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Growth, Productivity and Water Use of Sunflower Crop Under Drip
Irrigation System

'Saeed, A. A. Q., G. Abdel-Nasser? and M. A. Gomaa®
' Ministry of Agriculture and Irrigation, Republic of Yemen
?Soil and Agricultural Chemistry Dept. , *Plant Production Dept.
Faculty of Agriculture (Saba Basha) - Alexandria University, Alexandria, EGYPT

ABSTRACT: A field experiment of drip-irrigated Sunflower (Helianthus annuus) was

conducted at the Experimental Farm, Faculty of Agriculture (Saba-Basha), Alexandria University,
Egypt. The farm is located at Abees region 31° 10.102' N and 29° 58.085' E with altitude of (-5m)
under sea level, during 2013 growing season. The aim of the present study was initiated to assess
the effect of irrigation regimes under drip irrigation method on sunflower growth, water consumptive
use, water use efficiency and yield and yield components. The sunflower variety Sakha 53 was
planted sowing date at 28" April. Seeds were sown at 4-5 seeds in each hill with spacing of 0.3 m
within each row and 0.6 spacing, then thinned to one plant after 2 weeks from sowing. After
emergence, the plots were irrigated by the drip irrigation method. All field practices were done as
usually recommended for sunflower cultivation. The present study consisted of 5 treatments. The
irrigation treatments were based on replenishment of soil water depletion according to reference
evapotranspiration (ETy). The irrigation treatments were: Irrigation at 20, 40, 60, 80 and 100% of
ETo,. At harvest time (103 days after planting), some morphological characteristics of sunflower
were determined such as: plant height (cm), stem diameter (cm), head diameter (cm), leaves weight
(), head weight (g), seeds weight/ head (g), 100 seeds weight and yield (ton ha™), seed oil
content(%) and oil yield (ton ha™). Also, root weight (g), length (cm), width (cm), chlorophyll content
and some elemental contents. The results indicated that increasing the amount of irrigation water
significantly increased plant height, stem diameter, head diameter, leaves weight/plant, head
weight/plant, seeds weight/ head, 100 seeds weight, seed yield and oil yield. Also, root weight,
length and width. The irrigation with 80 or 100% of ET, has the same significant effect, thus the best
irrigation is with 80% of ET,. Also, the value of water use efficiency of sunflower was decreased
with increasing the amount of applied water. The increase in sunflower yield was due to both
increase in yield content and oil yield in which sunflower yield was adversely affected by water
deficit.

Keywords: sunflower, irrigation regime, water use efficiency, sunflower yield, root growth

INTRODUCTION

Sunflower (Helianthus annuus, L.) is one of the most important oil crops
throughout most countries all over the world, and provides a major source of oil in
human diet. However, it is considered as a relatively new crop in Egypt, in terms of
production. Therefore, the response of sunflower crop to soil and water practices
under Egyptian conditions must taken into account. A great emphasis should be
given towards it for oil production due to the crop advantages and adaptability to
various environmental conditions (Berglund, 2003).

Sunflower (Helianthus annus, L.) is one of the most widely cultivated oil crop
in the world. Because of moderate cultivation requirements and high oil yield,
planted area has increased in recent years (Shehata and Elkhawas, 2003).
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Sunflower seeds contain high amount of oil (40 to 50%), which is an important
source of polyunsaturated fatty acid (Linoleic acid) of potential health benefits.

In dry land cropping systems, water is the most important limiting factor for
crop production (Ashrafi and Razmjoo, 2009).0On one hand, the most important
factors that decrease crop growth and also affect on 40 to 60 percent of agricultural
lands is drought stress (Reddy et al., 2004). This problem is very important in Iran
that located in arid and semiarid regions and also water requirements of crops due
to lack of precipitation mainly provided by irrigation (Sepaskhah and
Khajehabdollahi, 2005). as well as, It is well known that adequate water supply is
considered as a very important factor that affect the accumulation of dry matter in
the plant, as well as, vegetative growth of most crops (Aminifar et al., 2012). Water
deficit, extreme temperatures and low atmospheric humidity all contribute to
drought, which is one of the most detrimental factors affecting crop yield (Szilgyi
2003).

It has been shown that, sometimes, periods of reduced growth may trigger
physiological processes that actually increase yield (Smith et al., 2002). Severe
water deficits during the early vegetative growth result in reduced plant height but
may increase root depth. Adequate water during the late vegetative period is
required for proper bud development. The flowering period is the most sensitive to
water deficits which cause considerable yield decrease since fewer flower come to
full development (Beyazgul et al., 2000; Ali and Shui, 2009). Seed formation is the
next most sensitive period to water deficit, causing severe reduction in both yield
and oil content (Doorenbos and Kassam, 1979). According to Casadebaig et al.,
(2008), minimization of water loss in response to water deficit is a major aspect of
drought tolerance and can be achieved through the lowering of either leaf area
expansion rate or transpiration per unit leaf area (stomata conductance). Although
sunflower is known to be a drought tolerant crop or grown under dry land
conditions, substantial yield increases can be achieved by supplementary
irrigation, which is one of the most effective strategies to mitigate the effects of dry
spells in crop production (Fox and Rockstrom, 2000; Xiao et al., 2007).

When water supply does not meet crop water requirements, actual
evapotranspiration (ET,) will fall below maximum evapotranspiration (ETrm). Under
this condition, water stress will develop in the plant, which adversely affects crop
growth and ultimately crop yield. The effect of water stress on growth and yield
depends on the crop species, variety, magnitude and time of occurrence of water
deficit. The effect of the timing of water deficit on crop growth and yield is of major
importance in scheduling available but limited water supply over growing periods of
the crops and in determining the priority of water supply amongst crop during the
growing season (Doorenbos and Kassam, 1979).

The present study was initiated to assess the effect of irrigation regimes
under drip irrigation method on sunflower growth, water consumptive use, water
use efficiency and yield and yield components.
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MATERIALS AND METHODS

Experimental site and conditions

This study was conducted during the 2013 summer season at the
Experimental Farm, Faculty of Agriculture (Saba-Basha), Alexandria University,
Egypt. The farm is located at Abees region located at 31° 10.102" N and 29°
58.085' E with altitude of (-5 m) under sea level. The site was planted with corn
crop in previous season. This area is characterized by a semi-arid climate, the
weather is hot and dry from May to August where temperatures varies from 25-30
“C. On the other hand, the rainfall occures in winter with an average of 186.2 mm
per year. Wind speed average 13.5 km/day and relative humidity averages about
69.5 %. Some climatological data on the experimental site were taken from
Nouzha Weather Station are given in Table (1).

Soil of the experimental site

Soil samples were collected from the experimental soil for both surface (0-
10 cm), (10-20 cm) and subsurface (20-40 cm). Some physical and chemical
properties of the experimental field soil are presented in Table (2). The soil
properties were performed according to the methods outlined in Carter and
Gregorich (2008). The soil of the experimental site is clayey texture with water
table level of 1 m down the soil surface, the groundwater is moderately saline (2.5
dS/m). The contribution of water table to plant water requirements is low in the site
of experiment. Table (3) shows the chemical analysis of irrigation water.

Sunflower cultivation

Sunflower (Helianthus annuus, L.) variety Sakha 53, early variety (100 days
crop age) was selected for the study at 2013 summer season. Plant sowing date
was at 28 April, 2013. Seeds were sown at 4-5 seeds in each hill with spacing of
0.3 m within each row. Thinning to one plant per hill was carried out after 15 days
from sowing, to obtain a final plant population of 55500 plants/ha. After emergence,
the plots were irrigated by the drip irrigation method. Irrigation was terminated at 5
August, complete canopy and initial blooming date was at I3 June, and harvesting
data was at 9 August. All field practices were done as usually recommended for
sunflower cultivation. Phosphorus fertilizer as calcium superphosphate (15.5%
P,0s) was fully added to the soil during seed preparation at 336 kg P,Os ha™.
Ammonium Nitrate (33.5% N) at the rate of 168 kg ha™ were applied at two equal
doses, one after sowing and the second after one month later. Potassium Sulfate
(48% K20) at the rate of 67 kg ha™' were added at two equal doses, one after
sowing and the second after one month later.
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Table (2). Some soil physical and chemical properties of experimental site

used in the present study.

Soil parameters 0-10cm 10-20cm 20-40 cm  Unit
depth depth depth
Particle size distribution

Sand 29.7 29.7 32.2 %
Silt 15.0 17.5 15.0 %
Clay 55.3 52.8 52.8 %
Textural class Clay Clay Clay -
Soil bulk density 1.24 1.25 1.25 Mg
Soil moisture content at field capacity (0) 0.351 0.361 0.369 mm
Soil moisture content at permanent wilting point (6wp) 0.122 0.128 0.129 m°m
Plant available water content (PAW) 0.229 0.233 0.239 mm
Organic matter content 2.87 2.87 2.15 %
Total calcium carbonate 18.12 18.12 15.78 %
Electrical Conductivity (EC,), (1:1, soil: water extract) 6.98 6.29 5.94 ds
pH (1:1, soil : water suspension) 8.05 8.15 8.25 -

Soluble Cations
Ca* 2.38 1.69 1.42 meq
Mg®* 7.85 6.05 4.50 meq
Na* 58.15 54.13 52.13 meq
K* 1.35 1.12 1.12 meq

Soluble Anions
CO=, HCO® 10.20 9.92 212  meq
CI 44.00 44.39 41.00 meq
SO, 14.03 7.70 12.54 meq

Table (3). Chemical analysis of irrigation water used in the field experiment.

Parameters Value unit
pH 7.35 -

ECi 0.60 dS m’
Soluble Cations

Ca** 1.89 meql”

Mg+ 0.81 meq!”

K* 2.74 meql™

Na* 0.46 meql”
Soluble Anions

CO™ 3+ HCO3 1.98 meql”

CI 0.81 meq|”

S0,* 3.14 meql”

Vol. 20(3), 2015
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Harvesting was done after 103 days from planting (9 August, 2013). Plant
samples were taken from each plot (replicate) on the basis of one longitudinal
meter of each line, to determine some morphological characteristics such as:
plant height (cm), stem diameter (cm), head diameter (cm), leaves weight (g1),
head weight (g), seeds weight/ head (g), 100 seeds weight and yield (ton ha™)
and oil yield(ton ha™). Also, root weight (g), length (cm) and width (cm). Roots
were washed with distilled water and let to dry then roots were imaging with
digital camera. At harvest, the sample of plants (1 m of the row x 0.60 m width of
the row = 0.60 m? of the two central ridge were chosen to determine the
sunflower yield. The total yield per ha™ was calculated.

Irrigation regime
The present study consisted of 5 treatments. The irrigation treatments
were based on replenishment of soil water depletion according to the reference
evapotranspiration (ETy). The irrigation treatments were:
[1 irrigation at 20% of ET,
12 irrigation at 40% of ET,
I3 irrigation at 60% of ETy,
14 irrigation at 80% of ET,, and
I5 irrigation at 100% of ET,

A drip irrigation system (Fig. 1) was designed for the experiment. Irrigation
water was taken by a water pump. Distribution lines consisted of PVC pipe
manifolds for each plot. The diameter of the polyethylene laterals were 16 mm
and each lateral irrigated one plant row. The inline emitter discharge rate was 4 |
h™ at 100 kPa operating pressure. The actual emitter discharge rate was
calibrated before starting the experiment. The drip network calibration was
performed and the actual rate of emitter was 3.43 | h™.

Soil water content was measured by sampling a soil from each row with
soil tube 0.025 m diameter at three depths i.e. 0-10, 10-20 and 20-40 cm below
soil surface then determined by gravimetric method. Soil water contents were
monitored prior each irrigation and after irrigation at surface and subsurface
depths through electronic pressure transducer (electronic tensimeter).

