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Vulnerability and adaptation strategies for sunflower crop under climatic changes conditions in Egypt
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Abstract: A field trial was carried out during the two sunflower growing seasons 2010 and 2011 to find out the negative effects of climate change (CC) phenomenon on production and water productivity of sunflower crop. The experiments were carried out at Sakha and Giza Agricultural Research Stations. The sites represent middle north Nile Delta and middle Egypt areas, respectively. Global Circulation Models (GCMs) and the dynamic crop growth model OILCROP-SUN which imbedded with the computer program "DSSAT" was used to assess the potential impact of climate change on sunflower crop productivity. The results showed that climate change could decrease sunflower seed yield about 16, 9 and 7 % at Sakha; 22, 19 and 13 % at Giza for sunflower genotypes of Sakha53, Hybrid19 and Hybrid20, respectively. In addition, it will caused reduction in crop water productivity about 21, 14 and 11 % at Sakha; 28, 25 and 20 % at Giza, for the same respective sunflower genotypes. Choosing the appropriate adaptation strategies can significantly contribute in reducing the negative impact of climate change on sunflower productivity along with its water productivity. For example, increasing the amount of irrigation water with 10-20% can be resulted in minimizing the negative impact of climate change. Egypt is facing a series water shortage at present and under climate change, the results showed that skipping last irrigation has the least negative effect on crop production.
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1. Introduction
The Third Assessment Report (TAR) by Gitay et al.,2001 concluded that climate change (CC) and variability will impact food, fiber and forests (FFF) around the world due to the effects on plant growth and yield of elevated CO2, higher temperatures, altered precipitation and transpiration regimes, and increased frequency of extreme events, as well as modified weed, pest and pathogen pressure.
Van Ittersum et al. (2003) simulated higher risk of salinization in arid and semi-arid regions, due to more water loss below the crop root zone. Howden et al. (2003) focused on the consequences of higher temperatures on the frequency of heat stress during growing seasons, as well on the frequency of frost occurrence during critical growth stages. Parry et al. (2007) indicated that yields of grains and other crops could decrease substantially across the African continent because of increased frequency of drought, even if potential production increases due to increases in CO2 concentrations. Debacke et al. (2017) had pointed out that climate change is characterized by higher temperatures, elevated atmospheric CO2 concentrations, extreme climatic hazards, and less water available for agriculture.
The overall results of Kapour (2010), in Italy, indicated that an increase of temperature, in the range between 1.3 and 2.5 Cº, is expected in the next 100 years. The reference evapotranspiration (ETo) variations would follow a similar trend; as average over the whole region, the ETo increase would be about 15.4%. The precipitation should not change significantly on yearly basis. The net irrigation requirements (NIR), in respect to annual situation, is the greatest for olive trees (65%), wheat (61%), grapevine (49%), and citrus (48%) and it is slightly lower for maize (35%), sorghum (34%), sunflower (33%), tomato (31%) and sugar beet (27%).
Egypt is one of the countries that strong likely to the severe adverse impacts of the climate change, particularly on decreasing water supply as well increasing crop water needs. Abou Hadid (2006) analyzed the impact on, vulnerability of, and adaptation to climate change in the production of some major food crops and irrigation water requirements in Egypt. The results showed that there is an overall reduction in crop yields (wheat and tomato) under climate change even when adaptation is taken into account.
Sunflower, as an oil crop, is one of the major crops in Egypt. The national production of sunflower and other oil crops does not meet the current demand for oils. Increasing population growth, and the limited area for agriculture require new ways to increase agricultural productivity in general and oil crops in specific.
The aim of the present study is to determine the impact of climate change on sunflower crop. Moreover, intensive analysis dealing with the adaptation strategies owing to decreasing such negative effects.

