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ABSTRACT

Agricultural society’s attitude toward the application of irrigation methods is due to the ability of these

methods to reduce water waste, increase water use efficiency and decrease leaching of nutrients. These features

of irrigation methods not only increase water availability for irrigation, but also decrease the growers' concerns

over water and soil pollutions. In 2007 and 2008 open field experiment was carried out at the southeast of Iran,

to study potato growth and yield under conventional irrigation (CI) and partial root zone drying (PRD), and

4 2 4 4 2 4various sources of nitrogen fertilizer (without fertilizer, (NH ) SO  at high level, (NH ) SO  at common level

3 2and Ca(NO ) ) application at tuber initiation stage. Results indicated that PRD - irrigated plants were superior

for most of the studied parameters compared to CI. In most treatments, the plants that irrigated with PRD

without any nitrogen application were better according to the traits including stem number, shoot fresh and dry

weight, root fresh weight, leaf area, tuber number, yield fresh and dry weight, total soluble solid (TSS) and

tuber test. Our results suggest that the PRD irrigation system might become an alternative in large potato

producing areas in the world, where water is limiting and where salinity might become a problem. This method

can improve the potato tuber yield and its quality, and on the other hand, increase water use efficiency and

consequently save large amount of water.
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Introduction

In world food production, potato (Solanum tuberosum  L.) is the fourth most important crop after wheat,

rice and maize (FAO, 1995). Increasing population, global climate changes, other non-agricultural water uses,

increased demands for irrigation and reduced precipitation have caused pressure on natural resources including

water particularly in dry and semi-dry lands. Thus, great emphasis is placed on crop management for dry

conditions with the aim of increasing water use efficiency (Bacon, 2004). Drought is one of the most common

environmental stresses that limit agricultural production worldwide. Many vegetable crops, including potato,

have high water requirements and in most countries, full or supplemental irrigation is necessary for successful

vegetable production.

Several approaches to deficit irrigation (DI) have aimed to increase crop water use efficiency, including

regulated deficit irrigation (RDI) and partial root-zone irrigation (PRI) or partial root-zone drying (PRD) have

been proposed as an agronomic practice for more efficient use of the limited water resources (Dry and Loveys,

1998; Kang et al., 1998; Kang and Zhang, 2004; Kirda et al., 2004; Mingo et al., 2004; Zegbe et al., 2004).
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Regulated deficit irrigation irrigates the entire root zone with an amount of water less than the potential
evapotranspiration and minor stress that develops, has minimal effects on the yield (English et al., 1990).

Regulated deficit irrigation has proved successfully with a number of crops; however, it has been difficult to
manage in potatoes (Lynch et al., 1995). Partial root-zone drying is an irrigation technique where half of the

root zone is irrigated while the other half is allowed to dry out. The treatment is then reversed, allowing the
previously well-watered side of the root system to dry while fully irrigating the previously dry side. Compared

to RDI, implementing the PRD technique is simpler, requiring only the adaptation of irrigation systems to allow
alternate wetting and drying of part of the root zone (Loveys et al., 2000). According to Matthewas and

Anderson (1988), RDI significantly limited leaf growth and this treatment generally resulted in yield reduction
in Vitis vinifera L. Partial root-zone drying can be applied in two ways, i.e. fixed partial root-zone irrigation

(FPRI) where only one side is irrigated and alternate partial root-zone irrigation (APRI) that the opposite sides
are irrigated alternatively (Hu et al., 2009).  Much of this work has been motivated by assigning significance

to an understanding of root-to-shoot communication of soil water deficit and its manipulation to reduce the
amount of water used to irrigate crops.

Recent PRD studies conducted on field-grown maize (Kang et al., 2000), pot-grown pepper (Kang et al.,
2001) and pear orchard (Kang et al., 2002) showed that PRD can increase irrigation water use efficiency with

no significant reduction in crop yield. Also many studies demonstrated that PRD has the ability to improve
the quality of several species; including potato (Shahnazari et al., 2007), maize (Hu et al., 2009), tomato

(Zegbe-Dominguez et al., 2003; Zegbe et al., 2006), sugar beet (Sepaskhah and Kamgar-Haghighi, 1997),
grapes (Dry and Loveys, 2000), cotton (Tang et al., 2005), pepper (Dorji et al., 2005; Shao et al., 2008), apple

(Leib et al, 2006), and mango (Spreer et al., 2007).
Spreer et al. (2007) reported that the use of RDI on mango fruit (Mangifera indica L. cv. Ghok Anan)

resulted in yield reduction if compared with full irrigation. Liu et al. (2007) reported that parameters including
leaf area, individual berry fresh weight, fresh berry yield, berry dry weight and berry water content were lower

in DI and PRD in strawberry plants than in fully irrigated plants; whereas the total number of berries per plant
was similar among treatments.