Crop Evapotranspiration
The irrigation requirements were calculated according to the Penman-
Monteith equation (Allen et al., 1998) according the following equation:

ET,.
ET =— 94
P E,(1-LR)
Where:
ETeop is the crop evapotranspiration, mm/day
ETaip is the crop evapotranspiration under drip irrigation system, mm/day
E. is the efficiency of irrigation system (assumed as 90 % for drip irrigation
system under the present conditions).
LR is the Leaching Requirements required for salt leaching in the root zone depth
(assumed as 15 %). and
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ET,, =K, xK_xET,

K: is the reduction factor that reflects the percent of soil covering by crop canopy.
K: can be calculated by the equation described in Karmeli and Keller (1975):

k - GC
0.85

Fig. (1). General picture of the sunflower field experiment one month
after cultivation

Where, GC is the ground cover fraction (plant canopy area divided by soil area
occupied by one plant, assumed as 0.6).

K: is the crop coefficient ranging from 0.35 (for initial stage) to 1.15 (for
development stage) for sunflower crop (Allen et al., 1998).

The length and crop coefficient (K;) were needed for each the 4 growth
stages: initial, crop development, mid-season and late season stages. The crop
coefficients (K.) were collected from FAO (Allen et al., 1998) and are presented
in Table (4).

426
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Table (4).Crop coefficient (K;) and development stages period for sunflower

Growth stage K. Stage period, days
Initial 0.35 20
Crop development 0.35-1.15 25
Mid-season 1.15 38
Late-season 1.15-0.35 20

ETo is the reference evapotranspiration calculated with FAO Penman-
Monteith equation (Allen et al., 1998) according the climatic data collected from
the Nouzha Weather Station. The equation is expressed as:

0.408A(R, -G )+ 7ﬂU2(es —e,)
ET. = T +273
° A+y(1+0.34U,)
Where:
ETo Reference evapotranspiration, mm day
Rn Net radiation at the crop surface, MJ m™ day’,

Soil heat flux density, MJ m? day ', Generally very small and assumed to be zero).
Mean daily air temperature at 2.0 m height, °C,

U, Wind speed at 2 m height, ms™,
es Saturation vapor pressure at 1.5 to 2.5-m height, kPa,
€a Actual vapor pressure at 1.5 to 2.5-m height, kPa,

es- e, Saturation vapor pressure deficit, KPa,
Slope vapor pressure curve, kPa°C™,
Psychrometric constant, kPa°C™".

Seed oil content

The oil percentage of seeds was estimated using Soxhelt apparatus and
petroleum ether as a solvent according to the method outlined in AOAC (1995).
Qil yield (ton ha) was calculated by multiplying seed oil percentage by seed
yield per ha™.

Soil analysis

Soil physical analysis

Particle size distribution: Soil mechanical analysis was carried out using
hydrometer method according to (Klute, 1986), using sodium
hexametaphosphate ((NaPOs)13) as dispersing agent.

Soil moisture content: Soil moisture is routinely measured in most field trials.
The gravimetric approach is more flexible, as samples can be readily taken from
any soil situation. All analyses in the laboratory are related to oven-dry basis. The
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soil sample was dried in an oven at 105 °C for 24 h, next day remove from oven;
fit the lid cool for at least 30 minutes and re-weight (Hesse, 1971).
Soil chemical analysis:

The soil samples were air dried, passed through a 2 mm sieve and
analyzed according to the following procedures (Page, 1982):
Total carbonates content

Was estimated volumetrically using calcimeter and calculated as calcium
carbonate percentage according to Richards (1972).
Organic matter content

Organic carbon (OC) was determined using modified Walkley-Blacks
titration method (Carter and Gregorich, 2008). The organic matter content (OM)
was calculated using the suitable constant (OM =1.724x0C ).
Total soluble salts

Electrical conductivity (EC) of soil: water extract, 1:2 (w/v) was measured
using conductivity meter according to Jackson (1973).
Soluble Calcium and Magnesium

Soluble calcium and magnesium in soil: water extract were determined
volumetrically by the versenate method (EDTA) using ammonium purpurate as
an indicator for calcium and Erichrome black T for calcium plus magnesium
(Jackson, 1973).
Soluble Sodium and Potassium

Soluble sodium and potassium was determined photometrically using
flame photometer according to Jackson (1973).
Soluble Carbonates and Bicarbonates

Soluble carbonates and bicarbonates were determined volumetrically by
titration against 0.1N hydraulic acid using phenolphthalein and methyl orange as
indicators (Jackson, 1973).
Soluble Chlorides

Soluble chlorides were determined by titration against 0.05 N Silver nitrate
solution and potassium chromate as an indicator (Jackson, 1973).
Soluble sulfates

Soluble sulfates were determined by turbidity method as indicated in
(Jackson, 1973).
Chemical analysis of irrigation water

Chemical analysis of irrigation water including water reaction (pH), electric
conductivity (EC), and soluble cations and anions were done according to page
(1982).
Statistical analysis

All collected data for Sunflower growth, yield and yield components were
subjected to analysis of variance (ANOVA) according to Snedecor and Cochran
(1991). The mean values were compared according to least significant difference
Test (LSD test), Williams and Abdi (2010). All statistical analyses were performed
using analysis of variance technique of "Statistix 8" computer software package
(Statistix, 2003).
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RESULTS AND DISCUSSION

Sunflower growth characters

The results presented in Table (5) show the response of sunflower growth
characters as affected by different irrigation regimes. The results indicated a
significant effect of different irrigation regimes in all sunflower growth characters
as compared with control (100% of ET,). Irrigation at 80% of ET, gave a highest
value of plant height (169.77 cm) and head diameter (23.77cm), steam diameter
(2.33 cm), leaf weight/plant (320.67g), stem weight/plant (494.0 g), head
weight/plant (506.87 g) and Irrigation at 100% of ET, gave a highest values for all
parameters. Also the results presented in Table (5) show significant effect of
different irrigation regimes on number of green leaves /plant (29.0) at 100% of
ETT,, and chlorophyll b content (0.160 mg/100g leaf fresh weight) at 20% of ET.
Total chlorophyll and chlorophyll a content have not significant effect at different
irrigation regimes.

The reduction of vegetative growth as a result of decreasing amount of
irrigation (60% of ET,) may be due to the major effect of water stress in
decreasing the water uptake by root system as a result of decreasing root
function (Rowe and Bearsell, 1973). The present results are in accordance of the
previous results of Abdel-Nasser (1991) and Abdel-Nasser and EL-Shazly
(2000).

Table (5). Growth characters of sunflower as affected by irrigation regimes

Irrigation Plant Head Stem Stem Head Leaves
Treatment height diameter diameter weight/ weight / weight /
(% of ETp)  (6M) (cm) (cm) plant (g) plant(g)  plant(9)

20 161.67 19.37¢c 1.62b 30467 377.27 131.00c
40 164.00 19.80c 1.64b 34490 393.37 231.67b
60 168.77 21.39b 1.76b 451.83c 394.17 250.67Db
80 169.77 23.77a 233a 494.00 506.87 320.67 a
100 169.83 22.87a 2.35a 592.00 535.00 318.00a
LSD 3.07* 1.28* 0.27* 40.65* 76.607* 31.226*

*Means value followed by the same letter in each column are not significant at 0.05 probability level

Table (5). Cont....

Irrigation Number of
Treatment  green leaves /

Chlorophylla Chlorophyll b  Total chlorophyil

(% of ET,) plant (mg/g) (mg/g) (mg/g)

20 25.3b 0.163 0.160 a 0.323

40 26.7 ab 0.150 0.100 b 0.250

60 28.7 ab 0.180 0.117 ab 0.297

80 28.3 ab 0.170 0.083 b 0.253

100 29.0 a 0.157 0.080 b 0.237
LSD (0.05) 3.4* 0.128NS 0.058* 0.167NS

*Means value followed by the same letter in each column are not significant at 0.05 probability level
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Root growth The root growth was expressed as the root length and root lateral
extension of sunflower. The data are illustrated in Table (6). The data showed
that root length increased with increasing irrigation water. The highest value was
attained with irrigation at 100% of ET,. The irrigation with 80 or 100% of ET, has
the same significant effect, thus the best irrigation is with 80% of ET,. The same
trend was noticed with root lateral extension (width) in which irrigation with 60%
of ETy is the best water regime to obtain the significant extension of sunflower
root.

Table (6). Root length and width at harvest of sunflower as affected by
irrigation regime.
Irrigation Treatment Root weight/plant Root length Root width

(% of ETo) (9) (cm) (cm)
20 124.83 ¢ 11.8¢e 27.5¢
40 125.50 ¢ 13.2d 28.7b
60 187.93 be 147 ¢ 29.7 a
80 194.67 b 15.0a 29.9a
100 263.93 a 15.4 a 30.1a

LSD (0.05) 66.345" 2.8569* 9.1566*

*Mean value | each column followed by the same letter are not significant at 0.05 probability level

Yield and yield components

Data presented in Table (7) show the effect of water irrigation regimes
treatments on seed and oil yields. The result clearly indicated significant effect of
different irrigation regimes on sunflower yield and yield characters, seed
yield/plant (g), 100-seed weight (g), gross seed yield (ton ha™), seed oil content
(%) and seed oil yield (ton ha™). Irrigation at 80% of ET, gave highest significant
value of seed yield/plant (105.00 gm), 100-seed weight (8.87 g), gross seed yield
(5.83 ton ha™") and seed oil content (45.67 %). The highest value of seed oil yield
(2.759 ton ha was attained at irrigation with 100% ET,. The results are in
parallel with those obtained by Kssab et al. (2012) and Abdel-Mawgoud et al.
(2009).

Table (7). Seed yield and yield components as affected by irrigation regimes.

Irrigation _ Seed 100-_seed Gros_s seed Seed oil Oil yield
Treatment yield/plant weight yield Content -1

(% of ETy) _(g/plant) (@) (ton ha™) (%) (ton ha")
20 84.67 b 7.37b 4.704 b 40.00 b 1.883 ¢

40 89.17 ab 8.30 a 4.954 ab 44.00 a 2.184 bc

60 91.53 ab 8.47 a 5.085 ab 4533 a 2.302 abc

80 105.00 a 8.67 a 5.833 a 45.67 a 2.669 ab
100 106.17 a 8.87 a 5.898 a 46.67 a 2.759 a
LSD 0.05 18.497° 0.77 1.028' 2.30 0.555

*Means value followed by the same letter are not significant at 0.05 probability level
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Leaf elemental content

The results presented in Table (8) show the response of sunflower growth
characters to different irrigation regimes. The results indicated a significant effect
of different irrigation regimes in all some elemental contents of sunflower leave
as affected by irrigation regime. Irrigation at 60% of ET, gave highest values of
nitrogen (1.74 %) and potassium (3.35 %) and (3.40 %) at 100% ET,. The
highest value of Phosphorus (0.37 %) was attained at irrigation with 100% and
80% ETo.

This result is true because of by increasing water stress, the plant has less
ability to absorb water. Thus, the nutrients uptake decreased. Also, such
reduction in chlorophyll content may be attributed to the role of water as a
substrate for all vital processes in plant tissue especially in chlorophyll formation
(Abdel-Nasser and EI-Shazly, 2000 and Abdel-Nasser and Hussein, 2001). Such
a reduction may be explained on the basis that under water stress, the soil
moisture became unavailable to root uptake, thereby, decreased nutrient uptake
by plants (Mengel and Kirkby, 1987), in addition to general weakness of plant
conditions as a result of water stress that reflected on plant absorption and
translocation (Abdel-Nasser and EL-Shazly, 2000).

Table (8).Some elemental contents of sunflower leave as affected by
irrigation regimes.