2. Procedures.
Selection of the field experimental sites
To achieve the objectives mentioned above, two sites were selected at Sakha and Giza research stations to conduct the concerning field trials. Sakha site represents the conditions and circumstances of the middle northern part of Nile Delta, while Giza site is located in the middle Egypt. Sakha site lies at 31º-07´N. Latitude and 30º-57´E Longitude with an elevation of about 20 m above mean sea level, while Giza site lies at 30º-03´ N Latitude and 31º-13´ E Longitude with an elevation of about 19 m above mean sea level. Particle size distribution (Klute,1986) and some soil chemical parameters (Jackson,1973) of the two sites are presented in Table 1. Soil at both sites are clayey in texture with low organic content, light in both salinity and alkalinity.
Table 1: Particle size distribution and some soil chemical characteristics at Sakha and Giza sites.
	Particle size distribution
	Sakha site
	Giza site

	Sand %
	16.13
	15.95

	Silt %
	23.77
	30.51

	Clay %
	60.10
	53.18

	Textural class
	Clayey
	Clayey

	Chemical analysis

	Organic matter %
	1.37
	1.80

	Available N ppm
	62.76
	40.00

	Available P ppm
	10.45
	19.00

	Available K ppm
	101.98
	304.00

	Ec mmhos / cm
	1.92
	2.65

	pH, 1: 2.5 suspension
	8.40
	7.40



Some soil moisture constants and bulk density at Sakha and Giza sites are presented in Table 2. Data indicated that the soil at each site is having high field capacity and wilting point as a result of the high clay content. Therefore, the available water in the effective root zone of 60 cm soil depth which can be used by the growing plants is fairly high.
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Table 2: Soil moisture constants and bulk density for Sakha and Giza experimental sites.
	Soil depth
(cm)
	Field capacity
(%,wt)
	Wilting point
(%,wt)
	Available moisture (%,wt)
	Bulk density
(gm/ cm3)
	Available moisture (mm)

	Sakha site

	00 – 15
	47.50
	25.82
	21.68
	1.26
	40.98

	15 – 30
	39.78
	21.62
	18.16
	1.30
	35.41

	30 – 45
	38.40
	20.87
	17.53
	1.29
	33.92

	45 - 60
	36.39
	21.41
	14.98
	1.38
	31.01

	Average
	40.52
	22.41
	18.46
	1.31
	Total 141.3

	Giza site

	00 – 15
	41.80
	18.60
	23.20
	1.20
	41.80

	15 – 30
	33.70
	17.50
	16.20
	1.20
	29.20

	30 – 45
	28.40
	16.90
	11.50
	1.20
	20.7

	45 - 60
	28.00
	16.50
	11.50
	1.30
	22.4

	Average
	32.98
	17.38
	15.60
	1.23
	Total 114.1
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Agro-meteorological data (Table 3) at Sakha and Giza sites in 2010 and 2011 summer seasons were obtained from the Agro-meteorology and Climate Change Unit; Soils, Water and Environment Research Institute (SWERI); Agricultural Research Center (ARC), (unpublished data).
Agronomic practices
Seedbed preparation owing to obtain high seed emergence was executed based on the recommended practices as issued by agriculture research center (ARC). In this regard, the area of the field trial was accomplished with good leveling using Laser technique for obtaining high uniformity distribution of irrigation water onto the cultivated area which resulting in healthy growing plants. The main way towards increasing irrigation efficiency with surface irrigation, the traditional watering system in Egypt is through precise soil leveling. Moreover, a basal dose of P-fertilizer equaled 37.2 kg P2O5/ ha was applied during land preparation procedure.
Three sunflower genotypes were investigated; Sakha53 variety (V1), hybrid19 (V2) and hybrid20 (V3). The sunflower genotypes were assessed in Randomized Complete Blocks Design with four replicates. The experimental plot area was equaled 25 m². Sunflower seeds were sown on 6/6/ 2010 and 29/6/2011 at Sakha and on 6/6/2010, and 16/ 6/ 2011 at Giza. Seeding rate was 12 kg/ ha. Sowing spacing was 20 cm between the adjacent plants and 70 cm between furrows. The recommended nitrogen level of 88.8 kg N/ ha was added in two equal applications before life (first after sowing irrigation) and the following irrigation as urea (46.5 % N). The potassium fertilizer dose of 120 kg/ ha as sulfate potassium (48% k2O) was applied before the second watering at the same time with the second application of N fertilizer.
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Table 3: Average agro-meteorological data at Sakha and Giza sites in 2010 and 2011 seasons
	Sakha site

