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Sowing Date and Irrigation Treatments
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Abstract: A field experiment was established at the Experimental Farm of the Faculty of Environmental
Agriculture Science at El-Arish, Suez Canal University, Egypt during two successive seasons of 2005/06 and
2007/08 to study the effect of irrigation schedules along (irrigation every 2, 4 and 6 days before and after
flowering) with three sowing dates (10, 30  October and 10  November) on growth and yield of Black cumin.th th

All growth and yield parameters were adversely affected by increasing the irrigation intervals. The maximum
values were obtained by irrigation every 2 days throughout the growing season and the minimum ones by
irrigation every 6 days before flowering stage. Early sowing date increased significantly the growth and yield
parameters, whereas late sowing date decreased them. The interaction between sowing date and different
irrigation intervals, it could be noticed that growth and yield parameters considerably improved as a result of
first sowing date with irrigation interval at 2-days in the 1  and 2  seasons, against the lowest values resultedst nd

from the late sowing date with irrigated plants every 6-days. So, it could be recommended that early sowing date
and irrigation every 2-days resulted in the best growth parameters and oil yield of Nigella sativa L. plant. 
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INTRODUCTION blooming stage and number of seeds per plant was the

Water stress is well recognized as one of the most weight for both species was relatively stable across all
significant factors affecting plant growth by affecting cell irrigation treatments and higher seed yield was consistent
elongation directly and more indirectly by mineral uptake, with higher straw yield and plant height. The results did
allocation of especially photosynthesis and the most not show any reduction in oil concentration for black
physiological processes in plants and this in turn in cumin or mucilage percentage for Isabgol across all water
reflected in yield and production [1]. The effective role of deficit treatments. Fadi et al. [4] on sunflower indicated
water supply on the growth and production of several that irrigation limitation at early flowering and mid
medicinal plants was observed by many investigators flowering should be avoided, while it can be acceptable at
they found that providing the plants with suitable water seed formation stage. Geerts et al. [5] studying the extra
amounts resulted in better growth and yield than those harmful character of droughts during flowering and grain
grown under drought conditions. Farooq et al. [2] filling of quinoa plant if the crop did not suffer drought
reported that reduced water uptake results in a decrease stress before flowering.
in tissue water contents and turgor. Therefore, under In Egypt, the irrigation schedule for medicinal plants
drought stress conditions, cell elongation in plants is has varied with varying sowing dates. However, there is
inhibited by reduced turgor pressure. Likewise, drought a difference between solar radiation, temperature,
stress also trims down the photo-assimilation and humidity, wind etc. by changing sowing date during
metabolites required for cell division as a consequence, winter seasons. Concerning, the effect of sowing date on
impaired mitosis, cell elongation and expansion result in the growth and productivity of medicinal plants showed
reduced plant height and growth. Similar trends were also that all growth and yield parameters were increasing at the
reported by Bannayan et al. [3], who suggested that the early sowing date. Kramer [6] indicated that transpiration
lowest seed yield stage for both Isabgol and black cumin process is largely controlled by  the  aerial  environment
were obtained when irrigation was stopped at the as well  as  by  leaf structure and stomatal opening.

main yield component affected. One thousand seed
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Letchamo and Gosselin [7] suggested that a concomitant
increment of light level and proper water management may
promote increased formation of the plant biomass,
essential oil glands with subsequent growth in essential
oil content. Therefore, for successful thyme production,
conditions which favor improved morphological traits,
development of more leaves, essential oil glands and oil
should be selected. Calviño et al. [8] on soybean showed
that the decline in crop biomass, harvest index, seed
number and individual seed weight with delayed sowing
can be attributed to three main factors: (i) shorter season
length, (ii) slow growth rate associated with short days
and low temperature and radiation and (iii) a dramatic
reduction in the relative duration of key phenostages.
Caliskan et al.[9] revealed that the most suitable period for
sowing groundnuts between mid-May and early June for
the eastern Mediterranean region since plants expose to
suitable  temperature  regimes  during   the   vegetative
and the reproductive growth stages and receive more
solar radiation and sunshine duration during the entire
growing period. Lengthening of growth duration had
positive effect on yield at early sowings, but satisfactory
yield level can be achieved with 140 days growth
duration.