Irrigation Treatment Nitrogen = Phosphorus Potassium
(% of ETy) (%) (%) (%)
20 1.23b 0.20c 2.60b
40 1.71 a 0.32 ab 3.02 ab
60 1.74 a 0.29b 3.35a
80 1.47 ab 0.37 ab 3.29a
100 1.34 b 0.37 a 3.40 a
LSD (0.05) 0.29* 0.05* 0.60*

*Means value followed by the same letter are not significant at 0.05 probability level

Sunflower evapotranspiration and water requirements

Sunflower seasonal evapotranspiration (ET;) was calculated according
Penman-Monteith equation (Allen et al., 1998) and using the suitable crop
coefficient by multiplying the reference evapotranspiration (ETo) by a crop
coefficient (K;).

ET = K xET,

The seasonal ET; was illustrated in Table (9). It is account as 76.6, 153.2,
229.8, 306.4 and 383.0 mm for water regime of 20, 40, 60, 80 and 100% of
reference evapotranspiration (ETo), respectively. The irrigation water
requirements (m® ha) were calculated and illustrated in Table (9). The values of

431

Vol. 20(3), 2015



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

gross irrigation water requirement (GIWR) were 948.58, 1897.17, 2845.75,
3794.33 and 4742.92 m*ha’, respectively.

Water use efficiency (WUE) and Irrigation water use efficiency (IWUE)

Water-use efficiency (WUE) is a common expression of plant productivity.
It may represent the ratio of total above-ground dry biomass or dry seed weight
to the seasonal evapotranspiration (ET). With this approach, different cultural
practices can be assessed to determine optimum use of limited irrigation water.

Water use efficiency expressed as (kg m®) of seeds as affected by the
different water treatments is presented in Table (9). The highest value was
attained at highest deficit (20% of ETy). Increasing water deficit increased the
water use efficiency due to decreased applied water. Maximum value of water
use efficiency was 6.14 kg m™ for seed yield and 2.46 kg m™ for oil yield at 20%
of ETy. The lowest values of WUE were attained at full irrigation (100% of ETy).
Our results are in accordance with those of Nahla (2003), Kssab et al. (2012)
and Abdel-Mawgoud et al. (2009) who reported that water use efficiency
increased with the decrease of irrigation water. Also, IWUE of seed yield was
increased with decreasing the water deficit. The highest value of IWUE for seed
yield was attained at irrigation 20% of ET, (while the lowest value was attained at
irrigation with 100% of ETo). The same trend was noticed for IWUE of oil yield,
but the values of WUE are more than the values of IWUE.

Table (9). Water use efficiency as affected by irrigation regimes

WUE IWUE

Irrigation WUE - IWUE
Treatment |I1E11r-3 rlf\.:;: n?:,!‘l{:’:1 of seed l? f ?T'II s:; d of oil
(% of ET) kgm?® "9, s kgm?
g m
20 509.98 76.60 94858 614 246  4.96 1.99
40 509.98 153.20 1897.17 323 143 261 1.15
60 509.98 229.79 284575 221  1.00 1.79 0.81
80 509.98 306.39 379433 190 087 154 0.70

100 509.98 382.99 4742.92 1.54 0.72 1.24 0.58

The present results indicate that reducing plant water needs to be less
than 100% of ET, (deficit irrigation) significantly reduced grain yield which this
response is indicative the effect of drought stress on grain yield. Reducing seed
yield in condition of limited irrigation can be contributed to effect of water defect
due to lack of water which is along with acceleration of aging and reduction of
filling period of grain, the signals sent from roots to leaves and induced stomata
and finally reduction of the proportion of net photosynthesis. It seems that a
balanced intake of water during various developmental stages of flowering and
grading improved grain yield of sunflower. Because during this stage the most
important yield components (seed number in head and seed weight) is formed.
Also enough watering during the vegetative stage causes leaf development and
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photosynthesis of plants. (Mazaheri laghab et al., 2001) stated that poor irrigation
regime not only reduces leaf area and premature aging but also decrease of
seed yield. In fact, the reason of seed yield loss due to drought stress a decrease
in current photosynthesis and remobilization of during grain filling material can be
attributed. The (Human et al., 1990) in their experiments under severe stress at
flowering, pollination and seed formation known to cause yield reduction.

Decrease of oil percentage in control treatment is because increase of
water consumption increases excessive vegetative growth and delayed
maturation of immature seed in the time of harvest also reduction of the
percentage of oil in the severe stress treatment is because of impaired grain
filling, which increases the skin of sunflower seeds. Moisture stress actually
reduces the number of seed in length of seed the amount of oil has distributed in
smaller tank and the oil percentage has not been affected (Cox and Jolliff, 1986).
Sunflower oil yield per unit area is because of grain yield per unit area and seed
oil percentage.(Mozaffari et al,1996) has quoted about the effect of drought
stress on sunflower oil percentage that the oil percentage does not damage in
drought stress because seed oil is quantity that controls by many genes.

In fact, the reduction of water consumption and drought stress depends on
the stress intensity is decreased oil yield cultivars. The results showed decrease
or not irrigation reduced the grain yield and also affected oil content and oil yield.
Because Stress on reproductive processes such as flowering and Pollination
causes highest grain yield, also reduced accordingly oil yield. In fact, enough
watering, especially during the filling stage of sunflower seeds and can be useful
and effective in increase of seed weight and save of enough oil. Adequate
moisture can be effective in the thin shell and increase of percentage of seed
kernel. Sunflower oil yield per unit area is obtained by grain yield per unit area
and percentage of seed oil. (Andria et al.,1995) found a positive correlation
between seed yield and oil yield, but they found no linear relationship between
seed yield and oil percentage.

The benefits of deficit irrigation can be attributed to the following reasons:

e water loss through evaporation is reduced,

e the negative effect of drought stress during specific phenological stages on
biomass partitioning between reproductive and vegetative biomass(harvest
index) is reduced (Fereres and Soriano, 2007; Reynolds and Tuberosa, 2008)
due to increases the reproductive organs (Karam et al., 2009),

e water production for the net assimilations of biomass is increased as drought
stress is mitigated or crops become more hardened. This effect due to
conservative behavior of biomass growth in response to transpiration (Steduto
et al., 2007),

e water productivity for the net assimilations of biomass is increased due to the
synergy between irrigation and fertilization (Steduto and Albrizio, 2005), and
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e negative agronomic conditions are avoided during crop growth, such as pests,
diseases, anaeobic conditions in the root zone due to water logging (Pereira et
al., 2002; Geerts et al., 2008).

CONCLUSION

Any restriction in the supply of irrigation water is likely to induce a
decrease in crop yield. However, the impact of deficit irrigation on crop yield can
be insignificant where the water stress is applied to the crop during specific
growth stages that are less sensitive to moisture deficiency. Results from the
present study indicated that sunflower growth, seed yield, yield components and
oil content had been significantly affected by deficit irrigation. It seems that
sowing sunflower with 80% of ET, of deficit irrigation level, were the
recommended treatments to raise sunflower seed and oil yields compared with
the other deficit irrigation levels under the environmental conditions of this study.
In case of deficit irrigation, reduced irrigation water during the flowering period
should be avoided. But when seasonal irrigation water was limited, it seems that
deficit irrigation (80% of ETy) should be applied for the irrigation efficiency.
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Effect of Irrigation with Agricultural Drainage Water on Yield
and Quality of Some Rice Varieties (Oryza sativa L.)

M. A. Gomaa', I. F. Rehab', G. Abdel-Nasser', A. Ebaid? B. A.M. Elyamny?
'Faculty of Agriculture (Saba Basha), Alexandria University.
®Rice Researches Department, Field Crop Research Institute, ARC.

ABSTRACT: The present investigation included field experiments executed at the
experimental farm (Abees region) of the Faculty of Agriculture (Saba-Basha), Alexandria
University, Egypt, during both 2012 and 2013 growing seasons. Experiments were carried out to
study the effect of irrigation with agricultural drainage water and/or canal water on yield and
quality of four rice varieties (Oryza sativa L.). Five irrigation treatments were practiced as follow;
(T1) Irrigation throughout the season using agricultural drainage water, (T2) Irrigation with
agricultural drainage water then using canal water in sequence, (T3) Using agricultural drainage
water for irrigation till end of the vegetative growth stage and the canal water starting from
reproductive stage,(T4) Using canal water at the vegetative growth stage and agricultural
drainage water right before panicle initiation, (T5) lIrrigation throughout the season with canal
water. Four Egyptian rice cultivars namely; Hybrid 1(SK 2034), Sakha 104, Giza 177, Giza 178
were used. Some growth characters, grain yield and its component characters, some yield
related characters, and some grain quality characters were subjected to determine the effect of
these two variables. The main results showed that, increasing of the dose of canal irrigation
water starting from T1 (irrigation throughout the season using agricultural drainage water) and
ending by T5 (irrigation throughout the season by canal water) significantly increased the mean
values of most of studied characters and maximized by using T5 in 2012 and 2013 seasons.
Meantime, the differences between the effect of T5 and T3 (using agricultural drainage water for
irrigation at the vegetative growth period and the canal water right before reproductive stage)
were not significant in case of most studied characters .The highest grain yields was obtained
for Hybrid 1 (°.++ t/fed. ) .rice cultivars while; Giza 177 rice cultivar produced the lowest grain
yield (3.18 t/fed.) during both seasons But also, all milling characters and quality characters
Giza 178 rice cultivars obtained the heist values than the other cultivars. These findings assure
the great amount of genetic variations between the tested cultivars. Interaction between
irrigation treatments and rice cultivars had significant effect on most tested characters except
harvest index in both seasons and grain yield (ton/fed.) in 2013 season only.

Keywords: rice cultivars, agricultural drainage water, rice yield and quality

INTRODUCTION

Rice (Oryza sativa L.) is the most important food for more than 50% of
the world’s population, and it is grown on almost 155 million ha worldwide.
In Egypt, rice cultivation takes place in Egyptian Nile delta especially in the
northern part. Due to the intrusion of sea-water, most of agricultural lands in the
northern Nile delta are affected by different degrees of salinity. In these areas,
rice production helps to leach the salt from upper soil layers and thus reclaim
the land for agricultural activities. Because of limited water resources, the
government of Egypt has tried to limit rice cultivation. Egyptian government
aims to reduce rice fields from 1.7 million fed. To only 1.00 million fed. as a part
of a strategy to save irrigation water (Allam and Wahba, 2008). It is well known
that at the terminal of the irrigation canals, the farmers suffer from sharp
decrease in irrigation water accordingly they obligatory use drainage water
directly by pumping it from drains close to their fields. This is termed unofficial
reuse. Estimates of the amount of drainage water unofficially used for irrigation
range from 2800 million m*to 4 000 million m®per year (FAO, Y:+6). Water
availability for irrigation could be enhanced through judicious and proper
recycling of drainage waters for irrigation. Considerable amounts of such water
are available in various places in the world, including Australia, Egypt, India,
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Israel, Pakistan, and USA. Waters generally classified as unsuitable for
irrigation can, in fact, be used successfully to grow crops without long-term
hazardous consequences to crops or soils, with the use of improved farming
and management practices. The development of rice varieties with increased
salt tolerance and the adoption of new crop and water management strategies
will further enhance and facilitate the use of saline waters for irrigation and crop
production, while keeping soil salinity from becoming excessive. In Egypt, El-
Mowelhi et al. (2006) reported that Egypt produces approximately 2.4 million m®
of secondary treated wastewater (TWW) annually, used for irrigation directly or
indirectly by blending drainage water (BDW). The annual re-use of BDW is
approximately 4 million m3. TWW can be used for high production of oil crops
compared to canal water, while BDW can be used for high production of tolerant
crops. It is better to use alternative irrigation with canal water under a
drip irrigation system to maximize crop production and minimize the adverse
effects of such waterin field crops quality. In the North Nile Delta,
marginal water can be safely used without significant negative impact on the
environment. As long as, the national policy of water management, the scarcity
of water irrigation, the high soil salinity in North delta and the high profit of rice
cultivation. The present study aimed to evaluate the effect of irrigation using
drainage water or the mixture between canal and drainage waters at different
growth stages on rice plant also yield, yield components and quality of grains of
four rice cultivars.

