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ABSTRACT

Introduction

Today, limited water resources are one of the most problems of agriculture in Iran country. On the other hand, the growing population necessitates the
production of more food. Therefore, finding solutions to overcome water shortages in different regions has always been one of the studies and research
priorities (Khairabi et al., 2017). On the other hand, sweeteners among the important foods are used as a flavoring and sweetener in a wide range of food
products. The most common sweetener that is widely used by humans to create the desired taste in a variety of foods is sugar. Sugar is, one of the most
important sources of energy in the human diet. It has a daily consumption and is relatively cheap compared to the amount of calories produced. Sugar has
always been considered and supported by governments as a strategic commodity (Azarpour et al., 2017). According to different researches, there are many
natural sweeteners to replace sucrose in food, and the side effects of artificial sweeteners, especially on the characteristics of the final product, have been
significant. Therefore, the use of natural sweeteners instead of sucrose has received special attention (Alizadeh et al., 2014). Stevia, as a plant with
medicinal and anti-diabetic effects, is native to the mountainous region of Amoeba, located on the border of Brazil and Paraguay, which is widely cultivated
in Shiraz and Isfahan in Iran. This plant has medicinal and nutritional properties that contain sweet compounds and it contains (steviosides and ribadiosides)
which are approximately 200 to 300 times sweeter than sucrose (Hanson et al., 1993). Stevia is used as a sweetener in the production of jams, drinks,
juices, soft drinks and ice cream suitable for diabetics (Raisi et al., 2014).

Because of water resources of suitable quality for irrigation of crops in our country are limited, the use of auxiliary methods, such as supplementary
irrigation (to meet the water needs of the plant during the growing season and increase yield) is essential. In this study, research on stevia plant under
different treatments such as: (without supplementary irrigation, single irrigation at flowering and two irrigations at flowering and seedling) and study of
different treatments on stevia yield in both greenhouse and farm environment have been carried out.

Material and methods

This research was carried out in the greenhouse and research farm of the Department of Water Engineering, Faculty of Agriculture, Razi University
(located at 47 degrees and 9 minutes east longitude and 34 degrees and 21 minutes north latitude with 1319.8 meters above sea level) during 2016 and
2017. In this study, three treatments of supplementary irrigation were considered to investigate the effect of supplementary irrigation on stevia crop yield.
The considered levels were included as no supplementary irrigation, single irrigation at flowering time and two irrigations at seedling and flowering times
respectively. During the research, water requirement using daily data extracted from lysimetric data of grass cultivation and considering plant coefficients
equal to 0.76, 1.15, 1.49 and 1.17 for four stages of stevia plant growth in both the study area (greenhouse and research farm) was calculated and provided
to the plant using surface irrigation (Jalili et al. 2019).The experiment was performed in three replications and a total of 18 pots in each places (greenhouse
and research farm) with an outer diameter of 40 cm and 4 plants were planted in each pot. The pots were prepared for stevia cultivation on May 1st. On
May 25, fertilizing the soil inside the pots was carried out based on the fertilizer recommendation. The amount of 120 kg/ha of triple superphosphate, 120
kg/ha of urea fertilizer, 120 kg/ha of potassium sulfate and 5 tons/ha of rotted manure were considered for plant growth period. The fertilizers were mixed
with soil before planting. After the initial fertilization, the surface soil of the pot was shaken to mix the fertilizer with the soil.

Measured indicators

Plant indices measured in this study were included root length, leaf weight (total amount of leaves harvested for each treatment), plant height (length of
aerial part of the plant from soil surface to the end of the tallest leaf), weight of 100 leaves, number of branches, the number of leaves per plant and the
sugar content of the stevia plant. The phenol-sulfuric acid method was used to measure the sugar content of stevia, which is a soluble sugar (Nielsen,
2017). Leaf samples powdered with liquid nitrogen were used to determine soluble sugars. Required solutions were included 80% ethanol, 0.5% phenol
solution (0.5 g of phenol dissolved in 100 ml of distilled water) and 98% sulfuric acid. In this study, water use efficiency was determined based on leaf
yield and sugar production in each treatment by dividing each of the mentioned functions by the amount of water consumption per hectare, respectively.

Results and discussion

The total water requirement during the growth period of stevia for all treatments in the first and second year of cultivation in the greenhouse environment
were zero mm of rainfall and 2023.7 and 1747.5 mm of water requirement, respectively. In the research farm, were 267.4 and 155.4 mm of rainfall and
1824.4 and 1685.5 mm.

The average two-year results of the study showed that the highest and lowest leaf yields, in the greenhouse and research farm environment were (367.80
and 260.80) and sugar yield in the greenhouse were (337.2 and 235.4) kg/ha, respectively. The average yield of sugar in greenhouse and research farm
were (81.3 and 41.9), (70.2 and 30.8) kg/ha for dual irrigation treatments at the time of flowering and seedling and without supplementary irrigation
respectively. The highest and lowest water use efficiencies in the greenhouse and research farm environment for dual irrigation treatments at the time of
flowering and seeding and without supplementary irrigation based on leaf yield were (0.98 and 0.69), (0.96) and 0.67) and sugar yield (0.65, 0.33), (0.60
and 0.26) kg/ha/mm, respectively.
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In this study, the application of different treatments on water use efficiency at the probability level (P <0.01) was investigated. The results indicated a
significant difference between the applied treatments. According to the obtained results, the lowest water use efficiency based on leaf and sugar yield was
related to the treatment without supplementary irrigation. This has led to a reduction in surface water consumption by the plant without the effect of
increasing leaf and sugar yield. Therefore, water use efficiency based on leaf and sugar yield were decreased. The results showed that the treatment with
two supplementary irrigations at the time of flowering and seeding had the highest water use efficiency in terms of leaf and sugar yield compared to the
other treatments. The results obtained in the greenhouse showed that single irrigation treatment at flowering time and treatment without supplementary
irrigation compared to double irrigation treatment at flowering and seedling (control treatment) caused a decrease of (20.9% and 33.6%) and (29.3% and
48.5%) in leaf and sugar yield respectively. In the research farm environment, the results showed that single irrigation treatment at flowering time and
treatment without supplementary irrigation compared to double irrigation treatment at flowering and seedling (control treatment) caused a decrease of
(22.9% and 36.8%) and (30.2% and 56.2%) in leaf and sugar yield respectively.

Based on the Benhmimou et al. (2017) study, the dry stevia leaf yield was 24.79, 20.36, and 11.44 gram per plant at irrigation levels of 100%, 80% and
50%. This indicated that dry leaf yield decreased by irrigation reduction. In addition, leaf stevia yield was investigated by Parris et al. (2016) for different
irrigation treatments, which confirmed the results of the current study. In that study, dry leaf yield was measured at irrigation levels of 10, 20, 40, 60, 80
kPa of stevia, which were reported to be 5.68, 5.25, 4.63, 4.76 and 4.25 t/ha, respectively. In this study, except of 60 kPa irrigation suction treatment,
which showed a small increase in dry leaf yield, the rest of the results showed a direct relationship between irrigation rate and dry leaf yield, which
confirms the results of this study. Also, based on the results presented by Parris et al. (2017), the relationship between the total amount of steviol glycoside
and different levels of irrigation was direct. Based on different irrigation treatments of 10, 20, 40, 60, 80 kPa, its amount was reported to be 898, 855, 700,
634 and 579 kg/ha, respectively, which is consistent and confirms the research results obtained in this study. Meanwhile, the results of Ghamarnia et al.
(2016) were showed that different levels of irrigation under 40, 60, 80 and 100 percent on water use efficiency of stevia had a significant difference at the
level of one percent. Irrigation levels of 40 and 100 percent had the lowest and highest water use efficiency in terms of leaf and sugar yield compared to
other treatments, respectively. Also, their published results showed that all the various parameters of the stevia plant were significantly decreased with
increasing the percentage of low irrigation.

Conclusions

The present study was conducted to investigate the effect of supplementary irrigation on stevia yield in research farm and greenhouse environment. The
experiment was carried out in different treatments such as: without supplementary irrigation, single irrigation at flowering time and two irrigations at
flowering and seedling time. The results of this study indicated that supplementary irrigation has an effective role in increasing leaf and sugar yield of
stevia. Among the different treatments that were considered for supplementary irrigation, two supplementary irrigations at the time of flowering and
seedling of the plant had the best yield results, which indicates the need for more water for the plant due to its physiological characteristics at the time of
flowering and seedling. This amount had around 53.6% increase in leaf and sugar yield in the field and 54.4% increase in yield in the greenhouse compared
to the control treatment respectively.

In this study, the effect of different irrigation treatments on the morphological characteristics of stevia was evaluated and it was found that different levels
of irrigation had a significant effect on those characteristics. The results showed that dual irrigation treatment at the time of flowering and seedling had
the most effective results in increasing root length, plant height, leaf weight, number of branches and number of leaves. For example, the root length in
the two supplementary irrigation treatments in the field environment was 132 c¢cm, while without supplementary irrigation was only 94.5 cm. Also, the
number of leaves per stevia plant in the treatment of two supplementary irrigations was 47 versus 32.5 in the treatment without supplementary irrigation.
This means that supplementary irrigation was played an important role in the development and completion of growth of various parts of the stevia plant.
According to the results obtained in this study for stevia, two supplementary irrigations at the time of flowering and seeding were recommended to increase
all yields.
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ABSTRACT

Introduction

Maize is one of the most important crops that in addition to food supply and livestock products, plays an important role in creating employment
in the agricultural, industrial and commercial sectors. Maize ranks third in the world in terms of area under cultivation (after wheat and rice) and
second in terms of yield (after sugarcane). It is also a rich source of oil and protein, which provides between 8% to 15% of the protein needed
by the world. Despite the severe limitation of water resources and the occurrence of frequent droughts, this plant, which also needs a lot of water,
is cultivated in most parts of Iran. Since the price of water and energy in Iran is not significant, farmers cultivate crops outside the appropriate
cropping pattern of the region.

