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Abstract

:

Over the last three decades, a great investment effort has been made in the modernization of irrigation in the Valencian Community (Spain). The initial change from distribution networks to pressurized ones and the shift towards drip irrigation systems was followed by improvements in irrigation scheduling, based on agrometeorological data, soil water content sensors, and remote sensing. These improvements are considered adequate for increasing irrigation water use efficiency, but it is difficult to find systematic measurements to assess its impacts on irrigation adequacy along with irrigation productivity in fruit orchards. This work presents the results of a four year assessment of irrigation water and energy use efficiency along with water productivity of a recently established irrigation community in the province of Valencia (Spain). The study was carried out at the orchard level and focused on two fruit crops: persimmon and peach trees. Six irrigation performance indicators, relative water supply (RWS), relative irrigation supply (RIS), yield performance (Yp), global water productivity (WPoverall), output per unit irrigation water (OUI), and the percent of nitrogen fertilization obtained by irrigation water, were defined and calculated for years 2017 to 2020 in 104 persimmon and peach orchards. The results showed that most of the farmers irrigated below the crop water requirements, showing RWS and RIS values less than 1, and there was great variability among farmers, especially in WPoverall and OUI indicators.
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1. Introduction


Irrigation has been the keystone of agricultural production and rural development in Spain. Nowadays, after three decades of irrigation schemes modernization, irrigated agriculture represents 14% of the serviceable agricultural area but provides 50% of the Spanish final plant production [1].



The modernization of irrigation schemes in Spain [2], and also in the Valencia region [3], has entailed changing from open channels networks for surface irrigation to pressurized pipes networks and drip irrigation systems. This modernization has allowed the reduction in irrigation water use [4,5] and improved the control of irrigation application by farmers [2,5] aided by irrigation management and information systems at the national level [6] and at the Valencian Community regional level [7].



Still, the assessment of irrigation performance under different points of view is key to detect and correct unfit irrigation practices and extract all the potential of irrigated agriculture in terms of agricultural production and food supply for a growing population but also farmer’s incomes and improvement of the rural economic system. Irrigation performance assessment is an essential tool for recording, comparing, and improving the water management of irrigation schemes [8,9,10,11]. Research in this field has typically used the performance indicators approach [10,12,13,14,15,16,17,18] that was initially designed to evaluate irrigation development projects [19]. Most of the research focused on the hydraulic management of large irrigated areas [20,21,22,23,24] and medium or small irrigation schemes [25,26,27,28,29,30,31].



Following this successful approach, a similar indicators methodology was developed to assess the energy use efficiency of pressurized irrigation schemes [32,33,34,35]. Córcoles et al. [36] used the performance indicators defined by IPTRID [10], and proposed new production and energy related indicators to a benchmarking exercise with seven irrigation communities in Castilla–La Mancha (Spain) during three irrigation seasons.



The hydraulic performance assessment of the irrigation system needs to be related to the agricultural productivity and economic performance of irrigated schemes. The assessment of agricultural performance is important because it links the indicators of hydraulic or conveyance performance with the wider agricultural economic and rural economic systems [15]. Some examples of this integration of agricultural indexes into the hydraulic assessment of irrigation communities in Spain are provided in [36,37,38,39] for [37,38,39] horticultural and field crops, and in [40,41] for greenhouse horticultural crops.



Results of irrigation performance and agricultural productivity in Spain can be found for woody crops such as vineyards, almonds, and olive [36] and citrus trees [42].



In the Valencia region, Parra et al. [43] assessed the factors that influence irrigation performance at plot level in another irrigation community finding that deficit irrigation was a common feature in citrus orchards and that the full-time or part-time dedication of growers had an effect on productive efficiency and economic efficiency for different citrus varieties. Assessing and ranking the global water use efficiency of citrus orchards has been also an application of performance indicators. Poveda-Bautista et al. [44] built a synthetic irrigation efficiency index using the analytic hierarchy process, AHP, with the aim to recognize best agricultural practices for the efficient use or water resources.



Through time, the application of the performance indicators methodology for irrigation assessment and improvement has followed a path from highly important field crops at irrigation districts scale to less represented crops at irrigation community or plot scale. In this passage, more indicators have been added to account for energy efficiency, agricultural productivity, and environmental factors.



