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Abstract

Agricultural sector in Jordan is facing serious challenges in meeting the grow-
ing needs of food security because of its low water availability. Maintaining
and enhancing agricultural water productivity under such prevailing environ-
mental constraints are hard to achieve. Potatoes water productively in Jordan
Valley was modeled using Decision Support System for Agrotechnology
Transfer (DSSAT) under six nitrogen applications (0, 60, 80, 100, 120 and 140
kg/ha) and twelve planting dates every two weeks from October 1 to March
15 scenarios. The potatoes yield increased from 0% to 100% nitrogen treat-
ment and then no considerable increase occurred. The potatoes’ crop yield
increased from October 1* to January 15 and then decreased after which until
the last day of planting date. The seasonal cumulative crop evapotranspira-
tion for potatoes about doubled from 0% to 60% nitrogen treatment and then
kept increasing gradually until the last treatment. The growing season cumu-
lative crop evapotranspiration for potatoes increased gradually from October
1 to March 1. The water productivity increased from 0% nitrogen treatment
to 100% and then decreased. The potatoes’ water productivity increased from
October 1 until November 15 and then decreased to the end. From these re-
sults, we recommend that 100% of nitrogen requirements should be applied.
The best window for potatoes’ planting date is the last two weeks in Novem-

ber.
Keywords

Deficit Irrigation, Potatoes, DSSAT, Nitrogen Application, Planting Dates,
Water Productivity

1. Introduction

Agricultural sector in Jordan is facing serious challenges in meeting the growing
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needs of food security. One crucial aspect of the challenges is water scarcity as
Jordan is the second in water scarcity worldwide [1]. Jordan has a dry climate
with low and erratic precipitation patterns thus imposing high pressures on the
limited available water resources. Maintaining and enhancing agricultural sus-
tainability and water productivity, under such prevailing environmental con-
straints, are hard to achieve especially because of the dramatic increase of the
Jordanian population in the last decade mainly related to the high national
growth rate coupled with the incoming refugees. The increasing gap between li-
mited water supply and increasing demand in Jordan requires careful policies
and programs to conserve and manage water properly. Water conservation is a
means of enhancing water availability by managing both supply and demand.
Generally, this can be addressed by enhancing the efficiency of use through the
utilization of improved water-saving technologies and management practices,
and the behavior modification of current practices through, in part, public aware-
ness programs [2].

Improving water productivity is a critical aspect of comprehensive water re-
sources management. Water productivity may be defined as the ratio between
the crop yields achieved and crop water consumption or evapotranspiration [3].
The need to increase food crop productivity to feed a growing population under
increasing scarcity of water increases the challenge of obtaining higher crop water
productivity (CWP). This challenge can be formulated into two simpler objectives:
increase crops yield and/or decrease irrigation water. The wide range of crop
water productivity offers tremendous opportunities for maintaining or increas-
ing agricultural production with 20% - 40% fewer water resources [4].

The variability of CWP can be ascribed to: climate; irrigation water manage-
ment, soil (nutrient) management and varietal improvement [5] provided sever-
al strategies for enhancement of CWP by integrating varietal improvement and
better resources management at plant level, field level and agro-climatic level.
Examples of options and practices that can be taken to increase crop yield, im-
prove drought tolerance and salinity tolerance (plant level), apply deficit irriga-
tion, adjust the planting dates and tillage to reduce evaporation and to increase
infiltration (field level), water reuse and spatial analysis for maximum produc-
tion (agro-ecological level).

Climate change has become a challenge for most countries in the world espe-
cially the developing countries and according to the fourth assessment report of
the Intergovernmental Panel on Climate Change [6]. Jordan is more vulnerable
to these changes in light of the available resources, technological and institution-
al constraints. The main reasons for the high susceptibility to climate change are
the dependency on agricultural sector, the lower per capita incomes and the low
accessibility to technology. As a result of climate change in Jordan, due to in-
creasing air temperature the agricultural water demand increases and due to de-
creasing precipitation the supply declines which enlarged the gap between water
supply and demand.

In developing countries, inappropriate agricultural practices in addition to the
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environmental impacts might be the major challenges to attain sustainable agri-
culture due to the lack of some modern agricultural knowledge of either inves-
tors or decision-makers [7]. Some of these inappropriate agricultural practices
are an incorrect selection of suitable crops and varieties, lack of awareness of
adapted management and techniques related to environmental changes, impro-
per applications of fertilizers, pesticides and irrigation water and incongruous
planning and erroneous decisions.

The generation of new data through traditional agronomic research methods
and its publication is not possible to meet the increasing needs. Traditional agro-
nomic experiments are conducted at particular points in time and space, making
results site- and season-specific, time-consuming and expensive [8]. Therefore,
using crop simulation models for predicting crop performance in different en-
vironments can be a helpful tool to attend the aims of those conventional re-
searches in shorter time and less expensive manner.

