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Abstract
The main goals of this work were 1) the evaluation of potential and limited (water and nutrients - WLGY) yields and their sensitivity to various amount of solar radiation (SRAD) on three selected localities in different production regions (corn, sugar beet and potato growing) of the Czech Republic, 2) evaluation of LAI (leaf area index) and vegetation duration sensitivity to different levels of SRAD and 3) determination of influence of errors of input SRAD data on simulation results. Method of combination of crop growth model CERES-Barley and stochastic weather generator Met&Roll was used. Positive response of WLGY (ranging from +9 to +37 kg.ha-1) per 1% increase of SRAD value was recorded up to the level of 92-102% of the presents SRAD (depending on locality) where it culminated and then yield with increasing SRAD level declined. The leaf area index and total above ground biomass responses corresponded with WLGY change. Duration of vegetation imperceptibly shortens with increased SRAD. The overall error of (5% in SRAD sum will not significantly affect WLGY, systemic error (20% will cause over (under) estimation of simulated WLGY by 180-740 kg.ha-1 depending on locality, other meteorological elements and crop managements practices. 
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Introduction

The importance of the solar radiation for the crop production process is understand especially on general level i.e. that solar energy is the driving force and only source of energy for photosynthesis (MONTEITH, 1973; PENNING DE VRIES et al., 1989). The utilization of solar energy for photosynthetic activity is limited by low content of carbon dioxide in air especially during clear summer days, by unsuitable canopy structure (mutual shading of leaves) and by lack of water or (and) minerals (PETR et al, 1987). Solar radiation (SRAD) is one of the main factors influencing biomass and yield production and its quality e.g. high 1000-grain weight is beside other factors associated with prolonged SRAD in the phase of stem elongation and grain filling (HUBÍK, 1993) while low intensity of SRAD during grain filling phase negatively influences grain yield (LEKEŠ, 1984). However high level of SRAD in June in combination with high temperatures and a high saturation deficit can cause marked reduction of tillers (CHMIELEWSKI and KÖHN, 1998). Statistical analysis of the relationship between measured solar radiation and experimental data is complicated by many other factors which are mutually interrelated e.g. amount of solar radiation is significantly influenced by cloud cover and rain distribution and SRAD is on other side the major determinant of the air temperature. Therefore establishing the direct link between SRAD and grain yield of cereals only by statistical means is difficult task as grain yield depends on great number of other factors (availability of water and nutrients, pest and diseases, tillage practices, sowing date etc.). Moreover grains of spring barley represents only part of total above ground biomass and problem of assimilates partioning makes the problem even more difficult. Use of the crop growth model makes possible to study role of SRAD in the spring barley production process without interferences from other important factors e.g. crop management or planting dates etc. which may overshadow the role of SRAD.
Material and Methods

1) The overall objectives of the study concentrated on the role of SRAD on production process of the spring barley with help of the crop growth model CERES-Barley (OTTER-NACKE et al., 1991) and stochastic weather generator Met&Roll (DUBROVSKÝ, 1997). The study consisted of the following steps:
2) evaluation of potential grain and water and nutrients limited yields sensitivity to various levels of SRAD on three selected localities,

3) evaluation of LAI (leaf area index) and vegetation duration sensitivity to different levels of SRAD, 

determination of the sensitivity analysis results applications.

Three selected experimental sites are situated in different production regions and they differ significantly in climatic as well as in soil conditions. The experimental site in Žabčice (49°01´ N, 16° 37´ E and altitude 179m) belongs to the main maize production region and lays on heavy soils. The yearly average air temperature equals to 9,2°C and the yearly average precipitation is 480 mm. The experimental site in Kroměříž (49°18´ N, 17° 23´ E and altitude 204 m) is situated in a sugar beet production region. The yearly average air temperature equals 8,6 °C and the yearly average precipitation is 599 mm and soil texture is classified as typical loam. The experimental site in Domanínek (49°32´ N, 16°15´E and altitude 560 m) belongs to the main potato production region in Czech Republic. The yearly average air temperature equals 6,5 °C and the yearly average precipitation is 651 mm. Soil is rather light and can be characterized as loamy sand.

Values of measured solar radiation vary and show significant interannual and interseasonal differences, as interseasonal variability of SRAD is understand variability during 150 days (1.4.-29.7.) in which spring barley is grown. The variability in this period described by the value of variation coefficient equaled to about 7% at localities Žabčice and Kroměříž and to 6% at Domanínek. 

The model that was use in the study i.e. CERES-Barley was calibrated and evaluated for all test sites (Šťastná et al., 2001). Based on the results from evaluation process representative year was selected for each locality and all input data except weather were then based on its (generic( values. Year 1989 was chosen as representative season for Žabčice and years 1988 and 1999 for Domanínek and Kroměříž. The role of meteorological factors (temperature and rainfall) was partially taken into account by using 99 different years of synthetic weather for each SRAD scenario. Parameters of these weather series generated by Met&Roll were based on observed daily weather data from all three sites. Global radiation was directly measured on the locality Kroměříž. At the locality Žabčice data originated from the station of the Czech Hydrometeorological Institute (CHMI) in Kuchařovice (40 km apart) and at the locality Domanínek data were calculated from sunshine duration measurements (by Angström formula) of the voluntary climatic station (CHMI) in Bystřice n/P, which is only 2 km from the test field. 


Sensitivity analysis itself was based on 38 incremental scenarios (for SRAD only) ranging from 40% of the mean daily values of SRAD to 160% with 5% (respectively 2%) step.. Such extreme values were chosen to demonstrate the role of SRAD in one complex picture even under unrealistic circumstances. Inside the interval, in which the real values of SRAD can be expected ((20% of the present SRAD value based on observed data variability) the sensitivity analysis was more detailed (increase by 2%). Combination of the crop growth model and stochastic weather generator made possible to simulate for each scenario 99 various vegetation seasons and then to evaluate each set of simulations statistically concentrating not only on relation of SRAD and spring barley yield but also on LAI, above ground biomass and duration of vegetation.
Even though the crop model used for the simulation was carefully calibrated and evaluated one cannot forget that it is crop model only i.e. simplified reconstruction of the reality and therefore the results must be carefully interpreted as they depend greatly on the model structure and mathematical equations from which the model consists. Despite these limitations (and in some cases because of them) the models can be used for detail sensitivity analyses, which either are not possible on experimental field and are very expensive (phytotrons, greenhouses etc.) or cannot be carried out at all (different amount of solar radiation under field conditions).

Results and Discussion
The effect of increasing SRAD on potential yield can be approximated by a linear function on all three localities that is clearly given by the build in functions in the model. However three localities differ in the amount of grain yield increase per unit increase of SRAD that is visible from different slopes of the lines representing potential yield (Fig. 1-3). The potential yield at locality Žabčice would increase by approximately 119 kg.ha-1 per 1% of additional SRAD, the same value in Domanínek equaled to 106 kg.ha-1 and in Kroměříž to 124 kg.ha-1. This variability maybe partially explained by differences among cultivars that were grown at test sites. Variability of the potential yield expressed as variation coefficient decreases with SRAD increase e.g. in Žabčice variation coefficient for SRAD*0,4 scenario equals to 27,34%, for current value of SRAD is 8,10% and for scenario SRAD*1,60 equals to 7,27%. These values correspond well with similar studies e.g. Nonhebel (1994) or Žalud and Šťastná (2000).
The effect of the change in solar radiation on spring barley water limited yield is a product of two mechanisms. Firstly, the increased solar radiation intensifies the evapotranspiration, which will lead to the water stress and thereby to decline of yields. On the contrary this negative effect will be partially balanced by increased photosynthesis rate, which is under optimal conditions more or less linear. An effect of the increased radiation remains positive to certain point that depends on the other characteristics of the locality and cultivar properties. The grain yield positively responded to higher SRAD values up to SRAD*1,02 in Domanínek and SRAD*0,92 in Kroměříž. The precise determination of this value is not possible (Fig 1) at locality Žabčice due to high natural level of underground water but without its influence the positive SRAD effect culminated at level SRAD*0,98.