This work proposes a set of irrigation performance indicators aimed at assessing the water use and productivity at plot level and describes a case study of their application to peach and persimmon orchards of an irrigation community in the province of Valencia, Valencian Community, Spain. The final purpose is to provide insight of individual and collective performance, for farmers and irrigation community managers, respectively, to improve their irrigation water use while conserving water resources and avoiding environmental N pollution.




2. Materials and Methods


2.1. Irrigated Area Description


The irrigation community is located in the south of the Valencia province, Valencian Community (Spain), as shown in Figure 1. It encompasses agricultural plots from several municipal terms, serving an irrigated area of around 290 ha. The irrigation community was established in 2008 to exploit the effluents of a water treatment facility serving three municipalities to bring stable irrigation to former dryland crops. The irrigation community has a pumping station at the outlet point of the wastewater treatment plant, a booster station to pump water to an elevated reservoir of 170,000 m3, and another pumping station directly injecting to the irrigation network. The irrigation network is pressurized and fully automated. It is divided into four irrigation sectors serving 72 farmers. Further, 26 farmers with persimmon and peach orchards participated in this study with a total of 55 persimmon and 49 peach plots.



The climate in the irrigation district is a hot-summer Mediterranean climate in the Köppen climate classification, with a yearly average precipitation of 614 mm. The average air temperature is 17.4 °C on annual basis, and it ranges from a minimum of 10.0 °C in January to 26.3 °C in August [45].



This work focuses on the performance of the irrigation community along years 2017 to 2020. Figure 2 describes the trend of environmental conditions—monthly average temperature in °C, global radiation in MJ/m2, and precipitation in mm—along the four years studied. Average monthly temperature and global radiation were very similar throughout the four years considered in this study. Annual rainfall was lower in 2017 than in the following three years, but in all cases, it attained values below the long-term rainfall average of the area of 614 mm. Typically, rainfall tended to accumulate during autumn and winter seasons. In 2017, the autumn rainfall was very low compared to the other years, and in 2019, the springtime rainfall accumulated mostly in April.



Table 1 summarizes the environmental conditions regarding evapotranspirative demand, ETo, in mm; total precipitation, P, in mm, throughout the years considered in this study; and precipitation along the cropping season spanning from March to October, P March–October, in mm. Annual ETo values remained quite constant, as well as P, except for in 2017, which had the lowest P value. Annual precipitation in the studied years stayed below the yearly average of the area (614 mm). Since crop water requirements calculations consider the precipitation occurred during the cropping season, we also calculated the sum of precipitation from March to October. There was a difference of 185 mm between year 2019 and the average of 2017, 2018 and 2020. This difference accumulated only in the month of April 2019. In all cases, summer and autumn months registered reduced amounts of rainfall, as is typical.



The cropping pattern in the irrigation community is very diverse, including fruit orchards, horticultural crops, olives, wine grapes, and nursery gardens. Persimmon (Diospyros kaki Thunb.) and peach (Prunus persica (L.) Batsch) are the main cultivated crops in terms of surface area and economic income. The varieties cultivated in this area are Rojo brillante for persimmon and 26 different peach varieties. Table 2 shows the names of the six main peach varieties in terms of cropped area and the most common characteristics of the studied plots. This study considered all the persimmon and peach orchards in the irrigation community; these orchards comprised 38.23 ha of persimmon and 23.57 ha of peach, which represent 13.2 % and 8.1 % of the irrigation community cropped area, respectively. The average size of the studied plots was 0.59 ha, with a maximum of 4.03 ha and a minimum of 0.05 ha. The average size of persimmon plots was bigger than that of the peach ones (Table 2).



