
Agricultural Water Management 97 (2010) 1923–1930

Contents lists available at ScienceDirect

Agricultural Water Management

journa l homepage: www.e lsev ier .com/ locate /agwat

Effects of irrigation strategies and soils on field grown potatoes:
Yield and water productivity

Seyed Hamid Ahmadia,b,∗, Mathias N. Andersenb, Finn Plauborgb, Rolf T. Poulsenb,
Christian R. Jensenc, Ali Reza Sepaskhahd, Søren Hansena

a Agrohydrology Group, Department of Basic Sciences and Environment, Faculty of Life Sciences, University of Copenhagen, Denmark
b Crop Production Group, Department of Agroecology and Environment, Faculty of Agricultural Sciences, University of Aarhus, Denmark
c Crop Science Group, Department of Agriculture and Ecology, Faculty of Life Sciences, University of Copenhagen, Denmark
d Department of Irrigation, Faculty of Agriculture, Shiraz University, Shiraz, Iran

a r t i c l e i n f o

Article history:
Received 24 April 2010
Accepted 12 July 2010
Available online 6 August 2010

Keywords:
Potato tuber yield
Water productivity
Partial root-zone drying irrigation
Deficit irrigation
Full irrigation
Soil textures

a b s t r a c t

Yield and water productivity of potatoes grown in 4.32 m2 lysimeters were measured in coarse sand,
loamy sand, and sandy loam and imposed to full (FI), deficit (DI), and partial root-zone drying (PRD)
irrigation strategies. PRD and DI as water-saving irrigation treatments received 65% of FI after tuber
bulking and lasted for 6 weeks until final harvest. Analysis across the soil textures showed that fresh
yields were not significant between the irrigation treatments. However, the same analysis across the
irrigation treatments revealed that the effect of soil texture was significant on the fresh yield and loamy
sand produced significantly higher fresh yield than the other two soils, probably because of higher leaf
area index, higher photosynthesis rates, and “stay-green” effect late in the growing season. More analysis
showed that there was a significant interaction between the irrigation treatments and soil textures that
the highest fresh yield was obtained under FI in loamy sand. Furthermore, analysis across the soil textures
showed that water productivities, WP (kg ha−1 fresh tuber yield mm−1 ET) were not significantly different
between the irrigation treatments. However, across the irrigation treatments, the soil textures were
significantly different. This showed that the interaction between irrigation treatments and soil textures
was significant that the highest significant WP was obtained under DI in sandy loam. While PRD and
DI treatments increased WP by, respectively, 11 and 5% in coarse sand and 28 and 36% in sandy loam
relative to FI, they decreased WP in loamy sand by 15 and 13%. The reduced WP in loamy sand was due
to nearly 28% fresh tuber yield loss in PRD and DI relative to FI even though ET was reduced by 9 and 11%
in these irrigation treatments. This study showed that different soils will affect water-saving irrigation
strategies that are worth knowing for suitable agricultural water management. So, under non-limited
water resources conditions, loamy sand produces the highest yield under full irrigation but water-saving
irrigations (PRD and DI) are not recommended due to considerable loss (28%) in yield. However, under
restricted water resources, it is recommended to apply water-saving irrigations in sandy loam and coarse
sand to achieve the highest water productivity.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Potato production ranks fourth in the world after rice, wheat,
and maize with the production of 321 million tones from 19.6 mil-
lion hectares (FAOSTAT, 2007). Potato production is expected to
continue to increase, providing an important source of food, nutri-
tion and income (Bowen, 2003). Due to its sparse and shallow
root system, potato is sensitive to drought stress and tuber yield
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might be reduced considerably in response to soil moisture deficits
(SMDs). Therefore, efficient and sustainable irrigation is needed to
secure high yield and quality of tuber production but critical to
reaching this the goal in many regions will be access to an adequate
water supply.

Among water-saving irrigation strategies, partial root-zone dry-
ing (PRD) is the newest innovation in deficit irrigation (DI), which
involves irrigating only one part of the root zone in each irriga-
tion event, leaving another part to dry to certain soil water content
before rewetting by shifting irrigation to the dry side. Changing
the irrigation sides in PRD induces the production of ABA-based
root to shoot signaling which may increase water productivity
through regulating crop physiological parameters (Ahmadi et al.,
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