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Abstract

Background and Objectives:

In arid and desert regions, the irregular spatial and temporal distribution of precipitation
results in substantial seasonal floodwater losses, primarily through evaporation and
uncontrolled runoff. At the same time, limited availability of suitable agricultural land
and irrigation water imposes major constraints on livestock feed production. Therefore,
developing innovative approaches adapted to the natural conditions of arid
environments is essential for efficiently utilizing the potential of sediment-laden
floodwater generated in ephemeral rivers. Floodwater harvesting and spreading can
provide an opportunity to utilize this otherwise lost water and sediment resources for
forage production in marginal and desert lands.

Materials and Methods:

This study was conducted at the Miankouh Flood Spreading Station to evaluate the
effects of flood irrigation and flood-borne sediment deposition on the establishment,
growth, and forage production of Alhagi camelorum. Following the preparation of
appropriate technical conditions for uniform floodwater distribution and prevention of
prolonged waterlogging, A. camelorum seeds were established and grown in sediment
deposited behind the embankments. After the thorny shrubs were fully established,
canopy cover, plant density, and forage production were measured using 1 X 1 m
quadrats. Thirty quadrats were systematically established along three transects parallel
to the embankment, while 10 quadrats were established in adjacent A. camelorum stands
outside the flood-irrigated area and used as controls. Measurements were conducted
over three consecutive years (2022, 2023, and 2024), and the data were statistically
analyzed. Forage samples produced under flood-irrigated and control conditions were
collected according to standard sampling procedures and analyzed in the laboratory to
determine their major nutritional quality components. The economic feasibility of
forage production under flood-irrigation conditions was also evaluated and compared
with conventional forage production using engineering economic analysis.
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Results:

The results showed that differences in forage production and canopy cover among
treatments and years were significant at the 1% probability level, whereas plant density
differed significantly at the 5% probability level. Forage production during the first year
of establishment was 1.83 t ha™!, increasing to 7.39 t ha™' of dry forage in the third year
following full establishment of the shrubs and appropriate floodwater application.
Comparison of forage quality under flood-irrigated and control conditions showed a
significant increase in crude protein content, reaching 14.33% under flood-irrigation
conditions, which was comparable to the protein content reported for conventional
forage crops such as alfalfa. The economic analysis indicated a benefit—cost ratio of 1.4,
demonstrating that each 1 Iranian rial invested in flood-based cultivation of A.
camelorum generated approximately 1.4 Iranian rials in economic benefits.

Conclusion:

The findings demonstrate that the potential of seasonal sediment-laden floods, which are
otherwise largely lost through evaporation and uncontrolled runoff, can be effectively
utilized for forage production on desert and sandy lands. Under appropriate floodwater-
spreading conditions, the drought-tolerant species Alhagi camelorum can produce
economically viable forage with satisfactory quantitative and qualitative characteristics.
Therefore, integrating floodwater harvesting with the cultivation of drought-adapted
forage species such as A. camelorum represents a promising approach for improving
forage availability, utilizing marginal lands, and enhancing the productive capacity of
arid and desert ecosystems.

Keywords: Desert forage plants, dry and desert climate, economic forage production, mud
floods.
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Figure 1- Location of the Miankuh watershed and station
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Table 1- Precipitation and flooding statistics during the monitoring period

Year Rainfall Amount Climate Condition Flood Volume Flood Duration Flood Discharge ~ Number of Flood
(mm) (SPI Index) (m3) (Hours) (m3/s) Events
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Figure 2- Stages of redesigning the floodwater spreading network for Alhagi flood farming
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Figure 4-Desiccation of camelthorn bushes due to
waterlogging
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Figure 3- Height reduction of spreading gates
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Table 2- Comparison of soil texture and permeability factors between the floodwater spreading and the control

PARAMETER CONTROL SITE FLOODWATER SPREADING PERCENTAGE CHANGE
Clay Percentage (%) v/# \Y/Y +/¥Y
Sand Percentage (%) AY/¥ vY/Y A
Silt Percentage (%) A \oO/f +7.43\
Permeability (mm/min) VARS -/-f4 —/AY
|
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Figure 5-Mixing of flood-borne sediments with the surface gravel of the spreading area using shallow plowing
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Table 3— Mean vegetation indices of camelthorn during inventory years in the flood-spreading and control areas

Control Flood-Spreading Year Vegetation Indicators
4.48 41.76 2022 (1401)
8.96 38.68 2023 (1402) Canopy Cover (/)
11.07 70.07 2024 (1403)
1.4 1.79 2022 (1401)
1.53 1.8 2023 (1402) Density (plants/m?)
1.54 1.46 2024 (1403)
0.155 1.83 2022 (1401)
0.147 1.07 2023 (1402) Production (tons/ha dry matter)
1.17 7.39 2024 (1403)
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Table 4- Mean vegetation indices during the monitoring years under flood irrigation and control conditions

(\F-N)Y-vY (\F-Y) Y-y (\F-¥)Y-YY
Parameters Treatment Replications . Confidence Confidence
Confidence
Mean Mean Level (p Mean Level (p
Level (p value)
value) value)
Vegetation Cover P i .
0 Flood Irrigation 30 41.76 0.028% 38.68 0.003** 70.07 0.002%*
’ Control Site 10 4.48 8.96 11.07
Density Flood Irrigation 30 1.79 0.42% 18 0.449% 1.46 0.01*
(plants/m2) . ' ' '
Control Site 10 1.4 1.53 1.54
Production Flood Irrigation 30 1.83 0.002%* 1.07 0.001** 0.002°*
(tons/ha) ' ' '
Control Site 10 0.155 1.147 1.17

2o\ s me CL.N 53 sl ** ao 530 Sl sme CL.W 55 sl Fls sae ol pas NS
ns: Not significant; * Significant at the 5% level (p < 0.05); ** Significant at the 1% level (p < 0.01).
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Table 5-Comparison of the nutritional value of camelthorn (Alhagi) forage under flood irrigation and control
conditions

Crude Protein

Sample Type(Camelthorn Forage)  Dry Matter (%) %) Crude Fat (%)  Crude Ash (%)  Gross Energy (cal/g)
Control 95.52 9.66 1.37 7.5 4637
Flood Farming 96.05 14.33 0.94 10.7 4589.6
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Table 6-Camelthorn Cultivation and Harvesting Costs per Hectare (Thousand Rials)

Year Planting Cost Harvesting Cost Unforeseen Expenses (10%) Total Cost
2022-2023 (1401) 78300 143000 22130 243430
2023-2024 (1402) 42600 188000 23060 253660
2024-2025 (1403) 55450 238000 29345 322795
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Table 7-Gross Income from Camelthorn Forage per Hectare (Thousand Rials)
Year First Harvest Second Harvest / Total Forage Forage Price Gross Income
/ Cut (Tons) Cut (Tons) (Tons) (Thousand Rials/Ton)

2022-2023 (1401) 3.6 2.7 6.3 42000 264600

2023-2024 (1402) 35 2.4 5.9 54000 318600

2024-2025 (1403) 4.5 3.4 7.9 78000 616200

A, e S B Sl i) s ane b i) ael s Jl 50 A Jsae

Table 8— Present Value of Income, Present Value of Cost, and Net Present Value per Hectare of Camelthorn

PV income PV cost

NPV BCR

Present Value of Income Present Value of Cost

731163.8631 522419.9842

Net Present Value

Benefit-Cost Ratio

208743.8789 14
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