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ABSTRACT

Determination of crop coefficient has potential advantage for proper irrigation scheduling. This research was
carried out to determine the single crop coefficient (Kc), basal crop coefficient (Kcb) and the ratio of transpiration
to evapotranspiration of canola ((Brassica napus L.) based on lysimetric data in Research Farms of the Tabriz
University, Iran. Relationships of the crop coefficients Kc or Kcb, and the parameters of days after planting (DAP),
degree-growing days (GDD), leaf area index (LAI), ground cover percentage (GC %) and the ratio of transpiration
to evapotranspiration (T/ET) with LAl and GC% were analyzed. The values of seasonal crop ET were 582 and 550
mm in the years of 2010 and 2011, respectively. The seasonal transpiration was calculated 467 and 410 for canola
in the first and second years, respectively. The average, maximum, and minimum values of Kc were 1.03, 1.47 and
0.57 and of Kcb were 0.76, 1.37 and 0.0 in 2010; also these valuesin 2011 were 0.90, 1.24 and 0.41 for Kc and
0.64, 1.06 and 0.0 for Kcb, respectively. The value of T/ET ratio was 0.0 at the planting date and increased to 0.80
and 0.87 during the growth season in 2010 and 2011, respectively. The value of T/ET increased rapidly when LAl
values were smaller than 3.0 and 2.5 in both experimental years. Finally, results obtained from the study can be
used as reference data for irrigation scheduling and soil water modeling of canola.

Keywords. Canola, Crop coefficient, Evapotranspiration, Gmbweover, Leaf area index.

INTRODUCTION

Determination of crop evapotranspiration by direwtthods are expensive and difficult, and almostdaict
methods are impractical for permanent use on aelaaple, so evapotranspiration is commonly estidnate
developed empirical methods.

FAO proposed Penman—Monteith reference evapotnatigwi ET,) for irrigation scheduling in FAO-56 technical
periodicals [1]. Compared with other common methddmman—Monteith method has been widely used bedtau
gives satisfactory results under many climate doom across the world [2-7].
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Actual crop evapotranspiratiorET) is calculated by multiplying the reference evaaospiration by a crop
coefficient. Single and/or dual crop coefficienpepaches are used to estimate crop evapotranspir&ingle crop
coefficient is used for irrigation planning and iges irrigation management, basic and real-timégation
scheduling of less frequent water applications wagrdual crop coefficient is mainly used in redeartd for real-
time irrigation scheduling, irrigation scheduling bigh frequent water application such as dailyigation,
supplementary irrigation and detailed soil and blaljic water balance studies [1]. Several repornts tioe
estimation ofKc are available [8-10]. Doorenbos and Kassam [11 densen et al. [12] have reported crop
coefficients for many crops. These values are conynased in places where the local data are ndtadle. Allen
et al. [1] have suggested that the crop coefficiaities should be derived empirically for each cbased on
lysimeteric data and local climatic conditions hesm the crop coefficients depend on climate comliti soil
properties, the particular crop and its varietieggation methods and so on.

The ratio of transpiration to evapotranspiratioal&o required by many water management schemesn&sd [13]
reports that soil evaporation and plant transmiratare essentially independent under conditionsreviptant
transpiration is not limited by water supply ane soil surface is wet. However, Stanhill [14] foueddence of
considerable interaction betweEBrandT. This interaction is expected to be the most pnemi under partial ground
cover in early growth stages of row crops. Severatlels have been developed to calculatndT independently.
Ritchie [15] proposes a model to predict soil evagion beneath a developing row under line cropps. Tanner
and Jury [16], Kanemasu et al. [17] and Rosenthal.418] develop similar methods to evalu&tel andET for a
growing crop with a changing plant cover. Experita#iy, several researchers [19-22] have used nainimicro-
lysimeters located between crop rows to calculetaspiration and evaporation independently. Magtiral. [23]
also use mini-lysimeter for measuring evaporatidhey find that a routine adjustment in soil moistun the
lysimeters is necessary to reduce measuremenserror

Canola is one of the main plants of common stoalsdica with seeds containing over 40 percent dodirail full of
protein [24]. It has also a great potential in deping biodiesel market. In addition to oil prodioct, the leaves and
stems of oilseed rape provide high quality foragitable for animal feeding because of their lowefiland high
protein contents [25]. Because of mentioned adgmstaduring the past 20 years, canola has passetitpea
sunflower and most recently, cottonseed in worl@énpdoduction [26].