	Month
	Season
	T, max.
	T, min.
	T, av.
	W.S
	R.H
	S.R

	June
	2010
	33.5
	19.3
	26.3
	1.2
	61
	625

	
	2011
	32.0
	17.2
	24.6
	1.3
	65
	625

	July
	2010
	33.1
	20.4
	26.8
	1.2
	67
	610

	
	2011
	33.0
	19.4
	26.2
	1.1
	64
	610

	August
	2010
	34.0
	21.2
	28.5
	1.1
	70
	579

	
	2011
	33.5
	19.8
	26.7
	1.0
	67
	579

	September
	2010
	33.4
	19.2
	26.3
	1.0
	65
	507

	
	2011
	33.2
	17.7
	25.5
	0.9
	69
	507

	October
	2010
	30.7
	17.0
	23.9
	0.8
	59
	412

	
	2011
	28.0
	14.0
	21.0
	0.9
	65
	412

	Giza site

	June
	2010
	37.0
	22.7
	30.0
	1.6
	51
	627

	
	2011
	35.2
	21.7
	28.5
	2.0
	55
	627

	July
	2010
	36.3
	23.9
	29.9
	1.8
	67
	613

	
	2011
	37.3
	23.5
	30.4
	1.9
	59
	613

	August
	2010
	38.3
	25.3
	31.3
	1.8
	61
	577

	
	2011
	36.5
	23.9
	30.2
	1.5
	60
	577

	September
	2010
	35.8
	23.4
	29.1
	2.1
	59
	512

	
	2011
	35.2
	22.7
	29.0
	1.7
	59
	512

	October
	2010
	33.8
	21.5
	27.4
	1.9
	59
	417

	
	2011
	30.9
	18.7
	24.8
	1.8
	58
	417


Where: Tmax, Tmin, Tav, W.s, R.H, and S.R are; maximum, minimum, average temperature in °C. W.S= wind speed, m/sec. R.H= relative humidity,%. S.R.= solar radiation, cal/cm2/day.
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Vulnerability study
Vulnerability study for sunflower crop under climate change conditions was estimated with the OILCROP-SUN model included in DSSAT3.5 (Tsuji et al., 1998). Equilibrium doubled CO2 climate change scenarios were derived from the Canadian Climate Center (CCCM) and the Geophysical Fluid Dynamic Laboratory (GFD3) general circulation models (GCMs). The simulation was performed for a period of 25 years (1975 – 1999) for Sakha and 30 years (1960 – 1989) for Giza.
Crop water productivity was estimated according to Smith (2002). Crop water productivity is defined as Crop yield / Water consumptive used as ET.
Adaptation Studies
To minimize the negative impact of climate change on sunflower, number of adaptation strategies were examined, these are
· Sowing dates
Base treatment (June 10), 1st of May, 10th of May, 20th of May, 1st of June, 20th of June.
· Irrigation amounts
Base amount, Base amount -10 %, Base amount -20 %, Base amount +10 %, Base amount +20 %.
· Skipping irrigation at different growth stages
Without skipping under current, without skipping under climate change, skip. at 2nd irri., skip. at 3rd irri., skip. at 4th irri., skip. at 5th irri., skip. at 6th irri.

3. Results and Discussion
Vulnerability study
Results as recorded in Tables 4 - 5 indicated that climate change resulted in decreasing seed yield by 16, 9, 7 % at Sakha and 22, 19, 13 % at Giza, for sunflower genotypes of Sakha53 (V1), Hybrid19 (V2) and Hybrid20 (V3), respectively. The variety of V1 was more sensitive to climate change as compared with the two others. However, the variety of V3 was more tolerant.
Regarding crop water productivity (CWP), results indicated that CWP under current conditions ranged from 0.62 to 0.81 kg seeds/ m3 consumed water at Sakha site, and 0.46 to 0.60 at Giza site. However, the corresponding values under climate change are ranged between 0.54 to 0.64, and 0.37 to 0.45 kg seeds/ m3 consumed water. The highest CWP under climate change conditions was found for V1 at Sakha and V2 at Giza. On the contrary, the lowest values were recorded with V2 and V3 for the same respective sites.
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Table 4: Impact of climate change (CC) on sunflower seed yield and crop water productivity (CWP) at Sakha site.
	Sunflower genotypes
	Seed yield (kg/ ha)
	Change %
	CWP (kg/ m3)
	Change %