Methodology

This study was conducted to investigate the effects of deficit irrigation on quantitative and qualitative characteristics and water use efficiency of
grain maize (KSC 706 cultivar) in Kermanshah, in 2017 in a randomized complete block design with four irrigation treatments (100, 120, 80,
and 60% of field capacity) and three replications were designed and applied by furrow irrigation method. Due to the lack of rainfall at the time
of the study, the net irrigation requirement of the control treatment was calculated by adding the values of daily evapotranspiration between the
two irrigations. According to the controlled conditions of the study and the short length of furrows, irrigation efficiency was assumed to be 90%,
and based on this, the gross irrigation requirement of the control treatment was calculated. The irrigation requirement of other treatments was
defined as a coefficient of irrigation requirement of the control treatment. The reason for choosing over-irrigation treatment was insufficient
uncertainty about the method of irrigation requirement calculation (FAO-Penman-Monteith equation) in the study area. Irrigation was performed
as a closed-end furrow with a 7-day irrigation cycle using a volume meter.

Results and Discussion

Results indicated significant effects of deficit- irrigation on crop yield (grain and biomass), leaf area index, harvest index, canopy cover, seed
oil content, the weight of plant organs (stem, leaf, and ear), number of seeds per ear, ear length, and water use efficiency in terms of grain,
biomass, and fat. The effect of water stress on maize characteristics was different during the various stages of the growth period. The effect of
water stress was greater at the end of the growth period (grain filling stage). Treatment of 40% deficit- irrigation with 3631 kg/ha, 12143 kg/ha,
216.66 g, and 288 g, respectively, grain yield, biomass yield, 1000-seed weight, and the number of grains per ear reduced 69, 49, 11, and 21%
respectively compared to the control treatment. The maximum crop water productivity in terms of grain, biomass, and fat were 1.15, 2.74, and
0.0488 kg/ha, respectively was observed in over-irrigation treatment. According to the results of this study, the application of deficit irrigation
on maize (cultivar of KSC 706) is not recommended in Kermanshah.

Conclusion

The sensitivity of grain maize to water stress is less in the early stages of the growing season and gradually increases from the middle of the
growing season and reaches its maximum at the time of pollination and seed formation. Therefore, in this region, deficit irrigation strategy can
be recommended with caution at the beginning of its growth period (vegetative growth stage) only to use maize biomass. In this study, although
water stress increased the quality of corn grain by affecting its oil percentage, but did not increase the overall oil yield. According to the crop
water productivity index (in terms of grain, biomass, and seed oil), it can be said that deficit irrigation has reduced this index and the maximum
amount of this index was allocated to over-irrigation treatment.
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ABSTRACT

Introduction

Drought in Iran is a climatic fact and due to the growing need for water in different sectors, the problem of drought will become more acute in
the coming years. In such cases, one of the practical solutions is the optimal use of water consumption. Water consumption management in
agriculture can be very effective. Determining water consumption management indicators such as the amount of irrigation water, irrigation
efficiency and water productivity in various crops and orchards in the country is one of the most important tools and key indicators in macro-
agricultural planning. Regarding the volume of irrigation water in the agricultural sector, the figures provided in the country are very different.
Therefore, it is necessary to do a research work and its results would be a great help for decision makers. Therefore, the main purpose of this
research project is direct measurement and irrigation water fields of saffron cultivation under the management of farmers.

Methodology

This project is a crop-based research that measured applied water by farmers to produce saffron during a growing season. The farms in Torbat-
e Heydarieh, Zaveh and Gonabad were identified and selected with the help of experts. In each selected plain, 6 farms were selected for data
collection and monitoring. Three methods of surface irrigation, roll line and peifelex were evaluated in this project. The volume of irrigation
water for saffron in each field was determined by measuring the flow rate of the water source and its operating time. For this purpose, first the
output flow of the water source was measured with a suitable device (flume, couter) and then the irrigation time was measured. In each of the
farms in questionnaire, the characteristics of the farms include; Crop area, total land area, field soil texture, soil electrical conductivity and
irrigation water were measured. Some characteristics of farms such as location, irrigation method, irrigation water source, type of irrigation
network (modern, traditional), characteristics of users, etc. were done by compiling information registration forms. In addition, the final yield of
saffron was measured to calculate water use efficiency. The amount of saffron evapotranspiration in each region was calculated using
meteorological data by Penman Mantis method.

Results and discussion

The results of field measurements showed that the average of applied water in Peifelex, roll line and surface irrigation systems were 3713, 3900
and 4691 m®/ha respectively. The volume of saffron irrigation water in Torbat-e-Heydariyeh, Zaveh and Gonabad cities was 4974, 4816 and
4517 m3/ha, respectively. The average yield of saffron in Zaveh and Torbat-e Heydariyeh counties was 7.3 kg / ha and in Gonabad county was
5 kg / ha. The highest crop water profuvtivity was 0.001669 kg / m3 in Zaveh city and the lowest was related to Gonabad city (0.001076 kg /
m3). The results also showed that in all three studied regions, the net crop water requirement in the year of the research was higher than the last
decade. Application efficiency based on ten-year statistics in Zaveh, Torbat-e Heydarieh and Gonabad counties was 51, 49 and 87%, respectively.

Conclusions

This study showed that in saffron cultivation irrigation, among the three methods of surface irrigation, roll line and Piflex, farmers give the least
volume of irrigation water to the plant by Piflex method and the highest volume of irrigation water to the plant by surface method. On the other
hand, saffron yield in irrigation with Piflex pipes was 7.4 kg / ha and the lowest yield in surface irrigation was 6 kg. As a result, the highest water
use efficiency of 0.00198 kg / m3 was obtained in irrigation with Piflex pipes and the lowest efficiency of surface irrigation method was 0.00129
kg / m3. Comparison of saffron irrigation water volume in the three studied regione of Zaveh, Gonabad and Torbat Heydariyeh shows that the
highest volume of saffron irrigation water belongs to Torbat Heydariyeh city and the lowest belongs to Gonabad. On the other hand, the highest
yield of saffron was observed in Zaveh and Torbat-e Heydarieh counties and the lowest yield was observed in Gonabad. In total, the highest
water use efficiency was 0.001714 kg / m3 in Zaveh city and the lowest productivity was 0.001103 kg / m3 in Gonabad. Water consumption
efficiency in Torbat Heydariyeh was equal to 0.001713 kg / m3. Application efficiency based on ten-year statistics in Zaveh, Torbat-e Heydarieh
and Gonabad counties was 51, 49 and 87%, respectively. According to the volume of irrigation water and the area under cultivation, the average
weight of irrigation water volume was 4296 cubic meters per hectare.

Keywords: Irrigation water volume, Yield of saffron, Application efficiency

Avrticle Type: Research Article
Avrticle history: Received: 22 February 2022 Revised: 29 March 2022 Accepted: 16 April 2022 ePublished: 29 May 2022

Cite this article: Zolfagharan, A. (2022). Determination of irrigation water and water productivity in saffron of Khorasan
Razavi province, Advanced Technologies in Water Efficiency, 2(1), 38-51, DOI: 10.22126/ATWE.2022.7535.1015

Publisher: Razi University © The Author(s).



https://orcid.org/0000-0003-4176-0375

-1 659 0oy 8 Gy S 59k

%:/, YVAY-¥4a7¥ 1}93;5“ L https://atwe.razi.ac.ir ‘& 25 a@w

S99 obwl 3> bl ol jis ) & 130 30 T B pa0 (590 30 § (59 33 T s

@y 9 Uhisel «Wliid lojles g9y plulS b wlie 5 (65glS Bigel 5 Dladiod 55 s (55,9l iine g 1B Dlados 5y hmgly ol
azolfagharan@yah00.com :asbl], .:\lpl s5)9lis

CXVLES

o2 35 o Como (ogas 13 5 03g Oglite Yl )5S )3 00b &) pB) g dliel (65,5lS” (15w )3 (g)le] Ol e oguad
3l e o8 e celys )lal Ol slae 5o g mrdtis (6550310l ( Slasios b ol ol B el 2l 2929 g
VA 53 (SLLS g 0gl; ctyhinca ) (598 plsld il sdas claplin ol )3 olyie; g (gl 0ad Bpae o poe i § oy
by s 63l 4 late olis) ylol o woe i 4 5l G5 e (slacsSoiul j) Lols ol 05 (6,803l dolitun
oY Uy b oolel 5 1S 50 oo Y (50 4y (ulliy (slodlgd b ()bl 42 bogayo ol 2308 5 188 )3 oo $92) 30
4 3L 5 ogly e pd i slaglio pd 50 ol el Ol e 0 Ll 1) pgd 45) 1S )3 xS o YA+ (g)lal O o
YIY olise 4 4oy Cu i g 09l (slalim yod )0 (lyoe 5 5, Slos bawgio g LS 10 cuSo o FOVY o FAVE FAVE e & iy
T VPR liee s ol i jaed 10 Of Bce (6590500 2 292 LS 1 p S P B l3e 42 SULS s g )3 5,188 3 S olS
228 plasily el Canday CaSe o gy p Sl /o VVE i s LIS Gl jed & bgsye o S g caSe o pSolS

el Candds 1o 3 AY 9 ¥ DY L ol o5 4 5LUS 5 4 yss o5 o9l (sl liw yad 5> allwod Lol yulusl

ol Sl ol )90 e sl 1 0lS sWejlg

gy Al 1o £o
VeV o oA s Sig i8I ol VF) 09,8 YV tpomdy Ve ) (0)9)8 + 1Mol Ve waul oY i 0t allw

