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This study was conducted to estimate the water requirements and determine the
single and basal crop coefficients (K. and K.,) of Moringa oleifera during
various growth stages over the cropping years 2023 and 2024. To this end, six
drainage lysimeters were employed; three were used to measure the actual
evapotranspiration (ET,) of the crop, and three were used to measure the
reference evapotranspiration (ET,) in a field environment. ET,was calculated
using meteorological data and the Penman-Monteith method. The crop
coefficients (K.) were evaluated for three primary growth stages: initial,
development, and mid-season. Subsequently, the single and dual crop
coefficients for Moringa oleifera were calculated using the appropriate
mathematical formulations. The results indicated that in the semi-arid region of
Kermanshah, the maximum and minimum daily evapotranspiration for the crop
was 11.11and 0.45mm, respectively, while for the reference plant, it was
5.63and 2.08mm. In 2023, the K_values for the initial, development, and mid-
season stages were 0.71, 1.59, and 1.70, respectively, and in 2024, they were
0.69, 1.32, and 1.76. The average single crop coefficients across the two years
were 0.75, 1.71, and 1.715for the initial, development, and mid-season stages,
respectively. Similarly, the average basal crop coefficients (K,;) for the initial,
development, and mid-season stages were 0.485, 0.92, and 0.805. These
findings provide a scientific basis for the efficient irrigation management of
Moringa in regions with similar climatic, soil, and water conditions.
Furthermore, the obtained crop coefficients (K. and K_,) offer critical insights
into the precise water requirements of Moringa in semi-arid climates, serving
as a key tool for optimal water resource management. By providing accurate
water consumption patterns, these results establish a foundation for enhancing
irrigation efficiency in the expansion of this medicinal-industrial crop in water-
limited regions.
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Table 1. Physical and chemical properties of the soil in the study area
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Table 2. Chemical properties of the water in the study area

TDS q EC SAR Sodium Calcium and magnesium 50,2 HCO3 CO,?
(mg/lit) p (dS/m) T (meg/l) (meg/l) (meg/l) (meqg/l) (meqg/l)
C3-S1 7.56 0.865 0.45 0.95 8.8 3.46 6.1 0.2
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Figure 1. Geographical location of the study area
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Table 3. Average meteorological parameters of the region during the research period

Year Month Max temperature (°C) Min temperature (°C) Wind speed (m/s) Max RH (%) Max RH (%) P (mm)
Farvardin 18.70 4.12 3.69 83.68 41.29 74.8
Ordibehesht 24.49 7.30 4.09 64.0 27.1 40.4
Khordad 32.07 11.76 3.63 59.52 20.19 2.3
Tir 37.94 15.40 3.45 35.23 11.42 0.0
Mordad 39.06 19.10 4.26 29.10 17.13 0.0

1402 Shahrivar 35.77 13.70 3.95 35.26 11.35 0.0
Mehr 27.81 10.68 4.08 53.90 3351 10.7
Aban 20.61 5.53 3.07 81.10 39.10 24.3
Azar 15.60 0.13 2.14 86.03 37.33 16.0
Day 11.80 0.62 2.93 90.33 53.40 19.8
Bahman 11.11 -0.46 3.61 92.90 53.87 51.4
Esfand 13.27 0.93 4.45 86.41 43.00 70.7
Farvardin 20.15 3.6 3.80 84.93 34.93 55.7
Ordibehesht 23.44 8.60 3.97 81.24 38.83 91.7

1403 K_hordad 34.12 13.12 4.65 53.77 16.84 4.6
Tir 38.40 16.14 3.58 36.48 12.16 0.0
Mordad 39.53 17.23 3.83 37.19 12.32 0.0
Shahrivar 36.24 14.00 3.75 40.74 11.84 0.0
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Figure 4. Variations in relative humidity and temperature during the study period
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Table 5. Minimum and maximum daily evapotranspiration rates for the reference plant (ETo) and Moringa oleifera (ETc) during
the growth period (mm/day)

Year Etc (mm/day) Eto (mm/day)

MAX MIN MAX MIN
1402 10.97 1.45 6.23 241
1403 11.26 1.46 6.82 1.76
Mean 11.11 1.45 6.53 2.08
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Figure 5. Changes in reference grass evapotranspiration over the growth period of Moringa oleifera in the research field
environment, 1402 and 1403
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Figure 6. Changes in the daily evapotranspiration rate of Moringa oleifera (ETc) during the growth period in lysimeters 1, 2, and 3
under cultivation

Table 6. Length of the different growth stages of Moringa oleifera in the experimental years

Growth stages 1402 Duration (days) Growth stages 1403 Duration (days)
Initial 15 Ordibehesht-9 Khordad 30 Initial 15 Ordibehesht-18 Khordad 34
Development 9 Khordad — 2 Mordad 50 Development 18 Khordad — 5 Mordad 49
Middle 2 Mordad — 29 Aban 118 Middle 5 Mordad — 30 Mehr 86
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Figure 7. Daily variations in the individual crop coefficients of Moringa oleifera in three lysimeters in the research field environment

Table 7. Mean individual crop coefficients of Moringa oleifera during the three growth stages in 1402 and 1403, and their average
over the two years

Year Initial Stage Development Stage Middle Stage
1402 0.710 1.590 1.700
1403 0.850 1.760 1.710
Mean 0.750 1.710 1.715
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Table 8. Mean crop coefficients of Moringa oleifera during the three growth stages over the years 1402 and 1403 in the research
field environment

Year Initial Stage Development Stage Middle Stage
1402 0.500 0.900 0.780
1403 0.470 0.940 0.830

Average 0.485 0.92 0.805
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Figure 9. Kc and Kcb crop coefficients of Moringa oleifera during the research stages in the years 1402-1403 in the research field
environment
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Table 9. Statistical indices comparing lysimeter-measured crop evapotranspiration (ETc) with ETc recalculated using the crop
coefficient (Kc) and reference evapotranspiration (ETo)

Growing medium r RMSE MAD

laysimer 0.97 0.60 0.61
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Figure 10. Correlation coefficient for the comparison between lysimeter-estimated crop evapotranspiration (ETc) and ETc
calculated using the crop coefficient (Kc) and reference evapotranspiration (ETo) in the field lysimeters of the experimental farm
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Table 10. Crop coefficient (Kc) values obtained during the two-year study for each month

Growth Month Kc - 1402 Kc - 1403

Ordibehesht 0.658 0.738
Khordad 1.523 1.385
Tir 1.785 1.833
Mordad 1.766 1.905
Shahrivar 1.722 1.620
Mehr 1.680 1.674
Aban 1.580 *
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