatic factors on the improvement of resource consumption efficiency
in each region can have a significant impact on increasing the tuber yield and
consequently reducing the loss of consumption of various inputs in agricultural
ecosystems.
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Figure 2-Mean nitrogen use efficiency for potato in the main production areas in Iran
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Figure 3- Average phosphorus use efficiency for potato in the main production areas in Iran
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Ns, * and **: non-significant, and significant at 5 and 1 probability levels, respectively.
Number of variables: 47
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