Sensitivity of water limited yields to 1% increase of SRAD vary (Fig 1-3), however for interval SRAD*0,80 - SRAD*1,20 equals at the locality Žabčice approximately +37 kg.ha-1 taking into account underground water influence and without considering this factor the effect of increased SRAD is reduced to + 9 kg.ha-1 in interval SRAD*0,80 - SRAD*1,00 and even inversed to -18 kg.ha-1 in interval SRAD*1,00-SRAD*1,20. The response to additional 1% of SRAD at the locality Domanínek is 32 kg.ha-1 in interval SRAD*0,80-SRAD*1,02 and -25 kg.ha-1 in interval SRAD*1,02-1,20. At the locality Kroměříž grain yield would grow in interval SRAD*0,80-SRAD*0,92  by 38 kg.ha-1 per 1% of additional SRAD and then it would decline by 18 kg.ha-1. These values has to be treated as approximations because the response is not linear and slopes of the lines in the considered intervals are not constant and are the smallest around the culmination points. Therefore any error of measurement, which would lie in interval (5% of correct value is insignificant for the model results in most cases. However greater systematic errors have to be taken into account as e.g. the deviation of (20% would lead to overestimation (underestimation) of water limited yields by 180-740 kg depending on the locality. As can be noted from Fig. 1-3 and above-mentioned results the water-limited production is less sensitive to inaccuracies in global radiation data than potential production (same results in Nonhebel, 1993).

All three localities are rainfall dependent and with one slight exception (locality Žabčice) they lack any additional source of water. Higher amount of incoming radiation will increase amount of biomass produced during the development and therefore soil water reserves will be depleted earlier. Such development will lead, especially in years with lower amount of rainfall, to low grain yields as the reserves of assimilates stored in natural plant sinks (roots and stem) will not be sufficient to support developments of fertile grains in ear. Even though higher SRAD have a positive effect under optimal conditions as was previously mentioned, under water limited conditions at all three localities these extra energy cannot be utilized and will have negative effect on crops. These claims can be supported after careful examination of Fig. 1. The full line with white dots captures sensitivity analysis at the locality Žabčice under precipitation only regime i.e. spring barley in semiarid conditions of South Moravia on heavy soil. The line with gray dots represents the same locality but including the effect of high level of underground water that fluctuates from 1,60 m up to 0,7 m under the surface. The additional water in the system reduces variability and increases yield for the same scenario and vice versa. The yield variability is clearly inversely related to amount of precipitation (Fig. 1-3). This conclusion is in accordance with conclusions of the related climate change impact studies (ŽALUD et al., 2000). Increased SRAD according the scenarios derived from GCM models would significantly increased the potential yield while water limited yield would increase only slightly with almost doubled variability. This negative effect of increased SRAD on yield variability caused by higher evapotranspiration is not compensated by higher water use efficiency under 2xCO2. Current studies (DUBROVSKÝ, et.al.) show that we significant shift in SRAD distribution is to be expected in the Czech Republic. According "average" scenario which is based on results of 7 GCM models the SRAD e.g. in May will be 3,6% less and in July 10,7% more than under current climatic conditions.
As can be demonstrated on Fig. 4 the effect of increased SRAD leads to slightly shorter duration of vegetation (the associated changes of temperature were not considered). Values of LAI follow the yield dynamics and the maximum LAI value is recorded for scenarios with highest grain yield but the maximum values tend to persist even under higher sums of SRAD (the total above ground biomass follows the same trend).


Conclusions

The results of this study confirms that the utilization of incoming SRAD is limited by other factors mainly by water availability either in form of rainfall, underground capillary inflow or irrigation. The effect of the increased SRAD on maximum LAI values and total above ground biomass is more less the same as on grain yield and reaches the maximum close to the present values of incoming SRAD even though it seems that slightly lower SRAD intensity would have an positive effect in the sense of lower yield variability (without sacrificing much of the grain yield). 
This study also concentrated on the sensitivity of the model to input SRAD data precision that might be helpful at some localities where the values of SRAD have to be calculated from sunshine duration hours, cloud cover or substituted by measurements from distant station. It was concluded that errors in range (5% are insignificant but greater systematic error have to be taken into account. 
Abstrakt
Práce si kladla následující cíle 1) vyhodnocení citlivosti potenciálních a limitovaných (vodou a živinami-WLGY) výnosů jarního ječmene k rozdílným hodnotám slunečního záření (SRAD) na třech vybraných lokalitách v různých výrobních oblastech (kukuřičné, řepařské a bramborářské) České republiky, 2) vyhodnocení vlivu různých úrovní SRAD na index listové plochy (LAI) a celkové trvání doby vegetace a za 3) vyhodnocené vlivu chyb ve vstupních datech SRAD na výstupy růstových modelů. Ke splnění vytyčených cílů byla použita metoda zahrnující stochastický generátor Met&Roll použitý pro přípravu vstupních meteorologických dat spolu s růstovým modelem CERES-Barley, s jehož pomocí byl vliv rozdílných úrovní SRAD kvantifikován. Zvýšení hodnoty SRAD o 1% způsobilo nárůst hodnoty WLGY (o +9 až +37 kg.ha-1) a to až do úrovně odpovídající 92-102% současné SRAD (v závislosti na lokalitě). Po překročení této hraniční úrovně, kdy absolutní výše výnosu kulminovala, se výnos se vzrůstající hladinou SRAD snižoval a jeho variabilita vzrůstala. Hodnoty LAI a celkové nadzemní biomasy odpovídaly průběhu hodnot WLGY. Doba vegetace se nárůstem SRAD nepatrně zkracovala (změny teplot nebyly uvažovány). Chyba vstupních dat v rozsahu (5% celkové sumy SRAD výrazně neovlivní WLGY (za předpokladu správnosti ostatních vstupních údajů), naproti tomu systematická chyba v řádu (20% způsobí odchylku WLGY v rozsahu (180-740 kg.ha-1 v závislosti na lokalitě, ostatních meteorologických vstupních údajích a agrotechnice.
Klíčová slova: potenciální a limitovaný výnos, růstový model, sluneční záření, stochastický generátor, index listové plochy 
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Fig. 1: Sensitivity analysis of potential and water limited (both with and without underground water influence) spring barley (cultivar Perun) grain yield to different levels of SRAD at locality Žabčice. Each scenario represents 99 simulation runs and is described by the mean and values of (2 times standard deviation (std). 
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 Fig. 2: Sensitivity analysis of potential and water limited (WLY) spring barley (cultivar Orbit) grain yield to different SRAD values at locality Domanínek. Each scenario represents 99 simulation runs and is described by the mean and values of (2 times standard deviation (std).
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 Fig. 3: Sensitivity analysis of potential and water limited (WLY) spring barley (cultivar Akcent) grain yield to different SRAD values at locality Kroměříž. Each scenario represents 99 simulation runs and is described by the mean and values of (2 times standard deviation (std).
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 Fig. 4: Sensitivity analysis of leaf area index (LAI) and duration of vegetation (from sowing to physiological maturity) to different levels of SRAD for potential and water limited production of spring barley (cultivar Orbit) at locality Domanínek. Each scenario represents 99 simulation runs and is described by the mean and values of (2 times standard deviation (std). 
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				potential yield - mean (+/-) 2std		potential yield - mean		mean + 2std		mean - 2std		water limited yield (no underground water) - mean		mean + 2std		mean - 2std		water limited yield (with underground water)		mean + 2std