3Ammonium and NO  can both be utilized as N sources for plant growth, but numerous studies have shown-

4that in many higher plant species, NH  as the sole source of N is deleterious to plant growth (Magalhaes and+

Huber, 1991; Schortemeyer, et al., 1997; Britto and Kronzucker, 2002; Cruz et al., 2006; Roosta and

3 4Schjoerring, 2008a). Many plant species grow best with a mixture of NO  and NH  (Gerendas and- +

Sattelmacher, 1990; Xu et al., 2001; Bialzyk et al., 2004; Roosta and Schjoerring, 2007). Plant response to

4NH  nutrition varies according to growth conditions and crop. For example, species such as rice (Britto and+

4Kronzucker, 2002) and blueberry (Claussen and Lenz, 1999) prefer NH  as the N-source, whereas wheat (Cox+

and Reisenauer, 1973), cucumber (Roosta and Schjoerring, 2008b, Roosta et al., 2009) and tomato are tolerant

4only to low NH  concentrations.+

Water shortage in soil may affect nutrient availability and absorption by plant roots. Therefore, the

combined improvement of water and nutrient use efficiencies under conditions of locally restricted irrigation
should be an important research topic (Hu et al., 2009). To study the growth and yield in potato (Solanum

tuberosum  L cv. Stamboli) at tuber initiation stage under CI and PRD with various sources of nitrogen, an
experiment was conducted in a semi arid area in Jiroft region, southeast of Iran.

Materials and Methods

Experimental location and crop establishment

The experiments were carried out in a field, located in southeast of Iran (Jiroft, 650 m above the mean

sea level, 57° 44´E and 28° 40´N). Jiroft region is a main center for out off-season (winter) potato production
in Iran. Soil analysis was preformed prior to the experimental period. EC and pH were measured in a

soil/double distillated water suspension (10:1, v/v) using pH meter (Santorious model pp-20) and EC meter
(Metrohm modal 644). Total N and organic carbon (OC) contents were measured by Kjeldal and Walky-Black

procedure, respectively. Phosphorus was measured by spectrophotometric method. The soil was sandy loam with
a pH of 7.9, an organic matter content of 0.23 %, total N 0.03 %, available P of 2.4 mg kg , and available-1

K of 210.3 mg kg (Table 1).-1

Table 1: Characteristics of the field soil.

Depth Texture Electrical pH Organic Total Available Available

conductivity carbon nitrogen phosphorous potassium

(EC×10 ) (%) (% DW) (ppm) (ppm)3

0-30 Sandy-loam 1.11 7.9 0.23 0.03 2.4 210.3
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Potato seed tubers were treated with Captan against fungal disease and preheated at 14-16 °C until 5 mm

sprouts had emerged. The tubers (with 40-50 g weight in average) were planted on 20 December 2007 at 70

cm inter row and 30 cm interplant distances. Seed tubers were ridged with 15 cm soil in prepared furrows.

Fertilizers were applied in 10 cm depth holes (2-5 cm distance from the plant) to both sides of the plants on

4 2 4 10  of March 2008. The supplied mounts were 26, 30.19 and 52 g per plant of (NH ) SO (common level),th

3 2 4 2 4Ca(NO )  (common level) and (NH )  SO  (high level), respectively. Potatoes were harvested on 13 April of

2008.