	
	Current
	CC
	
	Current
	CC
	

	V1
	3348
	2797
	-16
	0.81
	0.64
	-21

	V2
	2582
	2358
	-9
	0.62
	0.54
	-13

	V3
	2899
	2711
	-6
	0.70
	0.62
	-11


Notes: V1: Sakha53; V2: Hybrid 19; V3: Hybrid 20

Table 5: Impact of climate change (CC) on sunflower seed yield and crop water productivity (CWP) at Giza site.
	Sunflower genotypes
	Seed yield (kg/ ha)
	Change %
	CWP (kg/ m3)
	Change %

	
	Current
	CC
	
	Current
	CC
	

	V1
	2892
	2260
	-22
	0.58
	0.42
	-28

	V2
	2993
	2413
	-19
	0.60
	0.45
	-25

	V3
	2294
	1989
	-13
	0.46
	0.37
	-20
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Adaptation studies with sunflower seed yield
Adaptation under different sowing dates
At Sakha site, results as presented in Figs.1 indicate that the suitable sowing date for the studied sunflower genotypes was 1st to 10th May. Sowing V1, V2 and V3 on1st May increased sunflower seed yield by 7, 23 and 23 % as compared with base sowing date under climate change (10th June). The lowest seed yield registered for sowing on 20th June for all sunflower genotypes under study.
Regarding Giza site, the optimum sowing date was 1st May as shown in Fig. 2. The highest decrease in grain yield of 27 % was observed by V1 when sown on 20th June, while the lowest decrease with 2 % was shown by V3 when sown on 1st May. Thus weather plays vital role in sunflower productivity. Optimum growth temperature is corresponds to the optimum temperature for photosynthesis. High temperature affects plant development and speeds crop growth through the developmental processes.
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Adaptation under different irrigation water amounts
At Sakha site, Increasing amount of irrigation water caused an increase in sunflower productivity under climate change conditions as shown in Fig. 3. Increasing amount by 10 % could increase yield up to 3 % as compared with base yield under climate change, and 2 % only with increasing amount 20 %. However, decreasing amount of irrigation water by 10 to 20 % could decrease yield from 21 to 23 % for V1; 12 to 14 % for V2; 12 to 14 % for V3.
For Giza site, Impact of increasing amount of irrigation water applied on sunflower seed yield take the same trend as at Sakha site. Results as presented in Fig 4 clearly show that increasing water amount by 10 % or 20 % could increase seed yield by 6 to 11 %, respectively. However, under decreasing water amount by 10 % or 20 %, the corresponding reduction in seed yield ranging from 18 to 32 %.
	Researcher 2017;9(x)                                     http://www.sciencepub.net/researcher