		40.00		580		1280		1980		524		1244		1964		524		1244		1440

		45.00		930		1772		2614		870		1734		2598		870		1734		1728

		50.00		1373		2313		3253		1298		2268		3238		1298		2268		1940

		55.00		1876		2972		4068		1782		2884		3986		1782		2884		2204

		60.00		2509		3623		4737		2334		3456		4578		2334		3456		2244

		65.00		3143		4307		5471		2795		3985		5175		2795		3985		2380

		70.00		3830		4982		6134		3113		4421		5729		3113		4421		2616

		75.00		4484		5650		6816		3141		4773		6405		3141		4773		3264

		80.00		5121		6317		7513		3060		5060		7060		3112		5076		3928

		82.00		5357		6563		7769		3033		5149		7265		3136		5184		4096

		84.00		5607		6847		8087		2899		5231		7563		3111		5297		4372

		86.00		5825		7085		8345		2699		5239		7779		2981		5337		4712

		88.00		6066		7330		8594		2519		5235		7951		2878		5366		4976

		90.00		6257		7561		8865		2393		5255		8117		2848		5424		5152

		92.00		6521		7809		9097		2306		5294		8282		2890		5514		5248

		94.00		6732		8038		9344		2180		5278		8376		2876		5546		5340

		96.00		6944		8276		9608		2131		5275		8419		2985		5619		5268

		98.00		7163		8519		9875		2029		5283		8537		3004		5696		5384

		100.00		7354		8776		10198		1981		5241		8501		3070		5722		5304

		102.00		7543		8999		10455		1898		5194		8490		3175		5807		5264

		104.00		7761		9219		10677		1827		5157		8487		3256		5890		5268

		106.00		7915		9449		10983		1802		5140		8478		3456		6014		5116

		108.00		8163		9685		11207		1710		5098		8486		3487		6081		5188

		110.00		8369		9917		11465		1633		5041		8449		3503		6133		5260

		112.00		8560		10140		11720		1616		5014		8412		3570		6232		5324

		114.00		8773		10343		11913		1518		4994		8470		3479		6357		5756

		116.00		8998		10590		12182		1474		4952		8430		3543		6447		5808

		118.00		9268		10842		12416		1406		4926		8446		3602		6504		5804

		120.00		9469		11089		12709		1296		4878		8460		3478		6550		6144

		125.00		9965		11651		13337		1296		4878		8460		3497		6823		6652

		130.00		10366		12236		14106		988		4708		8428		3574		6958		6768

		135.00		10870		12812		14754		984		4664		8344		3340		7088		7496

		140.00		11385		13365		15345		905		4525		8145		3279		7185		7812

		145.00		11875		13911		15947		846		4432		8018		3151		7371		8440

		150.00		12341		14459		16577		841		4379		7917		3086		7478		8784

		155.00		12832		15034		17236		896		4304		7712		3102		7608		9012

		160.00		13342		15612		17882		730		4250		7770		2841		7695		9708





graf 1 data pom

		srad x yield		potential						no irr						stressed

				mean - 2std		meanp		mean + 2std		mean - 2std		meani		mean + 2std		mean - 2std		meanw		mean + 2std

		40.00		580		1280		1980		524		1244		1964		524		1244		1964

		45.00		930		1772		2614		870		1734		2598		870		1734		2598

		50.00		1373		2313		3253		1298		2268		3238		1298		2268		3238

		55.00		1876		2972		4068		1782		2884		3986		1782		2884		3986

		60.00		2509		3623		4737		2334		3456		4578		2334		3456		4578

		65.00		3143		4307		5471		2795		3985		5175		2795		3985		5175

		70.00		3830		4982		6134		3113		4421		5729		3113		4421		5729

		75.00		4484		5650		6816		3141		4773		6405		3141		4773		6405

		80.00		5121		6317		7513		3060		5060		7060		3112		5076		7040

		82.00		5357		6563		7769		3033		5149		7265		3136		5184		7232

		84.00		5607		6847		8087		2899		5231		7563		3111		5297		7483

		86.00		5825		7085		8345		2699		5239		7779		2981		5337		7693

		88.00		6066		7330		8594		2519		5235		7951		2878		5366		7854

		90.00		6257		7561		8865		2393		5255		8117		2848		5424		8000

		92.00		6521		7809		9097		2306		5294		8282		2890		5514		8138

		94.00		6732		8038		9344		2180		5278		8376		2876		5546		8216

		96.00		6944		8276		9608		2131		5275		8419		2985		5619		8253

		98.00		7163		8519		9875		2029		5283		8537		3004		5696		8388

		100.00		7354		8776		10198		1981		5241		8501		3070		5722		8374

		102.00		7543		8999		10455		1898		5194		8490		3175		5807		8439

		104.00		7761		9219		10677		1827		5157		8487		3256		5890		8524

		106.00		7915		9449		10983		1802		5140		8478		3456		6014		8572

		108.00		8163		9685		11207		1710		5098		8486		3487		6081		8675

		110.00		8369		9917		11465		1633		5041		8449		3503		6133		8763

		112.00		8560		10140		11720		1616		5014		8412		3570		6232		8894

		114.00		8773		10343		11913		1518		4994		8470		3479		6357		9235

		116.00		8998		10590		12182		1474		4952		8430		3543		6447		9351

		118.00		9268		10842		12416		1406		4926		8446		3602		6504		9406

		120.00		9469		11089		12709		1296		4878		8460		3478		6550		9622

		125.00		9965		11651		13337		1296		4878		8460		3497		6823		10149

		130.00		10366		12236		14106		988		4708		8428		3574		6958		10342

		135.00		10870		12812		14754		984		4664		8344		3340		7088		10836

		140.00		11385		13365		15345		905		4525		8145		3279		7185		11091

		145.00		11875		13911		15947		846		4432		8018		3151		7371		11591

		150.00		12341		14459		16577		841		4379		7917		3086		7478		11870

		155.00		12832		15034		17236		896		4304		7712		3102		7608		12114

		160.00		13342		15612		17882		730		4250		7770		2841		7695		12549





graf 2 dom

		40		40		40		40		40		40

		45		45		45		45		45		45

		50		50		50		50		50		50

		55		55		55		55		55		55

		60		60		60		60		60		60

		65		65		65		65		65		65

		70		70		70		70		70		70

		75		75		75		75		75		75

		80		80		80		80		80		80

		82		82		82		82		82		82

		84		84		84		84		84		84

		86		86		86		86		86		86

		88		88		88		88		88		88

		90		90		90		90		90		90

		92		92		92		92		92		92

		94		94		94		94		94		94

		96		96		96		96		96		96

		98		98		98		98		98		98

		100		100		100		100		100		100

		102		102		102		102		102		102

		104		104		104		104		104		104

		106		106		106		106		106		106

		108		108		108		108		108		108

		110		110		110		110		110		110

		112		112		112		112		112		112

		114		114		114		114		114		114

		116		116		116		116		116		116

		118		118		118		118		118		118

		120		120		120		120		120		120

		125		125		125		125		125		125

		130		130		130		130		130		130

		135		135		135		135		135		135

		140		140		140		140		140		140

		145		145		145		145		145		145

		150		150		150		150		150		150

		155		155		155		155		155		155

		160		160		160		160		160		160



mean - 2std

water limited yield  mean

water limited yield mean ± 2std

potential yield  mean ± 2std

potential yield  mean

mean + 2std

Deviation from present SRAD  (%)