FA-0Y V)Y ;y/";jja}eg/.) iy clo g)glid ( s90y ol il olyas g)l5e 5o o Bpas (5590542 9 &l O (VF ) el laallgd saliium!
10.22126/ATWE.2022.7535.1015 : Jtusus awlis

Gl s © St




FA-0Y (V)Y V€Y ol (659 0500 3> & puiiy s (559U3 [ (], 8193

dodo

2 JloSias JShe ol 4 cilise gla s Sl 9 j8l50) gy 42 45 L g Gl el Cndly S lnl 3 S g o Sis
ol Ol Byne 3 p9nddy o g dio odliwl o g phe sla)Kal, 5l SO dal i s (0 s daled 1 il oanl gla Jlw
LaSoly 5 550 sl Blgi o0 095 o ol 551y oz 9 olnl o o Bjlas jl (dlosas (250 & (g5)5ltS (15w o Ol B pas g e
N gamo O 59000 5 ol Glasly (3,8 O o dlesrjl LT Cbyamo o (gl paS b (s b g (5483 s (a5 By
Pyol Gpae y Ganass (5l & by (M slasiydaby 1 G0 (slopasls o l)lpl o eke j1 98 3 cilie (2L 5 2
(OPVY ot pl) Gl (65,98 dlos jl alizen (gla jisn 45 o )

lnds 1 ol gllan jlonns i dnlgn ol 3geaS b 4 (Sibdass g S 3blio (sl eyl blod & &8 Cal Lol i
Lol 5,115 (6 L] 2 55 o el 3 5 02,8 (o |, anle @ 0,9 b g S5 098 oo elab o)la (sl S5, 45 slocud 4d,] o 31 e s
ibio loa g ;.j Cand g 4 &y o 13 ()5 lhac) bla 5 048 d)lﬁ] 85590 Jaame o il 1L olhae; wdgame copl il 215
Eoy by o yo gl g 01l deyo (gylol b lyie s ady &S olowl] 33,5 o £, olo LT gl amd b sl jge balgl 51 e s ()l
o 6ol D95 anlge JSi o b hyde ) e I oS ol (clp 51 399 (5,18 39068 g 3L Cuit S g5 pdaw a8 ablie D can | (3 S
295 o Pl Sloj ol 55 olel gl calpliy 23,55 Glojom 355 gl 13 450 (IS b 0 o amn gy iz o lgh b g labad
aan O B ¥ 5l 15395 pod (oylol g oo KT dc 30 pdaw 10 S w9 S Jgl (65bol plool b ] olS 5 JB ac 50 o oS
slooygd b (Stin g0y b (o)l Gl Sygo )3 WIS o (69,5 4 Sy ) oloc gd)) Lo lgl 53 &S ago b (39,8 Lyl

AR Al 9 S (Sl
doogey o (2T 5l esae )1 By g b B32) Ygeme & Cal S 1 Jguad et ] gy 1y S 4l e 4y e
ool ol o 94y ol odes g &S s OME I 268 SV game b dunzlio 3 T ST 5l e 55 99 oo el )b g B
e 290 3yl caSayte im0 JF ag0> e o 5l Syt 29 e aisye il Cagi 0 VL T 55 elo B 35 0
ot a5 oS ol gylol cplil s 39— o aiiS SIS ] 4 a8 sa g gy oS Ay jlel cas o (gl b oloyee 51 o)l
ool 3 gim 208 JSB Tl S 9 Sy psrls o8 2l el b s s lie (gl loj ST 058 o 2y WS s 3l g g 05 jalls
oY | S 58 45 2950 el 55 pim > el 9 00,8 @ U o] by | g 5 0a Sl 395 Sy plSimdg;
Gloile g ol gl 5 U o mo slomr (6l sl ol 10 T e 39g 0 ol LIS g ok I led S oxdaw
alo Sllas 313 g, ol pSin 355 o0 plosl ()] Jos Tanr g @55 430 o )3 (o813 355 g 5 3948 0 Pl e o s ] 50
oS Al o cpl 33 09 o pls] Cuwl ol zli & pod &bl Joase Cuildy s 25 oo plsl o 25 o S5 a0 5 S
(63 y0ly 40l 2 (3295 44aS) 93,5 o0 Pl (ms (sloug ()l o> @390 9 (il g B ey Me 4 Sty 295 (0 )9 (stlhord
siilo oy ol 3l olacutinnd)) g oo sloels dlold 3 Lol sl (gylal Jloz 4 39450 (e )5 (olel (it yoboas (VWM (e
i le 0 59, 10 Lg)lﬁ;j 199 Cawl 2o VO Hlwls 0 lan slod 4y an g b ol d)lﬁ] Sl oloj cppine 20,8 JwL Lb 500l
LS calpd 5035 59) Yo g V0 DO X+ i 4 e 2l 5 Sl o 55 gl 1D ) (slooygd Jsbo sl 0ad 5155 ()bl g
we)y; sloysiSs sy ) aalllas polaieds (VWRQ) olylSan g oSS (V¥A+ s yiluns) a0 3y50, +/0D 5 +/AD cr [ slyo ) 3
W08 |l dpidin (o 90,8 0l (g5ygliS 0uaSiily Slhuisd as )i 0 VWAL gla Sl o uAﬂLoﬂ olyie s o550 sladl Wb,



S0y olwlyd bl (l,8e5 £ )150 ;5 Ol Bpaas (659 0542 9 Syl & s

a0 )3 VA 1alS g gl 5 o olid] (slaady) 5 (6550 (slady 2 (62050 WY (5l Case cgylul e 48 3 s
A (630 Al eyl s A EalS g Al (yjs oy VA LialS 0 s adiles IS slasd so 0 VY EalS odims S algs
s 5ol pll 03l u-’T Sl yiis lise s g ylyae; u-’j 3 o caslio Jdo s adss (WYAD) ), Ken 5 (gies]
Oeed Ldgs 40505 1 OYolre pluw Ay Cownd (6t 8D 3l 550,55 0nd Mo | b = cpmin (Ju S — (S Yblee oS 0l ol
Aslre g 35 359l ol); JaadSs (gl S p3 CaSoyio YYD+ cutile yaii— g5 g, 3l oolii ] b dis po s (> olyae; oI LS
iz (VWAA) (ylSa g 03l3ale 133,5 s s Lo o iy esBy (o) s Copma 1S 5 oo MVFV/YY GV oy 5 lo
@l ool 200 pll g g e (g9 plolp laglin] o Gl cel; o)l gyd (loj s lio (s b dlally
) b ola Ko 3 sl oglito Loy dnllan g0 dilaio (clod 5 paldl 4y ats i ol oyl gl ol loj o S )b alsls
o5y Yl g 5] 54 o8 bl 53L Blgl )0 5 plSmg5 (olel lej g (28 ) Vsano (128 (gled (30l g L3 s | 5V,
2350 21y AL ol o 5 29290 Ll s (oobail (gy0 500 5 (So5d Sygerke i S5agliS (i 50 ol Bae oo el 9 (o)
5 wSosio g2 pSokS o[- WAES Ol (058 (opg0 e ol 45 o olis 3o ol s ST bl 9 (o o e Jpame kS
5 s yS0jlnl Gual (claddllas 1> (WAY) Jlo 3 oLKen ¢ padie BuS .l caSayio oy Jby VoraVe /¥ Ol odlasdl (gy90 00 l5e
D3l plosl 4y jlyed olStily (g)5liS” 218l Sl oSl 5 il JolSG i 93 g (2LS olpd g 0gilly (55— e 350
VAY 5 VY5 g s ol 5 pomes Sl 53 i) oS (sl opas¥ 1 ogilly 3 ymimpies JS o a5 3l Lt gl ol gl
Jobo adlllae ol 3 (wiomen Cusl 039 jo) 32 yia den PI¥ 9 FIVA G5 o)l g oo Jlo sl oy By 55 Sl jia e
i 4 pgw Sl sl by S84 Jole cly olhie A (aLS cups e b 3,000 YD G VYT /FA ooz g pge Sl sl
WAF Jlo jd a8 ladllas )3 .(WAY ()] )Ked g piiio BuS) sol cwd 4y +/VA 9 +/20 /D pylo> Sl ;3 g /Y g /2% +/ND ly
«dpdy Oyge e CEM] g Sl odlits |k (g ol 3 cliss ol b oy eeldl s Sl sl Jue" Gl cow
A ot Ve Yo o 53 utS Jad gl )3 yinian PY ol |3 ol 8 I3 (e < IS ot el 235l e
FAVISY & jio oo FYOIDY I &S (g gty b 8 slss 298 4y (—ial38l W9y il 1 ol o] 5l 0nSols &8 292 o Sl ol
sl salg s el bl ) lhass S5l gg) die Ol Bl s ol olis zols ( S yebas e ) anlgs Sl > e e
O slaallas > (WWAF) LKan g ooy (WWAF (), en g 03l jaxs) 59 daled Sglasie calisie 3blie o (il3l opl STy, &
5t clmolSig) 4 3l Lt Simad ol gl isles sy ekl ol Giliseo blie )3 1y e o ol 5 oliee b 2iges
0] 53 ylyhe A5 ) 0,93 3 ] ced Cawd 4 oLS My 090 oSS (gl 5Lidye0 9 ymdanyd S ol p3Y slod pliw | Lye Lgis
o] 5 ol oM s 00 2,503l T 5 oy extoise YA L o 1S olfiny) o o S5 optpichins epoisles DAY Ly s 5]
yiso ol bl 3151 B pee Jol dews 51 ol Lol y s oll p ojlyhe ) a5 ay Go,b oS ol s addllae ol zols bl (sauaiy
oo T gl B s o 3 olayseyted g3 o S | 18 (6l olog <l gy 423 s 5 (IS )6 (58,5 53y o
Olas5 Joa 2o dxw 7 (gl hao | Glio | 50d g Jlod 850 oyt bl glod bty lasjl s 1> dalgs aoldl 3,5 sble j»
2l (Gle Jolpe )3 lyiss (LS o ps g addland)ge dilate 5,05 g e bl (2 5l Oliee Crytin iy S5 4 Fowlie
S 5 e b olS 18 o oSl ool | b i o > (3 dlgy S (£65d) i Bl (VWA0) ) Sen 5 (Bolo .m0 7y ddel o



