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Abstract

Background and Objectives: Drought and desertification are among the major global ecological
challenges that significantly affect vegetation cover. Prosopis juliflora (Sw.) DC., as a highly
resilient species, has the ability to adapt to harsh environmental conditions, particularly drought.
Identifying the mechanisms underlying drought tolerance in this species can support its
management in desertification control programs, sand stabilization, and dust storm mitigation.
Therefore, this study aimed to investigate the effects of deficit irrigation (drought stress) under
irrigation water salinity of 7.2 dS/m on water-relation traits and morpho-physiological
characteristics of P. juliflora under lysimetric conditions.

Methodology: The experiment was conducted at the Shahid Sadoughi Yazd Desertification
Research Station, Yazd Province, Iran, using nine weighing and drainage lysimeters, each with a
volume of 1.95 m3. The lysimeter soil was analyzed and prepared with respect to texture,
compaction, and field capacity. Irrigation treatments consisted of a control (100% field capacity),
30% deficit irrigation, and 60% deficit irrigation, applied from seedling establishment in April
2021 for a period of two years. Evaluated parameters included canopy volume and dry weight,
root dry weight, shoot-to-root ratio, leaf relative water content (RWC), water potential, water use
efficiency (WUE), and concentrations of photosynthetic pigments, including total chlorophyll,
chlorophyll a, chlorophyll b, and carotenoids. Canopy volume was estimated using measurements
of tree height and canopy diameter. Plant dry weights were determined after oven-drying at 70°C
for 48 h. Leaf RWC and water potential were measured using standard procedures. Water use
efficiency was calculated as the ratio of produced dry biomass to plant evapotranspiration. Data
were analyzed using a completely randomized design with three replications in SAS statistical
software.

Results: Deficit irrigation treatments significantly affected the growth and physiological
characteristics of P. juliflora. Evapotranspiration decreased by 61.7% under 60% deficit irrigation
compared with the control, accompanied by a 37.5% reduction in canopy area, indicating that
vegetative growth was significantly affected (P < 0.01) by severe drought stress. Shoot and root
dry weights also declined significantly (P < 0.01), with reductions of 60.8% and 54.2%,
respectively. The shoot-to-root ratio changed significantly (P < 0.01), reflecting greater allocation
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of resources to root development and enhanced water acquisition under drought conditions.
Physiological assessments showed that deficit irrigation significantly altered water potential and
RWC compared with the control (P < 0.01). Improved maintenance of water status and RWC
contributed to sustaining photosynthetic activity and enhancing drought tolerance under saline
conditions.

Conclusion: The findings demonstrate that P. juliflora employs multiple adaptive mechanisms
to tolerate drought stress, including reduced evapotranspiration, increased allocation of resources
to roots, maintenance of leaf relative water content, accumulation of ions such as sodium in
leaves, regulation of water potential, and preservation of photosynthetic performance. Since
drought stress was imposed under saline irrigation conditions, the results suggest that P. juliflora
is well suited for stabilizing sand dunes, controlling dust storms, and rehabilitating degraded
desert lands with saline water and soils. Nevertheless, its potential invasiveness and the associated
risks to surrounding ecosystems should be carefully considered before large-scale
implementation.
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Table 1. Ecological conditions of the lysimetric experiments research site in Yazd province

Longitude

Latitude

Average annual precipitation (mm)
Maximum wind speed (km/h)
Average annual sunshine hours
Average annual number of frost days

Average annual evaporation from Class A pan (mm)
Average annual relative humidity in the morning (%)
Average annual relative humidity in the afternoon (%)

Average annual temperature (°C)
Absolute minimum annual temperature (°C)
Absolute maximum annual temperature (°C)

Climate of the area based on the modified Doorenbos method

54°11' 9"
32°4' 30"
70
120
3052
73
3207.4
57
385
18
-13.5
455
Cold semi-arid
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Table 2. Some physical and chemical properties of the soil used in the lysimeters

Texture Loamy-sandy
Electrical conductivity (EC x 103) 4.8
Saturation soil reaction (pH) 7.1
Neutralizing substances (%) 24.87
Bulk density 1.58
Sand (%) 69.7
Silt (%) 12.3
Clay (%) 18
Organic carbon (%) 9.5
Bulk density 1.64
Volumetric moisture content at field capacity (%) 17.85
Gravimetric moisture content at field capacity (%) 17.3
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Table 3. Cumulative water consumption (evapotranspiration) by Prosopis juliflora saplings under different
irrigation levels (in lysimetric conditions) for two growing seasons

Plant evapotranspiration rate under 60%
deficit irrigation conditions (liters per
tree)

Plant evapotranspiration rate under 30% deficit
irrigation conditions (liters per tree)

Plant evapotranspiration rate under
field capacity conditions (liters per tree)
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Table 4. Analysis of variance of different levels of irrigation regimes on shoot dry weight (total), root weight,
shoot to root ratio and water use efficiency in Prosopis juliflora

Mean square

Dry weight of Dry root Total dry ~ Shoot-to-root Total evapotranspiration — Water use
Source Df . . . - -

aerial parts weight weight ratio rate efficiency
Model 2 14.84™ 1.155™ 15.44™ 0.18m 7509039/58" 0.63"
Error 6 0.36 0.007 0.93 0.074 3829.14 0.043
Corrected total 9

**: Significant at p<0.01; ns: non-significant



v Vool Yl ol st s SR Olidss als 4 i

iz C)lz“ om SNl o eaalin (5)ls ae B IS Cla.w ool 3L aS sl las Weesls u,i..\...a Fm
Srae G 5 et 4 gl ol cos 5l TS a5 Ll plal dleas) Gl lial s Shae  Ses
(0 Jgax) 590 Lls sme pf ol ‘6J\-.‘.-.'Tp5 Slm s, il C)Jz“ o 4zl 23l LtalS

5 A s plal G i 055 (US) s Il K3 05 ol Gl e sk oSl g lie =0

S Y Lyl 5 s @KifT 258 ol Oy Y

Table 5. Comparison of the mean values of different irrigation regimes on the dry weight of total aerial parts,
root eight, shoot-to-root ratio, and water use efficiency of Prosopis juliflora under lysimetric conditions.