Each plot’s planting date was provided by the owners, and orchards were classified according to tree age, as sapling, young, or adult. Peach is a rapid growth crop, and the final size of trees is smaller than that of persimmon. To take this fast or slow growth into account, peach trees aged 3 or less were classified as saplings, trees aged 6 or less were classified as young, and adults were those trees older than 6 years. In the case of persimmon, trees aged 4 years or less were classified as saplings, trees aged 8 or less were classified as young and adults were those older than 8 years. The number of plots considered under the three tree sizes, adult, young, and sapling, varied along the studied seasons, as shown in Table 3. There were two reasons for this number variation: firstly, since the irrigation community was starting its operation, an increasing number of plots were gaining access to the irrigation facility each year; and secondly, trees evolved from sapling to young and adult trees in time. The tendencies showed an increase in young persimmon orchards as saplings grew older and a more stable trend in the case of peach orchards. In this latter case, there was a tendency to abandon mid-season peach varieties for extra-early varieties, though the most abundant ones remained the early varieties. Table 3 also shows the number of plots that had dependable yield data and thus were considered for statistical analysis of productivity indicators. As can be seen in Table 3, higher planting densities are found through time in the young and sapling categories of both crops.



The average yield values for the Valencia province of the “Peaches and Nectarines” and “Persimmon” classes provided by the statistics office of the Agriculture Ministry [46] were: 11,704, 10,910, 13,158, and 9,015 kg/ha for “Peaches and Nectarines” in years 2017, 2018, 2019, and 2020, and 29,792; and 32,235, 30,774, and 29,112 kg/ha for “Persimmon” in years 2017, 2018, 2019, and 2020, respectively.




2.2. Definition of Performance Indicators


Performance indicators must be adapted to the purpose of the evaluation and the characteristics of the irrigation scheme [12]. So that the process of obtaining and comparing the indicators is effective, the data required for calculations must be recorded customarily by the irrigation community or the cooperative and there must not be added difficulties to the interoperability of the required data. In this case, the following five performance indicators were chosen to assess the results of irrigation practices in each of the studied plots:



Annual relative water supply, RWS, as defined in Bos et al. [12], relates the amount of water received by the crop from the effective precipitation and irrigation and the crop water requirements, ETc.


  RWS =    Total   annual   volume   of   water   supplied   to   the   crop     Total   annual   volume   of   crop   water   demand    =   I +  P e      ET  c    ,  



(1)




where ETc is the annual crop evapotranspiration calculated according to FAO-56, and Pe is the annual effective precipitation or rainfall, calculated using the USDA-SCS model.



Annual relative irrigation supply, RIS, as defined in Bos et al. [12], relates the amount of irrigation water applied to the crop, which depends on the farmer’s practice and the reliability of the irrigation system, and the crop’s irrigation requirements, calculated as ETc-Pe. In our case, we considered the theoretical gross volume of irrigation water required to avoid water stress to the crop, which depends on the kind of crop—peach or persimmon—the environmental variables, the irrigation interval, and the application uniformity.


  RIS =    Total   annual   volume   of   irrigation   water   applied   to   the   crop     Total   annual   volume   of   crop   irrigation   demand    =  I   I r     



(2)







As all indicators that deal with adequacy, RIS includes an estimation of irrigation requirements, the nature of which must be clearly specified [47]. We took the total annual volume of crop irrigation requirements as the raw irrigation requirement, Ir, which was calculated as:


   I r  =     ET  c  −  P e    UC    



(3)




where UC is the uniformity coefficient of the drip irrigation system. In this case, we considered a generic UC = 0.95 since the drip irrigation systems at plot level are recent and installed by qualified professionals.



The optimal RIS value is 100%, which is found when the irrigation applied matches the water requirements of the crop.



Yield performance (%) is the actual yield, stated as a % of target yield, as defined in Bos et al. [12] and Bos et al. [47].


   Y p  =    Crop   actual   yield     Crop   target   yield     



(4)







This indicator is only calculated for adult trees, i.e., trees of six years or older for peach or eight years or older for persimmon. Young trees or saplings are excluded because they can have a fraction of adult yield depending on their size and not only as a response to irrigation dose. Developing the crop target yield can be done by a percentage increase over existing levels, a comparison to national targets or norms, or an empirical value, which represents the actual performance of the top ten or twenty percent of farmers in the system [47].



Overall water productivity of the irrigated crop (WPoverall), according to Bos et al. [12], is defined as the ratio between the total annual mass of crop production, including all grades, and the annual volume of irrigation water applied (kg/m3).