Grain yield (kg.ha-1)
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3740
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3331
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3338
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2724

5416

6540
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4587

6129

3084

5621

6763

7905

4510

6200

3380

5807
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8131

4404

6256
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4084

6181

7367

8553
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6068

6572

8604
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11488
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8784

10246

11708

2427
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6988

9223

10743

12263
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5763

6712

9672

11238

12804

2312

5646

6668

10149

11757

13365

2193
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6600

10587

12265

13943

2194

5386

6384

11021

12779

14537

2226

5324

6196

11388

13268

15148

2181

5255

6148

11850

13764

15678

2204

5174

5940

12280

14240

16200



graf 2 dom srad data

		srad x stressed								potenitila

				mean - 2std		water limited yield  mean		water limited yield mean ± 2std		potential yield  mean ± 2std		potential yield  mean		mean + 2std

		40.0		707		1465		1516		704		1462		2220

		45.0		1110		1974		1728		1101		1975		2849

		50.0		1634		2522		1776		1604		2528		3452

		55.0		2181		3109		1856		2149		3123		4097

		60.0		2769		3715		1892		2782		3740		4698

		65.0		3331		4283		1904		3338		4352		5366

		70.0		3912		4844		1864		3946		4948		5950

		75.0		4335		5337		2004		4495		5525		6555

		80.0		4654		5774		2240		4989		6085		7181

		82.0		4673		5915		2484		5198		6304		7410

		84.0		4690		6052		2724		5416		6540		7664

		86.0		4587		6129		3084		5621		6763		7905

		88.0		4510		6200		3380		5807		6969		8131

		90.0		4404		6256		3704		6001		7171		8341

		92.0		4286		6328		4084		6181		7367		8553

		94.0		4174		6352		4356		6365		7575		8785

		96.0		4038		6400		4724		6534		7774		9014

		98.0		3918		6430		5024		6771		7981		9191

		100.0		3781		6465		5368		6961		8187		9413

		102.0		3613		6481		5736		7120		8384		9648

		104.0		3512		6470		5916		7322		8596		9870

		106.0		3313		6415		6204		7501		8805		10109

		108.0		3139		6353		6428		7682		9006		10330

		110.0		3053		6293		6480		7895		9217		10539

		112.0		2975		6241		6532		8057		9435		10813

		114.0		2914		6188		6548		8238		9638		11038

		116.0		2862		6134		6544		8413		9837		11261

		118.0		2782		6068		6572		8604		10046		11488

		120.0		2767		6039		6544		8784		10246		11708

		125.0		2427		5921		6988		9223		10743		12263

		130.0		2407		5763		6712		9672		11238		12804

		135.0		2312		5646		6668		10149		11757		13365

		140.0		2193		5493		6600		10587		12265		13943

		145.0		2194		5386		6384		11021		12779		14537

		150.0		2226		5324		6196		11388		13268		15148

		155.0		2181		5255		6148		11850		13764		15678

		160.0		2204		5174		5940		12280		14240		16200
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graf 1 data

		srad x yield		potential						no irr						stressed

				potential yield - mean (+/-) 2std		potential yield - mean		mean + 2std		mean - 2std		water limited yield (no underground water) - mean		mean + 2std		mean - 2std		water limited yield (with underground water)		mean + 2std

		40.00		580		1280		1980		524		1244		1964		524		1244		1440

		45.00		930		1772		2614		870		1734		2598		870		1734		1728

		50.00		1373		2313		3253		1298		2268		3238		1298		2268		1940

		55.00		1876		2972		4068		1782		2884		3986		1782		2884		2204

		60.00		2509		3623		4737		2334		3456		4578		2334		3456		2244

		65.00		3143		4307		5471		2795		3985		5175		2795		3985		2380

		70.00		3830		4982		6134		3113		4421		5729		3113		4421		2616

		75.00		4484		5650		6816		3141		4773		6405		3141		4773		3264

		80.00		5121		6317		7513		3060		5060		7060		3112		5076		3928

		82.00		5357		6563		7769		3033		5149		7265		3136		5184		4096

		84.00		5607		6847		8087		2899		5231		7563		3111		5297		4372

		86.00		5825		7085		8345		2699		5239		7779		2981		5337		4712

		88.00		6066		7330		8594		2519		5235		7951		2878		5366		4976

		90.00		6257		7561		8865		2393		5255		8117		2848		5424		5152

		92.00		6521		7809		9097		2306		5294		8282		2890		5514		5248

		94.00		6732		8038		9344		2180		5278		8376		2876		5546		5340

		96.00		6944		8276		9608		2131		5275		8419		2985		5619		5268

		98.00		7163		8519		9875		2029		5283		8537		3004		5696		5384

		100.00		7354		8776		10198		1981		5241		8501		3070		5722		5304

		102.00		7543		8999		10455		1898		5194		8490		3175		5807		5264

		104.00		7761		9219		10677		1827		5157		8487		3256		5890		5268

		106.00		7915		9449		10983		1802		5140		8478		3456		6014		5116

		108.00		8163		9685		11207		1710		5098		8486		3487		6081		5188

		110.00		8369		9917		11465		1633		5041		8449		3503		6133		5260

		112.00		8560		10140		11720		1616		5014		8412		3570		6232		5324

		114.00		8773		10343		11913		1518		4994		8470		3479		6357		5756

		116.00		8998		10590		12182		1474		4952		8430		3543		6447		5808

		118.00		9268		10842		12416		1406		4926		8446		3602		6504		5804

		120.00		9469		11089		12709		1296		4878		8460		3478		6550		6144

		125.00		9965		11651		13337		1296		4878		8460		3497		6823		6652

		130.00		10366		12236		14106		988		4708		8428		3574		6958		6768

		135.00		10870		12812		14754		984		4664		8344		3340		7088		7496

		140.00		11385		13365		15345		905		4525		8145		3279		7185		7812

		145.00		11875		13911		15947		846		4432		8018		3151		7371		8440

		150.00		12341		14459		16577		841		4379		7917		3086		7478		8784

		155.00		12832		15034		17236		896		4304		7712		3102		7608		9012

		160.00		13342		15612		17882		730		4250		7770		2841		7695		9708





graf 1 data pom

		srad x yield		potential						no irr						stressed

				mean - 2std		meanp		mean + 2std		mean - 2std		meani		mean + 2std		mean - 2std		meanw		mean + 2std