MATERIALS AND METHODS

Field experiments, were conducted at the Experimental Farm (Abees
region) of Faculty of Agriculture (Saba-Basha), Alexandria University, Egypt,
located at Abees region during 2012 and 2013 growing seasons. The
experiment was carried out to study the effect of irrigation with agricultural
drainage water on yield and quality of some rice (Oryza sativa L.) varieties
namely (Hybrid 1, Sakha 104, Giza 177 and Giza 178) which are varied in their
genetic characters.

Experimental design

This field experiment was carried out in a strip plot design in both
seasons with three replicates. Main plots (columns) were devoted to Irrigation
treatments as follows:
(T1) Irrigation throughout the season using agricultural drainage water,
(T2) lIrrigation with agricultural drainage water then using canal water in
sequence,
(T3) Using agricultural drainage water for irrigation at the vegetative growth
period ( about 45 days after transplanting) and then canal water till harvesting,
(T4) Using canal water at the vegetative growth (about 45 days after
transplanting) and then agricultural drainage water till harvesting and
(TS) Irrigation throughout the season using canal water.
While, cultivars were allocated to sub plot (rows) including the following :
1. Hybrid 1, (SK 2034), suitable for normal and saline soils.
2. Sakha 104, suitable for normal and saline soils.
3. Giza 177, not recommended for saline soils.
4. Giza 178, suitable for normal and saline soils and water shortage.
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Cultural practices
1. Nursery

The four cultivars were grown in well prepared seedbed. Seed bed was
tilaged three times, then dry leveled and water leveled. Nitrogen fertilizer was
applied at the rate of 60 kg N/fed as Urea form (46% N) on dry soil before
flooding and nursery was not fertilized with super phosphate (15.5% P20s)
because the previous crop was Egyptian clover (Trifolium alexandrinum). Zinc
sulfate at the rate of 10 kg/fed was applied after puddling. Seeds were soaked
in enough water for 24 hours then incubated for 48 hours to enhance
germination .The peregrinated seeds were broadcast into the seed bed at the
rate of 7-10 kg seeds/fed. for rice cultivar Hybrid 1 and at the rate of 40-60 kg
/fed. for other cultivars. For controlling weeds, herbicide (Saturn 10%) at the
rate of 2 liters/fed was applied 5 days after seeding into 3 cm water depth. Rice
seedlings were carefully pulled from the nursery after 25 days from seeding and
transplanted to the permanent filed.

2. The permanent field

The permanent field was mechanically tillaged and dry leveled. The
experimental site was divided into 60 plots each plot was 2x3 m? Columns
were irrigation treatments .Drainage water was pulled up from the drain next to
the experimental field. Two seedlings, (25 days old) were lined transplanted into
plots according to the planting spacing, for the four cultivars 20x20 cm between
rows and hills. Thiobencarb (Saturn 50%) as herbicide at the rate of 2 liters/fed
was applied 4 days after transplanting for weed control. All plots were
continuously flooded with 5-7 cm water depth throughout the growing season
except at the time of the second dose of nitrogen application. All remaining
agricultural treatments were applied as the recommendations of the National
Rice Campaign booklet (2012) for hybrid variety. Fifteen days before maturity,
all plots were flushed and irrigation was stopped two weeks before harvesting.

3. Soil and Water analyses

Before transplanting the rice seedlings in the permanent field, soil
samples were collected randomly from 0-30 cm depth from the experimental
sites, air dried and ground to pass 2 mm sieve. Another soil samples were also
collected from each strip individually before drying the permanent field for
harvesting. Sub samples were then taken to the laboratory and prepared prior
to the mechanical and chemical analysis including heavy metals according to
Black et al. (1965) .Samples were analyzed at “Soil, Water and Plant Analysis
Laboratory” of Soil and Agricultural Chemistry Department, Faculty of
Agriculture —Saba Basha, Alexandria University. Heavy metals analyzing
showed that the all soil samples didn’t contain of heavy metals neither nor all
water samples. Heavy metals analyzing were conducted at the Central
Laboratory, Faculty of Agriculture, Alexandria University.

The soil were analyzed for the determination of particles size distribution
(sand, silt and clay) by hydrometer method (Black et al., 1965). The electrical
conductivity (EC) of 1:1 soil-water ratio extract was measured by conductivity-
meter, the pH was measured in 1:1 soil water suspension by pH meter, the
concentrations of water soluble cations Ca'™, Mg'™ were determined by
Na,EDTA method, those of Na+, K+ were measured by flame photometer, the
content of Bicarbonate was determined by titration with standard HCI acid
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solution,the chloride by titration with AgNOj3 solution and SO, was obtained by
the difference(Black et al., 1965). The available K, P, N were extracted with 0.5
M NaHCO; then K was measured by flame photometer, P and N were
measured by colorimetric method (Jackson, 1973).

The analytical results of the soil sample collected before and after cultivation
are shown in Tables (1 and 2).

Water samples were collected from both irrigation canal and drainage
water and chemically analyzed according to Jackson (1973) as shown in Table
(3). Quality of the irrigation water was determined according to the methods
described in Wilcox (1958) and FAO (1976). The water quality parameters are;
Soluble Sodium Percentage (SSP), Sodium Adsorption Ratio (SAR), Residual
Sodium Carbonates (RSC), Soluble Magnesium Percentage (SMgP) and
Potential Salinity (PS).

Table (1). Soil mechanical and chemical characters of the experimental
site before cultivation in 2012 and 2013 growing seasons

Characters 2012 2013
Particle size distribution (%),
Sand 11.2 11.5
Silt 33.2 33.7
Clay 55.6 55.8
Soil texture Clay Clay
pH (1:1, soil: water suspension ) 7.95 7.15
EC (1:1, soil: water extract), dS/m 5.48 5.71
Soluble Cations (meq/l)
Ca™ 7.83 8.30
Mg* 15.93 16.35
Na* 27.82 30.05
K* 1.75 1.8
Soluble Anions (meq/l)
HCO3 1.98 1.97
cr 6.88 6.78
SO4~ 45.53 47.80
Available K (mg/kg) 1125.0 1127.0
Available P (mg/kg) 29.30 28.90
Available N (mg/kQ) 68.29 67.94
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Table (2). Soil chemical characters of the experimental site after
cultivation in 2012 and 2013 growing seasons

T1 T2 T3 T4 T4
2012 2013 2012 2013 2012 2013 2012 2013 2012 2013

pH 8.14 8.23 7.91 8.1 7.5 7.8 7.88 7.92 7.84 7.95
EC (dS/m) 5.35 5.45 5.21 4.84 4.99 4.45 5.68 5.98 5.29 5.48
CaCO;% 1794 1894 13.89 1473 8.98 9.47 10.89 11.57 5.21 4.21

Soluble Cations (meq/l)
Ca 6.182 5.83 4.66 5.103 4.63 4.75 3.04 3.21 5.98 7.99
Mg 16.32 16.62 1468 1332 1283 1158 19.69 1866 16.57 16.25
Na 28.79 3.52 30.56 28.30 30.14 26.79 3193 3522 28.77 28.38
K 1.99 1.94 1.80 1.62 2.32 1.41 1.67 1.80 1.47 1.76
Soluble Anions (meq/l)
HCO; 1.54 1.64 2.20 1.86 1.82 1.61 1.91 2.21 1.94 1.90
Cl 6.08 6.47 6.54 5.74 6.92 7.03 7.45 7.85 6.25 6.89
SO, 4588 46.18 42.76 40.56 4094 3589 4744 49.38 44.66 45.59
Available Nutrients (mg/kg)
K 1150 1150 1150 1150 950 950 1000 1000 1125 1125
P 26.32 271 26.45 27.4 25.89 26.1 38.42 38.1 28.21 29.3
N 8765 9584 6958 5645 8974 o0 0% 1327 9465 68.29

(T1) Irrigation throughout the season using agricultural drainage.

(T2) Irrigation with agricultural drainage then using canal water in sequentially.

(T3) Using agricultural drainage water for irrigation at the vegetative growth period then switch to canal water right before
panicle initiation till harvest.

(T4) Using canal water at the vegetative growth and agricultural drainage right before panicle initiation then before witch to
drainage water till harvest.

(TS) Irrigation throughout the season using canal water.

Table (3). Chemical composition of irrigation water used for the present
experiment (2012 and 2013 growing seasons)

EC H Soluble cations (meq/l) Soluble anions (meq/l)
dsm P Na® K Ca® Mg® CI  HCO; SO,

Parameters

Canal Water - 537 740 12.82 098 462 510 846 13.05 1.76

(inside location)

2012
e e’ 200 778 1825 129 618 311 1244 1375 2.14
S ey 243 740 1310 086 485 535 734 1434 196
2013

Drainage Water
29s 778 18.80 1.19 6.48 3.06 11.13 1558 2.23

(inside location)

The studied Characters
1. Quality of irrigation water

Quality of the irrigation water was determined according to the following
parameters (Wilcox, 1958 and FAO, 1976):
1. The soluble salts concentration of water, which can be expressed in terms of
electrical conductivity (ECiy, dS/m).
2. The chemical composition of water, by determining the concentrations of
cations (Ca**, Mg, Na*, K* and anions (COs*, HCO3, ClI" and SO,* ions)
according to Jackson (1973).
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The quality parameters were calculated as follows(Richards, 1972):
a. Sodium Hazard:
Can be expressed in terms of Sodium Adsorption Ratio (SAR) or Soluble
Sodium Percentage (SSP, %).

SAR = Na
J(Ca® + Mg
SSP=— 2 100
> Cations

(The concentration of cations was expressed in me/L).
b. Magnesium hazard (SMgP):
It can be expressed by the value of Soluble Magnesium Percentage (SMgP, %),
SMgP [Mg2+] 100
= X

c. Bicarbonate hazard:
It can be expressed by the value of Residual Sodium Carbonate (RSC, me/L):

RSC =[ COT+HCO; |-[ Ca™ +Mg™ ]

(The concentration of ions was expressed in me/l.)
d. The concentration of toxic compounds can be expressed by the values of
Potential Salinity (PS):

PS(me/)=Cl'+0.5xSO;

2. Growth characters
1. Number of days to heading (days).
2. Plant height (cm).
3. Panicle length (cm).
3. Yield and Its components
1. Number of panicles/hill.
2. Number of filled grains/ panicle.
3. 1000 grains weight.
4. Grain yield ton/fed.
4. Yield related characters
1. Sterility percentage (%)

No. of unfilled grains/panicle

Sterility % = x100

Total spikelets/panicles

2. Harvest Index (HI)

HI = Economical yield (grain yield) 100

- Biological yield (grain +straw yields)

5. Grain Quality characters (Milling characters)
1. Hulling % (Brown rice %).
Hulling % = Brown rice weight

100

Rough rice weight (100 g)
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2. Milling % (total white rice %)
Milling % = Milled rice weight

Rough rice weight (100 g)

3. Broken rice %

Broken rice weight

Broken rice % = x100

Rough rice weight (100 g)

6. Cooking and Eating Quality

1. Gel Consistency (G.C.) was measured according to Cagampang et al. (1973)
2. Gelatinization temperature (G.t.) was measured according to little et
al.(1958).

7. Statistical Analysis
The analysis of variance was carried out according to Gomez and Gomez
(1984) and means were compared using the LSD at 0.05 level of significant.

RESULTS and DISCUSSION
1. Quality of irrigation water

The water quality parameters for canal and drainage waters are
presented in Table (4). From these data, it appears that for the two types of
water, the EC,, ranged from 2.37 to 2.96 dS/m. The critical level of EC;, to
cause severe salinity problems is 3.0 dS/m as reported by FAO (1976). The
values of EC;, for canal and drainage waters are less than the critical limit and
no problems for using these types of irrigation water. Therefore, it is expected
that continuous irrigation without good water management (leaching
requirements) can led to severe problems from the salinity point of view.