    WP   overall   =    Total   annual   mass   of   crop   yield     Total   annual   volume   of   irrigation   water   applied   to   the   crop     



(5)







Output per unit irrigation delivery, OUI (EUR/m3), as defined in Bos et al. [12], measures the financial efficiency of the cropped plot:


  OUI =    Total   annual   value   of   crop   production     Total   annual   volume   of   irrigation   water   applied   to   the   crop     



(6)







The percentage of N fertilizer provided by irrigation water (N %) is calculated as the actual number of N fertilizer units applied, expressed as a % of N fertilizer units required under good management conditions.


   N %  =    N   FU   applied   with   irrigation   water     N   FU   required     



(7)







This is an indicator developed for the particular condition of this irrigation community that uses reclaimed municipal waste water that has a certain concentration of N variable in the years studied. Our aim was to discover if there was an excess N fertilization that could hinder fruit production or cause environmental problems if leaching of irrigation water occurred. The values of the N fertilizer units required were obtained from locally developed recommendations for peach [48] and persimmon [49].




2.3. Measurements and Calculations


The values of the total annual volume of irrigation water applied to the crop, I (m3), were provided by the Irrigation community metering and control software for each of the considered plots for seasons 2017 to 2020.



Daily environmental data, reference evapotranspiration, ETo (mm), and precipitation, P (mm), were obtained for the period 2017 to 2020 from a nearby agrometeorological station of the Spanish Agriculture Ministry [6] (UTM X: 720841; UTM Y: 4306490; altitude: 233 m). Reference evapotranspiration (ETo) was calculated with the Penman-Monteith equation [50] from meteorological variables measured at this agrometeorological station.



Total annual volume of irrigation requirements was calculated with Cropwat 8.0 [51] using the single coefficient approach. Locally determined crop coefficients were obtained from the IVIA, the Valencian Institute of Agricultural Research irrigation advisory programme [7,52]. Peach and persimmon Kc were multiplied by a correction coefficient, Kd, accounting for the shaded area of adult, young, and sapling drip irrigated trees obtained from [53]. To estimate the percentage of shaded area, a tree crown diameter of 1.1, 1.9, and 3.1 m was considered for sapling, young, and adult peach trees; the tree spacing considered for the calculation was the average of all plots—5.6 m between rows and 3.6 m between trees in a row. For persimmon orchards, tree crown diameters considered were 1.4, 2.1 and 3.5, while the tree spacing was 5 m between rows and 3.5 m between trees.



The length of crop development periods as well as the rooting depth was estimated considering FAO-56 [50] recommendations, according to evidence found by [54] and [55] that active water uptake by roots takes place in the first 0.6 m of the soil profile. Rooting depth values of young trees were interpolated between adult and sapling rooting depths. The values of crop parameters employed for ETc calculations are shown in Table 4.



The values of total annual mass of crop yield and the average prices of fruit were provided by a commercialization cooperative where most of the farmers sell their produce.



As crop target yields for Yp calculations, we used the average yield values for the Valencia province of the “Peaches and Nectarines” and “Persimmon” classes provided by the statistics office of the Agriculture Ministry [46].



Nitrogen, as NO3−, concentrations were obtained from customary irrigation water analysis at the irrigation reservoir at the beginning of the four irrigation seasons. The reference values for N FU were obtained from [56] for peach and from [49] and [48] for persimmon.




2.4. Statistical Analysis


Statistical analysis was performed with R statistical software [57] under RStudio interface [58]. Data of annual irrigation doses, in m3/ha, and crop yields, in kg/ha, were tested for outliers and normality before performing the analysis of variance, ANOVA, for the calculated performance indicators. Out of the initial 104 orchards obtained from the irrigation community census, five plots were eliminated because they had not had irrigation in any of the years studied. No outliers were detected among the annual irrigation depths data. For the yield data, five yield data were deleted after checking that they corresponded to the same two persimmon orchards and were provided by the farmers in a telephone survey. Apparent peach yield outliers were examined but not removed, since there was a remarkable variability of varieties and planting densities among peach orchards that could explain high yields.



Analysis of variance was performed as a three-way ANOVA, in which the factors were: year (2017, 2018, 2019 and 2020), crop (peach or persimmon), and tree size (adult, young, or sapling). The model was additive and evaluated the interaction between the three factors grouped pairwise.