		40.00		580		1280		1980		524		1244		1964		524		1244		1964

		45.00		930		1772		2614		870		1734		2598		870		1734		2598

		50.00		1373		2313		3253		1298		2268		3238		1298		2268		3238

		55.00		1876		2972		4068		1782		2884		3986		1782		2884		3986

		60.00		2509		3623		4737		2334		3456		4578		2334		3456		4578

		65.00		3143		4307		5471		2795		3985		5175		2795		3985		5175

		70.00		3830		4982		6134		3113		4421		5729		3113		4421		5729

		75.00		4484		5650		6816		3141		4773		6405		3141		4773		6405

		80.00		5121		6317		7513		3060		5060		7060		3112		5076		7040

		82.00		5357		6563		7769		3033		5149		7265		3136		5184		7232

		84.00		5607		6847		8087		2899		5231		7563		3111		5297		7483

		86.00		5825		7085		8345		2699		5239		7779		2981		5337		7693

		88.00		6066		7330		8594		2519		5235		7951		2878		5366		7854

		90.00		6257		7561		8865		2393		5255		8117		2848		5424		8000

		92.00		6521		7809		9097		2306		5294		8282		2890		5514		8138

		94.00		6732		8038		9344		2180		5278		8376		2876		5546		8216

		96.00		6944		8276		9608		2131		5275		8419		2985		5619		8253

		98.00		7163		8519		9875		2029		5283		8537		3004		5696		8388

		100.00		7354		8776		10198		1981		5241		8501		3070		5722		8374

		102.00		7543		8999		10455		1898		5194		8490		3175		5807		8439

		104.00		7761		9219		10677		1827		5157		8487		3256		5890		8524

		106.00		7915		9449		10983		1802		5140		8478		3456		6014		8572

		108.00		8163		9685		11207		1710		5098		8486		3487		6081		8675

		110.00		8369		9917		11465		1633		5041		8449		3503		6133		8763

		112.00		8560		10140		11720		1616		5014		8412		3570		6232		8894

		114.00		8773		10343		11913		1518		4994		8470		3479		6357		9235

		116.00		8998		10590		12182		1474		4952		8430		3543		6447		9351

		118.00		9268		10842		12416		1406		4926		8446		3602		6504		9406

		120.00		9469		11089		12709		1296		4878		8460		3478		6550		9622

		125.00		9965		11651		13337		1296		4878		8460		3497		6823		10149

		130.00		10366		12236		14106		988		4708		8428		3574		6958		10342

		135.00		10870		12812		14754		984		4664		8344		3340		7088		10836

		140.00		11385		13365		15345		905		4525		8145		3279		7185		11091

		145.00		11875		13911		15947		846		4432		8018		3151		7371		11591

		150.00		12341		14459		16577		841		4379		7917		3086		7478		11870

		155.00		12832		15034		17236		896		4304		7712		3102		7608		12114

		160.00		13342		15612		17882		730		4250		7770		2841		7695		12549
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graf 2 dom srad data

		srad x stressed								potenitila

				mean - 2std		water limited yield  - mean		mean + 2std		potential yield - mean (+/-) 2std		potential yield - mean		mean + 2std

		40.0		707		1465		1516		704		1462		2220

		45.0		1110		1974		1728		1101		1975		2849

		50.0		1634		2522		1776		1604		2528		3452

		55.0		2181		3109		1856		2149		3123		4097

		60.0		2769		3715		1892		2782		3740		4698

		65.0		3331		4283		1904		3338		4352		5366

		70.0		3912		4844		1864		3946		4948		5950

		75.0		4335		5337		2004		4495		5525		6555

		80.0		4654		5774		2240		4989		6085		7181

		82.0		4673		5915		2484		5198		6304		7410

		84.0		4690		6052		2724		5416		6540		7664

		86.0		4587		6129		3084		5621		6763		7905

		88.0		4510		6200		3380		5807		6969		8131

		90.0		4404		6256		3704		6001		7171		8341

		92.0		4286		6328		4084		6181		7367		8553

		94.0		4174		6352		4356		6365		7575		8785

		96.0		4038		6400		4724		6534		7774		9014

		98.0		3918		6430		5024		6771		7981		9191

		100.0		3781		6465		5368		6961		8187		9413

		102.0		3613		6481		5736		7120		8384		9648

		104.0		3512		6470		5916		7322		8596		9870

		106.0		3313		6415		6204		7501		8805		10109

		108.0		3139		6353		6428		7682		9006		10330

		110.0		3053		6293		6480		7895		9217		10539

		112.0		2975		6241		6532		8057		9435		10813

		114.0		2914		6188		6548		8238		9638		11038

		116.0		2862		6134		6544		8413		9837		11261

		118.0		2782		6068		6572		8604		10046		11488

		120.0		2767		6039		6544		8784		10246		11708

		125.0		2427		5921		6988		9223		10743		12263

		130.0		2407		5763		6712		9672		11238		12804

		135.0		2312		5646		6668		10149		11757		13365

		140.0		2193		5493		6600		10587		12265		13943

		145.0		2194		5386		6384		11021		12779		14537

		150.0		2226		5324		6196		11388		13268		15148

		155.0		2181		5255		6148		11850		13764		15678

		160.0		2204		5174		5940		12280		14240		16200
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List7

		srad x stressed		lai pot						stressed

				mean - 2std		LAI mean (potential)		LAI mean + 2std		mean - 2std		LAI mean (water limited)		LAI mean + 2std		mean - 2std		duration of vegetation mean (potential and water limited)		duration of vegetation + 2std