Irrigation and fertilizer treatments

The field trial was arranged as a factorial in the framework of a complete randomized block design with

4 2 4two factors, irrigation type and the nitrogen supply (without nitrogen, (NH ) SO  at high level (52 g),

4 2 4 3 2(NH ) SO  at common level (26 g) and Ca(NO ) ) at common level (30.19) with 8 replications. All plants were

fully watered (field capacity) before starting the treatments. Irrigation treatments included 1) conventional

irrigation (CI) that irrigated on both side of ridges which all water demand of potatoes were applied. Irrigation

amount calculated based on CROPWAT v. 7 software (www.fao.org). 2) Partial root zone drying (PRD)

irrigation treatment which applied 70% of CI treatment water demand in one side of ridge in each irrigation

event and reversed weekly. PRD is an innovative irrigation technique which part of the root system is slowly

dried and the remaining root kept well watered, The PRD was compared to conventional irrigation (CI) on an

early potato cultivar (4 months) grown in furrows in randomized plots. Plants were fully irrigated for 60 days

(stage of tuber initiation) and then corresponding treatments were applied. 

Measurements and methods

Fifteen parameters including plant height, stem number per plant, shoot fresh and dry weights, root fresh

and dry weights, leaf area, tuber number per plant, fresh tuber yield (g FW per plant), dry tuber yield (g DW

per plant), leaf chlorophyll a and b, and carotenoid contents (µg g FW.), and total soluble solids (TSS) of tuber-1

were measured from the onset of flowering to the end of the experiment period. Chlorophyll content was

determined by spectrophotometeric method (Saini et al., 2001). Shoots, roots and sliced tubers were oven dried

at 85 °C to determine dry weights. Leaf area was measured by leaf area meter (Delta-T. Devices LTD) and

total soluble solids were measured by Refractometer. Climate data were taken from Jiroft climate station for

CROPWAT model to calculate water demand of potatoes two times per week. Irrigation was undertaken two

times per week. Volume of entire water were measured by Parshall flume (W=2 Inch) which implement in

entrance furrow. About 15% more water applied in each time for water lost such as deep percolation.

Data analysis

The statistical design was arranged as a factorial in the framework of a complete randomized block design

4 2 4with two factors irrigation type (CI and RDI) and the fertilizer supply (non fertilizer, (NH ) SO  with high

4 2 4 3 2level, (NH ) SO  with common level and Ca(NO ) ) with 8 replications. Collected data were statistically

analyzed and means were compared using Duncan's New Multiple Range Test (DNMRT) at 5% level of

probability using SAS program.

Results and discussion

Climate conditions and irrigation

Figure 1 shows the seasonal variation of temperature in 2008. In the treatment period no rainfall was

happened. Total amount of irrigation water was 321 mm for the CI and 225 mm for PRD during the PRD

treatment period, and Etp was 227 mm. Assuming the crop coefficient (Kc) value is 1.2 for potatoes (Allen

et al., 1998) during the PRD treatment period with considering 15% water lost, the amount of irrigation in the

FI treatment equals calculated actual crop evapotranspiration (321 mm). Daily crop water use for the

pretreatment period was calculated at 154 mm, assuming the Kc value increases linearly from 0.4 to 1.2. 

Plant height and stem number per plant

The effect of the interaction between irrigation methods (CI and PRD) and nitrogen forms on plant height

4was significant but not in high concentration of NH fertilizer and irrigation methods. The tallest plants (59.6+ 
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4cm) were obtained in combination of PRD and low concentration of NH . The results indicated that the effects+

of irrigation methods on stem number per plants were significant, and plants that irrigated by PRD had more

stem compared with those irrigated by CI. The highest stem number (5.9) was obtained in plants which were

irrigated by PRD without fertilizer and it was not significant in other treatments (Table 2). 

Fig. 1: Seasonal variation of temperature in 2008.

Table 1: The effects of interaction between irrigation methods (CI, Conventional irrigation and PRD, Partial root zone drying) and

3 2 4 2 4 4 2 4 different nitrogen sources (Ca(NO ) , (NH ) SO  with comm on level, (NH ) SO with high level) on measured parameters in

potato plants.