The present work was initiated to study the effect of
irrigation frequency at various stages and sowing date on
the growth and yield parameters of  black  cumin  under
El-Arish environmental conditions.

MATERIALS AND METHODS

Two field experiments were conducted at the
Experimental Farm of the Faculty of Environmental
Agriculture Science at El-Arish, Suez Canal University,
Egypt during two successive winter seasons of 2005/06
and 2007/08 to study the effect of irrigation intervals and
sowing date on growth and oil yield of black cumin plants.
The physical and chemical properties of the soil site were
carried out using standard method described by Jackson
[10] before cultivation and are shown in Table 1a. Every
experiment included 15 treatments, which were the
combinations of 3 sowing dates and 5 irrigation intervals.
The well water was used to obtain irrigation water
treatments and was started 25 days after sowing by using
drip irrigation system, water was applied to refill the
surface 30 cm of the soil profile to field capacity by each
plant  received  two  liters  of  well  irrigation  water  per
each    irrigation     interval    and    the     treatments   were

Table 1a: Some chemical and physical characteristics of soil during 2006/07
and 2007/08 seasons.

Parameters 1  Season 2  Seasonst nd

Soluble ions meq/l (soil paste extract) 
Ca 3.04 2.10++

Mg 2.11 2.20++

Na 1.18 4.49+

K 0.47 0.31+

Cl 1.02 2.30-

CO -- --3
--

HCO 2.00 2.403
-

SO 3.78 4.404
--

ECe (dS/m) 0.68 0.91
F.C % 7.50 7.71
pH (1:2.5) 8.10 8.20
Clay % 0.16 0.17
Silt % 0.33 0.35
Fine sand % 79.88 79.87
Coarse sand % 19.63 19.61
Soil texture Sandy soil Sandy soil

Table 1b: Some chemical and physical characteristics of well water during
2006/07 and 2007/08 seasons.

Parameters 1  Season 2  Seasonst nd

Ca  (ppm) 10.60 10.11++

Mg  (ppm) 5.80 5.19++

Na  (ppm) 32.70 33.74+

K  (ppm) 0.98 0.95+

Cl  (ppm) 40.50 38.43-

CO  (ppm) -- --3
--

HCO  (ppm) 5.68 6.243
-

SO (ppm) 3.90 4.634
--

ECe (dS/m) 5.00 5.06
Concentration (ppm) 3200 3400

applied  regularly  until the termination of each season.
The chemical analysis of well water is shown in Table 1b.
The following is the description of the treatments.

Sowing Date:

10  October.th

30  October.th

10  Novemberth

Irrigation Intervals:

Irrigation every 2 days throughout the growing
seasons.
Irrigation every 4 days before flowering stage and
then 2 days intervals till harvesting time.
Irrigation every 6 days before flowering stage and
then 2 days intervals till harvesting time.
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Irrigation every 2 days before flowering stage and RESULTS AND DISCUSSION
then 4 days intervals till harvesting time.
Irrigation every 2 days before flowering stage and Effect of Sowing Dates: Data in Tables 2 and 3 indicated
then 6 days intervals till harvesting time. that  sowing  dates  had significant effects on plant

Seeds of black cumin were sown on pipe lines from plant and per feddan. The maximum values for above
plastic material of 16 mm diameter. The spaces between mentioned characters were obtained at first sowing date
them were 70 cm and the distance between hills was 45 (10  October). There was a continuous reduction in all
cm. Thinning to one plant /hill was made 20-days after characters by delaying sowing date till 10  November.
sowing, the area of each plot was 30 m  (15 x 2 m) with 3 These variations could be attributed to weather2

rows. Organic manure was added to the soil before conditions prevailing during vegetative growth, flowering
cultivation at a rate of 20 m  /feddan (one feddan=0.42 ha). and maturity and accelerated maturity at shorter growth3

