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ABSTRACT

This study was carried out to determine the effects of different irrigation programs obtained by pan evaporation and water
balance methods on some yield and vegetative parameters and water consumption of black cumin in the experiment
field located in the center of Cobanlar District in Afyonkarahisar, Turkey during 2013 and 2014 growing seasons. In
the experiment, the irrigation treatments were formed with 3 different irrigation intervals (SA3: 3 days, SAS: 5 days,
and SA10: 10 days) and 4 different irrigation water levels as 0% (I : non-irrigated) 50%, 75% (I, L.: deficit irrigation)
and 100% (I,,: full irrigation) of the cumulative evaporation amount measured from class A pan in the first year and,
of the required water amount to replenish the available soil moisture to the field capacity in the 0.60 m soil depth in the
second year. The highest and the lowest evapotranspiration (ET) values were determined as 387.6 mm in SA3-I,  and as
166.9 mm in I , respectively. The highest seed yield was obtained in SAS5-I, with an amount of 1700.6 kg ha™' while the
lowest seed yield was obtained in I, with an amount of 722.2 kg ha™'. The highest total water use efficiency (WUE) and
irrigation water use efficiency (IWUE) values were calculated from SAS-I, as 5.11 kg ha' mm™ and 4.80 kg ha™' mm,
respectively. While the yield response factor values (ky) were obtained as 0.75 (SA3), 0.80 (SAS5) and 0.50 (SA10) for
different irrigation interval, the mean ky value was determined as 0.68 according to all treatments of both years. Since
the values of the yield and vegetative parameters and ET in same irrigation programs formed by two different methods
were close to each other, the both methods can be used for irrigation of black cumin.
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OZET

Bu ¢alisma, buharlasma kabi ve toprak nem dengesine gore elde edilen farkli sulama programlarinin ¢orekotu
bitkisinin verim ve vejetatif 6zellikleri ile su tiiketimine etkisini belirlemek amaciyla 2013-2014 yetisme sezonlarinda,
Afyonkarahisar li Cobanlar flgesi merkezinde yer alan deneme alaninda yiiriitiilmiistiir. Calismada, sulama konular1 3
farkli sulama aralig1 (SA3: 3 giin, SAS: 5 giin ve SA10: 10 giin) ve ilk y1l A sinifi buharlagma kabinda 6l¢iilen y1g151ml
buharlagma miktarinin, ikinci yil ise 0.60 m toprak derinligindeki mevcut nemi tarla kapasitesine ¢ikarmak icin gerekli
olan sulama suyu miktarmin % 0 (I: sulama yapilmayan), % 50, % 75 (I, L: kisintili sulama) ve % 100 (I,: tam
sulama)’iintin uygulandigi 4 farkli sulama suyu diizeyi konularindan olusturulmustur. En yiiksek ve diisiik bitki su
tiketimi (ET) degerleri sirasiyla, SA3-I, , konusundan 387.6 mm ve I konusundan 166.9 mm olarak saptanmustir.
Caligmada, en yiiksek tohum verimi 1700.6 kg ha' ile SAS-I, , konusundan elde edilirken, en diisiik 722.2 kg ha' ile
I, konusundan elde edilmistir. Denemede en yiiksek toplam su kulanim randimani (WUE) ve sulama suyu kullanim
randimani (IWUE) degerleri SAS5-I, konusundan sirastyla, 5.11 kg ha' mm™ ve 4.80 kg ha' mm olarak hesaplanmistir.
Verim tepki etmeni (ky) degerleri farkli sulama araligi konularindan 0.75 (SA3), 0.80 (SAS) ve 0.50 (SA10) olarak elde
edilirken, her iki yilin degerleri géz o6niine alindiginda tiim konular i¢in ortalama ky degeri 0.68 olarak belirlenmistir.
iki farkli yontemle olusturulan aym sulama programlarindan elde edilen verim, vejetatif 6zellikler ve ET degerlerinin

birbirine yakin olmasi, ¢oérekotu bitkisinin sulanmasinda her iki yonteminde kullanilabilecegini gostermistir.