Crop simulation models are tools for research that combine soil, plant, and
climate systems together, which facilitates the understanding of the role of the
different variables and their interaction. Recently, many researches had used
these models to assess crop yield risk and the vulnerability of agriculture to climate
change [9]. The Decision Support System for Agrotechnology Transfer (DSSAT) is
a process-oriented crop simulation model for over 42 crops [10]. DSSAT simu-
lates growth, development and yield as a function of the soil-plant-atmosphere
dynamics. DSSAT is the most widely used crop simulation model in the world
[11].

Potato (Solanum tuberosum L.) is the fourth crop produced worldwide after
rice, wheat and corn with a total global potatoes production of 370 million tons
in 2019 [12]. There has been a dramatic increase in potato production and de-
mand in Asia, Africa and Latin America, where the yield rose from less than 30
million tons in the early 1960s to more than 381 million tons in 2019

(http://www.potatopro.com/world/potato-statistics). [13] showed that, for the

first time, the developing world’s potato production exceeded what was pro-
duced by the developed world. In Jordan, potatoes were the second in the area
planted to vegetable after tomatoes in 2019. In Jordan, the total area planted with
vegetables, in 2019, was 48 thousand ha. The total production of tomatoes, cu-
cumber and potatoes were 597, 103 and 379 thousand tones, respectively.

The Decision Support System for Agro Technology Transfer (DSSAT) model
was used to simulate the effects of deficit irrigation at different growth stages on
potatoes yield and productivity in Jordan Valley however other factors such as
planting date and nitrogen application were not studied [14]. A Field experiment
was carried out during 2015/2016 season at the Agricultural Research Station-The
University of Jordan in the Jordan Valley to calibrate DSSAT. The experiment
had three irrigation treatments (WI 100%, WII 75%, WIII 50%) of the readily
available water (RAW). Results of the field experiment showed that significant
differences existed between the different irrigation treatments in the tubers yield,
tubers weight, tubers number and plant height. The simulated SUBSTOR-Potato
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model of leaf area index, soil water content and tubers yield were in a close agree-
ment with the measured ones.
This study aimed to model planting dates and nitrogen applications on pota-

toes productivity in Jordan Valley.

2. Material and Methods

Jordan Valley is the major agricultural productive area in Jordan, including
crops such as vegetables, palm trees, and citrus. More than 60% of the irrigated

area in the country is located in the Jordan Valley.

2.1. Experimental Site

The study was carried out at the Agricultural Experimental Station of Jordan
University in the Jordan Valley. The Station is located at 32°50'N, 35°34'E and
255 m blow sea level. Climate is warm in winter and hot in summer. NASA
power daily minimum and maxim air temperature, relative humidity, wind
speed and solar radiation for one thirty years from 1990 to 2020 were used. The
average annual rainfall and average temperature in the study area for these years
was 368 mm/year and 19.4 C, respectively (Table 1). The high temperatures in
Jordan Valley allows for planting summer crops in winter time, leading to higher
area productivity and ability to grow more crops. Average relative humidity was
62% while average wind speed was 0.7 m/s which is low.

The soil is classified as Hyperthermic, Typic Torriorfluents [15]. The soil tex-
ture of the experimental site is sandy clay loam with a pH ranging from 7.4 to 8.1
and electric conductivity (EC) from 0.46 to 0.63 ms/cm. Field capacity ranged
from 0.285 to 0.298 while permanent wilting point from 0.129 to 0.139 cm’/cm’
(Table 2).

Table 1. Weather parameters in the experimental site.

Weather parameter Average Minimum Maximum
Precipitation (mm) 368 240 443
Temperature ("C) 194 -0.4 46.7
Relative Humidity (%) 62 10.7 98.6
Solar radiation (Mj/day/m?) 19.2 0.9 31.8
Wind speed (m/s) 0.7 0.2 2.1

Table 2. Some soil physical and chemical properties of the experimental site.

Soil depth (cm) Texture

FC (%)* PWP (%)* EC(ds/m) CaCO;(%) pH TotalN (%) PPpm Kppm

0-20 Sandy clay loam 29.3 13.9 0.467 24.9 7.4 0.45 60.7 62.4
20 - 40 Sandy clay loam 28.5 12.9 0.627 25.6 8.01 0.51 40.6 56.1
40 - 60 Sandy clay loam 29.8 13.6 0.473 24.7 8.1 0.49 42 52.1

*: volumetric basis.
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Potatoes water productively in Jordan Valley was modeled using Decision
Support System for Agrotechnology Transfer (DSSAT) version 4.7.5 under six
nitrogen applications (0, 60, 80, 100, 120 and 140 kg/ha) and twelve planting
dates every two weeks from October 1 to March 15 scenarios using the genetic
coefficients obtained from [14] study for 31 years from 1990 to 2020. 225 Kg/ha
of nitrogen was used for the 100% nitrogen treatment. Irrigation in the simula-
tion was set automatically to give enough water in order to avoid any water
stress. In the planting date simulation, 225 kg/ha of nitrogen was used which is
recommended in the area. For the different nitrogen treatments, planting date

was set for December 20. Planting density was 5.1 tuber/m”.

