[ Downloaded from jircsa.ir on 2026-02-20 ]

[ DOR: 20.1001.1.24235970.1404.13.3.5.9]

|

; J IS
{ //\

Implementation requirements for establishing rainfed almond orchard and
developing it through a rainwater harvesting system at on-farm conditions

Ali Reza Tavakoli*¥® and Seyed Reza Fatemi Motlagh?(
1. Associate Professor, Agricultural Engineering Research Institute, Agricultural Research, Education and Extension
Organization (AREEO), Karaj, Iran. Email: ar.tavakoli@areeo.ac.ir
2. Agricultural Expert, Agricultural Jihad Organization of North Khorasan Province, Email: fatemimotlaghreza@gmail.com

ARTICLE INFO

ABSTRACT

Article type:
Research Paper

Avrticle history

Received: 11 September 2025
Revised: 29 September 2025
Accepted: 08 October 2025
Published online: 12 November 2025

Keywords:

Evaporation, Green water
productivity, Rainfed, Rainwater
harvesting

To provide a correct and technical model of the construction of a rainfed almond
orchard, this field research was carried out in the agricultural year of 2018-2019 in
North Khorasan province, Bojnord region, Badranlu area, Serivan Tappe village,
and on the land of the farmer and with the participation of the farmer for 4 years.
Almond variety Faranis (Shahrood 12) with Shokofeh variety (for pollination,
which was approved by the Agriculture and Natural Resources Research Center
and has a certificate of health and authenticity, was prepared and cultivated, and
compared with local cultivars (seed-based) of the region as a control. Climate
parameters, including precipitation, temperature, relative humidity, and sunshine
hours of the nearest meteorological station, were obtained and analyzed. To fill the
holes, high-quality topsoil (combined with rotted manure and mycorrhizal fungi in
the amount of about 70 g for each tree) was used. Seedling planting criteria
(disinfection, root and top branch pruning, irrigation at the time of planting, soil
restoration) were included in the work plan according to the instructions of the
Education and Extension Institute. A rainwater harvesting system was established
by observing the reduction of the runoff threshold and increasing the runoff
coefficient, as well as the management of the runoff level. The spacing of the trees
was 6 m by 6 m and in a semi-circle with a radius of 2.5 m, with a density of 267
plants per ha. The semi-circular system was created after the planting operation.
The catch percentage (more than 98%) and the growth status of the trees (20-40
cm per year) indicate the success of the research. Comparing the rainfall
productivity in the region's rainfed wheat fields and existing rainfed almond
orchards (local variety) indicates the existence of local capacities and capabilities
in improving green water productivity for constructing or modifying rainfed
almond orchards by observing the criteria and installing a rainwater harvesting
system, deep root development (up to 100 cm), and evaporation control.
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EXTENDED ABSTRACT

Introduction: For more than 6.5 million ha of land under cultivation of rainfed crops, horticultural crops, and
medicinal plants, along with several million ha of rainfed fallow land, it is essential to adopt intelligent and wise
measures to benefit from and improve green water productivity. Globally, 80% of agricultural land is rainfed, and
60 to 70% of the world's food is produced from rainfed agriculture. About 81,000 ha of rainfed almond orchards,
about 70,000 ha of rainfed grape orchards, more than 47,000 ha of rainfed fig orchards, 43,000 ha of medicinal
plants, and thousands of ha of hazelnuts, olives, rose hips, and various medicinal plants, etc., and in total, more than
355,000 ha of rainfed orchards and medicinal plants in the country are considered as existing and tangible works of
indigenous knowledge. Rainfed orchards constitute 13.1% of all orchards in the country and, with the production of
1.428 million tons of products, they provide only 5.9% of all orchard production. Rainwater harvesting systems refer
to the process of harvesting rainwater and storing it on the ground or underground, in the soil, or in tanks for various
industrial, drinking, livestock, and agricultural uses. The collected water from rainwater harvesting systems in arid
and semi-arid regions around the world increases the amount of water use and productivity in these regions, which
is mainly based on reducing the share of evaporation losses. Climate parameters, including precipitation, temperature,
relative humidity, wind, and sunshine hours, were received from the nearest meteorological station and were under
review and analysis. This research aimed to determine the rainfall productivity in peripheral rainfed wheat fields and
existing rainfed almond orchards (local variety) and to provide a model for constructing or improving rainfed almond
orchards by observing the criteria and installing a rainwater harvesting and evaporation control system that will lead
to improving green water productivity.