3. Results


Measured and Calculated Values of Environmental Parameters


Calculated raw irrigation requirements (Equation (3)) for both crops and tree sizes showed similar values for 2017, 2018, and 2020 (Table 5). The higher precipitation amount of 2019 did not result in a reduction in irrigation requirements, because its very concentrated occurrence in April did not increase the effective precipitation values.



Table 6 summarizes the average values of the six performance indicators along the four irrigation seasons. The analysis of variance identified a growing season effect that was significant (p < 0.05) for RWS and WPoverall, and very significant (p < 0.01) for OUI and N. The Crop factor had a significant or very significant effect for all the indicators except for N. The tree Size factor also had a significant or very significant effect on all the indices.



The values of RWS and RIS below one, except for peach saplings in 2020 (Figure 2), indicate that deficit irrigation is applied in all cases, the maximum evapotranspiration demand of the crops is not met, and reductions in productivity can be expected [37,39,43]. In our case, the interaction of year × size (graph (e)) of Figure 3 is due to the adult OUI value that is noticeably higher than the rest, because adult trees are the least irrigated in both crops.



The Yp indicator shows the ratio of actual to target yield, which behaves differently in persimmon and peach crops. It is lower than 100% for persimmon and higher than 100% for peach. The values considered for target yield were the ones provided for “Persimmon” and for “Peaches and Nectarines” classes by the statistics office of the Agriculture Ministry for the Valencia province. In the case of Persimmon, the low values of Yp may be due to the low RWS and RIS values, though no correlation is noticeable, but it could also be caused by the choice of the target yield value. Persimmon is a specialty crop that is mainly cultivated in the Ribera del Júcar area, where the yields may be higher than in the study area. On the other hand, the study area is a traditional producer of stone fruits, which could explain the yields in line with or slightly higher than the average of the Valencia province.



Overall water productivity, WPoverall, varied appreciably between years and crops. It showed no apparent relationship with the annual irrigation applied, nor with the RWS or RIS indices (Figure 4); this lack of correlation may be due to the higher planting densities of younger orchards that can offset the reduction in WPoverall caused by increased irrigation depths.



Finally, as an environmental indicator, the percentage of N fertilizer units received with irrigation water showed remarkable variability among years. It decreased in 2019 due to the nitrate concentration in the irrigation water that was one third of the values attained the other three years. During 2019 and the first months of 2020, the irrigation community did not receive water from the municipal wastewater treatment plant for quality reasons. The highest values for %N are 35% and 32% for persimmon and peach, respectively. These values indicate N contributions of the irrigation water lower than the crop N requirements, so in the actual conditions, no pollution problems associated with nitrate leaching are to be expected due to both the low concentrations in the irrigation water and the low irrigation depths provided to the crops.





4. Discussion


The RWS and RIS values obtained indicate that irrigation practiced in this irrigation community does not balance the crop’s water requirements, and a reduction in yield is expected, caused by water stress. This finding is in line with other irrigation performance analysis performed for field crops and for citrus orchards in Spanish irrigation communities. Similar results were found in other irrigation schemes in Spain by Lorite et al. in Andalusia [39], and Dechmi et al. in Aragon [37] for field crops in both cases. Parra et al. [43], in citrus orchards, also report RWS and RIS values much lower than one.



Since ETc is a component in the RWS and RIS calculations, it is important to consider the effects that can be introduced by this parameter. In our case, the Kc values used for peach ETc calculations are lower than those recommended in FAO 56, while the persimmon Kc values we used are in line with those of deciduous fruit trees provided in FAO 56. In the case of peach, contradictory values can be found in the literature. For instance, Paço et al. [59] reported a mean Kcb of 0.5, which is less than that suggested by the FAO-56 for peach orchards (Kcb = 0.85), for orchards in similar conditions but with double planting density of the orchards analyzed in this work. The low Kc values employed for peach ETc calculations can be at the base of higher RWS and RIS results for peach and discerning if the differences in RWS and RIS values for peach and persimmon are real or a calculation artifact will require further inputs such as measures of water status or soil water or direct ETc monitoring with remote sensing techniques [60].



In the studied case, the small size of the orchards and the great variability of peach varieties contrasted with the more homogeneous characteristics of the persimmon orchards. A better adjustment of ETc calculations could be achieved, accounting for the different earliness of the cultivated varieties in the case of peach and tree spacing in both cases.