2.2. Method of Calculation Water Productivity

Water productivity (WP) for all treatments was calculated according to the fol-
lowing Equation (1).
WP (kg/mm) =Y (kg)/ETc(mm) (1)

where (Y) is dry weight potato yield for each treatment, (£7¢) is crop evapo-
transpiration to each treatment in mm. Water productivity (WP) describes the

relationship between production and the amount of water used.

2.3. Model Description

The DSSAT-version 4.7.5 model is a product application program that compris-
es crop simulation models for more than 40 crops (WWW.DSSAT.net). It is
used to predict crop development and growth, to help decision making. DSSAT-
v4.7.5 SUBSTOR-potato was used to simulate potato production and water
productivity. The model describes daily phonological development and growth
in reaction with factors related to weather, soil and crop management. Crop mod-
els are controlling devices that illustrate crop advancement and development as
utility of crop management, soil conditions and climate [16]. The SUBSTOR-potato
model is part of a group of crop models in the DSSAT-CSM (Decision Support
Systems for Agro-innovation Transfer—Crop Simulation Model) programming
[8] [10]. The DSSAT also has the capability to simulate changes in soil water,
carbon and N that occur during crop development phase. The DSSAT shell al-
lows the user to input, store, and output information for crop simulations, sensi-

tivity analyses, model calibrations, and model evaluation.

3. Results
3.1. Crop Yield

The potatoes yield ranged from 3002 kg/ha for 0% nitrogen treatment to 10477
kg/ha for 140% nitrogen treatment (Table 3). The potatoes yield increased from
0% nitrogen treatment to 100% nitrogen treatment and then no considerable in-
crease occurred. The potatoes yield at 80% nitrogen treatment was 3 folds the

potatoes yield at 0% nitrogen treatment while potatoes yield at 100% nitrogen

DOI: 10.4236/ajps.2022.131009

141 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2022.131009

A. Suleiman

Table 3. Nitrogen impact on potatoes yield, cumulative evapotranspiration and water

productivity.
Treatments Yield (kg/ha) evapo t:z:lirsl:iliz?izz (mm) Wate(rk};(r)rtli;c)tivity

0 3002 153 19.6

60 7832 299 29.1

80 9068 309 29.3
100 10,399 328 31.7
120 10,028 359 27.9
140 10,477 373 28.1

treatment was about 3.5 folds the potatoes yield at 0% nitrogen treatment.

Similar results were found in a two-year experiment conducted in Sicily, Italy
with three 3 N-P-K fertilization rates (low: 50, 25 and 75 kg-ha™', medium: 100,
50 and 150 kg-ha™' and high: 300, 100 and 450 kg-ha™' of N, P,O; and K,0) [17].
They found that high rate of N-P-K fertilization was the best treatment and gave
higher aboveground biomass, tuber yield, and sink/source ratio. Also, similar
findings were reported in field trials carried out at the State Priekuii Plant
Breeding Institute from 2009 till 2012 [18]. Nine fertilization treatments were
applied: no fertilization; PK dose to provide potato yield of 40 t-ha™; and the
remaining seven treatments s with a PK dose plus increasing N amount from 30
to 210 kg-ha™ by 30 increments. The results of the four-year experiment years
indicated that an increase in nitrogen fertilizer rate up to N120 kg-ha™" increased
the potato yield.

Countries with high-input agriculture, such as the USA and France can reach
an average potato yields more than double that for countries with low input [19].
Nitrogen has the highest effect on potato yield formation among all essential
macronutrients. That is why this quite increases of potatoes yield with increasing
nitrogen application until the 100% nitrogen treatment is expected because ni-
trogen is a primary macronutrient and is needed more during vegetative growth
stage and tuber bulking [17]. During the first half of the vegetation period, when
the tops grow intensively, potatoes are demanding for nitrogen. Usually, better
vegetative growth in potatoes leads to more yield and better tube bulking leads
to larger potatoes [19].

The potatoes’ crop yield went from 454 kg/ha for planting date of October 1st
to 7382 kg/ha for 15™ of January treatment (Table 4). The potatoes’ crop yield
increased from October 1* to January 15 and then decreased after which until
the last day of planting date March 15®. The potatoes yield on January 15* was
more than 16 times that on October 1.