In Iran, because of its growing population and éasing food requirements, oilseed rape subsidizedhe
government has become an increasingly populargfatie crop rotation. Results about the crop coigffits for
canola in Iran are not available currently. Basedhese considerations, in this study single aral drop (basal)
coefficients of canola were obtained by measurired=l" andE using lysimeter and micro-lysimeter, respectively.

The aim of the study is to determine some relatigpss betweer (or Ky), and days after plantindpAP), degree-
growing days GDD), leaf area indexL@Al) and percentage of ground cov€&( %). Additionally, relationships
betweenl/ET andLAl, and alsdl/ET andGC% are developed for canola.

MATERIALSAND METHODS

This experiment was carried out during the growsegson of 2010 and 2011 on the experimental fafntseo
Agriculture Faculty of the University of Tabrizam (latitude, longitude and elevation of statioa 37° 03" north,
46° 37 east and 1567.3 m above sea level, respBgtiThe climate in the experimental area is w&rial, summers
are mild and dry, and winters are cold and snovhe $oil of the research area has a sandy-loamréexXiine

average values of field capacity, permanent wiliignt and bulk density of soil in effective rootpth are 0.28
(m*m®), 0.125 (Mm®) and 1.58 g c/m respectively. The water holding capacity of theezimental site was
observed as 140 mm in 0-90 cm profile.

The planted cultivar was RGS003, spring type ofotamand the crops were sown on 20 April 2010 andh\gal
2011 in a drainable lysimeter located in the midifléhe experimental field and surrounded by theesarops. The
crop was harvested on early days of August in kafferimental yeard he surface area of the lysimeter was 7.065
m? and its depth was 2 m. Agricultural practicesdesthe lysimeter and in the surrounding field wire same.
Seeding density was 80 plants pet Wolumetric soil water contents were measured B FProfile Probe, Delta-
T) at the depths of 0.1, 0.2, 0.3, 0.4, 0.6 and iInrseven-day intervals before irrigation eventhe Tequired
irrigation water was measured based on soil wasgledion replenishment of canola in the period ofla¥s.
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Irrigation water was controlled by a flow meter aop evapotranspiration was calculated by theovalg
equation [12]:

(I+P—-D+X16,—0,)AS))

ET =
At

wherel, P and are irrigation, precipitation and deep petéata(mm), respectively, n is the number of lay&$,is
the thickness of each soil layer in mép,andé, are the soil water content at times one and twebAaris the time
interval. Deep percolation deptlD) was determined on the basis of the measured atfaivater volume in the
underground room of the lysimeter.

Evaporation ) from the soil top layer was measured with migrsirheter. One small cylinder, creating isolated
volume of bare soil, was buried in the surface. Sdie micro-lysimeter was dug up and weighted evesgk.

Leaf area was measured with a leaf area meter (mdd800, ADC, Bio Scientific Ltd) and then the leafea
index (LAI) was calculated based on plant density. The ptagenofGC was measured from the real horizontal
projection of the canopy, calculated from photogsafaken at the distance of 1.5 m above the sdaceL

Crop coefficient is defined as the ratio of thepcEd to the reference crop evapotranspiration and tked by
single crop and dual crop coefficient methods [d}. In the present study, single crop coefficiergswealculated
from the lysimetric-estimated evapotranspiratigfi)(and reference crop evapotranspiratigf( as follow:

ET
K. =—
ET,
Single crop coefficient includes the effects of mwation from both plant and soil surfaces. But|doap
coefficient includes the effects of evaporatiomireoil surface and transpiration from plant, segdyaBasal crop
coefficients were derived from estimated from lysimeter E from micro-lysimeter an&T, as follow:

_(ET-E)
cb — ETO

The reference crop evapotranspiratidflj, was calculated according to the FAO Penman-Mtimegjuation [1].
Also the degree-growing daySDD) was estimated based on recommended method [H7dp#mized equations,
so called saturation equations were developed lgstool in EXCEL software.
RESULTSAND DISCUSSION

Ground cover and growth stages
Variation of ground cover percentageQ %) in experimental years are shown in figure Joudd cover percentage
as a function oDAP were obtained by a multiple regression proceduna fone week after emergence as follows:
GC% = -0.00030DAP? + 0.03772DAP? +0.31033DAP -14.464332

R2=0.98 (in129
GC% = -0.00034BDAP® + 0.04460DAP” — 0.01992DAP -07.254385

R2=0.99 (i912)

Effective cover (80%) was attained approximatelyg@DAP, with LAl more than 3, and ground cover reached to
its maximum value on 8DAP.
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Figure 1. Variations of ground cover percentage (GC %) for canola in 2010 and 2011 growing season.

y =-0.000346%3 + 0.044609x?
-0.019921x - 07.254385
R?=0.98

GC(%)

y =-0.000300x3 + 0.037727x?
+0.310335x - 14.464332
R?=0.99

Based on the recommendation by Doorenbos and Kadsdnthe length of the growing stages can berdateed
by ground cover percentage. The duration of ingtabe (germination to 10 percent ground cover) at@&2 and 24
days after planting in the first and second expental year, respectively. Also 80 percent grouncecobtained in
64 and 62 days after planting in 2010 and 201lpemtvely. With considering of plant phenologicandition
ripening stages aproximately started after 84 @hdas in the first and second experimental yemspectively.

Variation of reference crop and crop evapotranspiration, transpiration and evaporation
The variations oET,, ET, T andE are shown for the canola growing season in FigRrasd 3 for 2010 and 2011,
respectively. The maximum daily valuesF andT occurred both on 8DAP in 2010 and on 72 and &AP in
2011. The maximun&T was about 10.5 and 9.2 mnt dnd maximunT was 9.3 and 8.0 mm'din 2010 and 2011,
respectively. The high evapotranspiration rate ddnd caused by some local climatic condition in experimental
site. In the semiarid zone, the rate of evapotriazispn is high [28; 29] and may be associated vétivection
phenomena in arid and semiarid regions such as[8@h The variation ofET was controlled byT, because
evaporation from the soil only included a smalltpdrevapotranspiration and decreased with incnggBAP, LAI
andGC%.
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Figure 2. Trends of reference crop evapotranspiration, crop evapotranspiration, transpiration and
evaporation from the soil in thefield of canola at growing season in 2010.
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Figure 3. Trends of reference crop evapotranspiration, crop evapotranspiration, transpiration and
evaporation from the soil in the field of canola at the growing season in 2011.

The highest daily water consumption was in Julthatripening stage in the both experimental yeling average
daily ET in this month was 7.3 and 7.0 mm in the first aadond experimental year, respectively. Furtherptbee
mean dailyET values in June were 6.4 and 5.9 mm in the twoessi¢e years, which were in agreement with the
results obtained by several researchers [25; 31-34]

The average seasorfal for canola was 582 and 550 mm in 2010 and 201Wviggpseasons, respectively. Niyazi
and Fooladvand [35] reported canola evapotranspirais 740, 709 and 700 mm in three years expetsnersouth
west region of Iran. Zarei et al. [36] obtained thighest seed yield under 675 mm irrigation waterthe
experimental farm of Karaj in Irafstanbulluoglu et al. [34] foun#&T of oilseed rape as 715 mm at the controlled
irrigation regimes in Turkey. They reported that geasondET of different oilseed rape varieties under différen
climatic and soil conditions varied from 300 to QIfGm.