FA-0Y (V)Y V€Y ol (659 0500 3> & puiiy s (559U3 [ (], 8193

W8S )l)B sy 390 Dglite o)l 53 €T Ao «BAn g (6 S erenal J3D (Sl )lime (3505 da (g ) ey Sl plosl ]y allyg8
d>9 4y 4> o) b) dbgpe d oy YL (Ol o g e 00 gd)’.,ﬂ? &Y gae ‘Ol)b.c)‘ ng Eplmw &S sl olis adlllao Qg'l s
u«.dblf u\/yam FYRGNAS 25 C.la.w uoLa.o‘ Cudglone LY £90 dy)l.w: B Lol csal> uoLa.o‘ D> 4 ‘) s 2) c.]a.w )l (w)9A>bc
dn |y e (i (S e JS Ao 3 YYD o YF/A polie b i as g3l Y g aste i g lyae bl sl
9 VY iy pgd g Jol (sosliw p ab cuiS oSl @ Cas (Bpan Ol oline dilaie Siid maldl ) dr g5 b Cpimon L0 olazs

LBl el sy Y
oz Jold ol slojloss 3,8 s 1) ol 2y 9 U5 5 Shes 1 6085 9 o)l gy Julize ST (Y +R) (o)l g ol b

FUNM UL““‘" CJLU Dy yho p (el u_w.)\c 9 Y/ANY [0 )L\Iu d)l»] ui L5)5—’*’ dL&a)Lo.,;9 ()'9)/\ 9; Adhd ) du) d)Lj 390
iy 4 bl O (6y90 aliw T polie )b 1y (gylol OF al &) S b o 3nS g cpyidm i o JS NS 5 ol jiej 5 Slas
‘5]); .bl; d)LuT alols ‘59““’(5" o3l ub.o.f—) ‘5)1.\)1 ‘5])4 )?wu] JSL;oK& g dw») 9 del)J PR g e ) (oD AT 9 '/\\ﬂbﬁlﬁ
Gard 509l 5y g 5 o sl (Vo)) hlSan 5 o)l (5, ¥ (o Ao 1 Jlioplsioar) 5L 28 Ol gl 45 5l (6, gl>
DP9y b g o oS o5l (5,5 — e g e gl (5,5 — s b plonl (s ol (M Yl edlit il b olyde; alS
0y93 &y 2l )93, lyie; LS oo el Caw s wd ) Jad b > e Lo AVY 5 OVY i @ ol ashaie jd S5 el
O 19.{]9) u;; ‘5059 ‘_5:‘.:))] )914‘4»4: (Y~~/\) ub&oﬁ 9 @IW ol oJ_.\f:d..)_M)bu '/Y’b 9 ~/‘\a "/\;\ W)J LY uil{"‘" 9 U)L.a J._»f'))
64})”“")"90919 ‘)LL?‘AA}).&J)—Q{A’ )‘.Q? 2 Lg‘d.xman ‘UL"’IP u9.\>9).§)n w:.lﬁ‘d...e‘)).)ul)ﬁ) J)g.l‘o&sui‘.)&).ot.c t_é)aa.ﬁ
w2350 WWAY g VWAV elys Jlo 90 (b dlwan U dlwcS it deyi0 Ve b0l plool s lpl olyee 5 Wlgs bl op Sere
il omie a9 039 bl o e (s Lo S0l pals 568 Gy ane e g 3,8dee yo oaBodls 5l @lei e85 18
D a5l sl Ay 53 (o 3687 G e 4y Cod 0,Sles
i 5 e clac] e Sl (ra g MB ik djstS o siilen 55 ol o eilises glais 0 Ol Bras i L]
E30 50 ol Lol 0025 3,00 b ppsesd 383 gy (55,5l i 3 (93,8 Ol o (ST iy 29 (o0 00l | (55,0l iy 5
u\/}a.m d.)).g)ls uT 5 u.sLa.BLu <\§u.l:3 Ja.’l).w 0 G | 9 03 )yu.f uT Cxvo u‘)a)Aob)J 9 uU}m LSL" | dL’bA.C.LC.) )l D)I?o.lb
oS )9S gaw 53 (phagh N5 G bl )l 3929 (65,9l Sex ©lig 9 905 ©)lig i Pl b 5 e saglejle (il
Li.oS..\JIy‘_;o UT CJLJ 913.)9{ d)9),\o 9r\>)y Lg)nl (.)94.» u_g(u..a )9m§ ).)go.L}u uYya.m d));)lg ui > o)lg)J @3‘9 ﬁ}l.ﬂ.nc\: .b‘};.)
5 L] uﬂ olo yo olyae; oo, Ol o du slie dllio o )00 Glaal cww 1 e ) ol 1 liw | oleyls copie cod ol yae

SR (99

Sl (ighs ooly; JadcSy ok )3 ol A (sl (59l Lo 5 0l 3] &S sl oo Jpuamo iy S e
Ol )5 S8 b 3LLS g oglj cduyhunco i (sl biw s )3 a5 3590 &5l50 0 (65030l )15 (oylol o e con (i) S
ol @le i Slaly olo bd ol | gjpslia S ke sbagloils SBacl cupie g g (Sinlon o pte (LS Clidys Ciglae
& ] Gl yo 3 aim Gibg |y bl Of CuiS g SB bl ylol ) alejl ilisee Lelge o8 1b Clsal 55k 5 ¢l
85 5 b)) 3y90 b nl 3 eSliy g (Y gy a6yl (bgy 0B OBl Gk 5 ()l pedls (4l 4s )0

ol gl i G 0 358 s g o qie (20 rS el b oy Juad Jgbo 1o as 30 50 )3 e s (il O oo
bl Gloj e 9 £r50l (1555 cpgl) solio Ay L (08 g 50l oly) ou Sl ol it (295 (20 Mo it jglaie
3o SE il (ol gio 5 o) IS o cJgazme S 5 o 1 Jold )l (St okidyee £)l3e Sl Ay 53 ud (6ol



S0y olwlyd bl (l,8e5 £ )150 ;5 Ol Bpaas (659 0542 9 Syl & s

59> GPS L (38 58> cumbge S350 Sloasi o j] (B pSojlil woliilyse )lal ol 5 SB (S0 coln
Pl Sledbl b slop b (3295 b oy 9 il ye s Sla s (i ¢)20) 45 £ it b ) )bl O e )l
23 olie olS 5,5 g s e b (5pSojlil asyse ya ) Ol Bras (59000 A e S olie 2l 2 Sl eud 53 0
pbl ely; Sl o (WAY VYAV ) p8l dlls Ve 0y90 50 2k (gl dalaie & olSus) (1 5S00 5 awlidilan (glaodld jl oolatw | b ddlats
Wb dawlbre Eatile pady gl eolatul b (VWWAA-IYAY) Guiss

2ol s> 4y (1S 5y cSlogie) (Do ol oo 4y (1S 51 p)S9S) Jpmome 3,Shos Jaio s | i Ol ()90 00 a3l
() o)

WUE= CY/CW ()

(ol p &S

(hrae ol caSayio 2 pSolS) e Mg )3 f 59000 =WUE

(B ;o 551S) olyie 2,Slas =CY

(S 2 caayia) lyie; 1 53 (Bpae o g2 =CW

5 ool e (il g (Bras ol oy Jpame 3,8los s | S0 (3l 5 Ol 905 pa3LE 5900 4

N3Blpss 5l e Gyad — S g andlle wajp o G blie o glide; palls (ol L 2l
ooliz] adlllasd g 3blis 4 uolilon claolKiug] o 5cSins SleMbl g bl Jl solizal L 5 96 ele oy s, & ETo-calculator
Vo glayl ol ce g dop JBlis g yiSlis s Cugloy 5 ylis dayd polie wil) bow gie Jold ol 150 (o L laa cule M) .0
e g yo x5 — e e e s w3g (WWAY YAV ) s Vo (gylel 090 <S5 5 9,5k po o] wlelw slass g (620

A5 350y (¥ abaly) (205 bl 51 oslial b adllaesyge sblio j3 oy Juwsiliy (5w pses
ETc=Kc *ETo (v)

A5 bl (W) o) en g saenl dlarin (wlol g (V Jgao) lyaej ad) doyo o 4 bgyje (LS colps ols ingh 5
ERFYSTH d‘,]o‘).) S OL""J’. [)l:-v-"‘)-) Obﬁ&j g’-ﬂl:g 57"1’._)'*& A d}-'\’.'