Methodology: To provide a correct and technical model of the construction of a rainfed almond orchard, this field
research was carried out in the agricultural year of 2018-2019 in North Khorasan province, Bojnord region,
Badranlu area, Serivan Tappe village, and on the land of the farmer and with the participation of the farmer for
four years. Almond variety was Faranis (Shahrood 12) with Shokofeh variety (for pollination), which was
approved by the Agriculture and Natural Resources Research Center and has a certificate of health and
authenticity. It was prepared and cultivated, and compared with local cultivars (seedlings) of the region as a
control. Climatic parameters, including precipitation, temperature, relative humidity, and sunshine hours of the
nearest meteorological station, were obtained and analyzed. To fill the holes, high-quality topsoil (combined with
rotted manure and mycorrhizal fungi in the amount of about 70 g for each tree) was used. Seedling planting criteria
(disinfection, root and top branch pruning, watering at the time of planting, soil restoration) were included in the
work plan according to the instructions of the Education and Extension Institute. A rainwater harvesting system
was established by observing the reduction of the runoff threshold and increasing the runoff coefficient, as well
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as the management of the runoff level. The spacing of the trees was 6 m by 6 m and in a semi-circle with a radius
of 2.5 m, with a density of 267 plants per ha. The semi-circular system was created after the planting operation.
Results and Discussion: Based on 30 years of Bojnord meteorological station statistics, the probability of annual
rainfall of 284 mm is only 2.3%, the probability of rainfall of 256 mm is 19.4%, the probability of rainfall of 209
mm is 51.6%, and the probability of rainfall of 173 mm is about 75%. Based on the data recording, the percentage
of seedlings (over 98%) and the growth status of trees (20-40 cm per year) indicate the success of the project. Based
on field observations (research findings), one of the main reasons for the decline or insufficient growth of local
almond trees was inappropriate substrate and a lack of deep root development. Collecting, directing, and storing
moisture through a rainwater harvesting system, along with deep almond root development (up to 100 cm during the
research period) due to the creation of a suitable substrate and the use of mycorrhiza fungi, ensured that the water
needs of the trees were met without restriction. In addition, in rainfed conditions, any vegetative growth should be
prevented to maintain a balance between the amount of soil moisture absorption by the roots and the amount of
transpiration by the foliage, because an imbalance between absorption and transpiration will cause damage and even
decline of the trees. Creating a rainfed runoff garden requires the provision of inputs that require different costs for
each case. The most important cost items of constructing a rainfed orchard are digging a hole with a mechanical
excavator, improving the runoff surface and creating a rainwater harvesting system, preparing seedlings, transporting
seedlings, preparing and using rotted manure, preparing mulch (stone, plant, etc.), mycorrhiza fungi, filling the hole
and planting, watering when transporting seedlings to the original location (if needed), and unforeseen costs. One of
the approaches of this research was to introduce rainwater harvesting and green water management systems to experts
and operators in Bojnord and other cities with this potential (Esfarayn, Shirvan, and Farouj). Therefore, in addition
to expert visits to these cities, extension meetings were held with experts and farmers, and appropriate rainwater
harvesting systems for existing rainfed almond orchards and for newly constructed rainfed orchards were explained.
Conclusion: Comparing the rainfall productivity in the region's rainfed wheat fields and existing rainfed almond
orchards (local variety) indicates the existence of local capacities and capabilities in improving green water
productivity for constructing or modifying rainfed almond orchards (Almond variety Faranis (Shahrood 12 with
Shokofeh variety for pollination) by observing the criteria and installing a rainwater harvesting system, deep root
development and evaporation control.
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Figure 2— Schematic diagram of a semicircular rainwater harvesting system
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Figure 3- Annual precipitation during the years 1371-1401 and comparison of each with the long-term average
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Figure 4- Monthly precipitation distribution in Bojnord