Anahtar Kelimeler: Bitki su tiiketimi; Damla sulama; Su kullanim randimani; Verim tepki etmeni

1. Introduction

Black cumin (Nigella sativa L.) which has an
important place among medicinal and aromatic plants
is an annual herbaceous plant from Ranunculaceae
family. Because of the fixed oil, volatile oil and
other nutrients in its seed, black cumin is highly
valued in health and food industries. Nowadays, due
to the consumption needs of the rapidly increasing
world population, black cumin, the consumption
in the world based on very old ages, has a quite
large market which is about $ 60 billion (Kumar
2009). Within the total production of 3520 tons
in 326.1 ha area in Turkey, Afyonkarahisar ranks
third with 180 tons of production in 12.3 ha area
after Bursa and Sivas provinces. In recent years in
Turkey, despite the decrease in the production of
black cumin, consumption is rapidly increasing.
Black cumin export declined from 160 tons ($ 243
thousand) to 57 tons ($ 224 thousand) whereas
import increased from 50 tons ($ 25 thousand) to
2933 tons ($ 2.8 million) between 2001 and 2014
years (TUIK 2015). The vast majority of medicinal
and aromatic plants are collected as wild from nature
in Turkey as in other areas of the world, and their
cultivation is not performed (Baydar 2013). When the
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mentioned import and export amounts are taken into
consideration, the increasing of production amount
by the culture of the black cumin plant and irrigated
agriculture is expected to contribute to the farmers by
meeting the demands of both domestic and foreign
markets. Water is one of the most important sources
for the agricultural production has become quite
limited in both quantity and quality aspects due to the
rapidly increasing population and industrialization.
Especially, as demand for irrigation water increases
in arid and semi-arid regions, the need for water-yield
functions revealing the relationship between the yield
and irrigation water and evapotranspiration, used
to determine the optimum irrigation management
also increases. Evapotranspiration is crucial in the
economic use of water, the preparation of irrigation
programs and the management of agricultural
water (Yazar et al 2002; Panda et al 2004). The pan
evaporation method is practicable for farmers and
commonly used method for the irrigation scheduling
of plants because of the simple application and
close correlation between evapotranspiration and
pan evaporation (Kanber 1984; Wang et al 2009).
For inadequate water conditions, with the using of
irrigation techniques called as deficit irrigation, it
is aimed to save the inputs such as irrigation water,
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labor and energy, as well as to increase the water use
efficiency (WUE) which means the yield obtained
from a unit of water (English & Raja 1996). The
yield response factor (ky), which is an important
parameter showing the linear relationship between
the relative evapotranspiration deficit and the relative
yield decrease, is a very important guide for the
determination whether a plant is tolerate or sensitive
by taking into consideration the response to water
shortage (Doorenbos & Kassam 1986). Despite
many studies performed on the yield and vegetative
parameters of the black cumin plant (Kalcin 2003;
Ozel et al 2009; Akgoren 2011; Taqi 2013; Safaei et
al 2014), in a limited number of the studies especially
performed on the irrigation practices and water-
yield functions in deficit irrigation conditions. While
Ghamarnia et al (2010) obtained the seasonal plant
water consumption within 414-1461 mm and water
use efficiency (WUE) values within 0.49-1.39 kg
ha' mm™', Ghamarnia & Jalili (2013) determined the
same values as 193-645 mm and 0.11-1.87 kg ha'
mm’', respectively.

Since the black cumin plant is generally
cultivated in unirrigated conditions, the reaction of
the plant to scheduled irrigation is very important
in terms of yield and the optimal use of water. In
this study, it was aimed to determine the effects of
irrigation programs obtained by pan evaporation
and water balance methods on some yield and
vegetative parameters, seasonal evapotranspiration
and water-yield functions of black cumin.

2. Material and Methods

2.1. Experimental area, climate, soil and irrigation
water features

The experiment was conducted in a field located
in Cobanlar District of Afyonkarahisar Province
(38° 417 59.07” N, 30° 47’ 34.03” E and 1013 m
altitude). Since the experimental area is away from
the sea and surrounded by mountains, it has a typical
continental climate. Some climate data for the long-
term and vegetation periods of experimental years
were given in Table 1.