Sl )Y —opis AN Y —ad Y 4 =g )Y — s ) — 53l —oLie — 49

sl e — Cigasyl N RUESYR el o)) @\ BRI olia

aAn% o8N v/0r /A V/AE LVAZA +/E0 APA




YA-0) ‘(\)Y AEXA! ‘;.Ji 539 0% 50 A:SM leh d)gw/ gb&&"g:

o5 (6 2503131 (S halyby (o 2
ot 85 )15 G )lel il g 455 350 LS 5 4yy0> S cogly anlland e (slayliuspd > 0 b (g ySojluil (sla il

90,5 wal8l AS/IMYVee BY0e o ()bl OF (69 (o VEYF B V¥ o byd o 51 glis)) a8 o0l ()lis o0 (g S0l (sl ol )
Y5O o coylol OF w5 cog VB F 51 o)l slacugs (Jlaw & B Y o olyie jlo oy B 5 w509, ol 2 o lio « Sis

ool 0 00l LS Y Jada 10 Cou 350 polie g o S 3 CxSlo o Y+

andlaes g0 @Lu 3 6Sesll 5 (gyls peadlanly e Y

FOLL s s e 0L s e of e

o5t 25w

5 Sas sbaas S ) o2 . o s
(Kg/ha Aoy Wlues G 0 5ol Jlo ol Jle b s PR bl ocas e Wlar Jsb Ol el e
(mm) (mm) (mm) (mm) (m3/ha) (dS/m)  (ha)
/0 IAY gt yY4 LAY YA ! Y5, gon Yoo Yo-\U-TV 64-YA-Y) osl3 )
v/ IAY gt yY4 EAY Yo ! oSy \nt A Yo-Yo—80  04-Y4-\Y osl3 Y
/Y Ve get Y4 LAY TV v Sy Yo Yo Yo-)i-08  04-Y4-VA o3l Al
v/o Ve get Y4 LAY O 0 sl Vo £ YOVA-AA 04-YV-)) osl3 ¢
VY Ve gt Y4 LAY EVes ¢ ol goe \ Yo-\V-Y4  04-Y1-to osl3 0
/Y 1Ay gt yY4 LAY §As ¢ ok Yo. \ Yo-\V-0 04-YA-£Y osl3 !
VY 1Ay gt yY4 LAY YA ! Sy gos Y To-\V-Y 04-VV=-0f  wdCos Y
VA Ve get Y4 LAY T4 0 RVds,  YVe Al To-1V-4 04-\V=80 wdcus A
V/0 Ve it \Y4q LAY AN 3 o A0+ Y Yo-Yo-10 04VY-EY 4y i
v/ Ve gt Y4 LAY ovs ! Vs, Ves 0 To-\1-Y 04-VV=0V  wydcos e
A+ Ve get yY4 EAY TV ! oSy qee Y To-\A-0 04-M1-40  wdeCus )
v/ Ve gt (AR LAY AR ¢ etz Ave 0 Yo-\1-o0 04-VeVe  auco s Y
$/A vy VY AV a\al A ¢ ol vo. i TE-VY-Y oA-t§-00 LS ‘Y
o/ vy EvY AV \al AN 0 ol Ao 0 YE-Ye-Y OA-£Y-0 LS V¢
o/ vy VY AV a\al g80s ¢ ol Avs Y TE-YY-) OA-£0-YY LS Vo
o/Y v £VY AY \a £V 0 b Vo- ° YE-Ye—0 OA-££-10 SLLE 1
I v £VY AY \a £0ee ¢ e e ° YE-Yr-1 oA-g0-TV sLLE A\
A Vv AR AY a AT 0 el Yoo ° YE-YV-to 0A-8)-0 sLLE YA

i Alwsd Lodld o Gaiod ol Jlw sadld wlw!l p yl,8e 5 §ya5 g pudud

23 telllaed, 9o (slaglin b (sl eutile iy 2g) L (oulidlyn Bl o 5055 slaodls bl 2 (BTO) Jousiliy (395 5 s
2 o L lod oS ] 2935 pis g 4yl Co )5 5 0gl) (bl youd (S0P A dogi b3S duw bro 3] dllw 03 g Guiiod poo] Jlo
2 KC aljgy polie a dng b as ool | a ) 5 o b lgn oliuns) sloodls I ¢ Jumilt §ym5 g s 39l e cogly ylias b

Casd & (ETC) e obS (5,05 5 e ol conddpslne iy )5 9 55 alljgy polie & a2 95 b g (i) (LS iy jlog0s



S0y olwlyd bl (l,8e5 £ )150 ;5 Ol Bpaas (659 0542 9 Syl & s

FoYIA g FAV/S sy dllo od slaodly g (gyl> Sl (slaodls wlo |y yimco 5 g 0gl) slaliw b 50 aljgy ETC ggasxe ol
Cawd & o Lo YVV/0 5 FVE s & dllwos slaodly g (6yls Sl (slaodls olw! 5 3LUS oyl o 45 alje, ETC goomme ¢ yio Juo

ol o 0313 LIS Y Jgdn 4D o 3590 polie ol

bl iz (sla g )3 ol 3, 8des 9 5yl O po
odleildyg0 09l 9 4 panCa S sla i o b > plyte; ST > WSay 9 (Y gy (e )bl (g dw &Sl 4 a5 L
Sl baye ol o 5 g kS ) CaSagio Y oo b (oo ()bl 0 3l i) (o)l Of e (i o amd o s
U5 el o1 o 45 550 3 gt TR+ (sl o s b Yy b sl ol 550 > oo TYAY s b S
FAYY UYFOA o ly (pB ol joud calisee g)l50 40 lyee Sy o Olise (WWAY) o )Sat 5 oo b b 0 £9:8 90 opl ,Slo )
93)3.1@:—\ wa PRI W o&un)t&mﬁf)f#;dl}y@@ d)tn-.‘i)ﬁ .))S.LQ.C Qg.).'iw59)1:&m)> ro)§9l3§V/\° u‘)*"‘”u«-ﬂw

Ailods dus o d)L,,J o yogy 50 ‘_’)l).é.c)‘ (5)[,..31 gT >

8 - 5000
! /’\ - 4500 _
- 4000 )
6
% - 3500 4,
o 5 - 3000
S - 2500 |y
% 3 2000
g - 1500
> 2 1000 %
! - 500
0 0

«f‘b‘”‘ ril-"é.,. Q—;V Jsy
EZZAm3/ha b ae of == Kg/ha 2 Ske

6},:‘&&&;;;;0\)4’.956)1:.3791‘,»};;.L..;«....ALL.\JQ

, ol il g dg) 53 S50 L b g He olib e e ol Bpae 5900
O el G 3y eSa e p)SOS s Ol Bpae (gyg0 00 03 pSojll Ol e plyde ) 5 Sles b gt a8 ]
@ (o )bl o9y ) 90 neS 9 Sy sladlgd b (ylol )3 cSagio p p Sk /4 VA lise 4 Ol Byime (6590 00
Sl e 4 ol aged LT g s sl s ) S50 ol (58,5 58 0 LY JS5) 0 Jolo o io y p)SebS o[+ IVR e
b ool Sy & bgrpe o3 bl 58,5 5 0 b Ol B (690 00 2y 1 mls ol (oll Ol (Bly o ons (g5 ojlul
2 eSS oY i ar (o il gy 4 bgnye 0l (23S 5 caSagie g SskS L AT e 4 Sl sl W)

A3k e e b g9 9 e b b cslel slasbyy p3 ol Gpan (6)90 500 dumlie Sl ¥ IS5 el s & caxSla i



YA-0) c(\)Y AEXA! ‘h.-’i $19 058 5 A:SM dLﬁ d)gw/ 0‘)6&"5:

0.002 .
j3 — —
2 — —]
E — —
> — = =

4 0.001 — — —
N — — —
% — — —
% — — —
0.000 — — —
ol Sy oY dss
B s 0L L s B s OLL Osb o o

A3 00k Osk 5 e 0L b ol lasias 53 ST O e (590 aslin Y JSK2
o anllland y90 (glagyliuw ;b 53 oo 2,508 9 )kl ©f e
Solel Sl o (i o5 an3 o0 LS )0 Ca 5 9 3LUS wogl aalllaesjge i o w53 plyiss kel ©F e aulie
S 10 CaSoyio YAV o> L oLLS & bgyye ‘_’ﬂ rnS 5 S 5 cSoyio FAVY poes b g jin oy liw g b a4 Gleie olyae;
b yoid > a0 Slae oy g (Y JS5) Casl Lo 1y pod ad,y S 13 CaSlo g0 FAVS d)l#i] ol o bogly oyl poud oCowl
Sl ¥ IS b ol i S 5 p)S5LS O Gliee 4 SLUS )3 3 Slas (S 9 S8 )3 o SOlS VIV (i 4 4y a9 0l
sl dellla 350 (gla e ) oy ylel Of e g3, Sles