Lower values of RWS and RIS are consistently found for persimmon orchards rather than peach ones. This finding, along with a persimmon Yp value of 67%, suggest that an increase in irrigation doses along with sound irrigation schedules can improve yields for this crop in the local conditions. The peach growers of this irrigation community show a sound specialization in this crop, as indicated by a Yp value of 125%, and higher values of WPoverall and OUI than in persimmon. These Yp values are in the range of Yp values obtained by Sánchez et al. [41] for tomato and watermelon, though they used a different method for establishing the target yield, and their RIS reported values were considerably higher (RIS = 1.12).



WPoverall and OUI values for both crops are high compared to values obtained for other field crops and are similar to or slightly larger than those found for citrus [43]. Though OUI values for peach decreased in time, and those of persimmon show a slight increasing tendency, at the moment, it is not clear whether a crop shift can be expected in this irrigation community as compared to the case of farmers shifting to citrus cultivation in Andalusia due to higher profits [4].



The WPoverall vs. RIS relationship showed a decreasing trend at increasing values of RIS for peach, but not for persimmon. In the case of peach orchards, this decreasing trend indicates a lower marginal effect on the yield of each new unit of irrigation water applied. This decreasing trend was also observed by Sánchez et al. [41] in greenhouse pear tomato, cherry tomato, and watermelon crops. The shift to higher planting densities of newly established persimmon orchards masks this effect of increased RIS in younger orchards.



Modelling the productive response of fruit trees, such as peach and persimmon, to water requires a more refined approach, in which different cultural techniques, such as tree spacing, pruning and fruit thinning, can be considered. It is interesting to consider other effects of a sound irrigation practice in the yield of first quality fruits. For instance, large sized peaches are desirable commercial grades, but large persimmons are not a commercial target for production since smaller fruits are preferred by consumers. Applying a moderate early season water stress to persimmon orchards may be a good practice to reduce the fruit drop of persimmon [61] and obtain a higher number of fruits that are smaller in size and have a higher commercial value.




5. Conclusions


In this paper, we proposed and applied six simple irrigation performance indicators to assess the irrigation performance at orchard level of two fruit crops, peach and persimmon, in an irrigation community of the Valencia province in Spain, during four cropping seasons, years 2017 to 2020. The aim of this study was to gain insight in the irrigation management of farmers at orchard level and identify possible improvements to their irrigation practice.



This work allowed us to find differences in the irrigation water management of two different fruit crops in an irrigation community, but a comprehensive assessment of irrigation performance in fruit trees would require a higher consistency of crop irrigation requirements calculation, for instance using remote sensing for Kc determination trough vegetation indexes, a measure of actual soil water content with soil water content probes or using high resolution remote sensing, and a smaller time scale for water delivery recording, in order to obtain a better match of crop water requirements with the applied irrigation.



In the case of the irrigation community studied, the diversification of peach varieties, the variation of tree spacing, and other cultivation practices, such as pruning, along with the small size of the orchards increase the calculation effort to have adjusted values for the irrigation performance indicators presented.



Nitrogen contributions of the reclaimed irrigation water applied were lower than the crop N requirements. In the actual conditions, no environmental pollution problems associated with nitrate leaching are to be expected due to the low concentrations in the irrigation water and the low irrigation depths provided to the crops.
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Figure 1. Location of the Valencian Community in Spain (a) and location of the studied irrigation community at the southern limit of the Valencia province (b). 
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Figure 2. Trend of environmental conditions between 2017 and 2020. Monthly average temperature, in °C, and global radiation, in MJ/m2, are shown in the left vertical axis, and precipitation, in mm, is referred to in the right vertical axis. 






Figure 2. Trend of environmental conditions between 2017 and 2020. Monthly average temperature, in °C, and global radiation, in MJ/m2, are shown in the left vertical axis, and precipitation, in mm, is referred to in the right vertical axis.