Table 1- Monthly some climate data in the growing season for the long-term and the experiment years

Month
Climate data Year Average
March April May June July

Temperature 2013 7.8 11.2 17.7 20.6 21.9 15.8
(oc)p 2014 7.0 12.0 15.1 18.6 23.5 15.2
Long-term* 5.4 10.3 15.0 19.1 223 14.4
Sunshine duration 2013 5.6 7.0 9.4 11.2 132 9.3
(hour) 2014 53 6.3 8.3 9.8 10.7 8.1
Long-term 5.1 6.2 8.2 10.0 11.2 8.1
Precivitation 2013 29.2 34.6 222 11.6 57.2 154.8
(merfl)p ato 2014 25.4 176 662 524 0.4 162.0
Long-term 435 46.9 47.6 35.0 19.0 192.0
2013 58.5 62.2 51.9 48.0 47.7 53.7
Relative humidity (%) 2014 74.3 63.9 68.3 67.3 524 65.2
Long-term 73.0 69.1 54.1 62.8 66.4 65.1
. 2013 2.1 1.8 1.8 2.0 2.1 2.0
Xﬁ‘;ﬂ;peed 2014 3.1 2.8 2.6 24 2.5 2.7
Long-term 2.0 2.2 1.8 1.7 2.2 2.0
Evaporation 2013 - 101.0 191.8 237.3 249.3 779.4
(r;rrll)) 2014 - 86.2 137.7 180.2 266.6 670.7
Long-term 2.0 73.2 145.4 188.1 241.3 650.0

* between the years 1970 and 2013
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Some physical properties of the experimental
area soil were presented in Table 2. Available soil
water holding capacity was 102.09 mm for 0-60

cm. The irrigation water used in the experiment was
obtained from the well located next to the field with
1.8 L s flow rate and C,S, qualified.

Table 2- Soil physical characteristics of the experimental area

Soil depth Bulk density Toxture Field capacity Wilting point Water holding capacity
(cm) (g cm?) (75) (%) (%) (mm)
0-30 1.32 CL 28.63 17.78 10.85 42.96
30-60 1.46 SCL 24.71 11.21 13.50 59.13
60-90 1.35 SCL 29.15 11.68 17.47 70.75

2.2. Experiment treatments, planting, cultural
practices and design of drip irrigation system

The study was carried out according to the factorial
arrangement in completely randomized plots design
with three replications. In the experiment, while class
A pan was used in the first year (2013), the available
moisture at 60 cm soil depth was monitored with
the gravimetric method in the second year (2014)
in order to determine the amount of the irrigation
water. The two approaches widely used for forming
the irrigation program, were compared with use
of actual data obtained from each experimental
years. The irrigation treatments were formed with
3 different irrigation intervals (SA3: 3 days, SAS: 5
days, and SA10: 10 days) and 4 different irrigation
water levels for each irrigation interval as 0% (Non-
irrigated: 1)) 50%, 75% (Deficit irrigation: I, I.)
and 100% (Full irrigation: I, ) of the amount of the
measured cumulative evaporation in the first year
and, of the amount of required water to replenish
the available soil water to the field capacity in the
second year.

The experimental area consisted of a total of 30
plots. The area of each plot was 1.62 m? (0.90x1.80
m), and the total area was 208.0 m? (10.4x20.0 m).
In order to prevent the interaction between irrigation
treatments, 1 m space was left between the plots.
Besides, two rows in each plot were left out of the
assessment due to the edge effect, and the remaining
area formed the harvest plots.

Black cumin (Nigella sativa L.) seed sowing was
performed in the plots in the last week of March in

both years (25 March 2013-26 March 2014) to be
0.2 kg per hectare. Following the germination, plants
were diluted to ensure 15x10 cm plant spacing.
The nutrient requirement of plants was determined
according to the soil analysis (no K,O was needed;
P,0, and N were applied at a rate of 55 kg ha™
and 40 kg ha™!, respectively). A half of the total
nutrient amount was given during the preparation
of soil, and remaining amount was given with the
fertigation technique as equal amounts during the
irrigation period by dividing into the number of
irrigation. Engineering and operating principles of
the drip irrigation system was designed according
to the fundamentals given by Kanber (2010). Thus,
emitter spacing was 20 cm, dripper discharge was
4 L h', PE lateral diameter was 16 mm, main pipe
diameter was 50 mm, and a single lateral was placed
for each two rows.

2.3. Irrigation water, evapotranspiration and
water-yield functions

While the amount of the applied irrigation water
to the treatments was calculated using Equation
1 in the first year (2013), Equation 2 was used in
the second year (2014). The amount of irrigation
water determined as depth terms, was calculated in
volume terms by multiplying with the parcel unit
area and the percentage of the wetted area during
the applications (Equation 3).