3 2 4 2 4 4 2 4 Nitrogen sources Control Ca (NO )  (NH ) SO  with (NH ) SO with

common level high level

--------------------------- ---------------------------- --------------------------- ------------------------------

Irrigation treatments CI PRD CI PRD CI PRD CI PRD

Plant height (cm) 52.0c † 56.0b 51.4b 58.8ab 52.4c 59.6a 51.1c 50.1c

Stem number per plant 3.0b 5.9a 3.6b 5.6a 3.6b 4.5ab 3.7b 4.6ab

Shoot fresh weight (g) 203cde 303ab 178e 330a 265a-d 270a-c 185de 233b-e

Shoot dry weight (g) 19.7cde 29.7ab 17.2e 31.8a 25.4a-d 26.2abc 17.8de 22.5b-e

Root fresh weight (g) 75.0b 102.5ab 76.3b 120.0a 76.3b 97.5ab 73.8b 83.8b

Root dry weight (g) 9.8a 13.7a 9.9a 14.3a 12.8a 18.1a 9.3a 10.5a

Leaf area (cm ) 22.1abc 23.5ab 21.8abc 21.5bc 20.3c 24.0a 19.7c 20.1c2

Tuber number per plant 4.9c 7.8a 5.1c 7.3ab 6.6abc 6.5abc 5.4bc 5.0c

Fresh tuber yield 

(g FW /plant) 411c 733a 385c 518bc 444c 676ab 447c 505bc

Dry tuber yield

(g DW /plant) 79.9c 141.2a 73.8c 99.7cb 85.6c 125.5ab 85.7c 96.8c

† In each row, means with the same letter(s) are not significantly different at 5% level of probability using DNM RT.

Shoot and root fresh- and dry weight

All plants irrigated by PRD had the higher shoot fresh and dry weight. The effects of the interactions

4between the irrigation methods (CI and PRD) and low and high NH  fertilizer treatments on shoot fresh and+

dry weight were not significant. The highest shoot fresh (330 g) and dry weight (31.9 g) were observed in PRD

3treatment and with use of NO fertilizer (Table 2). The findings indicated that root fresh and dry weights were- 

affected by both the irrigation methods and the application of nitrogen fertilizer. PRD treatment with and

without nitrogen fertilizer caused increasing root fresh and dry weight, but the higher root fresh and dry

3weights were obtained in PRD treatment with the application of NO fertilizer and PRD with the use of low- 

4concentration of NH fertilizer, respectively (Table 2).+ 

Leaf area, tuber number, fresh- and dry tuber yield per plant

The effect of irrigation methods and application of nitrogen fertilizers on leaf area and tuber number

showed no particular trend. However, the highest leaf area and tuber number were observed in PRD with the

4use of low concentration of NH fertilizer and PRD treatment without fertilizer, respectively (Table 2).+ 
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The result of this study indicated that PRD and CI and application of N fertilizer had a significant effect

on fresh and dry tuber yield per plant. All plants irrigated by PRD method had higher fresh and dry tuber yield

per plant compared to CI method. The highest fresh and dry tuber yields per plant were observed in plants

irrigated by PRD without application of fertilizers (Table 2).

Chlorophyll a and b, and Carotenoids

The result of this study indicated that PRD and CI and application of N fertilizer had a significant effect

4on chlorophyll a and b. With the exception of low NH -N-treatment, chlorophyll a and b contents increased+

when PRD and nitrogen fertilizers were applied together (Fig. 2 and 3). Although, the highest carotenoids were

4observed at high NH -N fertilizer treatment, but, there was no significant difference in carotenoid+

concentrations between treatments.

Fig. 2: The effects of interaction between irrigation methods (CI, Conventional irrigation and PRD, Partial

root zone drying) and different nitrogen sources on chlorophyll a in the leaves of potato plants. Means

with the same letter(s) are not significantly different at 5% level of probability using DNMRT.

Fig. 3: The effects of interaction between irrigation methods (CI, Conventional irrigation and PRD, Partial

root zone drying) and different nitrogen sources on chlorophyll b in the leaves of potato plants. Means

with the same letter(s) are not significantly different at 5% level of probability using DNMRT.

Total soluble solids (TSS) of tubers and panel test

The comparison between irrigation methods and fertilizer supply indicated that, TSS was affected by

irrigation methods. Tubers had higher TSS under PRD treatment and absence of fertilizers (Fig. 4). Improving
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of the taste of boiled potatoes was observed in PRD treatment without fertilizer application. Ammonium

fertilizers impaired taste of boiled potato in both irrigation methods (Fig. 5).

Fig. 4: The effects of interaction between irrigation methods (CI, Conventional irrigation and PRD, Partial

root zone drying) and different nitrogen sources on total soluble solids (TSS) in the tubers of potato

plants. Means with the same letter(s) are not significantly different at 5% level of probability using

DNMRT.