The data presented in Table (4) also revealed that the SAR (Sodium
Adsorption Ratio) value of all water sources is relatively low in comparing with
the critical level of sodium hazard (less than 10) as reported by Richards
(1972). With respect to the SSP as indicator for sodium hazard, the values of
SSP for all types of water were ranged from 54.33 to 63.67%. The data
revealed that all values of SSP were around the critical limit (< 60%) as
reported by Wilcox (1958).

Magnesium hazard (Soluble Magnesium Percentage) is one of the
criteria for suitability of water for irrigation. In this respect, the values of SMgP in
Table (4) indicated that all types of water have a values ranged from 32.05 to
52.50%. The values are below the harmful level (> 50%). This means no
problem of Magnesium hazard.

The RSC (Residual Sodium Carbonates) evaluates the tendency of
irrigation water to form carbonate and to dissolve or to precipitate calcium and
to a less degree, the magnesium carbonate. The precipitation of poorly soluble
carbonates increases the sodium hazard of irrigation water and as a result
increases the sodicity of irrigated soils. The present values of RSC have values
ranged between 3.33 and 6.05 meg/l. which means that Ca** + Mg** is less
than the COs* + HCO7; that resulted in more problems of sodium hazard.
Potential salinity (PS) for all water types used ranged from 8.31to 13.51 meq/I.
The high values of PS over the critical level (5 meqg/l) as reported by Richards
(1972) may be due to high chloride and sulfate concentrations in the two
irrigation waters.
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Generally, from the presented data, it appears that the two water types
used in this work may cause one problem or another according to the water
type. By applying the criteria used for interpreting water quality for irrigation, the
most domain problems are salinity and sodicity hazards.

Table (4). Water quality parameters used as irrigation water in the present

study
EC SSP SMgP RSC PS
Year Type dS/m % SAR % meg/l  meq/l
Canal
0012  (inside location) 2.37 54.50 5.81 52.50 3.33 9.34
Drainage
(inside location) 2.90 63.31 8.47 33.45 4.46 13.51
Canal
2013 (inside location) 2.43 54.23 5.80 52.48 4.14 8.31
Drainage

(inside location) 2.96 63.67 8.61 32.05 6.05 12.24

2. Growth characters

There are high significant differences among the mean values of the four
rice cultivars regarding all the growth characters (Number of days to heading,
plant height (cm) and panicle length (cm) under study in the two, and this was
attributed to the differences in their genetic back ground (Table 5). Additionally,
it is clear that all growth characters were affected significantly by different
irrigation treatments. However mostly there were insignificant difference
between the mean values of T5 (Irrigation throughout the season by canal
water) and T3 (Using agricultural drainage water for irrigation till the end of the
vegetative growth stage and the canal water starting from reproductive stag)
.For No. of days to Heading This might be due to the role of drainage water
push the plant to reproduce new canopies to replace the affected one that
resulted in prolonging the vegetative phase of crop. From another point of view,
the increase in plant height and panicle length might be enhanced by the
availability of sufficient water that are necessary for all various biological and
physiological processes including cell division and cell elongation of the plant.
These results are agree with those results reported that plant height and panicle
length significantly decreased as irrigation intervals increased to twelve days
(El-Refaaee et al., 2005) or nine days (El-Refaee et al. , 2008) in both seasons.
and this might be due to that panicle length was significantly decrease with the
increased salinity stress (Shereen et al., 2005 and Mirza et al., 2009) . Also,
Ernesto et al. (2007) reported that both PEG and NaCl delayed flowering and
maturity, with a longer delay observed with the high-level stress. On the other
hand, Gomaa et al. (2005) concluded that plant height, panicle length and No.
of days to heading were not significantly affected by different irrigation water
forms. .Interaction between cultivars and irrigation treatments. in the two
seasons, was significant for all growth characters except for leaf area index.

3. Yield and Its components

Data represented in Table (6 and 7) showed that there were highly
significant differences between the mean values of all cultivars under study
regarding yield and yield component characters in cultivars under the conditions
of the present study.
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These findings could be attributed to the differences between their genetic
makeup. In addition, it is recognized that all studied characters; number of
panicles/hill, number of filled grains/ panicle, grain yield (ton/fed) and 1000
grains weight (g) significantly increased gradually by increasing the dose of
canal irrigation water starting from T1(irrigation throughout the season using
agricultural drainage water) and ending by T5 (irrigation throughout the season
by canal water).Data further revealed that the differences grain yield and its
attributes mean values T(5) and T(3) were not significant. These results was
also found by Zeng and Shannon (2000) whereas ,tiller number per plant and
spikelet number per panicle contributed the most variation in grain weight per
plant and spikelet number per panicle were the major causes of yield loss in M-
202 under salinity. The compensation between spikelets and other yield
components was confounded with salinity effects, but was believed to be minor
relative to the reduction of spikelets due to salinity and, therefore, not sufficient
to offset yield loss even at moderate salt levels. Ernesto et al. (2007) reported
that 1,000-grain weight showed significantly decrease when they applied salt
(NaCl) and polyethylene glycol-6000 (PEG) as sources of osmotic stress during
the reproductive stage than during the vegetative stage. Ascha and Wopereis
(2001) explained that Floodwater EC < 2 mS /cm hardly affected rice yield. For
floodwater EC levels >2 mS/cm, a yield loss of up to 1 t/ha per unit EC (mS/cm)
was observed for salinity stress around Pl (at canal water yields of about
81t/ha). Use of a salinity tolerant cultivar reduced maximum yield losses to
about 0.6 t /ha per unit EC .Different results were obtained for the interaction
between cultivars and irrigation treatments. In the two seasons, this interaction
was significant for all yield components, except that of grain yield (ton/fed.)
which was not significant in 2012 season only. Also, El-Refaaee et al.(2005)
reported that, Sakha 104 and Giza 178 rice cultivars gave nearly the same yield
and surpassed the yield of the cultivars, while the short duration cultivars, Giza
177 was highly affected by water stress up to 12 days which caused soil salinty
and gave yield reduction by about 47, 49, 46, and 51% over both seasons,
respectively compared with continuo's flooding. Generally, Sakha 101, Sakha
104, and Giza 178 rice cultivars can be grown better in the irrigated areas
where water is limited as at the end of canals

4. Yield Related Characters

Table (8) showed that there were highly significant differences between
the mean values of all cultivars in case of some yield related characters; Sterility
percentage (%) and Harvest index (HI) for study in the two seasons. These
were attributed to their genetic differences. For irrigation treatments it was
recognized that all studied characters increased gradually by increasing the
dose of canal water used in irrigation till they maximized at (T5) irrigation
throughout the season by canal water completely. This result in accordance
with Ascha and Wopereis (2001); Abdullah et al. (2001) and Fabre et al. (2005)
who reported that saline conditions affects negatively sterility percentage. Also,
The results are in conformity with Zeng and Shannon (2000) who concluded
that Harvest index was significantly decreased when salinity was at 3.40 dS/m.
As for the interaction between cultivars and nitrogen levels, different results
were obtained as it was significant for sterility while, it was not significant in
case of straw yield and harvest index, in both seasons.
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5. Grain Quality characters (Milling characters)

Table(9) indicated that the differences between the four tested rice
cultivars regarding milling characters were significant in the two seasons. These
differences might be due to almost their different genetic background. Irrigation
throughout the season using agricultural drainage water (T1) caused the
highest percentages of hulling and milling percentages, also it produced the
highest percentage of broken grains in the two seasons. In contrary the lowest
hulling and milling percentages and the lowest percentage of broken and chalky
grains were found at T(5) treatment when canal water used in irrigation
throughout the season. It is obvious that increasing the dose of the canal water
used in irrigation under the present study might improve grain filling processes
at the caryopsis of the spikelet's which caused heaviest brown rice and lightest
hulls. But increasing the dose of drainage water for rice irrigation might be
caused male formation of grain endosperm that produced more brittle caryopsis
which led to high broken percentage. The interaction between rice cultivars and
irrigation treatments on milling characters was significant in the two seasons. It
is worthy to note that mean values of the tested cultivars regarding all milling
characters were improved gradually with increasing the quantity of canal water
used in irrigation.

6. Cooking and Eating Quality

There were significant differences between the mean values among
cultivars except cultivars effect of amylase content in the first season regarding
all the cooking and eating quality characters under study in the two seasons
(Table, 10). While among the cultivars Sakha 104 followed by Giza177 rice
cultivars were proved to has the softer GC in both seasons. This varietal
variation might be due to their differences in their genetic makeup. Additionally,
it is revealed that all studied characters; Gel Consistency (GC) and
Gelatinization temperature (GT) increased gradually by increasing the dose of
canal water used in the irrigation in different growth stages. Different results
were obtained for the interaction between cultivars and irrigation treatments. In
the two seasons, this interaction was significant for all cooking and eating
quality characters the two seasons of study.

CONCLUSION

This study recommend using rice cultivar Giza 178 as the best cultivar
among studied characters under the same soil and water condition. In addition
using agricultural drainage water for irrigation till the end of the vegetative
growth stage. Irrigation by canal water starting from reproductive stage gave
same results as irrigation throughout the season by canal water for most of
studied characters including grain yield. Rice is salt-sensitive (Shannon, 1997).
The threshold for yield reduction is 3 dS/m of electric conductivity in the
saturated soil past extract (EC¢), with 90 percent yield loss at 10 dS/m ECe.
Rice is relatively salt tolerant during germination, tillering, and toward maturity,
but is sensitive during early seedling and at flowering and grain filling.
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Impact of Sowing Method and Humic Acid on Sesame
(Sesamum indicum L.) Production

Kandil, Essam Esmail Esmail

Plant Production Department, Faculty of Agriculture - Saba Basha, Alexandria
University, Egypt

ABSTRACT: 1o improve yield, its components and quality of sesame (Sesamum indicum
L.), two different sowing methods and various humic acid levels were evaluated in at El-Horreya
village, Abou EI-Matamir, El-Behira governorate, Egypt, during two successive summer seasons
of 2013 and 2014 in sandy loam soil. The two field experiments were design as split plot design
with three replications.The treatments were distributed at random as follows; sowing methods
(broadcasting or in ridges) were applied in the main plot, while humic acid levels (without, 1200,
2400, and 3600 g/ha) at two doses with first and second irrigation were allocated in the subplot.
The obtained results reported that broadcasting method and Humic acid at rate of 3600 g/ha.,
increased yield, its components and quality of sesame (Sesamum indicum L.) crop i.e. plant
height (cm), number of capsules/plant, capsule length (cm), number of seeds/capsule, 1000-
seed weight (g), seed, straw and biological yields (kg/ha), oil seed content (%), protein %, P %,
K %, Fe, Mn and Zn concentration (mg kg™')in seeds of sesame under study conditions.
KEYWORDS: Sesame, sowing method, humic acid, yield, components, oil, El-Behira, Egypt

INTRODUCTION

Sesame (Sesamum indicum L.) is considered as one of the important oil
seed crops. Sesame has high oil content (46 — 64 %) and a dietary energy of
6355 Kcal/kg. The seeds serve as a rich source of protein (20 — 28 %), Sugar
(14 — 16 %) and minerals (5 — 7%), Thanvanathan et al. (2001). It is one of the
most important crops grown for oil production in Egypt. The crop is grown for its
seeds, which contain 50-60% oil, 8% protein, 5.8% water, 3.2% crude fiber,
18% carbohydrate, 5.7% ash and it is very rich in minerals such as Ca, P and
vitamin E (Dasharath et al., 2007). Also, sesame oil has a very high level of
unsaturated fatty acids, which is assumed to have reducing effect on plasma
cholesterol, as well as on coronary heart disease (Agboola, 1979). On contrary
to the decline in production, the need for sesame is steadily growing for human
consumption and health. Seed shattering, indeterminate growth habit ,
undeveloped cultivars, poor cultural practices and management, some
diseases, low harvest index, and poor crop rotations (Uzun et al., 2004; Uzun
and Cagirgan, 2009; Furat and Uzun, 2010) all contribute to lower production.
Lack of mechanized harvest also increases the cost of production. Above all,
the high cost of sowing sesame deters some farmers, causing to cease sesame
production. Production practices should; therefore, be reconsidered for
sustainable and profit table sesame farming.