Similar results were found in a study using SIMDualKc model to simulate the
effect of four planting dates namely 16 February, 3 March, 17 March and 1 April
on potato yields in Italy [20]. They showed that yields varied a lot with the
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Table 4. Planting dates impact on potatoes yield, cumulative evapotranspiration and wa-
ter productivity.

Treatments Yield (kg/ha) evapot:z::rllrsl;:ilrlzgz(; (mm) Wate(rkz:;c)twity
1/10 454 104 13
15/10 584 122 16
1/11 738 137 15
15/11 772 151 39
1/12 2444 176 33
15/12 4642 212 24
1/1 7131 268 18
15/1 7382 312 8
1/2 6976 337 10
15/2 7143 357 3
1/3 6671 360 3.1
15/3 5824 352 3.3

planting date with higher yields for the first two dates. In another study in Chi-
na, APSIM-Potato model was used to model the impact planting date on yield
[21]. They found that optimal planting dates were May 20 and May 30 in the,
middle and western APE, respectively. Yield of potato could be increased by
12.5% in the middle APE and 23.3% in the western APE.

In general, early planting of potato would lead to slow emergence and seedling
growth rate due to low soil temperature and may face frost while delayed plant-
ing decreases the growing season as a result of higher temperature, harvest index

and leaf area index (LAI), yield and water productivity of potato [21].

3.2. Crop Evapotranspiration

The cumulative crop evapotranspiration for potatoes ranged from 153 mm for
0% nitrogen treatment to 373 mm for 140% nitrogen treatment (Table 3). The
cumulative crop evapotranspiration for potatoes about doubled from 0% to 60%
nitrogen treatment and then kept increasing gradually until the last treatment.

In a two-year experiment conducted in Sicily, Italy, they found that irrespec-
tive of the rate of fertilization, the cumulative crop evapotranspiration was simi-
lar for the different treatments. However, for the 100% irrigation treatment, the
cumulative crop evapotranspiration significantly increased for the higher fertili-
zation rate compared to low and medium fertilization rates [17].

The cumulative crop evapotranspiration for potatoes went from104 mm for
1st of October to 360 mm for March 1 (Table 4). The cumulative crop evapo-
transpiration for potatoes increased gradually from October 1 to March 1. The
cumulative crop evapotranspiration for potatoes for March 1 was about three
and half folds that of October 1.
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Similar results were obtained for the effect of planting dates on the cumulative
crop evapotranspiration which increased with delaying planting date in all three
regions in the China study using SIMDualKc model [20].

3.3. Water Productivity

The potatoes’ water productivity ranged from 19.6 kg/mm for 0% nitrogen
treatment to 31.7 kg/mm for the 100% nitrogen treatment (Table 3). The water
productivity increased from 0% nitrogen treatment to 100% and then decreased.
The water productivity of the 100% nitrogen treatment was more than one and
half that of 0% nitrogen treatment.

In a two-year experiment conducted in Sicily, Italy, they found that water
productivity was similar for the 100% irrigation treatment for the different ferti-
lization treatments, however, it increased considerably for the higher fertiliza-
tion rate compared to low and medium fertilization for the 50% irrigation
treatments [17].

The potatoes’ water productivity went from 13 kg/mm for date of planting on
15 February to 39 kg/mm for November 15 date of planting treatment (Table 4).
The potatoes’ water productivity increased from October 1 until November 15
and then decreased to the end. The potatoes’ water productivity for November
15 was threefolds of that of October 1.

Similar results were obtained for the effect of planting dates on water produc-
tivity which increased with delaying planting date in all three regions in the
China study using SIMDualKc model [20].

4. Conclusion

The effect of different nitrogen amounts from 0 to 140 % of nitrogen require-
ments and planting dates every two weeks from October 1* to March 15™ on po-
tatoes’ water productivity was studied. The potatoes yield was lowest at 0% ni-
trogen treatment while it was at 80% nitrogen treatment 3 folds that of 0% ni-
trogen treatment while at 100% nitrogen treatment was about 3.5 folds at 0% ni-
trogen treatment. The minimum potatoes yield was at October 1st treatment and
increased more than 16 times on January 15. The cumulative crop evapotranspi-
ration for potatoes about doubled from 0% to 60% nitrogen treatment and then
kept increasing gradually until the last treatment. The cumulative crop evapo-
transpiration for potatoes increased gradually from October 1 to March 1. The
water productivity of the 100% nitrogen treatment was more than one and half
that of 0% nitrogen treatment which had the lowest water productivity. The po-
tatoes’ water productivity for November 15 was threefolds of that of October 1
which was the minim. The 100% nitrogen requirements and the last two weeks
in November as planting dates are recommended because they had the highest

yield water productivity.
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