In this research the calculated seasonal trangpisin two different years were 467 and 410 mm seasonal
evaporations were 115 and 140 mm. The seasonabpiration was accounted for 80% and 75% of
evapotranspiration in 2010 and 2011, respectiveherefore the soil evaporation in these two yeaas 20% and
25% of evapotranspiration, respectively. Theseashere in agreement with the data reported by thshk et al.
[37] for tomato in Davies California and Kang et[@R] for maize and wheat crop in northwest ofrzhi

Single and basal crop coefficients

The variations oKc, Kcb andLAl based on days after planting are presented imefiguor the years of 2010 and
2011. The values dfc andKcb for the canola increased from 0.57 and 0 afterirsgwo their maximum values in
early July of 2010 and then decreased when thel@zaipened during late July and early August. Aiso2011 the
values ofKc andKcb increased from 0.44 and 0 after sowing and reatheid maximum values during July and
then declined. The average, maximum and minimuregbfKc were 1.03, 1.47 and 0.57, andkab were 0.76,
1.37 and 0.0 in 2010 and those ¢ were 0.90, 1.24 and 0.41, and #c¢b were 0.64, 1.06 and 0.0 in 2011,
respectively.
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Figure4. Variations of crop coefficient (Kc), basal crop coefficient (Kch) and LAl with days after planting for canola

During the experimental years, occurrence of fretjuainfall resulted in continuous soil evaporatiea the values
of Kc andKcb were high in early weeks of the growing seasore G&iculated crop coefficients were different and
higher than the recommended values by Allen dtLafor oil crops. The reason of the high€e in the mid-season
is that the reference evapotranspiration estimiayelenman-Monteith equation is smaller in some saidiregion.
Many earlier results [22; 30; 38-39] showed thdemence evapotranspiration estimated by Penman-éitbnt
equation was small in semiarid regions, and crogffaments were larger than the relevant literat[ife Possibly
these differences were caused by higher soil betisidy, higher plant density, different crop vadstand local and
regional advection.

Correlation of crop coefficients to accumulated rdeggrowing days or heat units have been used byeso
researchers to reduce the effects of year-to-y@aate variations on crop development and watesuaomption [40-
43]. The variation oKc andKcb based on degree-growing days during the growinggen 2010 and 2011 are
presented in figure 5.

ard Kcb

406 -

Keamnd Kcb

0 200 400 600 800 1000 1200 140C

0 200 400 600 8300 1000 1200 1400
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Figure5. Variationsof crop coefficient (Kc) and basal crop coefficient (Kcb) with degree-growing daysfor canola

Values ofKc andKcb for canola increased after sowing to their maximeatues at 868 and 988DD days and
then decreased to their minimum values when canplened at 1472 and 133GDD in 2010 and 2011,
respectively.
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Variations ofKc andKcb can also be estimated as functiondD@fP [44]. Single and basal crop coefficients as
functions ofDAP and degree-growing daySIDD) were obtained by a multiple regression procedsréllows:

For the 2010 experimental year:

Kc = -5x10° DAP® + 6x10* DAP? — 6.2<10°DAP + 0.6789 Re=0.78
Kcb = -5x10° DAP® + 6x10* DAP? + 3.6x10°DAP Rz =0.95
Kc = -2x10°GDD® + 2x10°GDD? + 5x10*GDD + 0.6513 Re=0.77
Kcb = -1x10°GDD?® + 8x107 GDD? +1.9x10°GDD Rz =0.94
For the 2011 experimental year:

Kc = -4x10°DAP® + 6 x10*DAP? — 1.4x102DAP + 0.6977 R =0.86
Kch = -3x10° DAP? + 6x10* DAP? + 3.2x10° DAP Rz =0.95
Kc = -7x10%°GDD® + 3x107 GDD? +1.3x10°GDD+0.3592 R =0.87
Kcb = -6x10°GDD?® + 3x107 GDD? +1.5x10° GDD R =0.93

In this study the third-order polynomial equatiamsre obtained with high coefficients of determinatiand fitted
well with the calculated data. Sepaskhah and An{éBh for sesame and Ko et al. [46] for wheat anttaro
proposed a third-order polynomial equation for sodeling. Also, De Medeiros et al. [47] proposetiied-order
polynomial equation for modeling #&fcb as function of day after emergence and groundrdovebean.

Relationship between single and basal crop coefficient with LAl and GC

The relationships between single and dual cropficterits andLAl are presented in figures 6 and 7 for the two
experimental years. Kang et al. [22] proposed sinshape equations between single crop coefficiadiLAl of
winter wheat and maize. De Medeiros et al. [47hfiba third-order polynomial equation betwd€tb andLAl for
bean in Sao Paulo, Brazil.