Fig. 5: The effects of interaction between irrigation methods (CI, Conventional irrigation and PRD, Partial

root zone drying) and different nitrogen sources on the taste of boiled potato tubers. Means with the

same letter(s) are not significantly different at 5% level of probability using DNMRT.

Discussion

Earlier and recent comparative studies on irrigation methods in different crops have shown variable results,

undoubtedly due to myriad of factors including type of crops, location of research (greenhouse or field), length

of experimental period, geographic region, environmental parameters and cultural practices.

Plant hormones play an important role in plant growth and development. Gibberellins, Cytokinins, and

abscisic acid are the major plant growth regulators formed in the root tips and their transport to the shoot are

involved in various physiological processes. The partial root zone drying (PRD) method was reported to reduce

cytokinin production, increase ABA production, and raise the xylem pH by drying roots (Stoll et al., 2000).

Partial root zone drying could stimulate root growth and maintain constant abscisic acid signaling to regulate

shoot physiology; whereas plants under deficit irrigation, some of the roots in dry soils for long period may

die and signaling may diminish and shoot water deficits may occur (Davies and Hartung, 2004). The results
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of our experiment also showed that, PRD treatment with and without nitrogen fertilizer caused increasing root

fresh and dry weight, but the higher root fresh and dry weights was obtained in PRD treatment with the

3 4application of NO fertilizer and PRD with the use of low concentration of NH fertilizer, respectively (Table- +  

2). Nitrate uptake is sensitive to the dynamics of irrigation water in the top-soil layer. However, the drying

and rewetting cycle by PRD induced new roots, and this may make the nutrients in the soil zone more

available to the plants (Kang et al., 2001). The risk of leaching nutrients from the root zone will in most cases

4be reduced by water saving irrigation strategies (Liu et al., 2007). Interaction between high NH  and PRD on+

4roots growth was not significant (Table 2). High NH  can cause toxicity in plants and diminish shoots and+

roots growth (Roosta and Schjoerring, 2007; 2008a; 2008b). Thus, it may have reduced the positive effects of

PRD on root growth. Higher shoot growth due to PRD (Table 2) can be explained by higher root growth

induced by PRD and probably the resulting higher nutrient uptake, especially phosphorous that was low in the

soil (Table 1), and water absorption, which both are basic needs for shoot growth. Despite PRD treatment,

nitrogen fertilizers were not able to improve the plant growth. These observations might be linked to higher

soil pH and low available phosphorous, that they can be part of the reason for restriction of plant growth.

During PRD treatment, phosphorous absorption may improved by increasing of root growth (Table 2).

Although, these statement need a new experiment with plant analysis to determine the effect of PRD treatment

on phosphorous concentration in plant.      

Abscisic acid can be transported to plant reproductive structures and influence their development,

presumably by regulating gene expression that controls cell division and carbohydrate metabolic enzyme activity

under drought conditions. Abscisic acid has important role in the up- and down-regulation of acid invertase

in plant source (leaves) organs indicates a crucial role of the hormone in balancing source and sink relationship

in plants according to the availability of water in the soil (Liu et al., 2005). All potato plants irrigated by PRD

method had higher fresh and dry tuber yield per plant compared to CI method (Table 2). With an exception

4of low NH -N fertilizer, when PRD and nitrogen fertilizers applied together chlorophyll a and b increased (Fig.+

2 and 3). Increasing of chlorophyll a and b might cause higher photosynthesis and increased the yield in PRD

irrigation method.

Significant reduction in water availability for irrigation use in southeast Iran has increased the importance

of implementation of water conservation practices in agriculture. PRD involves alternate watering to each side

of the plant root system, by with each allows the plant to explore root-sourced ABA signaling water use

efficiency (Dry et al., 2000). In this experiment, 25% of water that used in CI method was saved by PRD

method.

Potato tubers had higher TSS under PRD treatment and absence of fertilizers (Fig. 4). Improving of the

taste of boiled potatoes was observed in PRD treatment without fertilizer application (Fig. 5). Shahnazari et

al. (2007) observed that, PRD had the ability to improve the quality of potato tubers.

Our results suggest that the PRD irrigation system might become an alternative in large potato producing

areas in the world, where water is limiting and where salinity might become a problem. This method can

improve the potato tuber yield and its quality, and on the other hand, increase water use efficiency and

consequently save large amount of water.
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