I= Epan x Kp x Sd €8
I=(FC - AW)x Sd ()
V=IxAx WA 3)
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Where; I, irrigation water amount (mm); Epan,
cumulative evaporation amount from the class A
pan during the irrigation interval according to the
treatments (mm); Kp, pan coefficient (taken as
0.77 based on the principles given by Doorenbos
& Pruitt (1977)); Sd, irrigation water level; FC,
field capacity (mm); AW, available water in the soil
within 60 cm depth before irrigation applications
(mm); V, irrigation water as volume (L); 4, plot area
(m?); WA, percentage of the wetted area (67%).

The evapotranspiration for the treatments was
calculated using Equation 4 based on the water
balance (James 1988).

ET=1+P+Cp+tSW-Dp-Rf @)

Where; ET, evapotranspiration (mm); P,
precipitation (mm); Dp, deep percolation (mm);
rSW, change in the soil water storage in the 60 cm
depth (mm); Rf, runoff (mm); Cp, amount of water
entering the root zone with capilaric rise (mm).

Regression analyzes were performed by
establishing graphical relations between total
irrigation water and seed yield values, and
evapotranspiration and seed yield values. Besides,
Equation 5, 6 and 7 were used to calculate the
water use efficiency (WUE), irrigation water use
efficiency (IWUE), and the coverage ratio of the
applied irrigation water to the evapotranspiration
(IRc) relating to the treatments (Howell et al 1990).

WUE=Y/ET 5)
IWUE=(Y-Y) /1 (6)
IRc=(I/ ET) x 100 (7

Where; Y, seed yield obtained from the

treatments (kg ha'); Y, seed yield obtained from
I, (kg ha!).

The yield response factor (ky) representing
the decrease in the black cumin seed yield which
occurred as a result of the decrease in the unit
evapotranspiration was determined using Equation
8 (Doorenbos & Kassam 1986).

(1-Ya/Ym)=ky (1 - ETa | ETm) (8)

Where; Ya, actual seed yield regarding the
treatments (kg ha'); Ym, maximum seed yield
(kg ha'); Eta, actual seasonal evapotranspiration
regarding the treatments (mm); Etm, maximum
seasonal evapotranspiration (mm).

2.4. The effective root depth, some yield, and
vegetative parameters

In order to determine the effective root depth of
black cumin, the full irrigation treatment (I, ) was
monitored, and the depth consumed 85% of the
amount of water required for normal development
of the plants was taken into account (Kanber 1997).
Plant height (cm), the number of branches (number
plant™), and plant capsule number (number plant")
values were determined by measuring and counting
before harvest. Following the harvest, seed number
in capsules (number capsule') was determined by
counting and seed yield (kg ha') was determined
by dividing the unit area of the total weight. In
addition, thousand seed weight (g) was determined
by multiplying the weight of 100 seeds which was
measured with sensitive scales with 10, and the
harvest index (%) was determined by the proportion
of the weight of seeds harvested from 10 plants with
the weight of the unharvested plant.

2.5. Statistical analysis

In order to determine the effects of the irrigation
treatments on the some yield and vegetative
parameters of black cumin for each year, data
were performed to the variance analysis using
Minitab® 16.2.4 computer software package, and
Tukey’s comparison test was used to determine the
differences between the mean values (P<0.05).

3. Results and Discussion

3.1. Irrigation water, evapotranspiration and yield

The irrigation period was between 23" May and
12" July 2013 in the first year, and between 25
May and 17" July 2014 in the second year. The
highest irrigation water amount was applied in
SAS-1,,, as 255.6 mm, and the lowest irrigation
water amount was applied in SA3-1,; as 97.0 mm
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(Table 3). It can be said that the reason for the fact
that the total irrigation water amount in the second
year was lower according to the first year, that pan
evaporation methods were used to determine the
irrigation water amount in the first year, and that the
amount of precipitation was higher than both the
long-term value and the value in the first year of the
vegetation period (from May to June).

ET values varied at both different irrigation
water amounts and irrigation intervals. The highest
ET values were calculated in SA3-I, in both years
as 334.8 and 387.6 mm, respectively, whereas the
lowest ET values were measured in I in which no
irrigation was applied in the both years as 212.8
and 166.9 mm, respectively (Table 3). In general,
ET values obtained from same irrigation programs
formed by different methods among the years were
similar. ET values increased with the amount of

applied irrigation water increased. Additionally,
higher ET values were also obtained from more
frequent irrigation (3 days) compared to less
frequent irrigation (5 and 10 days) in the treatments
where applied similar water amount. While the
applied irrigation water amount in the study was
less than those obtained by some other researchers,
ET values were similar in general (Ghamarnia &
Jalili 2013; Ghamarnia et al 2010).