All treatments including control received equal dose of period available for building and accumulation of food
NPK fertilization was 300, 300 and 100 kg/fed. As material. In addition to high temperature, low humidity and
ammonium sulphate (20.5% N), calcium superphosphate high solar radiation thought autumn season led to long
(15.5% P O ) and potassium sulphate (48% K O), time of stomatal closer and reduced photosynthesis [15].2 5 2

respectively. Phosphorus was added during soil Also, Letchamo and Gosselin [7] demonstrated that thyme
preparation, while potassium was added as 2 equal side plants grown under supplemental light developed upright
dressings during the growing seasons. At harvest (15  of erect shoots with increasing tillers and branches, thickerth

May), plant height (cm), branches number per plant, fresh leaves  and  were  aesthetically  more  appealing  than
and dry weight (g) and seed yield /plant (g) were plants developed  under  natural  light  or  short  day.
recorded, also, essential oil percentage was  determined These morphological  adaptations favour better light
in  the seeds according to British Pharmacopoeia [11]. interception which results in higher dry matter production
Fixed oil content of the seeds was estimated according and essential oil content. It could be concluded that the
A.O.A.C. [12], then oil yield per plant was calculated. most suitable period for sowing date was during the first
Moreover, total carbohydrates content was determined fortnight of October and later sowing led to a decrease in
according to Herbert et al. [13]. Data of both seasons seed and oil yield. Singh et al. [16] revealed that growth
were tabulated and statistically analyzed according to the parameters, the tallest and widest plants essential oil
procedure described by Snedecor and Cochran [14] using composition of thyme plants were observed in the
L.S.D. method for comparing between means of transplants of March and February, respectively, while
treatments. the  shortest  and   narrowest   in  December  transplants.

height, fresh and dry weight of plant and seed yield per

th

th

Table 2: Effect of song date and irrigation intervals on the plant height, number of branches/plant, fresh and dry weight/ plant, number of fruits/plant and
seeds dry weight of Nigella sativa L. in two seasons (2006/2007 and 2007/2008).

Plant Branches Plant fresh Plant dry Number of Seeds dry
height (cm) No./plant weight (g) weight (g) fruits/plant weight (g)
--------------------------- ---------------------------- --------------------------- -------------------------- ----------------------- -------------------------

Treatments 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  seasonst nd st nd st nd st nd st nd st nd

S 88.51 91.46 16.50 17.25 84.25 86.75 38.95 40.71 30.52 32.31 14.25 14.971

S 67.25 70.25 12.25 11.50 73.84 78.59 33.21 36.74 23.15 24.41 11.58 9.582

S 57.50 59.25 8.50 7.75 55.89 56.25 20.87 21.38 13.86 14.72 6.92 6.583

LSD 0.05 1.83 2.93 0.67 1.07 3.47 4.25 1.65 1.51 1.81 1.18 0.56 0.65
LSD 0.01 2.35 3.98 0.91 1.45 4.23 5.61 1.17 2.64 1.97 1.73 0.98 0.95
I 89.60 90.30 15.60 16.00 85.14 87.30 38.99 39.01 29.33 29.73 14.67 15.741

I 78.00 80.30 11.30 12.00 78.60 79.14 28.59 30.30 19.71 18.78 8.67 8.592

I 54.30 59.60 9.75 10.00 50.70 55.40 22.09 24.00 11.04 12.72 5.83 6.103

I 84.60 85.13 14.60 15.60 83.00 85.66 33.16 35.45 18.34 17.67 9.65 9.864

I 83.63 84.40 14.33 15.33 82.33 83.45 31.58 33.98 17.97 18.56 8.35 8.725

LSD 0.05 1.85 4.48 0.85 1.29 3.17 5.17 0.79 2.47 0.87 9.57 0.67 0.56
LSD 0.01 2.43 5.599 1.35 1.84 5.16 6.47 1.21 3.17 1.29 1.98 1.54 1.69
S = Sowing date at 10  October. S = Sowing date at 30  October.  S =10  November.1 2 3

th th th

I =Irrigation every 2 days throughout the growing seasons.1

I = Irrigation every 4 days before flowering stage and then 2 days intervals till harvesting time.2

I = Irrigation every 6 days before flowering stage and then 2 days intervals till harvesting time.3

I = Irrigation every 2 days before flowering stage and then 4 days intervals till harvesting time.4

I = Irrigation every 2 days before flowering stage and then 6 days intervals till harvesting time.5
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Table 3: Effect of song date and irrigation intervals on total carbohydrate (%),volatile and fixed oil percentage and yield /plant of Nigella sativa L. in two
seasons (2006/2007 and 2007/2008).

