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ARTICLE INFO. ABSTRACT

This study aimed to develop and evaluate a technical model for establishing
rainfed grape orchards based on rainwater harvesting (green water) under local
Research Paper conditions. This method was designed as an alternative to prevailing practices,
including annual rainfed wheat cultivation on sloping lands, which have
contributed to soil degradation, erosion, and inefficient use of green water
Article history resources. The model sought to minimize soil disturbance, control erosion,
. enhance rainwater capture and storage, reduce evaporation losses, alleviate plant
Received: 25 January 2026 water stress, and improve green water productivity. A four-year field experiment
Revised: 13 March 2026 was conducted from 2018-2021 in the Badranloo region (Mohammad-Ghaleh
Village), Bojnourd County, North Khorasan Province, Iran, with the active
Accepted: 21 March 2026 participation of a local farmer. Two certified rainfed grape cultivars, Torkeman-
Published online: 27 July 2026 {4 and Rashe, were compared with the traditional local cultivar, Kolahdari.
Climatic variables, including precipitation, temperature, and relative humidity,
were analyzed using data from the nearest meteorological station. Mean annual
rainfall during the study period was 188mm with a relatively favorable
distribution. To address existing gaps in green water productivity and reduce non-
beneficial water losses, an integrated rainwater harvesting package was
implemented. The package included rainwater harvesting structures, contour
trenching perpendicular to the slope, application of soil and plant mulches,
mycorrhizal inoculation to enhance root establishment, and formative pruning. Its
performance was evaluated against traditional rainfed agriculture and existing
vineyards in the region. Results showed a vine establishment rate exceeding 98%,
while annual vegetative growth ranged from 40-150 cm, indicating successful
establishment and adaptation under rainfed conditions. Significant differences in
maximum vegetative growth were observed between the improved cultivars and
the local control cultivar at the 1% probability level (p < 0.01). Although the study
period was insufficient to evaluate full economic yield, the project achieved
vigorous vegetative growth, successful summer pruning, absence of drought
Keywords: stress, implementation of the Faraz (Rosimi) training system, and improved
Contour trenching perpendicular ifarmer adoption of recommended orchard establishment practices. Green water
to slope, Evaporation, Rainfed productivity (GWP) was estimated at 221.4 and 336.2 thousand IRR m™ for
grape, Rainwater harvesting surrounding rainfed wheat and existing Kolahdari grape, respectively,
system highlighting the considerable potential for enhancing GWP through rainwater
harvesting and improved orchard management.
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EXTENDED ABSTRACT

Introduction: Green water is the largest source of fresh water for rainfed agriculture and all life on land. Green
water is the fraction of precipitation that infiltrates the soil and is available to plants. It includes the soil's water
capacity and the continuous replenishment of reserves by rainfall. With more than 6.5 million ha of rainfed
cultivation of croplands, orchards, and medicinal plants, alongside several million ha of rainfed fallow lands,
improving green water productivity is essential for sustainable agricultural development. Globally, approximately
80% of agricultural land is rainfed and accounts for 60—70% of total food production. In Iran, rainfed orchards—
including almond (81,000 ha), grape (70,000 ha), fig (47,000 ha), medicinal plants (43,000 ha), and other
species—cover more than 355,000 ha, representing 13.1% of total orchard area but contributing only 5.9% of total
orchard production (1.43 million tons). Rainwater harvesting systems, defined as techniques for collecting and
storing rainfall in soil profiles or surface/underground reservoirs, are recognized as effective approaches in arid
and semi-arid regions to reduce evaporation losses and enhance water productivity. This study aimed to (i) assess
rainfall productivity in surrounding rainfed wheat fields and existing rainfed grape orchards (Kolahdari cultivar)
and (ii) develop a technical model for constructing or improving rainfed grape orchards through rainwater
harvesting and evaporation control to enhance green water productivity.