[image: Agronomy 11 01829 g002a][image: Agronomy 11 01829 g002b]







[image: Agronomy 11 01829 g003 550] 





Figure 3. Interactions of year × crop and year × size. The graphs (a,b) show the variation in WPoverall and OUI averages, respectively, in the years studied. The graphs (c–e) show the variation in RWS, RIS, and OUI averages, respectively, in the years studied. Error bars represent the 95% confidence interval of each value. 
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Figure 4. WPoverall vs. RIS.: (a) persimmon; (b) peach. Each dot corresponds to a tree size for years 2017 to 2020. 
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Table 1. Reference evapotranspiration, ETo; yearly precipitation, P; and cropping season, P March–October, precipitation for years 2017 to 2020.
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Year




	

	
2017

	
2018

	
2019

	
2020






	
ETo (mm)

	
1173.2

	
1179.2

	
1211.2

	
1166.4




	
P (mm)

	
449.2

	
590.0

	
583.4

	
570.2




	
P March–October (mm)

	
252.3

	
273.1

	
441.3

	
243.7
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Table 2. Description of orchards and crops monitored.
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	Peach
	Persimmon





	Varieties
	King Zest, Samantha (flat), Nazario, Carmina 28 (nectarine), Alejandro Dumas, Romea, Leo (flat)
	Rojo brillante



	Number of plots *
	Extra- early: 9

Early: 22

Mid-season: 13

Other **: 5
	55



	Average size (Max-min) (ha)
	0.48 (1.85–0.05)
	0.70 (4.03–0.09)



	Tree spacing
	5 m × 4 m
	5 m × 3 m







* In 2017, ** Late season or unknown earliness.
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Table 3. Number of plots under irrigation, number of plots with yield data, and planting densities for each crop and tree size, from 2017 to 2020 of the plots considered in the indicators analysis.
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Peach

	
Persimmon




	

	
2017

	
2018

	
2019

	
2020

	
2017

	
2018

	
2019

	
2020






	
Number of plots under irrigation




	
Adult

	
16

	
16

	
20

	
30

	
4

	
4

	
10

	
11




	
Young

	
10

	
12

	
15

	
6

	
11

	
17

	
33

	
39




	
Sapling

	
7

	
14

	
11

	
10

	
19

	
13

	
8

	
3




	
Total

	
33

	
42

	
46

	
46

	
34

	
34

	
51

	
53




	
Number of plots with Yield data




	
Adult

	
13

	
9

	
10

	
20

	
3

	
4

	
8

	
10




	
Young

	
9

	
9

	
13

	
6

	
9

	
16

	
26

	
39




	
Sapling

	
5

	
4

	
11

	
9

	
8

	
7

	
2

	
3




	
Total

	
27

	
22

	
34

	
35

	
20

	
27

	
36

	
52




	
Planting density (trees/ha)




	
Adult

	
415

	
415

	
415

	
450

	
465

	
465

	
465

	
459




	
Young

	
515

	
493

	
515

	
463

	
571

	
565

	
565

	
578




	
Sapling

	
617

	
680

	
704

	
775

	
602

	
621

	
699

	
877
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Table 4. Crop data for Cropwat ETc calculations.
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	Peach
	Persimmon





	Growing season period
	1 March–31 October
	1 March–30 November



	Kc ini/Kc mid/Kc end
	0.42/0.57/0.57
	0.32/1.08/0.59



	Kd
	
	



	Adult
	0.82
	1.0



	Young
	0.37
	0.45



	Sapling
	0.15
	0.19



	Length of initial/development/midseason/late season periods (d)
	1/90/122/30
	31/121/92/30



	Rooting depth (m)
	
	



	Adult
	0.60
	0.60



	Young
	0.40
	0.40



	Sapling
	0.30
	0.30



	Depletion fraction
	0.50
	0.50



	Bud burst date
	1 March
	1 March
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Table 5. Calculated raw irrigation requirements and averages of the annual irrigation depths applied to the different plots for persimmon and peach orchards for years 2017, 2018, 2019, and 2020.
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Peach

	
Persimmon




	

	
2017

	
2018

	
2019

	
2020

	
2017

	
2018

	
2019

	
2020






	
Raw Irrigation Requirement (mm)




	
Adult

	
481.2

	
442.1

	
503.6

	
379.3

	
863.7

	
823.5

	
914.1

	
847.7




	
Young

	
239.7

	
200.1

	
228.7

	
181.4

	
414.5

	
340.8

	
419.8

	
349.7




	
Sapling

	
129.6

	
104.8

	
123.7

	
89.5

	
203.1

	
166.4

	
198.5

	
130.2




	
Total

	