Total Volatile Volatile oil Fixed oil Fixed oil
carbohydrate (%) oil percentage yield (ml/plant) percentage yield (ml/plant)
------------------------------ ------------------------------ ------------------------------ ----------------------------- ----------------------------

Treatments 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  seasonst nd st nd st nd st nd st nd

S 17.85 17.94 0.17 0.16 0.02 0.02 31.97 33.35 3.41 3.251

S 16.62 17.03 0.16 0.16 0.02 0.02 30.95 30.81 2.82 2.652

S 15.49 16.36 0.15 0.14 0.01 0.01 29.73 29.65 1.99 1.943

LSD 0.05 0.99 0.69 0.06 0.08 0.02 0.01 1.53 1.42 0.25 0.31
LSD 0.01 1.28 0.94 0.07 0.10 0.02 0.01 2.62 2.24 0.34 0.42
I 17.74 18.20 0.17 0.17 0.01 0.02 32.78 33.58 2.43 2.411

I 16.97 17.27 0.17 0.18 0.02 0.01 28.76 29.14 2.28 2.302

I 15.29 15.36 0.16 0.17 0.01 0.01 25.67 26.35 1.58 1.623

I 17.98 18.34 0.18 0.18 0.01 0.01 28.72 28.39 2.09 2.134

I 16.58 17.53 0.17 0.18 0.01 0.01 28.43 28.18 2.11 2.095

LSD 0.05 1.08 0.85 0.02 0.08 0.01 0.01 0.62 1.78 0.27 0.45
LSD 0.01 1.45 1.12 0.08 0.18 0.03 0.02 0.86 2.62 0.45 0.62

The lowest plant height and canopy size may be exposing before flowering caused a reduction in plant
influenced by the chilling winter temperatures in this height and seeds dry weight per plant, whereas, oil
region  which  prevail  from  mid  November  to  January percentage was increased under drought condition after
end.  Also,  these  results  are  similar   to   those  obtained flowering.
by D'Antuono et al. [17], who reported that total and seed The maximum values of fixed oil were obtained by
biomass of Nigella sativa L. and Nigella damascena L. irrigation every 2 days, whereas the minimum values were
were decreased with delayed sowing, because of a obtained when plants irrigated 6 days intervals before or
reduction in both seed number per plant and mean seed after flowering. Most the abovementioned characters did
weight. Verma et al. [18] indicated that it is possible to not show significant differences between irrigation every
grow Artemisia annua L. and that it has potential to be a 4 days before and after flowering stage, the same trend
profitable crop in spring transplanted crops performed was obtained when irrigation interval was 6 days before
better than the autumn/winter transplanted crops in terms and after flowering stage. Several investigators, Kramer
of both growth and yield parameters. [20], Thorne and Koller [21], Martin and Ruiz-Torres [22]

Effect of Irrigation Intervals: Data in Tables 2 and 3 increasing the periods between irrigation lowered the
indicated that the effect of water intervals on growth, growth of plants. Similar trend of results are in line with
yield and oil percentage at harvesting time had a those obtained by Fadi et al. [4], who reported that water
pronounced effect on black cumin height (cm), branches stresses at early flowering stage reduced leaf area index,
number per plant, fresh and dry weight (g), seed seed yield and reducing both seed numbers and
yield/plant (g) and essential oil percentage in the seeds. individual seed weight of sunflower plants. While, at mid
The abovementioned characters were reduced flowering stage seed yield was less affected by deficit
significantly by decreasing the soil moisture content as a irrigation because in spite of a depressive decrease in
result of increasing the period of irrigation from 2 up to 6 seed numbers, individual seed weight was found to
days intervals. These results may be due to the effect of increase slightly. Moreover, deficit irrigation at early seed
used watering every 2-days on increasing the growth of formation induced a slight increase in seed yield as a
root system, consequently, increasing the nutrients result of a similar increase in individual seed weight on
uptake needed for plant growth. Besides, enhancing the both Isabgol and black cumin plants [3]. Also,
rates of physiological processes and increasing the Istanbulluoglu et al. [23] on oilseed rape showed that the
hydrostatic pressure on the cell wall, this is necessary for effect of irrigation and water stress at any stage of
the enlargement of cell. Hence, enhancement of the development on grain yield, thousand grains weight, oil
assimilated food and increase the cell elongation and yield, plant growth components and oilseed rape plants
division, consequently, the whole growth of plant could were significantly affected by water stress during the
be increased [19]. Exposing black cumin plants to moisture sensitive flowering stage. However, when water from
stress after flowering had a harmful pronounce effect them winter  precipitation is stored sufficiently in the soil profile