8 - 5100
7 —— - 5000 5,
% 6 4900 §
" L 4800
% A - 4700 ‘3
e - 4600 ﬁ
5 3 L 4500 o
% 2 - 4400 )
1 - 4300 -
0 4200

ol ahem g sLLS
EZZm3/ha as ol  —#=—Kg/ha s e

wlkﬁajydhol:.u*bﬁ&jiﬁ}‘s)l:ﬁgirpj>J§.Lw Y s



S0y olwlyd bl (l,8e5 £ )150 ;5 Ol Bpaas (659 0542 9 Syl & s

anlllaed y90 (Sl b )3 530 O3l b g 530 BI)L 9 Bl 13 O S pae 590 00

e WY e 4 3LUS ) (9050 S 5 ceSepie e SokS [ WY Glie 4y o9l i el 3 O Spas gyg0 e Cr i
F JS—3) del Ciod @y oo p S lS o[+ WY Ll d)dn o 3 O Byiae (590 00 A Jols caSayio S5l
2l VetV O (oolatdl (690,00 (3o g cSogio  p)SshS [ NS Ol (S35 sp0 e e (VWAF) (e g (o0l punds
Ol 055 g coSogio p p)SolS [+ VPFR (liem a ogly s o 4 bgye Ol Brms (650 00 s 02,8 ()1 caxSo o 50
O Sl & s S50 0l b 5y90 00l Jols @l ) el S yio p p)SkS [+ oV VE (liie 4 3LLST Gl o 4 gy e
30 ol 033 5 ol b allas 3,50 sla i 53 o s duglin Sy ¥ IS 33 3925 552 G2 e S

0.002
% — _
B — —
2 — —
o — —
5 oo = = =
5 — — —
3 — — —
\% — — —
o5l 4ok S LS
Bl js bl os B s oblost gosese

A 0Lk 0st 5 H30 0L b anlllans;n sladliun g 53 ST G puan (550 1 demglie £ JS3
] Alwod odld g Gaizdd eloxil Jw godly wlw! p g, Wl (B ;LS
oo (slaosl 5 3 ol Jlo csloesls J o2zl b sl o s U3 (ETC) e 3,5 5 s J) (RE) e il o
lodly b odd dpw bro el 55 5 3uizs plosl J o (2l 5lo cadllandygo liw joud duw p 50 &S aad o i guls Wb duo b
ol Jbo ;3 5L b s 13 Ll 5L 4G gk ol SLLS i o 0 bgyyo (65lol Ol (alls 5L5 oy g Cowl yidig 3] dllsed
ol 0di B Y Jods 10 G 3y50 polie ol yio Juo YAF/D 8] dllwed sloodly bl 5 5o Lo ¥VYV/0
(MM e 52) el Dl slaosls 3 el plowil Sl slassls Gubad  Olsie3 (soll Salls 5L Y st

oA Sl Fy oLt O 5 p2es Jle el 5L o S5 0Lt Jl S0 5 s Ol e
Jlaes Jloes Jloes sl Sl Sl
Yee/N Yod/0 £ YIA Tor/s ALYA EAY/ wde G 504l
Yat/o VY/ £VY/0 OAAY AV/Y W sLLs

Alosd g Aoy bl wlwl 33,9, olondl,
slooals bl jy adllandjse (slogyliun d 31 S o ) 0,8 okl (Bas Ol e 4 a2 b o)l] O LAl Sl 4 s L
G 4 ogly g Ayt g 53 (ol Jloslol ull 22,0187 Lol (F Jgan) 45 dsloms dlod (slaedls 5 5o plos] Jls



A oY T TEN ol ary o i o 5 1y

Jadd 4 yol ol e Canl oty duo )3 Ve Dgas )0 dmy duopd Vool o & jlade cpl SLLS liw el )3 g sl Mo d VY g VY L il
2228 plasily sl (o)l Jlo 3 a5t sloS Sl (il O LAl S (I3l g Of e ad s s 4 wad ll oS
bgs sdalcundas zuls b a5 sel cawd 4 o )d AY 9 ¥ DY b ol o5 40 LS g 4 ysunco i cogl (ol yliw o 5> dlwod lal bl

Sy cisllas (VWR0) o) SKed g e

andllaes ) g0 GO g 55 il laed 5 D Sbl ulud 3,518 Olekily £ Jgum

SLD s ol LD s ol el el Sl el el L S ran ol Ol g
(s (dles Al LT luos HLI (555 Jawy2e)
% 0) Yort \fEAd EAV o3\
V) £4 Yort \fEAd gavs o
A AY OAAY Tag. fo\v SLLE

_ Olre; )bl Of poe bawgio g bl Of JS oo

e 4 d2gi bl ol 035l ¥ Joan )3 adllland)ge (slaliw o )3 Gldej cutS o a9 0ad (gpSojlul kel Of e
ol b 55 gylol O JS woes ol o 3 4 )l )5 S yio FYAE (o)Ll Ol oo 559 baw gio S 5 o g (ylol O
o> oy i D95 oo dlanMo &S jobo lan el Cawnd 4 CaaSayio ygaeo VEIYEYN 9 YV/VoY D/ AVF (5 4 3LLS g 4 ynco 5 ol
i e ilizeo g)l30 ) (i) (Bras Ol e (WAF) ylSen 5 (agin sl 0ab B pnn (lyie; cudS (sl oglj i od 0
lodges IS SLSa o yia FAYY B YFOA oy Iy (18

4&;&.‘})‘,‘ Lgl.wl:..,ﬂ.:c,..:sﬁj chu‘, ol Lsxg‘).u“d)l:JUTr»‘l““J;‘ k3 JJ..\:-

okl o JS amm iS5 e o Lo g0 Ol e
(e o 0 5eb) hay (mha) L1
0r/YVE VIV £YVo osls
TV Y AV10 £YTY ad oS
\RARY Yo £0VY sLLE

3
Co e .l Ol B pas )3 ogddyo g digo odlil Jos g 50 sla)Kaly 5l (SO ol i )3 .05 dalgs 55 ol san] o Jle
o35 A3 LiSol) 5 5 sl Wlgiee 5500 Jol 331y ploa 5 Ol 23 Sl Bl Sl slosas i o (65)5laS i )3 Ol By
G s ooy Vsame Ol o 5 Sl olol oo lS O ke dloa il O Gae g o Slapasld (uesi b 5 (385 b
2l 3 Jyol Gpae g parass el 4 baye oM slagshytely )3 1l slapasls 5 byl o ere ) )9S 5 cilisee
Gl (65)5WsS” dlax | Caliseo (sl iz



S0y olwlyd bl (l,8e5 £ )150 ;5 Ol Bpaas (659 0542 9 Syl & s

oy ol (1559l Co e v e caely) ol Ol (slae e g puiitane (630510l ¢ Slisiss gyl ol 5l Lol Chaa ¢opl plo
doliiduoy VA 53 (3LUS 5 ogls crpdo ) (598 ool il sdos (slaglivped )3 e 15l oAb pae Ol oo wi
Wb (g pSojlul

b adllaedygo glolio 5)0liS ¢ uSliy 9 (Y Jg) oo olel Ggy w0 il plyas catS (ylal o a0l Gl o

P O idhe o5 0 Lt gl | imd o olS & |y olel o e st (e (29 b g olel o o 508 eSliy b,
b oolel 5o plies o Slas oyt (oo 5l el (uSlin (o)l @ bgiye o (505 g (e (o)l 4 3l ol o)led
390780 ek ) 2 3 p SIS 5 line 4y e ()l 53 3 )SMos (S 5 JSa )3 p SOLS VIF e 4 uSliy (sladly)
i 4 e )bl Gigd agerte oinS 9 oSliy Slodlg b ilel )3 o yto p p SOl /N e 4 ST By
el Cawd ) caxSayio p pySolS +/+ VYA

olis; ol OF oyt o amd o Lt 4yCu 5 9 LS gl adllaesjge sy dw 53 lyie s 6yl Ol poes awlia
54ty g ogly slaglin o 5 e o) Slas oyt (D) 1wl SLS 4 by o (565 g Ak i b 4 late
5 aSayio yr p SoS <[+ WNF i 4 ogly s jed )3 T B (6590500 (i cgaeey b odnliio SLUS )35 Slas (3 575
LAWY Ll oo 3 Ol Byian (9080 A ol aaSajto S lS o[+ WY e 4 3L )3 (690 00 0208
ol Cad &y axSo o 51 p Sk

Sl ol | 2 g o 3 WY g VP VY bl i 5 4 SLLS g gl e ydunco i i e 50 (6yls b bl ol | 53,08 ol
YV ol O w59 lawgie (S ) pdaw g (gylol Ol pos 4 dngi b el Cawd 43 0o DAY 5 OY FAL il sy @ dllood
VEIVEN g YYIV-Y D+ AVF b5 5LUS g o gl (sl iy 33 (oylol O S o el s )18 55 anSo i
Aol Cond 4 caSoyio gukeo

&l
o8 SLLEsl Loy cals (YWEF) s dass ¢ oy
(Crocus sativus L) lyic; o1 5l omes coslio Jdo (o ()TA) opae dodmo 65l 5 el (S (20 o (s dan]