Methodology: The current status of green water in existing rainfed grape orchards and the problems and
difficulties in improving productivity were examined. For green water exploitation in the farms of the operators,
a questionnaire and field survey were defined to include the characteristics of the operator, the characteristics of
the farm production, the amount and yield, and the amount of gross income. This four-year on-farm field study
(2018-2022) was conducted in the Badranloo region of Bojnourd County, North Khorasan Province, Iran, with
farmer participation. Two certified rainfed grape cultivars (Torkeman-4 and Rashe) approved by the provincial
research center were compared with the conventional regional cultivar (Kolahdari). A comprehensive rainwater
harvesting package was implemented, including contour trenching perpendicular to the slope (1.5 m depth, 0.9 m
width), gradual partial backfilling for runoff management, soil and plant mulching, mycorrhizal inoculation, and
formative pruning. Seedlings were planted at 3 m x 2.5 m spacing (1,333 vines ha™'). The average annual rainfall
during the study period was 188 mm with relatively favorable distribution. Climatic parameters and field data
(including rainfall distribution, green water productivity, and vegetative growth) were recorded and analyzed.

Results and Discussion: Water capture efficiency exceeded 98%, and annual vegetative growth ranged from 40
to 150 cm, indicating successful establishment and adaptation under rainwater harvesting conditions. Significant
differences (p < 0.01) were observed between improved cultivars and the conventional control in maximum
growth rate. Although the study period did not allow for full economic yield assessment, results demonstrated
favorable vegetative performance, absence of summer drought stress, successful summer green pruning, and
progress toward implementation of the Faraz (Rosimi) training system. Importantly, farmer adoption of standard-
based orchard establishment practices improved markedly. Based on field observations (research findings), one
of the main reasons for the decline or insufficient growth of dryland almond trees was inappropriate substrate and
lack of deep root development. The collection, conduction, and storage of moisture through the rainwater
harvesting system in these canals, along with the deep development of grape roots, ensured that the water needs
of grape seedlings were met without restriction. In addition, under dryland conditions, excessive vegetative growth
is prevented, maintaining a balance between the amount of soil moisture absorbed by the roots and the amount of
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transpiration by the foliage; an imbalance between absorption and transpiration will certainly cause damage and
even decline in the trees.

Conclusion: The research successfully established a rainfed grape orchard model, as evidenced by an attraction
rate exceeding 98% and annual tree growth of 40-150 cm. The new grape varieties exhibited a significantly higher
maximum growth rate than the control grapevines (Kolahdari variety) at the 1% statistical level. Although the
research timeframe did not allow for the measurement of economic yield, several key achievements were realized:
favorable growth conditions, successful summer green pruning, and no signs of summer stress, progress in
implementing the Faraz (Rosimi) plan, improved operator practices, and full compliance with established orchard
establishment criteria. A comparison of green water productivity reveals substantial local potential. Gross
productivity per cubic meter stands at 221,000 IRR for peripheral dryland wheat fields and 2,336,000 IRR for
existing dryland grape orchards (Kolahdari variety). This tenfold difference underscores the opportunity for
improvement. Given the superior growth rates observed under closed green water management—achieved
through adherence to technical criteria, rainwater harvesting, and evaporation control—establishing or upgrading
dryland vineyards with new varieties (Torqueman 4 and Rashe) promises to significantly enhance green water
productivity and economic returns.
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Figure 1- Location of research implementation
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Table 1- Soil sample test results

Parameter Unit Soil sample results Critical limit
Clay % 36 -
Sand % 40 -
Silt % 24 -
Texture - CL -
Soil pH - 7.23 <75
Soil electrical conductivity (EC) ds m! 0.64 <2
Total Neutralizing Value (TNV) % 18.75 <15
Organic carbon (OC) % 0.78 >1
nitrogen (N) % 0.16 >1
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Table 2- Some of research activities

No. Parameter / Characteristic Description

Slope of the

1 implementation site Slope of about 20 % (11.3 °C)
. Row spacing was 3 m and row spacing was 2.5 m with a density of 1333 seedlings per ha.
2 g(le?g?tgg arrangement and Grapes of the Turkman 4 variety were planted in 33 rows with 12 seedlings in each row, and
for Rashe grapes, 28 rows with 28 seedlings in each row were planted.
3 Cultivation channel Creating a channel 1.5 m deep and 90 cm wide perpendicular to the slope using an excavator
specifications with the aim of crveating an opportunity for rainfall to infiltrate.
Grape varieties of The dominant dry-land grape variety'in the region (Shahed), a local variety of Kolahdari
4 treatment and control In one heptare of the farm, the area is equal to 3 thousa_nd square meters for the Turkman 4
grape variety and 7 thousand m? for the Rashe grape variety
5 Soil composition of the  High-quality topsoil (mixed with rotted manure and mycorrhizal fungi at a rate of about 70 gr

substrate in the treatment per tree) was used to fill the holes.