Soil water content was close to the field capacity
(FC) at 143 day of the year (2013) and 145" day of
the year (2014) in all treatments. Then, soil water
contents before irrigation showed a tendency to
decrease in all treatments (Figure 1). A dramatic
decrease was observed in the soil water content
values in the I, and I treatments and the values
were close to or lower than permanent wilting
point (PWP). Soil water content decreased with

Table 3- Irrigation water, evapotranspiration, water use efficiencies

Year  Treatments 1 ET Yield WUE IWUE IRc
(mm) (mm) (kg ha’) (kg ha' mm*) (kg ha’ mm™) (%)

I, - 212.8  812.5f 3.82 - -
SA3-L, 122.5 265.0 983.8¢ 3.71 1.40 46.2
SA3-1; 183.8 3244 1137.0d 3.50 1.77 56.7
SA3-1,, 245.0 384.1 12222¢ 3.18 1.67 63.8

2013 SAS-L, 127.8 2789 142570 5.11 4.80 45.8
SAS-1; 191.7 334.8 1487.4 ab 4.44 3.52 57.3
SAS-L,, 255.6 372.5 1562.6 a 4.19 2.93 68.6
SA10-L, 127.8 2427 1146.4d 4.72 2.61 52.6
SA10-L 191.7 275.8 1186.5d 4.30 1.95 69.5
SA10-T,, 255.6 323.1 12432¢ 3.85 1.69 79.1
I - 1669 7222f 4.33 - -
SA3-L, 97.0 287.4 1073.2¢ 3.73 3.62 33.8
SA3-L, 145.5 352.8 1361.7¢ 3.86 4.40 41.2
SA3-1,, 194.0 387.6 1461.0 bc 3.77 3.81 50.1

2014 SAS-L, 104.6 276.4 1183.2 de 4.28 4.41 37.8
SAS-L, 166.9 322.8 1491.5b 4.62 4.61 51.7
SAS-1,, 209.2 359.7 1700.6 a 4.73 4.68 58.2
SA10-L, 104.6 2554 10854¢ 4.25 3.47 41.0
SA10-L; 166.9 290.3 1271.3d 4.38 3.29 57.5
SAI10-T,,, 209.2 350.5 13622¢ 3.89 3.06 59.7
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increasing irrigation interval in all treatments. were 29% (SA3), 40% (SAS) and 60% (SA10) in
Average depletions of the available soil water 2013 and 22% (SA3), 29% (SAS) and 50% (SA10)
holding capacity in 60 cm deep root zone during in 2014.

the vegetative season for full irrigation treatments

SA3 SA3
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Figure 1- Soil water contents in 60 cm deep root zone before each irrigation
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Seed yield varied between 722.2 (I ) and 1700.6
kg ha'' (SAS5-I ) as seen in Table 3. The difference
among the treatments was found to be statistically
significant in each experimental year (P<0.05).
While statistically the highest yield was obtained
from SAS-I  in both years, SA5-I_was in the
highest yield group with 1487.4 kg ha' in the first
year and followed SAS-I,  with 1491.5 kg ha' in
the second year. There was no significant difference
between the yields obtained from same irrigation
programs formed by different methods in both
years. Black cumin seed yields reacted positively to
an increase in the amount of irrigation water, and
the effect of irrigation on the yield was observed to
be highly significant compared to the conditions in
which no irrigation was applied. While the results
of this study were similar to those of Ahmed &
Haque (1986), Ozel et al (2009), Ghamarnia et
al (2010), Al-Kayssi et al (2011) and Ghamarnia
& Jalili (2013) in terms of seed yield, the values
obtained in this study were higher than those of
Kalcin (2003) and Safaei et al (2014). Furthermore,
the values obtained from the treatments with 5 days
irrigation interval were generally found to be higher
than others in which similar or equal amount of
irrigation water was applied. The reason for this, it
may be associated that the black cumin commonly
cultivated in unirrigated conditions and resistant
to drought could show negative response to more
intensive and the frequency irrigation applied in
SA3 compared to SAS5. El-Mekawy (2012) found
that the yield of black cumin in treatments that
irrigation were applied 4 or 6 days intervals after
flowering stage till harvesting time were higher
than treatments with 2 days irrigation interval after
flowering stage. In this study, irrigation covered
generally the period after flowering time due to the
realization of flowering on the 163" day of the year.
Therefore, these results were in line with those of
El-Mekawy (2012). Furthermore, the lower yield
obtained in SA10 compared to SAS could be due
to water stress caused by low irrigation frequency
which increased depletion of the available soil
water holding capacity. The similar results were also
reported by Al-Kayssi et al (2011).