	

	

	

	

	

	

	




	
Annual Irrigation Applied (mm)




	
Adult

	
141.8

	
251.4

	
237.6

	
159.7

	
285.6

	
419.6

	
162.0

	
223.2




	
Young

	
208.4

	
124.2

	
145.3

	
139.2

	
151.3

	
218.8

	
149.4

	
170.3




	
Sapling

	
98.6

	
72.2

	
110.1

	
87.6

	
129.7

	
65.8

	
143.0

	
110.8
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Table 6. Average values for the six calculated performance indicators: annual relative water supply, RWS, annual relative irrigation supply, RIS, yield performance, Yp (%), overall water use efficiency, WPoverall (kg/m3), output per unit irrigation water, OUI (EUR/m3), and percentage of nitrogen fertilization requirement supplied by irrigation water, N (%).






Table 6. Average values for the six calculated performance indicators: annual relative water supply, RWS, annual relative irrigation supply, RIS, yield performance, Yp (%), overall water use efficiency, WPoverall (kg/m3), output per unit irrigation water, OUI (EUR/m3), and percentage of nitrogen fertilization requirement supplied by irrigation water, N (%).





	

	
Performance Indicators




	

	
RWS

	
RIS

	
Yp

	
WPoverall

	
OUI

	
N






	
Factor: Year

	

	

	

	

	

	




	
2017

	
0.629 ± 0.04

	
0.541 ± 0.05

	
127.06 ± 0.18

	
16.29 ± 2.58

	
8.43 ± 1.50

	
28.00 ± 0.02




	
2018

	
0.723 ± 0.04

	
0.583 ± 0.06

	
91.85 ± 0.08

	
11.94 ± 1.94

	
4.73 ± 0.78

	
26.77 ± 0.03




	
2019

	
0.594 ± 0.04

	
0.503 ± 0.04

	
81.47 ± 0.09

	
10.63 ± 1.10

	
4.53 ± 0.45

	
9.80 ± 0.01




	
2020

	
0.675 ± 0.03

	
0.528 ± 0.04

	
113.16 ± 0.15

	
11.29 ± 0.91

	
5.21 ± 0.42

	
18.71 ± 0.01




	
Factor: Crop

	

	

	

	

	

	




	
Peach

	
0.722 ± 0.03

	
0.603 ± 0.04

	
125.44 ± 0.10

	
14.68±1.41

	
6.84 ± 0.72

	
20.56 ± 0.02




	
Persimmon

	
0.587 ± 0.02

	
0.470 ± 0.02

	
67.39 ± 0.08

	
9.96 ± 0.65

	
4.38 ± 0.29

	
18.52 ± 0.01




	
Factor: Size

	

	

	

	

	

	




	
Adult

	
0.522 ± 0.02

	
0.396 ± 0.03

	
105.13 ± 0.08

	
13.74 ± 1.72

	
6.69 ± 0.97

	
17.40 ± 0.01




	
Young

	
0.655 ± 0.03

	
0.531 ± 0.03

	
-

	
12.46 ± 0.94

	
5.50 ± 0.41

	
17.82 ± 0.01




	
Sapling

	
0.823 ± 0.04

	
0.726 ± 0.06

	
-

	
8.91 ± 1.33

	
3.78 ± 0.55

	
25.33 ± 0.03




	
Year

	
*

	
ns

	
ns

	
ns

	
**

	
**




	
Crop

	
**

	
**

	
**

	
*

	
**

	
ns




	
Size

	
**

	
**

	
-

	
**

	
**

	
*




	
Year × Crop

	
ns

	
ns

	
-

	
**

	
**

	
ns




	
Year × Size

	
**

	
**

	
-

	
ns

	
*

	
**




	
Crop × Size

	
ns

	
ns

	
-

	
*

	
.

	
ns








For each column, values not sharing a common letter differ significantly at the 95% level, according to Tukey’s HSD test. *, **, and “ns” indicate significant differences at p < 0.05, p < 0.001, and non-significant differences, respectively. Numbers show the mean value ± the standard error.
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