noticed that increasing soil moisture stress throughout
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Table 4: Effect of the interaction between sowing date and irrigation intervals on plant height, number of branches/plant, fresh and dry weight/ plant, number
of fruits/plant and seeds dry weight of Nigella sativa L. in two seasons (2006/07 and 2007/08).

Treatments Plant Branches Plant fresh Plant dry Number of Seeds dry
-------------------------- height (cm) No./plant weight (g) weight (g) fruits/plant weight (g)
Sowing Irrigation --------------------------- --------------------------- ------------------------- -------------------------- -------------------------- --------------------------
Date Intervals 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  seasonst nd st nd st nd st nd st nd st nd

S I 87.85 90.26 15.30 17.00 86.03 85.69 37.87 38.60 28.99 29.25 14.90 15.251 1

I 79.25 80.09 11.33 11.33 76.90 77.80 27.60 29.03 20.33 21.48 8.92 9.262

I 58.06 56.54 9.90 10.75 51.70 53.09 21.40 22.35 12.21 13.57 5.36 5.643

I 84.19 86.25 15.75 14.30 82.55 84.62 32.50 33.90 18.39 19.26 9.69 9.544

I 82.21 84.95 13.33 14.75 81.59 83.59 31.14 32.89 17.35 18.36 8.52 9.095

S I 78.25 84.05 12. 00 12.33 74.90 74. 00 32.09 35.08 23.58 24.68 11.54 11.982 1

I 74.22 70.35 10.33 10.75 67.00 68.70 25.00 26.00 18.54 19.25 7.96 8.462

I 53.58 55.32 9.75 10.00 51.04 52.00 20.60 21.60 11.25 12.34 5.02 6.413

I 76.12 87.54 11.33 11.75 71.92 72.60 30.95 31.25 16.58 17.25 8.69 9.014

I 75.39 77.95 11.00 11.33 70.25 73.01 29.24 30.42 16.24 17.02 8.26 8.645

S I 57.58 58.98 8.36 8.57 54.36 55.97 20.58 21.29 13.80 14.92 6.84 6.923 1

I 51.33 52.74 7.41 7.69 51.74 52.64 19.13 19.84 11.58 12.61 6.32 6.542

I 40.18 40.18 5.29 5.62 48.62 49.51 17.53 18.21 9.67 9.94 5.11 5.473

I 55.04 56.24 8.25 8.61 53.55 54.02 19.93 20.01 12.51 12.51 6.03 6.524

I 54.87 55.64 8.19 8.52 51.41 53.68 19.52 19.92 12.32 12.23 6.14 6.325

L.S.D 0.05 3.19 5.61 1.36 2.46 5.54 6.59 1.53 4.83 2.22 2.35 1.35 1.99
L.S.D 0.01 4.63 7.36 2.95 2.97 8.81 9.35 2.73 6.68 3.42 3.47 1.79 1.69

Table 5: Effect of the interaction between sowing date and irrigation intervals on total carbohydrate (%),volatile and fixed oil percentage and yield /plant of
Nigella sativa L. in two seasons (2006/07 and 2007/08).