5





	Researcher 2017;9(6)    	     http://www.sciencepub.net/researcher


50
Adaptation under skipping irrigation at different growth stages
For Sakha site, skipping irrigation at any stage of plant growth or prolonging the period between successive irrigations under climate change conditions will cause major decreasing in crop productivity as shown in Fig. 5. The highest reduction in sunflower productivity found with skipping at the 2nd irrigation, skipping at this stage resulted in reduced crop productivity by 68, 69 and 64 %, for V1, V2 and V3, respectively. In addition, the less shortage in crop productivity happened when skipping was done at last irrigation (6th irrig.) which caused decreasing in crop productivity by 17, 9 and 7 % for the same respective sunflower genotypes.
For Giza site, results as recorded in Fig. 6 indicate that skipping watering at 2nd irrigation under climate change could reduce crop productivity ranging from 30 to 40 %. Results indicated also that skipping irrigation at the last irrigation (6th irri.) or at 5th watering caused less reduction in crop productivity than the other skipping irrigation treatments. Decreasing percent at these stages registered 23, 21 and 19 % for the respective genotypes of V1, V2 and V3.
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Adaptation studies with crop water productivity (CWP)
Adaptation under different sowing dates
Simulation of CWP under different sowing dates at Sakha and Giza sites as presented in Figs. 7 - 8 illustrate that early sowing date gave the highest CWP in both sites as compared with late sowing date. The superior variety under this character was obtained for V1 at Sakha which superior by 40 and 5 % as compared with V2 and V3, respectively. However, at Giza the superiority in CWP was for V2 which increased by 5 and 28 % as compared with V1 and V3, respectively.
In addition, under excess or deficit irrigation water amounts, results as recorded in Figs. 9 and 10 indicate that CWP was increased by increasing irrigation water amounts (base +10 or 20%) in both sites. The superior varieties were found for V1 and V2 in both sites, respectively.
Regarding the impacts of skipping irrigation at different growth stages on CWP, results as shown in Figs. 11 and 12 indicate that skipping at 2nd irrigation gave the lowest CWP in both locations, while, skipping at last irrigation (6th irri.) or 5th irrigation gave the highest CWP values.
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Conclusions and recommendations
In Egypt, climate change will adversely affected the productivity of sunflower crop.
Global Circulation Models (GCMs) and the dynamic crop growth model OILCROP-SUN which imbedded with the computer program "DSSAT" was used to assess the potential impact of climate change on sunflower crop.
The results showed that sunflower crop will decrease from 7 to 16 % at Sakha and from 13 to 22 % at Giza. In addition, crop water productivity (CWP) will decrease from 11 to 21 % at Sakha and from 20 to 28 % at Giza.
Choosing the appropriate adaptation strategies can contribute significantly in reducing the negative impact of climate change on the agricultural sector. The results illustrate the promised strategies to identify the suitable adaptation package for sunflower crop in each climatic zone. For example, increasing the amount of irrigation water 10 - 20% can be contributed in minimizing the negative impact of climate change.
Under water shortage that facing Egypt, the results showed that skipping last irrigation has the least negative effect on crop production.
Moreover, the use of the appropriate crop varieties in each climatic zone will have a positive effect on crop productivity under future conditions.
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6/5/2017
Fig. 1: Simulation of sunflower seed yield at different sowing dates (as adaptation strategy) under climate change conditions compared to current conditions at Sakha area.
Base yield under current	Sakha 53 (V1)	Hybrid 19 (V2)	Hybrid 20 (V3)	3348	2582	2899	Base yield under future (10th June)	Sakha 53 (V1)	Hybrid 19 (V2)	Hybrid 20 (V3)	2797	2358	2711	1st May	Sakha 53 (V1)	Hybrid 19 (V2)	Hybrid 20 (V3)	3554.04	2531.08	3387.1800000000003	10th May	Sakha 53 (V1)	Hybrid 19 (V2)	Hybrid 20 (V3)	3274.7200000000003	2508.96	3153.48	20th May	Sakha 53 (V1)	Hybrid 19 (V2)	Hybrid 20 (V3)	3036.04	2448.1	2894.66	1st June	Sakha 53 (V1)	Hybrid 19 (V2)	Hybrid 20 (V3)	2830	2384.62	2730.4250000000002	20th June	Sakha 53 (V1)	Hybrid 19 (V2)	Hybrid 20 (V3)	2675.2	2301.14	2657.48	
Seed yield (kg/ ha)


Fig. 2: Simulation of sunflower seed yield at different sowing dates (as adaptation strategy) under climate change conditions compared to current conditions at Giza area.
Base yield under current	V1	V2	V3	2892	2993	2294	Base yield under future (10th June)	V1	V2	V3	2260	2413	1989	1st May	V1	V2	V3	2724.0166666666637	2864.55	2243.4499999999998	10th May	V1	V2	V3	2666.1833333333375	2792.25	2207.8872222222221	20th May	V1	V2	V3	2463.6833333333375	2594.0500000000002	2160.0333333333401	1st June	V1	V2	V3	2309.9833333333386	2453.5500000000002	1991.4	20th June	V1	V2	V3	2116.9499999999998	2207.3500000000022	1924.2666666666685	
Seed yield (kg/ ha)