D0-0Y - c(\c)/\ ‘LS))SL*S t;wl.w Y L;uu.&’9); —L;ol.c du).».w .o.))‘5 LS’] le.a:uw.s (_)‘)""’ O g
https://dx.doi.org/10.22067/jag.v8i4.40517

https://dx.doi.org/10.22077/jsr.2015.292A5¥ VY (Y)Y colyac sla yidgh @ pis . oldlse SleMbl g |
http://georesearch.ir/article-1-658-fa.html .y¥a-Yay (V' ¢ oldl e Sladiss aloe . ldol Gl 3 ol 5b5 5 Cubige
Ol s (6390 dalllas) ylyae; Jgasts ) ol Ban (6590540 oy (IVAF) dirw (glue g cdiludl )3 bdess il ‘d’UM
https://civilica.com/doc/478203. -laan ¢ =ly5 (5o 5,0,8 b (65,0liS” Coppte Lo Gislon ol (5,50
9 UJ»L.M) 6‘_5.CLQA>| L;le)l.;&o ).«JL .(\\"‘\a) .Lé) .L.w ;UNA}LD 9 ‘-M ;dJ)}LJ LO) )% s.wL.C “_;{9&4‘\5 u.u»b "ijLo ‘L)“’Jo u.‘).)L\D

SWY )Y ohies sl gl 4 atlyg S5 ik g ) edlitl b olyie cuiS (oo (sjluaingg > ool
https://dx.doi.org/10.22077/jsr.2015.289.\YY



FA-0Y (V)Y V€Y ol (659 0500 3> & puiiy s (559U3 [ (], 8193

5 Sl sloojlo (wine Sliios 4,85 lul o Slel o Glesly b5 (¥R0) b sl 5 wjln b Ol ges @i il
https://dx.doi.org/10.22092/aridse.2017.109617 N \Y=\YA (V) Ve iSa;

sl obiol o e cely; d)lﬁ] Eopd oloj oy ycamlio )y (VWAA) .obl)'] oibdomo g edlgn (bdant iy yud (gl e ool odlile
NA=NA (WY (5y3liS mlio g pole) SBgol dlma . ogn 9 Jows (g9, ol
https://dx.doi.org/10.22067/jsw.v0i0.1539

Syl dspd ] ool Gledsl bl o olhee; cuis S5glsi8 bl 3)9]);. (VYY) 0500 sl g e ulie pMe (g0 JlE 2V
https://dx.doi.org/10.22048/jsat.2015.9612 .¥a-5£0 (V)Y ¢l yacj (5)5kd g cely; idohs ole s i .aljo,

ohigel 5 Clisig S0 «(55)9liS g 5 Ubigel Slasig lojls . lyie oyl acliy (WA . olie; (o3 puml) aolyy (g5 e
S92y el (b @lie g (559l

ohies 553 slatiy Sluogas Gy (WWA0) buge smd gl 5 cldpies (2 wiigy piin gty liple oSS
Sld g casly; imgh — sale 4,85 olpen LS cslS 5 gylol o pie wwislS &b 4 &ob (L Crocus sativus )
https://dx.doi.org/10.22048/jsat.2016.11895 .¥—VA (V¥ «l,es;

AW O iopiS obiilyn ol a5 sl JolSS s oS ol (3
http://www.agrimet.ir/article_87663.html

O MRS d)L.,J Ayl w8 aali bl . olyee s 0 Slos d)L.,J Gz slapsly B (WWA) s ullbis (6 )8lue
Aopho (owgd 3

wlaidl g 8 SIS gl (adld awslio (WVAF) . e doze ol (5 law g b jlome ¢ iy cdizme ((gden] I ols cdabold ¢ gha
SYOYYE « Y(F) olie; gl 5 el dmgly —ale s OBl ) oliss g a8 ag 0 Of G
https://dx.doi.org/10.22048/jsat.2015.11898

References

Abbasi, F., Sohrab, F., & Abbasi, N. (2017). Evaluation of Irrigation Efficiencies in Iran. Irrigation and
Drainage Structures Engineering Research, 17(67), 113-120.
https://dx.doi.org/10.22092/aridse.2017.109617 [Persian]

Abrishami, M.H. (1987). Recognition of saffron. Tus Publications. [In Persian]

Ahmadi, M., Khashei Siuki, A., & Sayyari, M. (2016). Comparison of Efficiency of Different Equations to
Estimate the Water Requirement in Saffron (Crocus sativus L. (Case Study: Birjand Plain, Iran)). Journal
of Agroecology, 8(4), 505-520. https://dx.doi.org/10.22067/jag.v8i4.40517 [In Persian]

Alizadeh, A., Sayari, N., Ahmadian, J., & Mohamadian, A. (2009). Study for zoning the most appropriate
time of irrigation of saffron (Crocus Sativus) in Khorasan Razavi, north and southern provinces. Water
and Soil, 23 (1), 109-118. https://dx.doi.org/10.22067/jsw.v0i0.1539 [In Persian]

Behdani, M.A., Nassiri Mahallati, M., & Koocheki, A. (2008). Evaluation of Irrigation Management of
Saffron at Agroecosystem Scale in Dry Region of Iran. Asian Journal of Plant Sciences, 7(1), 22-25.
https://dx.doi.org/10.3923/ajps.2008.22.25

Fallahghalhary, G., & Ahmadi, H. (2015). The estimation of phenological thresholds of Saffron cultivation
in Isfahan province based on the daily temperature statistics. Saffron agronomy and technology, 3(1),
49-65. https://dx.doi.org/10.22048/jsat.2015.9612 [In Persian]



S0y olwlyd bl (l,8e5 £ )150 ;5 Ol Bpaas (659 0542 9 Syl & s

Jafarzadeh, A., Khashei-Siuki, A., & Shahidi, A. (2015). Modeling of climate change effects on saffron
water requirement in south Khorasan province by GIS. Journal of Saffron Research, 3(2), 163-174.
https://dx.doi.org/10.22077/jsr.2015.292 [In Persian]

Koocheki, A., Moghaddam, P., Fallahi, H., & Aghhavani-Shajari, M. (2016). The Study of Saffron (Crocus
Sativus L.) Replacement Corms Growth in Response to Planting Date, Irrigation Management and
Companion Crops. Saffron agronomy and technology, 4(1), 3-18.
https://dx.doi.org/10.22048/jsat.2016.11895 [In Persian]

Keykhamoghadam, P., Kamgar Haghighi, A., Sepaskhah, A., & Shahrokh Zand, P. (2013). Determination
of Single and Dual Crop Coefficients and Potential Evapotranspiration of Developed Saffron. Journal
of Agricultural Meteorology, 1(1),1-13. http://www.agrimet.ir/article_87663.html [In Persian]

Mosaferi Zia Al-Dini, H. (2001). The effect of different irrigation regimes on saffron yield. Master Thesis
in Irrigation and Drainage. Ferdowsi University of Mashhad. [In Persian]

Rajabi, Z., Behyar, M.B., Ghayoor, H.A., Ezatian, V., & Gandomkar, A. (2015). Estimation saffron
evapotranspiration by Penman Monteith method and it s Water require in Isfahan province. GeoRes, 30
(1), 239-252. http://georesearch.ir/article-1-658-fa.html [In Persian]

Sadeghi Tabas, S., Khashei Siuki, A., Pourreza Bilondi, M., & Hashemi, S. (2015). Effects of social,
political and economic criteria on optimization of saffron cropping pattern by using shuffled frog leaping
algorithm. Journal of Saffron Research, 3(2), 123-133. https://dx.doi.org/10.22077/jsr.2015.289 [In Persian]

Saffron Strategic Plan Development Committee. (2009). Saffron Strategic Plan. Agricultural Education and
Extension Research Organization, Agricultural Research and Training Center and Natural Resources of
Khorasan Razavi. [In Persian]

Sepaskhah, A.R., & Yarami, N. (2009). Interaction effects of irrigation regime and salinity on flower yield
and growth of saffron. The Journal of Horticultural Science and Biotechnology, 84(2), 216-222.
https://doi.org/10.1080/14620316.2009.11512507

Shamsabadi, W., Mohammadian Far, A., & Abdi, S. (2015). Investigation of water consumption efficiency
in saffron product (case study of Bakhrez city). The first national conference on agricultural management
using the agricultural model. Hamedan. https://civilica.com/doc/478203 [In Persian]

Yaqobi, F., Jami Al-Ahmadi, M., Bakhshi, M.R., & Sayari Zahan, M.H. (2015). Comparison of technical
and economic efficiency indicators of water consumption in wheat and saffron production in Ghaenat
city. Journal of Saffron Agriculture and Technology, 3(4), 225 - 237.
https://dx.doi.org/10.22048/jsat.2015.11898 [In Persian]

Yarami, N., Kamgar-Haghighi, A.A., Sepaskhah, A.R., & Zand-Parsa, Sh. (2011). Determination of the
potential evapotranspiration and crop coefficient for saffron using a water-balance. Archives of
Agronomy and Soil Science, 57(7), 727-740. https://doi.org/10.1080/03650340.2010.485985


https://www.tandfonline.com/author/Sepaskhah%2C+A+R
https://www.tandfonline.com/author/Yarami%2C+N
https://www.tandfonline.com/toc/thsb20/current
https://www.tandfonline.com/author/Yarami%2C+N
https://www.tandfonline.com/author/Kamgar-Haghighi%2C+A+A
https://www.tandfonline.com/author/Sepaskhah%2C+A+R
https://www.tandfonline.com/author/Zand-Parsa%2C+Sh
https://www.tandfonline.com/toc/gags20/current
https://www.tandfonline.com/toc/gags20/current
https://www.tandfonline.com/toc/gags20/57/7