3.2. Water-yield functions

3.2.1. Water use efficiencies

The highest and the lowest WUE values were
calculated from SAS-1, and SA3-I,jas 5.11and 3.18
kg ha' mm, respectively in the first year, and from
SAS-1,,,and SA3-I  treatments as 4.73 and 3.73
kg ha! mm', respectively in the second year (Table
3). In addition, the highest IWUE was calculated in
SAS-I,, while the lowest was calculated in SA3-L_.
In general, while WUE values were similar in both
years, IWUE values in the first year were lower
than those of the second year. The reasons of the
differences can be explained with the higher total
irrigation water amount applied in the first year
because of pan evaporation methods used to form
irrigation programs and less precipitation amount in
the first year. The average WUE and IWUE values
obtained in 5 days irrigation interval (4.56 and 3.85
kg ha' mm™) were higher than the other irrigation
intervals. The WUE values calculated in the study
were higher than WUE values found by Ghamarnia
etal (2010) and Ghamarnia & Jalili (2013). Although
ET values were similar to those of the mentioned
previous studies, this difference in WUE was may
have been caused by the higher yields as a result
of the variety of the seed, climatic differences and
cultivation practices. While the coverage ratio of the
applied irrigation water to the evapotranspiration
(IRc) was determined between 79.1% (SA10-I, )
and 33.8% (SA3-I). The highest IRc values were
obtained in the highest irrigation interval (SA10)
and full irrigation treatments (I, ) according to
both high irrigation frequency and deficit irrigation
treatments. IRc values of the first year were higher
than those of the second year was due to the plant
water requirement was met more by precipitation in
the second year because of higher precipitation.

3.2.2. Graphical relationships

In the experiment, linear relationships were obtained
between the irrigation water amount and yield
(R*= 0.520), and between the evapotranspiration
and yield (R>= 0.660) at 0.1% significance level
(Figure 2). Although the black cumin yield could be
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achieved even in the non-irrigated conditions, the
relationships were observed that when irrigation
water and ET increased, yield also increased.

3.3. Yield response factor

While SAS-1,,, treatment was taken into
consideration for ETm and Ym values in calculating
mean yield response factor because of the highest
yield obtained and no water stress observed,
full irrigation (I,,) treatments were considered
in calculating yield response factor for different
irrigation intervals. The yield response factor (ky)
values were calculated in SA3, SA5 and SA10 as
0.75, 0.80 and 0.50, respectively and mean ky of all
treatments was also calculated as 0.68 (Figure 3).
Although the ky value obtained in the high irrigation
interval (SA10) was lower than those obtained in
the low irrigation interval (SA3, SAY), all ky values
were lower than 1. According to this result, the yield
would decrease by only 0.68 units as a result of one
unit deficit in the ET, it shows that black cumin plant
is resistant to water deficit. It can be recommended
that the deficit irrigation programs should be applied
in the regions with limited water resources in order
to increase the yield for black cumin plant which
is widely cultivated under non-irrigated conditions
especially.

3.3.1. The effective root depth, yield and vegetative
parameters

The effective root depth of black cumin plant was
determined as 27.25 cm. The effective root depth
determined in the study was consistent with the
findings reported by Taqi (2013) that the total
root length of black cumin varied between 52.87
and 60.80 cm. For both years of the experiment,
plant height, the number of branches, capsules,
seeds in each capsule and a thousand seed weight
values were obtained between 23.3 and 68.1 cm,
between 3.7 and 7.6 number plant’, between 5.9
and 17.9 number plant!, between 42.3 and 94.3
number capsules’!, and between 1.82 and 2.13 g,
respectively (Table 4). According to some yield
and vegetative parameters, significant differences
were found among the treatments, and the yield

2000.0
Y =2.46451+864.06
R?=0.520%** @ ®

1500.0 [ ]
[ ]
[ ]

1000.0

Yield (Y), kg ha !