Imoloame et al. (2007) reported that broadcasting method of sowing has
produced taller sesame (Sesamum indicum L.) plants in the second season,
greater number of flowers and pods per plant in both years and the average of
two years data. Mkamilo and Bedigian (2007) attributed the yield increases of
sesame are due both to development and use of improved varieties and
improved agronomy practices and crop protection. The potential yield of
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sesame still is much higher than actual yield, as still much damage occurs by
pests and diseases, insufficient weed control, to high levels of monocropping,
lack of mechanization (amongst others causing seed shattering when not
enough labour is available during harvest) and unrealized genetic potential.
Potential yields are probably as high as 2000 kg/ha.

In addition, humic acid (HA) is one of the most important components of

bioliquid complex. Because of its molecular structure, it provides numerous
benefits to crop production. It helps break up clay compacted soils, assists in
transferring micronutrients from the soil to the plant, enhances water retention,
increases seed germination rates, improves water, air, and roots penetration,
and stimulates development of microflora population in soils. Humic acid is not
a fertilizer, but as considered as a compliment to fertilizer (Mackowiak et al.,
2001). On this respect, Wahdan et al. (2006) and El-Bassiouny et al. (2014)
indicated that humic acid (HA) is not a fertilizer as it does not directly provide
nutrients to plants, but is a compliment to fertilizer. Its benefits include:
i) Addition of organic matter to organically-deficient soils; ii) increase root
vitality, iii) improved nutrient uptake, iv) better formation and stability of soil
aggregates, v) increased both water and fertilizer retention, and vi) stimulate
beneficial microbial activity.

Humic acid increased significantly all morphological criteria (plant height,
leaves number, fresh and dry weights of shoots), metabolism (photosynthetic
pigment, total soluble sugar, total carbohydrates, total amino acids and proline),
mineral contents (N, P, K, Ca and Mg) and grain, straw and biological yields of
both cultivars of wheat (El-Bassiouny et al, 2014).However, the following
references enhance this facts. For instance, Singaravel et al. (1993) detected
that the seed yield of sesame (Sesamum indicum L.) plants increased with
increasing the addition rate of HA from 0 to 40 kg/ha., sprayed on the soil
surface. However, yield of sesame was found to be greatest with nitrogen
application along with humic acid over application of Azospirillum (Singaravel
and Govindaswamy, 1998). Porass et al. (2010) stated that application of half
of the recommended dose of N- fertilizer combined with Azospirillum and humic
acid led to the highest significant increases in number of branches, number of
capsules, 1000- seed weight, seed yield and oil percent, for Giza 32 cv. and
Shandweel 1 cv. sesame (Sesamum indicum L.) genotypes.

The highest yields for peanut and sesame (Sesamum indicum L.) seeds
achieved upon treating by gypsum application and humic acid as foliar spray
increases 104.36 % and 91.62% for peanut and sesame seeds, respectively
over control plant. The highest values of proteins yield, P and K contents and oil
yield were achieved upon treating by 4.76 tons/ha gypsum and foliar spray with
6 g H.A./l. Significant increases in proteins%, P%, K%, and oil % and protein, P
and K content and oil yield for sesame seeds were taken place due to gypsum
application, foliar spray by humic and/or amino acids were obtained. The
highest values were achieved for proteins yield, P and K contents and oil s yield,
with treating by 4.76 tons/ha., of gypsum and foliar spray with 6 g/l humic acid
(Eisa, 2011).
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The objective of this study was to investigate the effect of different two
sowing methods and humic acid levels, on yield and yield components and
quality of sesame (Sesamum indicum L.)

MATERIALS AND METHODS

Two field experiments were carried out to study effect of two sowing
methods and four humic acid levels, on yield, yield components and quality of
sesame (Sesamum indicum L.) cv. “ Shandaweel 3”. Field experiments were
conducted in El-Horreya village, Abou El-Matamir, EI-Behira governorate,
Egypt, during the two successive summer seasons 2013 and 2014 in sandy
loam soil. Some physical and chemical characteristics of the studied soil before
planting are presented in Table (1) which, were determined according to Klute
(1986) and Page et al. (1982).

Table (1): Physical and chemical properties of the experimental soil sites

during 2013 and 2014.
Soil characteristics
Properties Seasons
Particle size distribution 2013 2014
Sand % 60.90 61.03
Silt % 10.60 10.05
Clay % 28.50 28.92
Soil texture (%) Sandy loam Sandy loam
pH (1: 2.5 water suspension) 8.10 7.99
EC (dSm™) 2.10 1.95
Soluble Cations (meq/L.)
Ca™" 7.60 9.10
Mg"* 5.20 4.85
Na* 4.10 4.00
K" 0.20 0.25
Soluble Anions (meq/L.)

HCO5 2.00 1.95
CI 3.85 3.77
SO4™" 10.50 12.20
O.M. (%) 1.85 1.90
CaCOs3 (%) 22.50 23.70
Available Mineral N(mg/kg) 92.40 85.60
Available P (mg/kg) 23.12 25.50

The experiments were designed as split plot design with three
replications, where the sowing methods (broadcasting or hills on ridges) at the
rate of 10 kg seeds/ha were distributed at random within main plot, while humic
acid levels (untreated, 1200, 2400, and 3600 g/ha) applied at sowing and first
irrigation at two equal doses were allocated at random within the subplot. The
humic acid (Techno potas- humic acid) analysis is presented in Table (2).
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Table (2). Techno potas- humic acid analysis

Product analysis

Product name Techno Potas- Humic acid
Formula (W/W) 12% K,O —-HA 75 %
Potassium K,O (on dry basis) 12 % (W/W)

Humic acid (on dry basis) 75 % (WIW)
Moisture 15% (Max.)
pH 9 -10 (Max.)
Water solubility 95 % (Min.)

The sub plot area was 10.5 m? (3 m width and 3.5 m length) in
broadcasting sowing method, while in ridges planting method, the sub plots
consisted of 6 ridges 3.5 meters in length, 60 cm in width and 20 cm between
hills. However, Nitrogen fertilizer was applied as urea fertilizer (46% N) at the
rate of 75 kg N/ha, at two doses. Phosphorus fertilizer was applied before
planting as Calcium- Super Phosphate (15.5 % P»0Os) at the rate of 480 kg/ha.
Potassium Sulphate (48 % K>O) was added before the second irrigation at rate
of 120 kg/ha. Sesame (Sesamum indicum L.) cv. “Shandaweel 3” was sown on
10™ and 15™ of June in 2013 and 2014 seasons, respectively. The preceding
crop was clover (Trifolium alexanderinum, L.) during both seasons of the study.
All other agricultural treatments for growing sesame plants were done as
recommended by the Ministry of Agriculture.

At harvest time 120 days from sowing stage, the following data were
recorded: plant height (cm), number of capsules/plant, capsule length (cm),
number of seeds/capsule, 1000- seed weight (g), seed yield, straw yield,
biological yield (kg/ha), harvest index and oil seed content % (was determined
according to AOAC 1990).

Samples of sesame seeds were ground and 0.5 g powder of each was
digested by concentrated mixture of H.SO./ HCIO, acids according to
Sommers and Nelson (1972). Nitrogen was determined by micro- Keldahl,
according to Jackson (1976) and multiply by 6.25 to determine protein
percentage. Phosphorus was determined, spectrophotometrcally, using
ammonium molybdate/ stannus chloride method according to Chapman and
Pratt (1978). Potassium was determined by a flame photometer, according to
Page et al. (1982). Fe, Mn, and Zn concentrations were determined by using
Atomic Absorption apparatus.

Data were, statistically, analyzed as a split plot design according to
Snedecor and Cochran (1990). The least significant differences (LSD at 0.05)
used to compare the treatment means using CoStat (2005) program.

RESULTS AND DISCUSSION
A. Effect of sowing methods

Results in Tables (3 and 4) showed that sowing methods and humic acid
rates were, significantly affected most of the studied characters; i.e., plant
height (cm), number of capsules/plant, capsule length (cm), number of
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seeds/capsule, 1000- seed weight (g), seed, straw and biological yields kg/ha.,
harvest index and oil seed content % of sesame (Sesamum indicum L.).
Whereas, the sowing sesame plants by broadcasting method recorded the
highest mean values of most of the previous parameters i.e. yield, its
components and oil content in sesame seeds, while the lowest ones were
obtained by planting sesame plants in ridges as planting method. However,
planting in ridges achieved the heaviest straw yield kg/ha. Meanwhile, there
was no significant difference between both sowing methods on harvest index
(H.l. %) during the second season. The similar results, more or less, were with
agreement with those obtained by Imoloame et al. (2007).

Data of Table (5) revealed that there was no significant difference
between planting methods respective Zn concentration in seeds of sesame in
both seasons. Also, data in Table (5) showed that planting methods affected,
significantly, on Fe and Mn contents in seeds during both seasons, while,
planting methods affected, significantly, protein % and K % in sesame seeds
during first season of this study and P content in the second season only. In
addition, broadcasting method achieved the higher concentration of all the
pervious studied characters. These could be due to intra-plant competition in
the drilled crop compared with the broadcast crop (Imoloam, 2004).

B. Effect of humic acid

Humic acid levels had significant effects on most of the studied
characteristics, where the highest level of humic acid (3600 g/ha.) gave the
highest average values from these traits of sesame (Sesamum indicum L.) as
compared with others rates of humic acid. However, the lowest mean values
were obtained with untreated (without humic acid) during both growing seasons.
Similar conclusion was also, suggested by Singaravel et al. (1993); Porass et
al. (2010); Eisa (2011).

Hermann et al. (2000) reported that the positive effect of HA and organic
fertilization on the yield capacity of soil consists of many components. The first,
these components concerning nutrient supply to plants. The second, physical
soil properties are affected resulting in differences in root penetration, gas
exchange and water supply. Humic acid essentially helps the movement of
micronutrients from soil to plant.

Data in Table (4) showed that oil content in sesame seeds increased with
increasing H.A. up to 3600 g/ha. The increase of humic acid from 1200 up to
3600 g/ha., had increased, significantly, oil content of seeds. These findings
were in agreement with those obtained by Thanvanathan et al. (2001).

Data of protein, P and K % in sesame seeds presented in Table (5)
showed that adding humic acid up to 3600 g/ha., exerted significant increase in
P and K %. The highest mean value of P and K % in seeds increased by using
3600 HA/ha, in comparison with others treatments during both seasons. These
results are in agreement with those of Antoun et al. (2010).
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However, Fe, Mn and Zn concentrations affected significantly by using
humic acid rates, whereas, the highest values were recorded using 3600 g/ha.
The micronutrient concentrations in seeds were within sufficient limits according
to Benton et al. (1992).

The highest values of protein, P and K contents in seeds of sesame were
achieved by soil application of humic acid. The application of all treatments
recorded marked increases in the concentration of Mn and Zn in sesame seeds,
in both seasons. From the obtained results it could be concluded that bio-
fertilizer and organic materials like, compost, humic acid and compost tea could
producing higher sesame yield quantity and quality. Moreover, application of
such materials conserves the environment from chemical pollution hazards
(Khaled et al. 2012). The above- mentioned data cope with the significance role
of humic acid; whereas, it improves physical, chemical and biological properties
of the soil and influences plant growth. In this concern, humic acids are
important soil components; they can improve nutrient availability and have
impact on other important chemical, biological, and physical properties of soils.
Also, foliar application of humic acids increased the uptake of P, K, Mg, Na, Cu
and Zn (Hussein and Hassan, 2011).