Fig. 3: Simulation of sunflower seed yield at different water amounts (as adaptation strategy) under climate change conditions compared to current conditions at Sakha area.
Base yield under current	V1	V2	V3	3348	2582	2899	Base yield under future 	V1	V2	V3	2797	2358	2711	Base - 10%	V1	V2	V3	2629.02	2262.3200000000002	2558.6999999999998	Base - 20%	V1	V2	V3	2576.02	2221.92	2506.6999999999998	Base + 10%	V1	V2	V3	2892.3	2408.46	2800.88	Base + 20%	V1	V2	V3	2851.42	2386.1000000000004	2755.24	
Seed yield (kg/ ha)


Fig. 4: Simulation of sunflower seed yield at different water amounts (as adaptation strategy) under climate change conditions compared to current conditions at Giza area.
Base yield under current	V1	V2	V3	2892	2993	2294	Base yield under future 	V1	V2	V3	2260	2413	1989	Base - 10%	V1	V2	V3	2038.44	2352.8416666666667	1874.4471666666682	Base - 20%	V1	V2	V3	1970.8039999999999	2329.4216666666657	1757.4816666666684	Base + 10%	V1	V2	V3	2430.585	2593.7674999999972	2120.0402999999997	Base + 20%	V1	V2	V3	2554.3349999999996	2728.5691666666667	2199.4500000000012	
Seed yield (kg/ ha)


Fig. 5: Simulation of sunflower seed yield under skipping irrigation at different growth stages (as adaptation strategy) under climate change conditions compared to current conditions at Sakha area.
Base yield under current	V1	V2	V3	3348	2582	2899	Base yield under future 	V1	V2	V3	2797	2358	2711	skip. at 2nd irri.	V1	V2	V3	1061.98	811.12	1041.8399999999999	skip. at3rd  irri.	V1	V2	V3	2416.7399999999998	2092.62	2359.1400000000003	skip. at 4th  irri.	V1	V2	V3	2777.3999999999996	2348.8200000000002	2697.7599999999998	skip. at 5th irri.	V1	V2	V3	2797.6000000000004	2354.62	2708.9	skip. at 6th irri	V1	V2	V3	2790.6	2354.2799999999997	2702.74	
Seed yield (kg/ ha)


Fig. 6: Simulation of sunflower seed yield under skipping irrigation at different growth stages (as adaptation strategy) under climate change conditions compared to current conditions at Giza area.
Base yield under current	V1	V2	V3	2892	2993	2294	Base yield under future 	V1	V2	V3	2260	2413	1989	skip. at 2nd irri.	V1	V2	V3	1744.85	1917.333333333331	1610.7616666666681	skip. at3rd  irri.	V1	V2	V3	1859.5500000000002	2018.8	1677.625	skip. at 4th  irri.	V1	V2	V3	2093.8000000000002	2238.9833333333386	1813.2586666666682	skip. at 5th irri.	V1	V2	V3	2214.3853333333391	2363.4940000000001	1860.7504999999996	skip. at 6th irri	V1	V2	V3	2213.3046666666642	2364.3313333333413	1858.4948333333314	
Seed yield (kg/ ha)


Fig. 7: Simulation of crop water productivity (CWP) for sunflower crop at different sowing dates under climate change conditions compared to current conditions at Sakha area.
Base CWP under current	V1	V2	V3	0.8086956521739147	0.6236714975845431	0.70024154589371979	Base CWP under future (10th June)	V1	V2	V3	0.6393142857142855	0.53897142857142921	0.61965714285714291	1st May	V1	V2	V3	0.81235199999999996	0.57853257142857162	0.77421257142857225	10th May	V1	V2	V3	0.7485074285714286	0.57347657142857222	0.72079542857142975	20th May	V1	V2	V3	0.69395200000000001	0.55956571428571422	0.66163657142857291	1st June	V1	V2	V3	0.64685714285714291	0.54505599999999998	0.62409714285714291	20th June	V1	V2	V3	0.61147428571428553	0.52597485714285763	0.60742399999999996	
CWP (kg/ m3)