Y=33145ET +244.38
R2=0.660%**

500.0

0.0
00 500 100.0 150.0 200.0 250.0 300.0 350.0 400.0 450.0

Trrigation water (T), Evapotranspiration (ET), mm

Figure 2- The relationships between irrigation
water and yield, and evapotranspiration and yield

1-(ET/ETm)
0.4 03 0.2 0.1 0

0.1

(SA10)ky=050 ©

(mean)ky :.0.68

1-(Y/Ym)

0.2
(SA5) ky =0.80
(SA3) ky=0.75

Y ! 4

) 0.3

Figure 3- Yield response factor (ky) for all
treatments and different irrigation intervals

and vegetative parameters of black cumin increased
with the irrigation water amount (P<0.05). Except
the harvest index value, while the values recorded
in [ (non-irrigated) were generally constituted the
lowest group, the highest values were recorded
in I, and followed by L. In addition, the values
obtained from SAS were generally higher than those
obtained from SA3 and SA10. It was found out that
the harvest index declined inversely to the increase
in the irrigation water level due to the higher growth
of the stem through irrigation, and it increased in
the plots where less and no irrigation was applied
due to the less growth of the stem. Although the
findings obtained from the this study were generally
higher than the findings of many researchers due
to the controlled irrigation, it can be said that the
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Table 4- Some yield and vegetative parameters of black cumin

Plant Number of Number of Seed Thousand ~ Harvest

Year  Treatments  height branches capsules number seed weight  index

(cm) (number plant’)  (number plant’) (number capsule™) (2) (%)

I, 233e 37¢g 59d 423 h 1.82f 23.0a
SA3-I, 41.0d 4.0 fg 7.7d 578 g 193¢ 18.0¢
SA3-1, 489 ¢ 4.4 ef 12.7¢ 71.4f 1.94¢ 17.8 ef
SA3-1,,, 51.6b 47¢ 13.1¢ 77.7 ¢ 2.00 ¢ 172 f

2013 SAS5-1, 475¢ 53cd 16.6 a 85.7 be 1.82f 169¢g
SAS-L, 513D S5.6¢ 15.6b 86.5b 2.03 be 19.0d
SAS-L,, 535a 7.6a 179 a 943 a 2.12a 18.0e
SA10-I,, 48.0c 4.8 de 11.2¢ 80.5d 2.05b 17.0 fg
SA10-L; 50.2 be 5.6¢ 11.8¢ 83.6¢ 2.10 ab 2140
SA10-I, 512D 6.6b 123 ¢ 77.7 ¢ 1.97d 20.7 ¢

I, 49.1h 45d 7.5f 74.1e 1.95 de 28.0a
SA3-I,, 554¢ 63¢c 10.7 ¢ 76.4d 1.97d 26.8 ab
SA3-L, 57.1f 7.3 ab 13.0 be 782 ¢ 201 ¢ 203 f
SA3-I,, 59.0¢ 7.3 ab 13.7 ab 81.2Db 2.03 be 22.5d

2014 SA5-I, 64.9d 6.5¢ 11.7 cd 75.5 de 2.0l c 275a
SAS-L, 65.7¢ 6.5¢c 134b 80.3b 2.08b 209e
SAS-L, 659c¢ 7.0b 144a 83.2a 2.13a 18.0¢g
SA10-I,, 58.6¢ 7.0b 11.3d 743 ¢ 1.94¢ 25.6 be
SA10-L, 67.2b 7.2 ab 124c¢ 77.7 ¢ 1.98d 24.0 cd
SA10-I,, 68.la 7.5a 12.8 be 779 ¢ 2.05b 22.3d

difference with the findings of other researchers was
based on the irrigation, soil and climatic features
(Ghamarnia et al 2010; Akgoren 2011; Taqi 2013;
Ghamarnia & Jalili 2013; Safaei et al 2014).

4. Conclusions

Consequently, it was revealed that irrigation was
inevitable to obtain higher yield in black cumin
plant which generally grows under non-irrigated
conditions. Considering the water-yield functions,
it can be recommended that the irrigation interval
should be 5 days, irrigation water amount should be
applied to meet full evapotranspiration requirement
under conditions where the water is sufficient,
or the maximum deficit should not exceed 25%
of full irrigation under limited water conditions
in the irrigation schedules for black cumin. In
addition, both of the pan evaporation and water
balance methods can be used for irrigation of black

cumin, since the values of the yield and vegetative
parameters and ET in the same irrigation programs
formed by two different methods were close to
each other. Especially, pan evaporation which is
simple method to obtain irrigation programs, can
be preferred because of low cost, labor and easy
operation.
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