		40.0		0.4		0.8		1.2		0.4		0.8		0.8		113		121		129

		45.0		0.5		1.1		1.7		0.5		1.1		1.2		113		121		129

		50.0		0.7		1.3		1.9		0.7		1.3		1.2		112		120		128

		55.0		1.0		1.6		2.2		1.0		1.6		1.2		112		120		128

		60.0		1.3		1.9		2.5		1.3		1.9		1.2		112		120		128

		65.0		1.4		2.2		3.0		1.4		2.2		1.6		112		120		128

		70.0		1.7		2.5		3.3		1.7		2.5		1.6		113		119		125

		75.0		2.0		2.8		3.6		2.0		2.8		1.6		113		119		125

		80.0		2.3		3.1		3.9		2.4		3.0		1.2		113		119		125

		82.0		2.4		3.2		4.0		2.5		3.1		1.2		113		119		125

		84.0		2.5		3.3		4.1		2.6		3.2		1.2		113		119		125

		86.0		2.6		3.4		4.2		2.7		3.3		1.2		113		119		125

		88.0		2.7		3.5		4.3		2.8		3.4		1.2		113		119		125

		90.0		2.8		3.6		4.4		2.8		3.4		1.2		113		119		125

		92.0		2.8		3.6		4.4		2.9		3.5		1.2		113		119		125

		94.0		2.9		3.7		4.5		2.9		3.5		1.2		113		119		125

		96.0		3.0		3.8		4.6		3.0		3.6		1.2		113		119		125

		98.0		3.1		3.9		4.7		3.0		3.6		1.2		113		119		125

		100.0		3.2		4.0		4.8		3.0		3.6		1.2		113		119		125

		102.0		3.2		4.0		4.8		3.1		3.7		1.2		113		119		125

		104.0		3.3		4.1		4.9		3.1		3.7		1.2		113		119		125

		106.0		3.4		4.2		5.0		3.1		3.7		1.2		113		119		125

		108.0		3.5		4.3		5.1		3.1		3.7		1.2		113		119		125

		110.0		3.6		4.4		5.2		3.1		3.7		1.2		113		119		125

		112.0		3.6		4.4		5.2		3.1		3.7		1.2		113		119		125

		114.0		3.7		4.5		5.3		2.9		3.7		1.6		113		119		125

		116.0		3.8		4.6		5.4		2.9		3.7		1.6		113		119		125

		118.0		3.9		4.7		5.5		2.8		3.6		1.6		113		119		125

		120.0		3.9		4.7		5.5		2.8		3.6		1.6		113		119		125

		125.0		4.1		4.9		5.7		2.8		3.6		1.6		113		119		125

		130.0		4.3		5.1		5.9		2.5		3.5		2.0		113		119		125

		135.0		4.3		5.3		6.3		2.4		3.4		2.0		113		119		125

		140.0		4.5		5.5		6.5		2.3		3.3		2.0		112		118		124

		145.0		4.6		5.6		6.6		2.3		3.3		2.0		112		118		124

		150.0		4.8		5.8		6.8		2.2		3.2		2.0		112		118		124

		155.0		5.0		6.0		7.0		2.1		3.1		2.0		112		118		124

		160.0		5.1		6.1		7.1		2.0		3.0		2.0		112		118		124





krom srad graf

		40		40		40		40		40		40

		45		45		45		45		45		45

		50		50		50		50		50		50

		55		55		55		55		55		55

		60		60		60		60		60		60

		65		65		65		65		65		65

		70		70		70		70		70		70

		75		75		75		75		75		75

		80		80		80		80		80		80

		82		82		82		82		82		82

		84		84		84		84		84		84

		86		86		86		86		86		86

		88		88		88		88		88		88

		90		90		90		90		90		90

		92		92		92		92		92		92

		94		94		94		94		94		94

		96		96		96		96		96		96

		98		98		98		98		98		98

		100		100		100		100		100		100

		102		102		102		102		102		102

		104		104		104		104		104		104

		106		106		106		106		106		106

		108		108		108		108		108		108

		110		110		110		110		110		110

		112		112		112		112		112		112

		114		114		114		114		114		114

		116		116		116		116		116		116

		118		118		118		118		118		118

		120		120		120		120		120		120

		125		125		125		125		125		125

		130		130		130		130		130		130

		135		135		135		135		135		135

		140		140		140		140		140		140

		145		145		145		145		145		145

		150		150		150		150		150		150

		155		155		155		155		155		155

		160		160		160		160		160		160



mean - 2std

water limited yield  mean

water limited yield ± 2std

potential yield - mean (+/-) 2std

potential yield mean

potential yield mean ± 2std

Deviation from present SRAD  (%)

Grain yield (kg.ha-1)
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8952

10438

3553
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9176

10674

3453

6641

6376

7871

9421

10971

3379

6613

6468

8098

9626

11154

3312

6588

6552

8311

9877

11443

3285
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19026



GRAF SRAD kRO DATA

				mean - 2std		water limited yield  mean		water limited yield ± 2std		potential yield - mean (+/-) 2std		potential yield mean		potential yield mean ± 2std

		40.0		514		1600		2172		660		1948		3236

		45.0		890		2156		2532		881		2155		3429

		50.0		1401		2781		2760		1377		2777		4177

		55.0		2072		3442		2740		2067		3453		4839

		60.0		2759		4137		2756		2784		4198		5612

		65.0		3387		4755		2736		3546		4914		6282

		70.0		3854		5338		2968		4247		5619		6991

		75.0		4113		5851		3476		5001		6347		7693

		80.0		4133		6251		4236		5657		7047		8437

		82.0		4104		6368		4528		5908		7352		8796

		84.0		4064		6464		4800		6178		7634		9090

		86.0		4004		6536		5064		6441		7901		9361

		88.0		3927		6601		5348		6660		8166		9672

		90.0		3905		6645		5480		6981		8449		9917

		92.0		3811		6705		5788		7212		8700		10188

		94.0		3640		6682		6084		7466		8952		10438

		96.0		3553		6663		6220		7678		9176		10674

		98.0		3453		6641		6376		7871		9421		10971

		100.0		3379		6613		6468		8098		9626		11154

		102.0		3312		6588		6552		8311		9877		11443

		104.0		3285		6585		6600		8545		10119		11693

		106.0		3190		6542		6704		8804		10344		11884

		108.0		3107		6481		6748		9034		10590		12146

		110.0		2997		6481		6968		9282		10826		12370

		112.0		2886		6430		7088		9461		11053		12645

		114.0		2802		6374		7144		9681		11297		12913

		116.0		2767		6341		7148		9898		11538		13178

		118.0		2794		6278		6968		10115		11783		13451

		120.0		2736		6202		6932		10308		12030		13752

		125.0		2608		6100		6984		10892		12666		14440

		130.0		2501		6043		7084		11510		13300		15090

		135.0		2507		5899		6784		12093		13927		15761

		140.0		2372		5776		6808		12675		14547		16419

		145.0		2252		5650		6796		13153		15121		17089

		150.0		2172		5558		6772		13687		15717		17747

		155.0		2104		5514		6820		14242		16340		18438

		160.0		2032		5434		6804		14818		16922		19026
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Graf srad žabčice

		40		40		40		40		40		40		40
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		94		94		94		94		94		94		94

		96		96		96		96		96		96		96
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		120		120		120		120		120		120		120
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		135		135		135		135		135		135		135
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potential yield - mean (+/-) 2std

potential yield - mean

mean + 2std

water limited yield (no underground water) - mean

mean - 2std

water limited yield (with underground water)

mean + 2std

Solar radiation scenario (%)
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graf 1 data

		srad x yield		potential						no irr						stressed

				potential yield - mean (+/-) 2std		potential yield - mean		mean + 2std		mean - 2std		water limited yield (no underground water) - mean		mean + 2std		mean - 2std		water limited yield (with underground water)		mean + 2std

		40.00		580		1280		1980		524		1244		1964		524		1244		1440

		45.00		930		1772		2614		870		1734		2598		870		1734		1728

		50.00		1373		2313		3253		1298		2268		3238		1298		2268		1940

		55.00		1876		2972		4068		1782		2884		3986		1782		2884		2204

		60.00		2509		3623		4737		2334		3456		4578		2334		3456		2244

		65.00		3143		4307		5471		2795		3985		5175		2795		3985		2380

		70.00		3830		4982		6134		3113		4421		5729		3113		4421		2616

		75.00		4484		5650		6816		3141		4773		6405		3141		4773		3264

		80.00		5121		6317		7513		3060		5060		7060		3112		5076		3928

		82.00		5357		6563		7769		3033		5149		7265		3136		5184		4096

		84.00		5607		6847		8087		2899		5231		7563		3111		5297		4372

		86.00		5825		7085		8345		2699		5239		7779		2981		5337		4712

		88.00		6066		7330		8594		2519		5235		7951		2878		5366		4976

		90.00		6257		7561		8865		2393		5255		8117		2848		5424		5152

		92.00		6521		7809		9097		2306		5294		8282		2890		5514		5248

		94.00		6732		8038		9344		2180		5278		8376		2876		5546		5340

		96.00		6944		8276		9608		2131		5275		8419		2985		5619		5268

		98.00		7163		8519		9875		2029		5283		8537		3004		5696		5384

		100.00		7354		8776		10198		1981		5241		8501		3070		5722		5304

		102.00		7543		8999		10455		1898		5194		8490		3175		5807		5264

		104.00		7761		9219		10677		1827		5157		8487		3256		5890		5268

		106.00		7915		9449		10983		1802		5140		8478		3456		6014		5116

		108.00		8163		9685		11207		1710		5098		8486		3487		6081		5188

		110.00		8369		9917		11465		1633		5041		8449		3503		6133		5260

		112.00		8560		10140		11720		1616		5014		8412		3570		6232		5324

		114.00		8773		10343		11913		1518		4994		8470		3479		6357		5756

		116.00		8998		10590		12182		1474		4952		8430		3543		6447		5808

		118.00		9268		10842		12416		1406		4926		8446		3602		6504		5804

		120.00		9469		11089		12709		1296		4878		8460		3478		6550		6144

		125.00		9965		11651		13337		1296		4878		8460		3497		6823		6652

		130.00		10366		12236		14106		988		4708		8428		3574		6958		6768

		135.00		10870		12812		14754		984		4664		8344		3340		7088		7496

		140.00		11385		13365		15345		905		4525		8145		3279		7185		7812

		145.00		11875		13911		15947		846		4432		8018		3151		7371		8440

		150.00		12341		14459		16577		841		4379		7917		3086		7478		8784

		155.00		12832		15034		17236		896		4304		7712		3102		7608		9012

		160.00		13342		15612		17882		730		4250		7770		2841		7695		9708





graf 1 data pom

		srad x yield		potential						no irr						stressed

				mean - 2std		meanp		mean + 2std		mean - 2std		meani		mean + 2std		mean - 2std		meanw		mean + 2std