Fig. 8: Simulation of crop water productivity (CWP) for sunflower crop at different sowing dates under climate change conditions compared to current conditions at Giza area.
Base CWP under current	V1	V2	V3	0.58083952600923849	0.60112472384012861	0.4607350873669413	Base CWP under future (10th June)	V1	V2	V3	0.41898405635891767	0.44734890619206563	0.36874304783092327	1st May	V1	V2	V3	0.50500865158818553	0.53106229143492756	0.41591583240637725	10th May	V1	V2	V3	0.49428686194537219	0.51765850945494996	0.40932280723437647	20th May	V1	V2	V3	0.45674514893091073	0.48091397849462414	0.40045111852675813	1st June	V1	V2	V3	0.42825052527499741	0.45486651835372638	0.36918798665183572	20th June	V1	V2	V3	0.39246384872080137	0.40922321097515768	0.35674205907798795	
CWP (kg / m3)


Fig. 9: Simulation of crop water productivity (CWP) for sunflower crop at different water amounts under climate change conditions compared to current conditions at Sakha area.
BaseCWP under current	V1	V2	V3	0.8086956521739147	0.6236714975845431	0.70024154589371979	Base CWP under future 	V1	V2	V3	0.6393142857142855	0.53897142857142921	0.61965714285714291	Base - 10%	V1	V2	V3	0.60091885714285764	0.51710171428571461	0.58484571428571464	Base - 20%	V1	V2	V3	0.58880457142857223	0.50786742857142853	0.57295999999999991	Base + 10%	V1	V2	V3	0.66109714285714294	0.55050514285714258	0.64020114285714291	Base + 20%	V1	V2	V3	0.65175314285714292	0.5453942857142855	0.62976914285714281	
CWP (kg / m3)


Fig. 10: Simulation of crop water productivity (CWP) for sunflower crop at different water amounts under climate change conditions compared to current conditions at Giza area.
Base CWP under current	V1	V2	V3	0.58083952600923849	0.60112472384012861	0.4607350873669413	Base CWP under future 	V1	V2	V3	0.41898405635891767	0.44734890619206563	0.36874304783092327	Base - 10%	V1	V2	V3	0.37790878754171353	0.43619608206649368	0.34750596341614148	Base - 20%	V1	V2	V3	0.36536967000370818	0.43185422073909313	0.32582159189222692	Base + 10%	V1	V2	V3	0.45060901001112297	0.48086160548757911	0.39303676307007857	Base + 20%	V1	V2	V3	0.47355116796440544	0.5058526449141022	0.40775862068965574	
CWP (kg / m3)


Fig. 11: Simulation of crop water productivity (CWP) for sunflower crop under skipping irrigation at different growth stages under climate change conditions compared to current conditions at Sakha area.
BaseCWP under current	V1	V2	V3	0.8086956521739147	0.6236714975845431	0.70024154589371979	Base CWP under future 	V1	V2	V3	0.6393142857142855	0.53897142857142921	0.61965714285714291	skip. at 2nd irri.	V1	V2	V3	0.24273828571428596	0.18539885714285734	0.2381348571428572	skip. at3rd  irri.	V1	V2	V3	0.5523977142857146	0.47831314285714288	0.53923199999999949	skip. at 4th  irri.	V1	V2	V3	0.63483428571428568	0.53687314285714249	0.61663085714285804	skip. at 5th irri.	V1	V2	V3	0.63945142857142934	0.53819885714285765	0.61917714285714287	skip. at 6th irri	V1	V2	V3	0.63785142857142962	0.53812114285714252	0.61776914285714279	
CWP (kg/ m3)


Fig. 12: Simulation of crop water productivity (CWP) for sunflower crop under skipping irrigation at different growth stages under climate change conditions compared to current conditions at Giza area.
Base CWP under current	V1	V2	V3	0.58083952600923849	0.60112472384012861	0.4607350873669413	Base CWP under future 	V1	V2	V3	0.41898405635891767	0.44734890619206574	0.36874304783092327	skip. at 2nd irri.	V1	V2	V3	0.32347979236188429	0.35545668026202004	0.29862099864046526	skip. at3rd  irri.	V1	V2	V3	0.34474416017797582	0.37426770485724925	0.31101687059696015	skip. at 4th  irri.	V1	V2	V3	0.38817204301075314	0.41508775182301338	0.33616215548139905	skip. at 5th irri.	V1	V2	V3	0.41052749969101482	0.43817093066370066	0.34496672228401976	skip. at 6th irri	V1	V2	V3	0.41032715362748773	0.438326164874553	0.34454854158942061	
CWP (kg/ m3)
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