C. Effect of Interaction effects

Data in Tables (3, 4 and 5) illustrate the effect of interaction between
sowing methods and humic acid levels on all of the studied characters i.e. yield,
its components, protein, micronutrients and macronutrients in seeds of sesame
(Sesamum indicum L.) during the two cropping seasons. Whereas, the highest
mean values of the studied parameters were obtained by sowing sesame plants
by broadcasting with humic acid at rate of 3600 g/ha., while the lowest ones
were recorded with planting on ridges with untreated (0 humic acid) in both
seasons. These results showed that sowing methods and humic acid rates act
dependently on those pervious studied characters.

Increases in macronutrient concentrations in sesame seeds may be
taken place due to the availability of them in the soil as a result of decreasing
soil pH and salinity caused by the action of organic materials or biofertilizer.
These results agreed with those obtained by Moussa et al. (2006) and Nasef et
al. (2009). Furthermore, the relative increases of Fe, Mn and Zn concentrations
in sesame seeds are depending on their available contents and their solubility in
soil caused by soil amendments (Khaled et al. 2012).However, the
micronutrient concentrations in seeds were within sufficient limits according to
Benton et al. (1992).

CONCLUSION: |

As a result of this two cropping seasons field study, it was concluded
that vyield, its components and quality of sesame crop increased with
broadcasting method and humic acid at rate of 3600 g/ha., under study
conditions at Abou El-Matamir, EI-Behira governorate, Egypt.
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Effect of Nitrogenous and Bio-fertilization on Yield and
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ABSTRACT: Two field experiments were carried out at the experimental station farm Faculty
of Agriculture (Saba —Basha), Alexandria University, Egypt, during 2013/2014 and 2014/2015
seasons to study the response of some wheat varieties ( Triticum aestivum, L.) (Masr-1, Sakha-94
and Gemmeiza-9) and study the effect of nitrogen levels (zero, 35, 70 unit nitrogen) and bio-
fertilization (Control, 35 Kg/fed + Microbein, 75 Kg/fed + Microbein) on yield and technological
characteristics of wheat using spilt plot design with three replicates. The preceding summer crop
was cotton in both growing seasons. The results could be summarized as follows Wheat cultivars,
i.e. (Sakha-94, Masr-1 and Gemmeiza-9) were significantly differed in all growth characters under
study. Nitrogen levels and Bio-fertilizers produced significant increments in all growth characters
and Chemical composition. The interaction between wheat cultivars, nitrogen levels and bio-
fertilizers showed significant effects on all studied traits. The obtained results showed the highest
values plant height, number of tillers m?, spike length, number of spike m® number of
spikelets/spikes, number of kernels/ spikes 1000-grain weight, spike weight, Ardabs, grain, straw
and biological yields, harvest index, wheat moisture %, ash%, falling number sec, specific weight
sec, total protein%, wet gluten%, dry gluten%, gluten index %, flour moisture%, ash moisture%,
flour ash%, bran ash%, flour falling number sec, flour wet gluten% and milling characters%. Were
obtained from the highest level of nitrogen 75 KG/fed N and 75 Kg/fed N+ microbein.

Key world: Wheat varieties, Nitrogenous, bio-fertilizer, technological characteristics, yield.

INTRODUCTION

Wheat (Triticum aestivum L.) is the most widely cultivated cereal crop and is
the major source of human food. The total production of wheat in Egypt reached
8.5 million tons in 2015 produced from an area of 3.7 million fedden (FAO. 2015).
Ashmawy et al. (2010) found that the results cleared that Gemmeiza-9 cultivar
surpassed each of Sakha-94 and Giza 168 cultivars in number of spikes/m?,
number of spikelets/spike, weight of 1000 grains, biological and grain yields in both
seasons of study. Seleiman et al. ( 2010) found that Gimmeza-9 had the highest
number of spikes per m?, number of grains of spike and grain yield. Rahimi (2010)
studied the effect of nitrogen rates (0, 40, 60 and 80 kg N/ha) as urea and showed
that effect of nitrogen on grain yield was highly significant. The grain yield was
increased to 4800 kg/ha by the application of 80 kg N/ha. Kandil et al. (2011)
found that Bio-fertilizer treatments significantly affected plant height, tillers
number/m?, spikes number/m?, number of grains/spike, grain weight/spike 1000-
grain weight, biological yield, grain yield and straw yield, during the three seasons.
Toaima et al. (2000) found that grain yield of Sids-1 variety. exhibited the highest
percentage for all characteristics under study, Sakha-69 variety gave the lowest
values and reported that hectoliter, flour and bran were significantly. Increased
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increasing nitrogen fertilization levels up to 80kg / fed and reported that the
interaction effect of N-levels with variety indicated that Sids-1 with application of 80
kg N/fed. Increased ash, fiber, hectoliter and bran. Toaim et al. (2000) and El-
Naggar (2003) found that Sakha-93 had the highest flour percentage and the
lowest fine and coarse bran percentage, as compared with the other tested
cultivars. Mahrous and Abd-Elhady (2006) reported that Gemmeiza-9 was most
productive Egyptian cultivar. Kandil et al. (2011) found that Nitrogen fertilizer
levels had significant effect on grain nitrogen percentage and crude protein content
of wheat grain. Highest nitrogen fertilizer dose of 214.2 kg N/ha significantly
affected both grain nitrogen percentage and protein content which seemed to be
interdependent since this highest nitrogen level induced the highest level of
nitrogen percentage and crude protein of wheat grain. The highest means of grain
protein percentage and crude protein content as an average of the three seasons
was exerted when the higher nitrogen level of 214.2 kg N/ha was applied. The
lowest mean values of crude protein % and nitrogen content were produced when
the low nitrogen level of 107.1 kg N/ha was applied.

It seems that nitrogen addition increased crude protein content as a result of
increasing nitrogen availability and nitrogen uptake by plant. Ashmawy et al.
(2010) found that the interaction of wheat cultivars and N fertilization significantly
affected spike length, biological and grain yields only in the first season. Also,
indicated that spike length, biological and grain yields were significantly affected by
the interaction between cultivars and N levels only in 2006/2007 season. However,
the response of Gemmeiza-9 cultivar to the increase in N level was relatively
different compared to the other two cultivars. The results in show that number of
spikes/m?, number of spikelet's/spike, number of grains/spike and weight of 1000
grains were not significantly affected by the interaction of cultivars and N fertilizer
levels in both seasons of the study as well as spike length, biological and grain
yields/fed in the second season.

Therefore objective of the present study was to evaluate the effect of nitrogen
levels 46.5% and bio-fertilization on yield, with different conditioning times on Egypt
wheat three properties (Masr-1, Sakha-94, Gemmeiza-9) and technological
characteristics of some bread wheat varieties. Study the best class with a good
technological property, Study the impact of mineral fertilizers to increase yield and
facilitate the various elements of the plant and improve the quality of bread, Study
the impact of bio-fertilization to provide hectic organisms of the soil and reduce
pollution and increase technological properties of wheat and Study of the
interaction between varieties and biological fertilization on wheat productivity and
quality.
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MATERALS AND METHODS

Two field experiments were conducted at the experimental Farm, Faculty of
Agriculture (Saba—Basha), Alexandria University, Egypt, during 2013/2014 and
2014/2015 seasons. The experiments were carried out to study the effect of
nitrogen levels 46.5% and bio-fertilization (Microbein) on yield and technological
characteristics of some bread wheat varieties (Triticum aestivum, L.). Microbein as
a commercial product were produced by Agriculture Research Center which
includes Azotobacter spp., Azospirilhim spp. and Bacillus spp. The grain
inoculation was done before sowing directly.

Each experiment was don using spilt-plot design in three replicates, where
wheat cultivates (Masr-1, Sakha-94, Gemmeiza-9) occupied the main plot, while
the nitrogen levels (0, 35 and 75 kg/fed with or without microbein) were assigned in
the sub plots.

Cultivars were obtained from wheat Breeding Section Agriculture Research
Center, Ministry of Agriculture, Egypt, and while Microbein obtained from wheat
Breeding Section, Agriculture Research Center, Ministry of Agriculture, Egypt.

Experimental Design

Experimental design was split-plot with three replication included 18
treatments which were the combination between wheat cultivars and 6 treatments
with nitrogen levels and Bio-fertilizers. Wheat cultivars were allocated in the main
plots; both nitrogen and bio-fertilization were allocated in the sup-plots. The size of
each plot was 6 m? (2.0m long and 3.0m wide). Sowing dates were November 21"
2013/2014 and 2014/2015 in both seasons, respectively while seeding rate was 70
kg/fed. Calcium super phosphate (15.5% P>Os) was applied during soil preparation
at the rate of 37 kg ha P,Os. Wheat growing samples were taken at random from
each split-plot at different stages of growth, i.e. before heading stage (75 days after
sowing), heading stage (90 days after sowing). First irrigation was applied at 25
days after sowing and then plants were irrigated every 25 days till the dough stage.

The preceding crop was cotton for the tow growing seasons, soil samples of
the experimental sites were taken at the depth of zero to 15cm. and 15 to 30 cm.
from soil surface before the sowing. Physical and chemical analyses were done
according to Chapman and Pratt (1978) at the Soil Laboratory of the Soil and
Agricultural Chemistry Department, Faculty of Agriculture (Saba-Basha),
Alexandria University. Detailed results of the soil characteristics are presented in
Table (1). The experimental treatments can be described as follows:

Nitrogen fertilization
Nitrogen fertilizer was added in three doses at a rate of Control, 35 kg/fed,
75 kg/fed, Microbein, 35 kg/fed + Microbein , 75 kg/fed + Microbein N/fed. The
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recommended dose, Where, Control, 37.5 kg/fed, 75 kg/fed, microbein, 37.5 kg/fed
+ microbein, 75 kg/fed + microbein were added at sowing time and first irrigation,
37.5, 75 kg N/fed added at the second irrigation (25 days after sowing). In the two
experiments N-fertilizers added in the form of ammonium nitrate (46.5%N).

Bio-fertilization

Microbein the bio fertilizer used in the present study produced by the
Organization for Agriculture Equalization fund, Ministry of Agriculture, Egypt. It is
prepared by adding equal amounts of these Microorganisms to carrier material and
consists of a mixture of N-fixing bacteria e.g. Azotobacter, chroococcum,
Azospirillum brasilense and Bacillus polymyxa for Cerealin, while Biogien contain
Azotobacter chroococcum only. The bio-fertilizer Microbein was obtained from
wheat Breeding Section, Agriculture Research Center, Ministry of Agriculture.

Table (1). Soil chemical and mechanical analysis of the two experimental
sites of 2013/2014 and 2014/2015 seasons.

soil properties Season 1 (2013/2014)  Season 2 (2014/2015)

P! 8 7.9
EC (dS/m) 1.73 1.74
Total N(%) 0.35 0.4
Organic matter (%) 1.8 1.75
Available phosphate( mg/kg) 34 3.2
Mg++ 0.56 0.55
Na+ 2.75 2.6
K+ 0.08 0.07
Ca++ 0.92 0.9
C05;~+HCO; 0.86 0.85
Cr 3.1 3
SO4~ 1.55 1.4
Sand% 14.9 14.7
Silt% 42.6 42.6
Clay% 42.5 42.7
Soil Texture Clay loam Clay loam

Collected Data

Yield and yield components:
At the harvest time, one square meter was taken from each plot to
determine the following:
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Spike Length (cm), Number of spikelet’s / spike, Number of kernel / spike, Number
of spikes m?, 1000 Kernel weight gm, Grains yield Ardab / fed, Straw yield ton /
fed, Grain yield ton/fed, Harvest index (HI %).