Rainwater harvesting
approach for greater

6  runoff volume and
storage at the foot of the
seedling

Reducing the runoff threshold and increasing the runoff coefficient, plus improving the runoff
surface condition

Rooted cuttings of new grape varieties (Rashe and Turkman 4) were transferred to the

implementation site in March 2018 and planted.

These seedlings were one year old at the time of planting and their height was about 40 cm.
7  Other activities For disinfection, the grape roots were placed in a pralinage solution.

Since the soil moisture was not sufficient at the time of the transfer of standard rooted

seedlings (provided from an authorized nursery) in late March, in order to prevent the roots

from absorhing moisture into the soil, 20 L of water were applied per seedling.
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Figure 2- Annual precipitation during the years 1992-2022 and comparison of each with the long-term
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Figure 3- Yearly precipitation distribution in Bojnord, 2018-2022
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Figure 6- Changes in average annual maximum Figure 5- Monthly temperature changes (average,
temperature minimum, maximum, absolute minimum and absolute
maximum)
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Table 3- Current indicators of rainfed agricultural lands in the research area (wheat fields in two modes of
conventional cultivation and superior crop management)

Wheat Farm
1 2 3 4 5 6 7
WV Aza? kohdasht Local Local Local Aza? Local Mean
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 14286
P 1500 3200 1800 1500 800 1200 600 -
Y 1000 800 900 750 800 1200 600 864
F-GWP 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
TGI 150 124 132 99.5 119 166 79 128
E-GWP 55350 45756 48708 36716 43911 61254 29151

WV= Wheat variety, SR=Seed rate (kg ha™'), CR= Crop rotation, A= Area (ha), P= Production (ton), Y=Yield (kg ha®), F-GWP= Physical
Green Water Productivity (kg m=), GI= Gross income (10° IRR ha''), SI= Second income (Straw) (10° IRR ha'), TGI= Total gross income
(10°1RR), E-GWP= Economical Green Water Productivity (IRR ha*), *= The price of 1401
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Table 4- Indicators for existing old and newly constructed rainfed grape orchards

GV Kolahdari - Razeghi Kolahdari
1 2 3 4 5 6 7
YGB 1380 1370 1358 1358 1357 1357 1355
GA 1850 1000 1600 2500 1600 1500 1200
Y 9 4 6 7.5 12 11 5
F-GWP 3.32 1.48 2.21 2.77 4.43 4.06 1.85
Gl =® 1080 480 720 900 1440 1320 600
E-GWP 398524 177122 265683 332103 531365 487085 221402
Kolahdari
8 9 10 11 12 Mean
YGB 1369 1383 1360 - 1365 -
GA 2500 2500 2000 2500 1300 1838
Y 5.6 10 7 4 10 7.8
F-GWP 2.07 3.69 2.58 1.48 3.69 2.88
Gl =® 672 1200 840 480 1200 911
E-GWP 247970 442804 309963 177122 442804 336162

GV= Grape variety, YGB= Year the garden was built, GA= Garden density, Y = Yield (kg ha’'), F-GWP= Physical Green Water Productivity
(kg m®), GI= Gross income (10° IRR ha*), ERWP= Economical Green Water Productivity (IRR ha*), *= The price of 1401
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Table 5- Statistical indices for treatments and check

Grape variety N Mean SD RMS CcVv
Rashe 100 96.76 28.95 100.96 0.299
Torkman 4 100 102.93 30.0 107.17 0.299
Check (Kolahdari) 20 48.9 16.8 51.57 0.344
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Table 6- Statistically significant between treatments and check

standard 99 7confidence interval of this difference
t df P value error of n
difference Max Min
Rashe - Check 7.18 118 0.0001 6.7 34.6 61.1
Torkman 4 - Check 7.80 118 0.0001 6.93 40.3 67.8
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Figure 11— Costs of constructing a rainfed runoff garden
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Figure 12- Rainfed grape (Kolahdari var.) under traditional management
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Figure 13- Annual growth of rainfed grape (Rashe & Torkman4 var.) under water harvesting management
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Figure 14- Annual growth of rainfed grape (Rashe & Torkman4 var.) and their planting place
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Figure 15- Extensional activity and field day for farmers
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