1.6
1.4 - ® Ke

1.2 -
1.0 -
0.8

Kc=(1.448+1.896LAl)/(2.267+LAl)

Kc & Kcb

0.6 : R2=0.88

0.4 - Kcb=(0.685+1.808LAI)/(1.927+LAl)
R2=0.85, LAI>0.1

02 -,

0.0 T T T T T T T T T

00 05 10 15 20 25 30 35 40 45 5.0
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Figure 6. Relations between the single and basal crop coefficients and leaf areaindex for canola in the 2010
growing season

Variation of ground cover is important for deteration of plant growth stages and crop coefficieRslationships
between single and basal crop coefficients, andirgtacover percentagé&sC %) has been interpreted as linear
functions, wherGC percentage is less than 100 as follows:

Kc = 0.008GC% + 0.5877 Re=0.73 (in 2010)
Kcb = 0.0142GC% Re = 0.82 (in 2010)
Kc = 0.0063GC% + 0.6044 Re=0.71 (in 2011)
Kcb = 0.0111GC% Re=0.76 (in 2011)

These results were in agreement with the resudtiobd by Lopez-Urrea et al. [48]. They found lineglationships
betweerKc andKcb with ground cover for onion by lysimeteric data.
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Figure 7. Relations between the single and basal crop coefficients and leaf areaindex for canolain the 2011
growing season.

Ratio of transpiration to evapotranspiration asa function of LAl and GC

Measured data showed that THET ratio was controlled by ground cover do. The value of the mentioned ratio
varied from 0 at crop planting date to 0.80 in 2@bd from 0 to 0.87 in 2011. The valueTdET increased rapidly
whenLAl was smaller than 3.0 in 2010 and smaller thariRZD11, then increased at a very small rate wh&n
was larger than mentioned value. However, somedestushow that transpiration varies smoothly witbr@asing
LAl whenLAl exceeds 3 [49-50].

In this study,T/ET as a function oL Al was calculated by a multiple regression procedoréoth experimental
years as follows:

T 0.8878LAI
L Do878LAl R? =0.90 (In 2010)
ET 0.1410+LAI
T 0.8423LAI

—_—= R? =0.82 (In 2011)
ET 0.1375+LAI

Kang et al. [22] found similar saturated equatietaeenT/ET andLAl for maize and wheat. Relationship between

T/ET andGC% based on the experimental data was calculatéullaws:

L = 1— exp (—0.0238GC%) GC<100 RP=0.89 (In 2010)

ET

—=1—exp (—0.0227GC%) GC<100 R=0.87 (In 2011)

Childs et al. [51] and Belmans et al. [52] propo#gd type of equation as a functionldhl. Childs et al. [51] also
proposed this method to separate potential evaporand transpiration using the calculatedl. In this study,
saturation equation based bAl and exponential equation using ground cover p¢éagenhave been introduced for
determination off/ET ratio.

CONCLUSION

In study region, the seasoral values were 582 and 550 mm and the seasomalues were 467 and 410 mm, for
canola in the experimental years of 2010 and 2fishectively. The average, maximum and minimumegluere
1.03, 1.47 and 0.57 fadc and 0.76, 1.37 and 0.0 fcb in 2010 and also those values were 0.90, 1.2Datidfor

Kc and 0.64, 1.06 and 0.0 f&ich in 2011, respectively. The value T ratio varied from 0 at crop planting date
to 0.80 in 2010 and from 0 to 0.87 in 2011. Theugadf T/ET increased rapidly whelbAl was smaller than 3.0 in
2010 and smaller than 2.5 in 2011. Based on thépteutegression analysis, third-order polynomigliations were
obtained to estimatic andKcb as functions oDAP and GDD, which were acceptable due to the resulted high
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determination coefficients. A saturation equatibied the relationships betwedit, Kcb andT/ET, with LAI. Also
relationships betweeKc andKch with GC% were interpreted as linear equations. Thesetsesah be reference
data for irrigation planning and efficient managetnaf irrigation for canola in this region and siamicondition.
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