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Abstract

Background and Objective

The history of using American mesquite (Prosopis juliflora) for desertification control especially
sand stabilization in Iran, is long. Considering the non-native nature of this species, attention
should be paid to its ecological requirements, especially water needs or evapotranspiration (ET).
This can contribute to the sustainability of sand stabilization programs and fine dust control and
play an influential role in ecosystem development. Determining plants' evapotranspiration rates
through lysimetry is one of the most accurate direct measurement methods.

Methodology

The experiment using weighing and drainage lysimeters began in 2021 by planting seedlings
inside lysimeters located at the Yazd Shahid Sadoughi Desert Research Station. It continued for
two years. Nine lysimeters with a volume of 1.95 m3 (height: 170 cm, diameter: 121 cm) and a
surface area of 1.15 m2 were used. The ET rates and the crop coefficient (Kc) of Prosopis juliflora
were studied under different soil moisture levels, including field capacity (no stress), 67% of field
capacity (mild stress), and 34% of field capacity (severe) for various growth stages. Irrigation was
performed by drip irrigation based on a fraction of field capacity with an appropriate number of
droppers calculated for each treatment. For field capacity, 67% and 34% of field capacity
treatments, 6, 4, and 2 droppers with an 8 liters per hour flow rate were used, respectively. Each
treatment was irrigated twice with the appropriate amount of water based on soil moisture levels.

Results

The results showed that Prosopis juliflora, under lysimeter conditions and the local climate, had
an annual ET rate of 496.5 mm and a Kc 0.21. These values for the 67% and 34% field capacity
treatments were 445.4 mm with Kc 0.18 and 275.2 mm with Kc 0.11, respectively. The ET rates
of Prosopis juliflora at different growth stages revealed that the highest ET occurred during the
development period of 124 days. This corresponds to rapid shoot, branch, and leaf growth. The
ET rates in different irrigation regimes for field capacity, 67%, and 34% of soil moisture were
322.1 mm, 281.7 mm, and 158.3 mm, respectively. The lowest ET rate was associated with the
final growth stage. The Kc for various growth stages in the field capacity treatment were 0.19,
0.24, and 0.14 for the first, second, and third growth periods, respectively. Under these conditions,
a sigmoid growth curve (initial growth, development, and end of growth) can be defined for this
plant.
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Conclusion

It is recommended for afforestation with this species in Iran's southern regions, considering its
optimal planting density to reduce competition. It is also recommended to pay attention to its ET
rate, especially during the hot months of the year when it can exceed 2.5 mm per day. By
examining and calculating the ET rates of mature trees with appropriate efficiency in sand
stabilization and dust control, it was found that to create a canopy cover area, as mentioned, it is
necessary to have 4846 m3 of water per hectare (equivalent to 484.6 mm per year) available to
the plant. In other words, with this amount of ET, the plant can expand its canopy cover area to
19.5 m2 and, with 155 individuals per hectare (8x8 meters), cover 30% of the area, which is
suitable for sand stabilization.

Keywords: Dedesertification, optimal density, afforestation, growth stages, water requirements.
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Table 1- Ecological conditions of Yazd lysimeter experiments research site
Longitude 54°11°9” Annual average relative humidity in the morning (%) 57
Latitude 3204307 Annual average relative humidity in the evening (%) 38/5
Average annual rainfall (mm) 70 Average annual temperature (0°) 18
Maximum wind speed (km/h) 120 Absolute minimum annual temperature(o°©) -135
Annual average sunny hours 3052 Absolute maximum annual temperature (0°) 45/5
Annual average number of freezing 73 The climate of the region is based on the modified Very dry and
days Dumarten method cold
Annual average evaporation (mm) 3207/4

from (class A evaporation pan)
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Table 2- Some soil physical characteristics in lysimeters

Electrical conductivity (ds/m) 4.8
Saturated soil paste (pH) 7.1
Neutralizing materials (%) 24.87
Specific gravity 1.58
Sand (%) 69.7
Silt (%) 12.3