Treatments Total Volatile oil Volatile oil Fixed oil Fixed oil
----------------------------- carbohydrate (%) percentage yield (ml/plant) percentage yield (ml/plant)

Irrigation ------------------------------ ---------------------------- ---------------------------- ---------------------------- ---------------------------
Sowing date Intervals 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  seasonst nd st nd st nd st nd st nd

S I 17.97 18.27 0.16 0.17 0.02 0.02 32.40 32.52 3.53 3.801 1

I 15.32 15.33 0.17 0.17 0.02 0.02 27.92 28.63 2.76 2.802

I 15.97 16.47 0.17 0.17 0.02 0.01 26.98 26.84 1.80 1.963

I 16.71 17.07 0.17 0.18 0.02 0.02 27.97 28.17 2.92 2.414

I 16.85 17.24 0.18 0.17 0.02 0.01 28.15 28.54 1.95 2.045

S I 17.13 18.01 0.17 0.17 0.01 0.01 30.56 31.64 2.74 2.812 1

I 16.90 16.47 0.17 0.18 0.01 0.01 26.50 26.53 1.90 2.602

I 15.13 15.67 0.18 0.18 0.02 0.02 25.35 26.47 2.80 2.403

I 16.17 16.57 0.17 0.17 0.01 0.01 27.40 28.97 2.60 2.914

I 16.35 16.82 0.17 0.17 0.02 0.02 27.56 28.64 1.98 2.155

S I 17.57 17.93 0.15 0.15 0.01 0.01 28.83 29.63 1.84 1.913 1

I 16.68 17.78 0.14 0.15 0.01 0.01 26.71 26.63 1.85 1.862

I 17.88 16.43 0.16 0.17 0.01 0.01 29.62 29.70 1.47 1.563

I 16.15 16.70 0.17 0.17 0.01 0.01 30.10 31.43 1.40 1.574

I 16.52 16.54 0.17 0.17 0.01 0.01 30.45 30.76 1.51 1.495

L.S.D 0.05 1.76 1.78 0.10 0.15 0.02 0.01 3.26 3.10 0.44 0.68
L.S.D 0.01 2.54 1.83 0.16 0.20 0.04 0.02 4.58 4.92 0.60 0.96

and regular rainfall occurs until mid-April, deficit irrigation except percentage of volatile and fixed oil in the two
omitting irrigation at the flowering stage (yield formation seasons. Generally, the early sowing date with decreasing
and ripening) will lead to a loss of yield. The highest yield irrigation intervals before or after flowering stage
was obtained from the treatments that were not stressed increased vegetative and yield traits compared to other
during the flowering, yield formation and ripening stages. treatments. Also, with increasing irrigation intervals under

Effect of Interaction: Data presented in Tables 4 and 5 The maximum values were recorded from first sowing date
indicated that the response of growth and yield to the (10  October) at short irrigation interval (2-days), while
interaction between sowing date and irrigation treatments delaying sowing date (10  November) treatment at long
at various growth stages of black cumin were significant, irrigation interval (6-days) gave the minimum values in

each  sowing  date  treatment  values  were decreased.

th

th
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this respect. These results suggested that either late 5. Geerts, S., Dirk Raes, Magali Garcia, Jean Vacher,
sowing date or water stress led to similar decreased for all
characters mentioned before. These results are in line with
those obtained by Kumar et al.[24], who found on castor
beans that the total yield, i.e. sum of the yield of primaries,
secondary and tertiary was positively influenced by the
moisture adequacy index and degree days during the total
reproductive period (initiation of primaries to maturity of
tertiaries). The model predicting total yield can be utilized
to identify optimum planting period based on the climatic
data of the region. Oweis [25] showed that limited
amounts of supplemental irrigation (S ) coupled with early1

sowing have the potential to play a major role in boosting
and stabilizing the productivity of winter-sown chickpea.
The yield per unit area increases both with earliness of
sowing and with increased supplemental irrigation (S ).1

However, under supplemental irrigation, water use
efficiency decreases with the earliness of sowing. Also,
flower and seed development in chickpea usually occur in
the period mid-April to mid- or late May. Application of S1

is generally timed to coincide with this critical period,
during which temperatures begin to increase, the frost
period is almost at an end and a stage of rapid crop
growth and high water use begins. Abdolmajid et al. [26]
found that both water deficit and short vegetative period
reduced the biomass accumulated of opium poppy
although the effect on yields in these treatments was
counterbalanced by a higher harvest index and early
flowering had a detrimental effect on alkaloid
concentration in the capsule.
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