Advanced Technologies in Water Efficiency

homepage:https://atwe.razi.ac.ir Online ISSN:2783-4964 \'\/

Ragi University

Sediment rating curve estimation using robust regression

Meysam Salarijazi®™ ' | Khalil Ghorbani? ', Mohammad Abdolhosseini®, Amir-Ahmad Dehghani*

! Corresponding Author, Associate Professor, Water Engineering Department, Faculty of Water and Soil Engineering, Gorgan University of
Agricultural Sciences and Natural Resources, Gorgan, Iran. E-mail: meysam.salarijazi@gmail.com

2 Associate Professor, Water Engineering Department, Faculty of Water and Soil Engineering, Gorgan University of Agricultural Sciences and
Natural Resources, Gorgan, Iran. E-mail: ghorbani.khalil@yahoo.com

% Assistant Professor, Water Engineering Department, Faculty of Water and Soil Engineering, Gorgan University of Agricultural Sciences and
Natural Resources, Gorgan, Iran. E-mail: abdolhosseini@gau.ac.ir

4 Professor, Water Engineering Department, Faculty of Water and Soil Engineering, Gorgan University of Agricultural Sciences and Natural
Resources, Gorgan, Iran. E-mail: amirahmad.dehghani@yahoo.com

ABSTRACT

Introduction

The sediment rating curve only requires river discharge data to estimate the suspended sediment load of the river; its equation form is simple
and understandable. The mentioned characteristics of the sediment rating curve have led to this method being the most widely used model for
estimating the suspended sediment load. Application of sediment rating curve often faced with a high error in the estimation of suspended
sediment load; therefore, different studies have been done to reduce this limitation. The most common reform in sediment rating curve has been
applied in providing correction factors, but in this study, different estimations of sediment rating curve coefficients using robust estimators have
been evaluated. In this study, we assumed that the available data had good accuracy and robust regression can improve the precision of estimates
of sediment rating curve. This research aims to apply and assess robust least trimmed square and MM estimation for sediment ration curve’s
coefficients estimations and compare the results against the application of conventional ordinary least square methods.

Methodology

Estimation of the river sediment load has an essential role in the environmental management of watersheds. Different hydraulic and hydrologic
methods have been developed to estimate the sediment load in rivers. However, the sediment rating curve method is widespread considered
because of its simple calculation and easy understanding. River suspended sediment load estimation is faced with a high level of error. Like
other methods of sediment load estimation, the suspended sediment rating curve method has these limitations. Improving the suspended sediment
load estimation can lead to higher reliability of the access to information in environmental and hydrological planning. Application of robust
estimations can improve sediment rating curve estimation considering the impact of outliers in the conventional application of ordinary least
square estimation of sediment rating curve. Four hydrometry data series were used to investigate the effect of conventional ordinary least square
error estimation and MM and least trimmed square robust estimations. Different estimations (considering numerical precision criteria) in four
data series are compared.

Results and discussion

Comparison of different estimations for investigated hydrometric recorded data is interpreted using numerical goodness of fit criteria, i.e., RMSE
and MAE. The best estimates are MM considering coefficient of determination and least trimmed square assessing MAE, while ordinary least
square estimation has the best precision of fitness based on RMSE. Investigation of estimated regression lines using different estimators shows
that robust estimation results can be similar or different in comparison with ordinary least square estimation. Also, robust estimation improved
suspended sediment load for high discharge values in some cases. In other cases, it led to a decrease in estimation precision for high discharge
values and an increase in precision for low discharge values.

Conclusions

The robust regressions, i.e., least trimmed square and MM, can improve ordinary least square estimation in sediment rating curve analysis. The
estimated sediment rating curve using robust regression can be led to similar results, overestimation, or underestimation in comparison with the
ordinary least square application.
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ABSTRACT

Introduction

The ever-expanding management needs have led to computer models play important role in modern agricultural management. The Aqua Crop model is
one of these models, which is designed to simulate crop performance by the Food and Agriculture Organization (FAO), taken from the review articles of
the Journal of Irrigation and Drainage No. 33, prepared by Dornbas and Kasam (1979). Was, expanded, and developed. Among the specifications of the
Aqua Crop model in comparison with similar models, we can mention its simplicity, high capability, and good accuracy.

Methodology

This research was conducted in Bilal village of Shush city of Khuzestan Province in 2014. The climate of the region is hot and dry and the annual
rainfall is about 250 mm. The main cultivation of this city is Corn. Regarding the importance of this product in the city of Shush, we can be content with
the fact that in 1394, it has been the first place in Corn production in the province. This research is in the form of split plots with the main treatment of
Urea fertilizer (including 100, 80, and 50% of the fertilizer required for Corn (NO, N1, and N2)) and sub-treatment of irrigation water (including
irrigation of 100, 80 and 50% of water requirement) with four replications. According to the results, the model had the highest sensitivity to the two
parameters of flowering and seed pod filling periods. Also, in model calibration to simulate Corn yield, normalized water productivity (WP) and canopy
growth coefficient (CGC) values of 31 (g / m2) and 24.2% were obtained, respectively.

Results and discussion

Flowering time and pod filling time were the most sensitive parameters of the model (with moderate-high sensitivity). Therefore, more care should be
taken in measuring these parameters, because otherwise, the model simulation error may increase sharply. Also, the model had no sensitivity to the time
of germination of seeds. The statistical results show that the best simulation occurred in the NOEI treatment with the least stress. As the stress increased,
the simulation and observation values became more different. In treatments where 50% fertilizer stress was applied, the simulation values are very
different from the observed values. Simulation is not appropriate in these treatments and the Aqua Crop model has not been able to predict product
performance under these stresses.

Conclusions

According to the results of this study, the best and weakest Corn yield simulations were related to NOE1 and N2EO treatments, respectively. The results
also showed the accuracy of performance simulation in NOE1 treatment, based on CE, RMSE, d, ME, and CRM statistical indices which are -0.2, 0.32,
0.73, 3.37, and 0.01 respectively, was higher than in other treatments. Therefore, the Aqua Crop model has a more suitable simulation when water and
fertilizer stresses are low. In general, according to the results of this study, the efficiency of the Aqua Crop model for grain Corn cultivation in Shush
city was considered appropriate and this model can be used to manage water in Corn fields.
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ABSTRACT

Introduction

In Iran climatic conditions due to the large groundwater abstraction volume by wells and also increase the number of drilled wells especially in recent
years it makes the calculation of water resources privacy very important in order to apply proper management on the conservation and optimal use of
groundwater resources. In this regard, one of the issues that concerns those involved in groundwater protection is the density and proximity of exploitation
wells and overdraft by exploiters. Observing the privacy of water resources is not only to prevent the water level of adjacent sources from decreasing but
also means the allowable withdrawal to the extent of the aquifer potential. Calculating the wells privacy and aqueducts and observing it is essential in the
optimal management of groundwater resources. In most cases, incorrect estimation of the well privacy and aqueducts or non-compliance with the relevant
rules will cause many problems and can lead to disputes between farmers and farmers as well as damage to groundwater resources.

Material and methods

In this study, first, the hydrodynamic coefficients of the studied aquifer were determined. In the next step, the quantitative privacy of all wells in the aquifer
area was determined. Then, the impact radius of each well was calculated using a mathematical model in two modes of corrective discharge (based on the
area under cultivation) and file discharge (discharge recorded in the exploitation license). Finally, a map of the impact radius of the wells in the GIS
environment was drawn and based on it, the areas with privacy interference were identified. Due to the interference of wells with each other, various
solutions were proposed to improve the current situation to be used by decision makers.

Results and discussion

Based on the obtained results, the average discharge of all exploitation wells in the corrective and case discharge mode was calculated to be 18.37 lit.s™
and 11.14 lits? (116.6 Km?), respectively. The results also showed that in the most optimistic case about 20% of the total aquifer area has privacy
interference. This causes the local wells to undergo simultaneous operation, severe localized cones and the aquifer to be subjected to unusual stresses,
which in the long perform causes a permanent and lasting decline in the aquifer and in the long perform results to subsidence of the earth's surface.

Conclusions

The results of the present study indicate that the fact unfortunately in most plains of the country that have agricultural uses there is a privacy interference
between exploitation wells and as a result of high density of wells and proximity to each other radius of impact of two or even several wells together
overlap. In addition, more harvesting of aquifer potential and capacity from wells increases the aquifer vulnerability and the likelihood of future problems.
It should also be noted that the Ravansar-Sanjabi aquifer is one of the aquifers that has more unfavorable conditions than other aquifers in the province
and in recent years due to stresses caused by droughts and unauthorized withdrawals has a sharp drop in water level. Therefore, the need for more
comprehensive studies in other plains and aquifers of more sensitive and more water stress areas can provide more complete results. Because it should be
noted that due to the current climate and drought, groundwater resources can not be properly renewed and recharged, and according to experiences in other
parts of the country, the current trend continues to cause a sharp drop in aquifer levels and consequently subsidence and Will sink.

Keywords: Groundwater resources, overdraft, privacy interference, Agricultural exploitation well, impact radius, Ravansar-Sanjabi aquifer, ArcGIS
software, subsidence
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