Clay (%) 18
Organic carbon (%) 9.5
Volumetric moisture in field capacity (%) 27.85
Weight moisture in field capacity (%) 17.30
Texture loam-sandy
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Table 3- Volume of water consumed (ET) in the first year by seedlings of Prosopis juliflora at different levels of
soil moisture and calculated of ET (hectare)”

Evaptranspiration in
field capacity

Evaptranspiration in 67% of field

Evaptranspiration in 34% of field

capacity capacity

Cubic meter

Liter per tree
per hectare

Liter per tree

Cubic meter Cubic meter

Liter per tree
per hectare

per hectare

March 34 5.27 23 3.56 11 1.71
April 57 8.84 42 6.51 32 4.96
May 87 13.48 75 11.62 41 6.35
June 191 29.60 145 22.47 90 13.95
July 392 60.76 269 41.69 134 20.77
August 531 82.30 347 53.78 215 33.32
September 534 82.77 373 57.81 213 23.01
October 358 55.49 250 38.75 140 21.70
November 187 28.98 135 20.92 85 13.17
December 110 17.05 77 11.93 43 6.66
January 50 7.75 35 5.42 15 2.32
February 50 7.75 35 5.42 15 2.32
Total 2584 400.5 1806 279.93 1034 160.27

*[t is calculated based on the number of 155 trees per hectare
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Table 4- Volume of water consumed (ET) in the second year by Prosopis juliflora seedlings at different levels of
soil moisture and calculated of ET (per hectare)”

Evaptranspiration in Evaptranspiration in 67% of field Evaptranspiration in 34% of field
field capacity capacity capacity
Liter per tree cubic meter Liter per tree cubic meter Liter per tree cubic meter
per hectare per hectare per hectare
March 40 6.20 30 4.65 20 3.10
April 82 12.71 60 9.30 45 6.97
May 125 19.37 112 17.36 59 9.15
June 274 42.47 208 3224 104 16.12
July 560 86.80 384 59.52 192 26.76
August 759 117.64 496 76.88 248 38.44
September 763 118.26 518 80.29 268 4154
October 512 79.36 358 55.49 192 29.76
November 324 50.22 185 28.67 110 17.05
December 181 28.06 130 20.15 85 13.17
January 75 11.62 55 8.52 35 5.42
February 60 9.30 45 6.97 30 4.64
3755 582.10 2581 400.10 1388 215.14

*[t is calculated based on the number of 155 trees per hectare
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Table 5- Monthly average of ETo , ETc, plant evapotranspiration with 30% canopy cover and Kc in lysimeter

condition

Potential Plant Plant Plant Plant Coefficient
Evaptranspiration Evaptranspiration Evaptranspiration Coefficient (Kc)

(mm) (mm) with 30% cover (Kc) with 30% cover
March 153.40 45 6.04 0.13 0.04
April 212.20 50 11.61 0.18 0.05
May 241.20 55 15.14 0.21 0.06
June 313.50 56.37 16.94 0.18 0.05
July 337.30 71.93 21.57 0.21 0.06
August 313.40 80.52 24.14 0.26 0.08
September 238.90 70.39 21.12 0.30 0.09
October 172.20 42.90 12.87 0.25 0.07
November 106.90 10.10 7.87 0.24 0.07
December 101.20 6.61 4.40 0.15 0.04
January 81.40 3.88 1.83 0.07 0.02
February 100.20 3.88 1.46 0.04 0.01

Total 2371.70 496.58 145

Average 0.21 0.06
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Figure 1 - The three stages of vegetative growth of Prosopis juliflora under the influence of soil moisture levels
and in the climatic conditions of the experiment site
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Figure 2- ETc of different growth stages of Prosopis juliflora under the influence of different soil moisture levels
in lysimeter conditions (numbers of each point are related to 30-day periods which are cumulatively calculated)
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