		40.00		580		1280		1980		524		1244		1964		524		1244		1964

		45.00		930		1772		2614		870		1734		2598		870		1734		2598

		50.00		1373		2313		3253		1298		2268		3238		1298		2268		3238

		55.00		1876		2972		4068		1782		2884		3986		1782		2884		3986

		60.00		2509		3623		4737		2334		3456		4578		2334		3456		4578

		65.00		3143		4307		5471		2795		3985		5175		2795		3985		5175

		70.00		3830		4982		6134		3113		4421		5729		3113		4421		5729

		75.00		4484		5650		6816		3141		4773		6405		3141		4773		6405

		80.00		5121		6317		7513		3060		5060		7060		3112		5076		7040

		82.00		5357		6563		7769		3033		5149		7265		3136		5184		7232

		84.00		5607		6847		8087		2899		5231		7563		3111		5297		7483

		86.00		5825		7085		8345		2699		5239		7779		2981		5337		7693

		88.00		6066		7330		8594		2519		5235		7951		2878		5366		7854

		90.00		6257		7561		8865		2393		5255		8117		2848		5424		8000

		92.00		6521		7809		9097		2306		5294		8282		2890		5514		8138

		94.00		6732		8038		9344		2180		5278		8376		2876		5546		8216

		96.00		6944		8276		9608		2131		5275		8419		2985		5619		8253

		98.00		7163		8519		9875		2029		5283		8537		3004		5696		8388

		100.00		7354		8776		10198		1981		5241		8501		3070		5722		8374

		102.00		7543		8999		10455		1898		5194		8490		3175		5807		8439

		104.00		7761		9219		10677		1827		5157		8487		3256		5890		8524

		106.00		7915		9449		10983		1802		5140		8478		3456		6014		8572

		108.00		8163		9685		11207		1710		5098		8486		3487		6081		8675

		110.00		8369		9917		11465		1633		5041		8449		3503		6133		8763

		112.00		8560		10140		11720		1616		5014		8412		3570		6232		8894

		114.00		8773		10343		11913		1518		4994		8470		3479		6357		9235

		116.00		8998		10590		12182		1474		4952		8430		3543		6447		9351

		118.00		9268		10842		12416		1406		4926		8446		3602		6504		9406

		120.00		9469		11089		12709		1296		4878		8460		3478		6550		9622

		125.00		9965		11651		13337		1296		4878		8460		3497		6823		10149

		130.00		10366		12236		14106		988		4708		8428		3574		6958		10342

		135.00		10870		12812		14754		984		4664		8344		3340		7088		10836

		140.00		11385		13365		15345		905		4525		8145		3279		7185		11091

		145.00		11875		13911		15947		846		4432		8018		3151		7371		11591

		150.00		12341		14459		16577		841		4379		7917		3086		7478		11870

		155.00		12832		15034		17236		896		4304		7712		3102		7608		12114

		160.00		13342		15612		17882		730		4250		7770		2841		7695		12549
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graf 2 dom srad data

		srad x stressed								potenitila

				mean - 2std		water limited yield  - mean		mean + 2std		potential yield - mean (+/-) 2std		potential yield - mean		mean + 2std

		40.0		707		1465		1516		704		1462		2220

		45.0		1110		1974		1728		1101		1975		2849

		50.0		1634		2522		1776		1604		2528		3452

		55.0		2181		3109		1856		2149		3123		4097

		60.0		2769		3715		1892		2782		3740		4698

		65.0		3331		4283		1904		3338		4352		5366

		70.0		3912		4844		1864		3946		4948		5950

		75.0		4335		5337		2004		4495		5525		6555

		80.0		4654		5774		2240		4989		6085		7181

		82.0		4673		5915		2484		5198		6304		7410

		84.0		4690		6052		2724		5416		6540		7664

		86.0		4587		6129		3084		5621		6763		7905

		88.0		4510		6200		3380		5807		6969		8131

		90.0		4404		6256		3704		6001		7171		8341

		92.0		4286		6328		4084		6181		7367		8553

		94.0		4174		6352		4356		6365		7575		8785

		96.0		4038		6400		4724		6534		7774		9014

		98.0		3918		6430		5024		6771		7981		9191

		100.0		3781		6465		5368		6961		8187		9413

		102.0		3613		6481		5736		7120		8384		9648

		104.0		3512		6470		5916		7322		8596		9870

		106.0		3313		6415		6204		7501		8805		10109

		108.0		3139		6353		6428		7682		9006		10330

		110.0		3053		6293		6480		7895		9217		10539

		112.0		2975		6241		6532		8057		9435		10813

		114.0		2914		6188		6548		8238		9638		11038

		116.0		2862		6134		6544		8413		9837		11261

		118.0		2782		6068		6572		8604		10046		11488

		120.0		2767		6039		6544		8784		10246		11708

		125.0		2427		5921		6988		9223		10743		12263

		130.0		2407		5763		6712		9672		11238		12804

		135.0		2312		5646		6668		10149		11757		13365

		140.0		2193		5493		6600		10587		12265		13943

		145.0		2194		5386		6384		11021		12779		14537

		150.0		2226		5324		6196		11388		13268		15148

		155.0		2181		5255		6148		11850		13764		15678

		160.0		2204		5174		5940		12280		14240		16200
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List7

		srad x stressed		lai pot						stressed

				mean - 2std		LAI mean (potential)		LAI mean ± 2std		mean - 2std		LAI mean (water limited)		LAI mean ± 2std		mean - 2std		duration of vegetation mean (potential and water limited)		duration of vegetation ± 2std

		40.0		0.4		0.8		1.2		0.4		0.8		0.8		113		121		129

		45.0		0.5		1.1		1.7		0.5		1.1		1.2		113		121		129

		50.0		0.7		1.3		1.9		0.7		1.3		1.2		112		120		128

		55.0		1.0		1.6		2.2		1.0		1.6		1.2		112		120		128

		60.0		1.3		1.9		2.5		1.3		1.9		1.2		112		120		128

		65.0		1.4		2.2		3.0		1.4		2.2		1.6		112		120		128

		70.0		1.7		2.5		3.3		1.7		2.5		1.6		113		119		125

		75.0		2.0		2.8		3.6		2.0		2.8		1.6		113		119		125

		80.0		2.3		3.1		3.9		2.4		3.0		1.2		113		119		125

		82.0		2.4		3.2		4.0		2.5		3.1		1.2		113		119		125

		84.0		2.5		3.3		4.1		2.6		3.2		1.2		113		119		125

		86.0		2.6		3.4		4.2		2.7		3.3		1.2		113		119		125

		88.0		2.7		3.5		4.3		2.8		3.4		1.2		113		119		125

		90.0		2.8		3.6		4.4		2.8		3.4		1.2		113		119		125

		92.0		2.8		3.6		4.4		2.9		3.5		1.2		113		119		125

		94.0		2.9		3.7		4.5		2.9		3.5		1.2		113		119		125

		96.0		3.0		3.8		4.6		3.0		3.6		1.2		113		119		125

		98.0		3.1		3.9		4.7		3.0		3.6		1.2		113		119		125

		100.0		3.2		4.0		4.8		3.0		3.6		1.2		113		119		125

		102.0		3.2		4.0		4.8		3.1		3.7		1.2		113		119		125

		104.0		3.3		4.1		4.9		3.1		3.7		1.2		113		119		125

		106.0		3.4		4.2		5.0		3.1		3.7		1.2		113		119		125

		108.0		3.5		4.3		5.1		3.1		3.7		1.2		113		119		125

		110.0		3.6		4.4		5.2		3.1		3.7		1.2		113		119		125

		112.0		3.6		4.4		5.2		3.1		3.7		1.2		113		119		125

		114.0		3.7		4.5		5.3		2.9		3.7		1.6		113		119		125

		116.0		3.8		4.6		5.4		2.9		3.7		1.6		113		119		125

		118.0		3.9		4.7		5.5		2.8		3.6		1.6		113		119		125

		120.0		3.9		4.7		5.5		2.8		3.6		1.6		113		119		125

		125.0		4.1		4.9		5.7		2.8		3.6		1.6		113		119		125

		130.0		4.3		5.1		5.9		2.5		3.5		2.0		113		119		125

		135.0		4.3		5.3		6.3		2.4		3.4		2.0		113		119		125

		140.0		4.5		5.5		6.5		2.3		3.3		2.0		112		118		124

		145.0		4.6		5.6		6.6		2.3		3.3		2.0		112		118		124

		150.0		4.8		5.8		6.8		2.2		3.2		2.0		112		118		124

		155.0		5.0		6.0		7.0		2.1		3.1		2.0		112		118		124

		160.0		5.1		6.1		7.1		2.0		3.0		2.0		112		118		124
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graf 1 data