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.3.5.9
https://jircsa.ir/article-1-595-en.html

[ Downloaded from jircsa.ir on 2026-02-20 ]

[ DOR: 20.1001.1.24235970.1404.13.3.5.9 ]

23 50
a —s—Tmax ——Tmin ——Tavg —w—Tmax-abs —w—Tmin-abs
.5 418
Y 22 10
é 30
\;L 21
,7‘\ é 20
; 20 3, N
3 w
\“g 19 18.7 s e
\iq" 18
DA R A L R R | A S R )
PSP P P %@9@@%&9@%9%&9%&' 0
NN NN RD R AT AT AT AT A AT AT N 50 Jesmsh
Al Sl (wSKile bod Ol pudi —F IS g Gllro J8las ¢ S Tas (JBlua ¢ puSlo) Aibdlo (glod Wil punds —O JSUS
Figure 6- Changes in average annual maximum temperature (3o yiS1as
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Figure 8- Average annual temperature changes Figure 7- Changes in average annual minimum temperature
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Figure 10- Changes in absolute minimum temperature over
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Figure 12- Relative humidity changes over different years
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Figure 11- Changes in sunshine hours over different years
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Table 2- Current indicators of rainfed agricultural lands in the research area (wheat fields in two modes of
conventional cultivation and superior crop management)

Farml1 Farm2 Farm3 Farm4 Farm5 Farm6 Farm7 Avg.
V Aza2 kohdasht Local Local Local Aza2 Local -
SR 150 150 200 220 200 200 200 186
CR barley fallow fallow wheat wheat barley wheat -
A 15000 40000 20000 15000 10000 10000 10000 -
P 1500 3200 1800 1500 800 1200 600 -
Y 1000 800 900 750 800 1200 600 864
RWP 0.37 0.29 0.33 0.27 0.29 0.44 0.22 0.32
Gl 130 104 117 97.5 104 156 78 112
Sl 20 20 15 20 15 10 10 16
TGl 150 124 132 99.5 119 166 79 128
ERWP 55350 45756 48708 36716 43911 61254 29151 47232

V= Variety, SR=Seed rate (kg.ha*), CR= Crop rotation, A= Area (ha), P= Production (ton), Y=Yield (kg.ha*), RWP= Rain
water productivity (kg.m3), Gl= Gross income (10°Rials.ha!), SI= Second income (Straw) (10°Rials.ha), TGI= Total gross
income (10°Rials), ERWP= Economical rain water productivity (Rials.ha'), *= The price of 1401
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Table 3- Indicators for existing old and newly constructed rainfed almond orchards
Farml Farm2 Farm3 Farm4 Farm5 Farm6é Farm7 Farm8 Farm9 Farml0  Avg.

\Y Local Local Local Local Local New New New New New
GA 20 10 10 20 8 16 15 21 16 14 16.4
GD 4x4 3x4 4x4 4x4 2x5 5x10 5x10 5x10 5x10 5x10
Y (1) Y 300 Y Y 150 450 400 460 500 500 462
Y (2) ¥ ¥ ¥ Y ¥ 400 450 400 600 450 460
Y (3) ¥ ¥ ¥ Y ¥ 550 500 550 600 550 550
Avg. Y 0 100 0 0 50 466 450 470 566 500 490
RWP 0 - 0 0 - 0.154 0.148 0.155 0.187 0.165 0.162
Gl 0 - 0 0 - 372.8 360 376 452.8 400 380
ERWP 0 0 0 - 123040 118810 124090 149440 132010 129480

V= Variety, GA= Garden age, GA= Garden density, Y (1)= Yield at first yield (kg.ha), Y (2)= Yield at second yield (kg.ha-
D, Y (3)=Yield at third yield (kg.ha*), Avg. Y= Average yield (kg.hat), RWP= Rain water productivity (kg.m=), Gl= Gross
income (10°Rials.hat), ERWP= Economical rain water productivity (Rials.ha't), *= The price of 1401, ¥= No yield
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Figure 13- Costs of constructing a rainfed runoff garden
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Figure 14- Promotional activity for the improvement of rainfed almond orchards and description of the
work process in Esfarayen
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