Index
Deficitirrigationregime ~ Dry weight of ~ Dryroot  Totaldry  Shoot-to-  Total evapotranspiration g}/gmﬁge
aerial parts (kg) weight (kg) weight (kg) root ratio rate (liters per tree) (grams per I)i/ter)
Field capacity 7.142 2642 9.78 @ 2.23¢ 6336 2 1.54¢
30% deficit irrigation 4.66 P 2.01° 6.67° 2324 43875 1528
60% deficit irrigation 2.71°¢ 1.31° 3.91¢ 2.7% 2422 ¢ 1.622

Letters that differ indicate a significant difference between means (P<0.05).
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Table 6. Analysis of variance of different moisture treatment levels, mass and their interaction effects on
indicators related to water relations of Prosopis juliflora

Mean square

Source Df Leaf moisture content Plant water potential Relative water content
(%) (bar) (%)
Model 2 45.19™ 209.69™ 58.71"
Error 6 2.52 5.53 3.96

Corrected total 9
**: Significant at p<0.01
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Table 7. Comparison of the mean effect of different irrigation regimes on the water relations indices of Prosopis

juliflora.
e . Index
Deficit irrigation regime Leaf moisture content (%) Plant water potential(bar) Relative water content (%)
Field capacity 62.16 2 24¢ 62.36 @
30% deficit irrigation 65.16 @ 310 63.46 2
60% deficit irrigation 57.46° 412 55.31°

Letters that differ indicate a significant difference between means (P<0.05).
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Table 8. Analysis of variance of different levels of irrigation regime on morphological indices of vegetative organs
of Prosopis juliflora.

Mean square

Source Df Crown diameter Crown height Crown volume  Crown cover area Length of the
largest branch
Model 2 10063.19™ 744.44" 86.69™ 17.23™ 5636.11"
Error 6 577.08 141.66 1.83 0.402 744.44
Corrected total 9

**: Significant at p<0.01; *: Significant at p<0.05
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Table 9. Comparison of the mean effect of different irrigation regimes on the morphological indices of the
vegetative organs of Prosopis juliflora.

Index

Deficit irrigation regime

Crown Crown height Crown volume Crown cover Length of the largest
diameter (cm) (cm) (m3) area (m?) branch (cm)
Field capacity 416.67 2 131.67% 17.89 2 12.352 3.05¢2
30% deficit irrigation 358.33 P 108.33 @ 10.81° 11.132 26%®
60% deficit irrigation 300.83 ¢ 101.67 b 7.35°¢ 7.72° 2,18

Letters that differ indicate a significant difference between means (P<0.05).
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Table 10. Analysis of variance of different levels of irrigation regimes on some physiological indicators of Prosopis
juliflora trees under lysimeter conditions

Mean square

Source Df Chlorophyll a Chlorophyll b Total chlorophyll Carotenoids
(mg/g FW) (mg/g FW) (mg/g FW) (mg/g FW)
Model 2 0.288™ 0.004" 0.334™ 0.008™
Error 6 0.007 0.001 0.009 0.001
Corrected total 9

**: Significant at p<0.01; ns: non-significant
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Table 11. Comparison of the mean effect of different irrigation regimes on some physiological indices of the
vegetative organs of Prosopis juliflora trees.

Index
Deficit irrigation regime Total chlorophyll Chlorophyll a Chlorophyll b Carotenoids
(mg/g FW) (mg/g FW) (mg/g FW) (mg/g FW)
Field capacity 1.3b 0.966 ° 7.424 2 0.333°
30% deficit irrigation 1.433° 1.033b 6.2012 0.339°
60% deficit irrigation 1.933¢2 1.533¢2 7.552¢8 0.425¢@

Letters that differ indicate a significant difference between means (P<0.05).
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Table 12. Analysis of variance of different levels of irrigation regime on the concentration of nitrogen,
phosphorus, potassium, sodium and sodium to potassium ratio of Prosopis juliflora leaves

Mean square

Source Df Nitrogen Phosphorus Potassium Sodium Sodium to Potassium Ratio
Model 2 0.567" 0.001™ 0.047" 0.039" 0.040"

Error 6 0.089 0.001 0.005 0.006 0.006

Corrected total 9

*: Significant at p<0.05; ns: non-significant
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Table 13. Comparison of the mean effect of different irrigation regimes on the concentration of nitrogen,
phosphorus, potassium, sodium, and the potassium-to-sodium ratio in the leaves of Prosopis juliflora trees.

Deficit irrigation

Index

regime N content (%) P content (%) K content (%) Na content (%) (K/Na)
Field capacity 2.985 0.16@ 0.73° 0.053° 14322
30% deficit irrigation 3.15° 0.162 0.63° 0.093° 7.11°
60% deficit irrigation 3.18° 0.18% 0.88¢2 0.26% 3.85°

Letters that differ indicate a significant difference between means (P<0.05).
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