		srad x yield		potential						no irr						stressed

				potential yield mean ± 2std		potential yield mean		mean + 2std		mean - 2std		water limited yield (no underground water)  mean		water limited yield (no underground water) ± 2std		mean - 2std		water limited yield (with underground water)		mean + 2std

		40.00		580		1280		1980		524		1244		1440		524		1244		1440		916

		45.00		930		1772		2614		870		1734		1728		870		1734		1728		858

		50.00		1373		2313		3253		1298		2268		1940		1298		2268		1940		642

		55.00		1876		2972		4068		1782		2884		2204		1782		2884		2204		422

		60.00		2509		3623		4737		2334		3456		2244		2334		3456		2244		-90

		65.00		3143		4307		5471		2795		3985		2380		2795		3985		2380		-415

		70.00		3830		4982		6134		3113		4421		2616		3113		4421		2616		-497

		75.00		4484		5650		6816		3141		4773		3264		3141		4773		3264		123

		80.00		5121		6317		7513		3060		5060		4000		3112		5076		3928		940

		82.00		5357		6563		7769		3033		5149		4232		3136		5184		4096		1199

		84.00		5607		6847		8087		2899		5231		4664		3111		5297		4372		1765

		86.00		5825		7085		8345		2699		5239		5080		2981		5337		4712		2381

		88.00		6066		7330		8594		2519		5235		5432		2878		5366		4976		2913

		90.00		6257		7561		8865		2393		5255		5724		2848		5424		5152		3331

		92.00		6521		7809		9097		2306		5294		5976		2890		5514		5248		3670

		94.00		6732		8038		9344		2180		5278		6196		2876		5546		5340		4016

		96.00		6944		8276		9608		2131		5275		6288		2985		5619		5268		4157

		98.00		7163		8519		9875		2029		5283		6508		3004		5696		5384		4479

		100.00		7354		8776		10198		1981		5241		6520		3070		5722		5304		4539

		102.00		7543		8999		10455		1898		5194		6592		3175		5807		5264		4694

		104.00		7761		9219		10677		1827		5157		6660		3256		5890		5268		4833

		106.00		7915		9449		10983		1802		5140		6676		3456		6014		5116		4874

		108.00		8163		9685		11207		1710		5098		6776		3487		6081		5188		5066

		110.00		8369		9917		11465		1633		5041		6816		3503		6133		5260		5183

		112.00		8560		10140		11720		1616		5014		6796		3570		6232		5324		5180

		114.00		8773		10343		11913		1518		4994		6952		3479		6357		5756		5434

		116.00		8998		10590		12182		1474		4952		6956		3543		6447		5808		5482

		118.00		9268		10842		12416		1406		4926		7040		3602		6504		5804		5634

		120.00		9469		11089		12709		1296		4878		7164		3478		6550		6144		5868

		125.00		9965		11651		13337		1296		4878		7164		3497		6823		6652		5868

		130.00		10366		12236		14106		988		4708		7440		3574		6958		6768		6452

		135.00		10870		12812		14754		984		4664		7360		3340		7088		7496		6376

		140.00		11385		13365		15345		905		4525		7240		3279		7185		7812		6335

		145.00		11875		13911		15947		846		4432		7172		3151		7371		8440		6326

		150.00		12341		14459		16577		841		4379		7076		3086		7478		8784		6235

		155.00		12832		15034		17236		896		4304		6816		3102		7608		9012		5920

		160.00		13342		15612		17882		730		4250		7040		2841		7695		9708		6310





List2

		srad x yield		potential						no irr						stressed

				mean - 2std		meanp		mean + 2std		mean - 2std		meani		mean + 2std		mean - 2std		meanw		mean + 2std

		40.00		580		1280		1980		524		1244		1964		524		1244		1964

		45.00		930		1772		2614		870		1734		2598		870		1734		2598

		50.00		1373		2313		3253		1298		2268		3238		1298		2268		3238

		55.00		1876		2972		4068		1782		2884		3986		1782		2884		3986

		60.00		2509		3623		4737		2334		3456		4578		2334		3456		4578

		65.00		3143		4307		5471		2795		3985		5175		2795		3985		5175

		70.00		3830		4982		6134		3113		4421		5729		3113		4421		5729

		75.00		4484		5650		6816		3141		4773		6405		3141		4773		6405

		80.00		5121		6317		7513		3060		5060		7060		3112		5076		7040

		82.00		5357		6563		7769		3033		5149		7265		3136		5184		7232

		84.00		5607		6847		8087		2899		5231		7563		3111		5297		7483

		86.00		5825		7085		8345		2699		5239		7779		2981		5337		7693

		88.00		6066		7330		8594		2519		5235		7951		2878		5366		7854

		90.00		6257		7561		8865		2393		5255		8117		2848		5424		8000

		92.00		6521		7809		9097		2306		5294		8282		2890		5514		8138

		94.00		6732		8038		9344		2180		5278		8376		2876		5546		8216

		96.00		6944		8276		9608		2131		5275		8419		2985		5619		8253

		98.00		7163		8519		9875		2029		5283		8537		3004		5696		8388

		100.00		7354		8776		10198		1981		5241		8501		3070		5722		8374

		102.00		7543		8999		10455		1898		5194		8490		3175		5807		8439

		104.00		7761		9219		10677		1827		5157		8487		3256		5890		8524

		106.00		7915		9449		10983		1802		5140		8478		3456		6014		8572

		108.00		8163		9685		11207		1710		5098		8486		3487		6081		8675

		110.00		8369		9917		11465		1633		5041		8449		3503		6133		8763

		112.00		8560		10140		11720		1616		5014		8412		3570		6232		8894

		114.00		8773		10343		11913		1518		4994		8470		3479		6357		9235

		116.00		8998		10590		12182		1474		4952		8430		3543		6447		9351

		118.00		9268		10842		12416		1406		4926		8446		3602		6504		9406

		120.00		9469		11089		12709		1296		4878		8460		3478		6550		9622

		125.00		9965		11651		13337		1296		4878		8460		3497		6823		10149

		130.00		10366		12236		14106		988		4708		8428		3574		6958		10342

		135.00		10870		12812		14754		984		4664		8344		3340		7088		10836

		140.00		11385		13365		15345		905		4525		8145		3279		7185		11091

		145.00		11875		13911		15947		846		4432		8018		3151		7371		11591

		150.00		12341		14459		16577		841		4379		7917		3086		7478		11870

		155.00		12832		15034		17236		896		4304		7712		3102		7608		12114

		160.00		13342		15612		17882		730		4250		7770		2841		7695		12549
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