The studied characteristics
Chemical composition:

Approximate composition was determined according to AOAC (2000). all
analysis was carried out in triplicate.
Moisture according by AOAC (2000). Ash content according by AOAC (2000).
Total protein cored by AOAC (2000). Gluten content cored by AOAC (2000). Milling
experimental: Wheat samples (48 kg, based on 14% moisture) were-tempered to
16% moisture content for 12, 24 and 36 h. prior to milling through a Buhler, MLU-
202, pneumatic mill by AACC method 26-31 (2000). Two transactions for wheat
grinding were conducted of wheat flour are presented in Table (2). Roll spacing
was set mechanically using a feeler gauge. Extraction rate of each treatment was
calculated as follows: Extraction rate= flour (g)/crude wheat (g)*100. Proximate
chemical compositions

Table (2). Gap (mm) between roller mills.

Treatment Break stream Reduction stream
B1 B2 B3 Cl1 C2
Normal milling 0.4 0.1 0.08 0.07 0.03

Falling number according by AOAC(2000).

Statistical analysis

Data were subjected to the proper statistical analysis as the technique of
analysis of variance (ANOVA) of split plot design as mentioned by Gomez and
Gomez (1984). Treatments were compared using the least Significant Difference
(LSD) test as outline by Waller and Duncan (1969).

Result and Discussion

The data in Table (3) Indicted that growth attributes of wheat were
significantly affected with different wheat varieties and nitrogen levels with bio-
fertilization on both seasons. Wheat plant fertilized with 35 kg/fed and 75 kg/fed +
Microbein gave the highest values of plant height followed by those fertilized with
35 kg/fed and 75 kg/fed + Microbein,: simultaneously. Control fertilized and
Microbein fertilized of height were the lowest. This was completely true in each of
all studied characters. Sakha-94 and Gemmeiza-9 gave heights plant height on
both seasons. The increases in plant height due to the increase in nitrogen with
bio-fertilization. Number of tillers were significantly affected with different wheat
varieties and nitrogen levels with bio-fertilization on both seasons. Sakha-94 gave
heights number of tillers and Masr-1 gave the lowest on both seasons. Fertilized
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with 35 kg/fed and 35 kg/fed + Microbein /fed gave the highest values Control
fertilized and Microbein gave the lowest on both seasons. The data in Table (4)
indicted that yield and its components. Sakha-94 gave heights number of spike m?,
spike length and number spikelet's / spike. Masr-1 gave the lowest on number
spikelets / spike, Gemmiza-9 and Masr-1 gave the lowest on number of spike m?,
spike length. Fertilized with 75 kg/fed and 75 kg/fed + Microbein /fed gave the
highest values on number of spike m?, spike length and number spikelet’s / spike.
And 35 kg/fed + Microbein /fed gave the highest values zero unit /fed fertilized and
Microbein unit /fed gave the lowest on both seasons. Ashmawy et al. (2010).found
that The results cleared that Gemmeiza-9 cultivar surpassed each of Sakha-94 and
Giza 168 cultivars in number of spikes/m? number of spikelet's/spike, weight of
1000 grains, biological and grain yields in both seasons of the study. Seleiman et
al. (2010). found that Gimmeiza-9 had the highest number of spikes per m?
number of grains of spike and grain yield.

Significant differences were detected among the three tested cultivars for
nitrogen levels and bio-fertilization on yield and yield components Table (5). Masr-1
gave heights on 1000 kernel weight, spike weight, Ardads ton/fed but Gemmeiza-9
and Sakha-94 gave the lowest on 1000 kernel weight and ardads ton/fed. Fertilized
with 75 unit + Microben /fed gave the highest values on 1000 kernel weight, spike
weight and ardads ton/fed on both seasons. Toaima et al. (2000). reported that
the highest values of plant height, length and weight of spike, No. of spikes / m?,
No of grains / spike, weight of 1000-kernel and yield / fed. Were obtained from the
highest levels of nitrogen (80 kg /fed).

Table (6). Masr-1 gave heights on grain yield ton/fed, biological yield ton/fed,
straw and HI% but Gemmeiza-9 and Sakha-94 gave the lowest. Fertilized with 75
unit + Microben /fed gave the highest values on grain yield ton/fed, biological yield
ton/fed, straw and HI% on both seasons. Control fertilized and Microben fertilized
of height was the lowest. Abd El-Razek and El-Sheshtawy (2013). reported that
the highest yield produced due to application of N rate of 180 kg ha™'. And also,
Kandil et al. (2011). Found that the highest yield was produced due to N level of
178.5 kg/ha. Both N and crude protein contents responded up to 214.5 kg N/ha.
Also, Nitrogen levels had significant effect on plant height (cm), number of
tillers/m? spike number/m?, number of grains/spike, grain weight/spike(g), 1000-
grain weight (g),biological yield (t/ha), grain yield (ton/ha) and straw yield (t/ha).
Also, Gafarr (2007). studied that effect of nitrogen fertilizer levels (0, 30, 60 and 90
kg N/fed) on productivity of four wheat cultivars (Sids1, Sids7, Sakha-69 and
Gemmeiza-9). He found the Gemmeiza9 gave the highest values of No. of
kernel/spike, 1000-kernel weight, spike yield and protein percentage.

477

Vol. 20(3), 2015



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Table (3). Effect of wheat varieties, nitrogenous and bio-fertilization on growth yield.

plant height N. of tillers m2

Session1 Session2 Sessionl Session2
Varieties (V)
Vi 86.61 b 89.33 b 304.33 b 291.11b
V2 94.85 a 94.32 a 251 ¢ 258.27 ¢
V3 95.17 a 95.12 a 37533 a 390.66 a
LSDO0.05 5.82 4.75 13.15 15.37
Fertilization (F)
ON 74.54 d 7275 ¢ 262.22 ¢ 302.22 bed
35N 95.82b 96.75 ¢ 314.44ab 274.66 d
75N 101.5a 101.83 b 314.66a b 334 ab
0 N +Microbein 80.74 ¢ 80.46 d 297.55b 330.66 abc
35N+M 98.18a b 98.14b ¢ 343.77 a 339.66 a
75N+M 102.48 a 107.61 a 328.66a b 298.66 cd
LSDO0.05 4.14 3.76 32.28 32.81
Interaction V*F Hokk * Hk *kk

F= Fertilization. Varieties V1=Masr-1, V2=Sakha-94, V3=Gemmeiza-93
35N=kg/Nitrogen, 75N=kg/Nitrogen, 35+M= kg/Nitrogen + Mecrobein, 75+M=kg/ Nitrogen + Mecrobein.

Table (4). Effect of wheat varieties, nitrogenous and bio-fertilization on yield and its
components.

N. spikelet’s/spikes  N. kernel spikes spike length cm N. of spike m2

Session Session  Session Session Session Session Session  Session

1 2 1 2 1 2 1 2
Varieties (V)
Vi1 19.27 a 18.72 a 5583 a 5355a 13.53b 14.63b 258.44 b 24450
V2 1833 b 18.00 a 5322 a 516la 1498ab 13.98Db 244.66b  195.77c
V3 17.66 b 1727 a 52.0 a 5033 a 16.09 a 1596 a 339.77a 355.72a
LSD0.05 0.89 1.63 3.87 5.29 1.53 1.09 34.85 40.37

Fertilization (F)

0N 16.88 ¢ 1477 e 4844 ¢ 4144 ¢ 12.26d 13.03 ¢ 229.33d  232.88b
35N 18.55b 18.66 ab 54.11b 53.66bc 15.12bc 14.73b  27822bc 220.44b
75N 19.4 ab 19.77ab  5644ab 57.33ab 1495bc 17.38a 290.66b  289.22a

ON-+Microbein 16.55¢ 16.3 de 4833c¢ 46.66de 13.75cd 14.17bc 252.88cd 276.44a

35SN+M 18.88 ab 17.77cb  5522ab 50.66cd 1586ab 13.61bc 323.88a 301.55a
75N+M 20.22 a 20.66 a 59.55a 6122 a 17.26 a 1621 a 301.77b 27144 a
LSD 0.05 1.39 1.799 4.16 5.62 1.6 1.34 26.96 29.53
Inte\l;:(l:?tion ns *k ns & & ns ke Hokck
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Table (5). Effect of nitrogenous, bio-fertilization and wheat varieties on yield
and yield components

Weight 1000 spike weight Ardab ton \ fed

Sessionl Session2 Sessionl Session2 Sessionl Session2

Varieties (V)
V1 53.67a 49.07 a 3.62a 3.65a 14.62 a 16.23 a
V2 47.71b 49.53 a 3.67 a 3.65a 12.74 b 14.38b
V3 49.52 b 48.0 a 3.67 a 3.66 a 12.34 b 1342 ¢
LSD 0.05 2.08 1.72 0.46 0.2 0.61 0.4
Fertilization (F)
ON 4143 ¢ 40.47d 3.16 ¢ 3.01b 8.98 f 9.67 ¢
35N 47.96 ¢ 46.33 ¢ 3.58b 371 a 11.20d 1331 ¢
75N 56.57 a 52470 3.56b 3.67 a 16.06 b 16.98 b
0 N +Microbein 4434 d 442 ¢ 3.64b 3.61a 10.62 ¢ 11.78 d
35N+M 53.94b 52.36b 3.94 ab 3.75a 13.90 ¢ 16.76 b
75N+M 57.56 a 5738 a 4.07 a 4.13a 18.56 a 19.30 a
LSD 0.05 2.33 2.84 0.31 0.45 0.36 0.25
V*F skeskesk ns sk ns skkok skeskk

Significantly affected with different wheat varieties and nitrogen levels with
bio-fertilization on chemical components Table (7) Masr-1 gave heights on Ash,
falling number, specific weight. Sakha-94 gave heights protein. But Gemmiza-9
and Masr-1 gave the lowest on protein. Fertilized with 75 kg + Microbein gave the
highest values on moisture, Ash, falling number, specific weight and protein on
both seasons. Control fertilized and Microbein unit /fed fertilized of height were the
lowest. Abd El-Rahim (1999). reported that falling number was 310 sec for wheat
flour (82% extraction ratio) and 525 sec for corn flour (97% extraction ratio) .
AACC (2000). According that Ash, wet and dry gluten percentages, Crude protein
percentage was obtained by multiplying grain nitrogen content.

Table (8) significantly affected with different wheat varieties and nitrogen
levels with bio-fertilization on wheat gluten. Sakha-94 gave heights on wet, dry
gluten; Masr-1 gave heights index gluten; Gemmiza-9 gave the lowest on both
seasons. Fertilized with 75 kg + Microbein gave the highest values on wet, dry
gluten and index gluten on both seasons. As reported by AACC (2000). According
the method that Ash, wet and dry gluten percentages were measured and not
agreed with Mahrous and Abd-Elhady (2006). reported that Gemmeiza-9 the
most productive Egyptian cultivar.
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Table (6). Effect of wheat cultivars, nitrogen and bio-fertilization on yield and vyield

components
Grain yield Biological yield Straw HI %
Session Session Session Session Session Session Session  Session
1 1 1 1 1 1 1 1
Varieties(V)
Vi1 21944 a 24348 a 4787.7 a 47438b  2593.57a 2606.68a 46.02a 4395D
V2 1912.3 b 2156.7b 4155.1b  4833.6ab 224381b 2636.51a 4545a 458 a
V3 1851.2b 20143 ¢ 3993.5¢ 4962.0a  214224c  2690.69a 45.30a 457 a
LSD 0.05 106.3 77.85 113.22 185.1 33.81 114.95 1.16 0.77
Fertilization (F)
0N 1348.8 f 145333 e  326531f 3468.82f 1916.68e 201548f 41.23d 41.90d
35N 1682.51d  2002.7 ¢ 3748.84d 4484.83d 2068.45d 2482.13d 4491c 4477c
75N 2410.46b 2541.66b 5100.87b  5623.55b 2690.50b 3081.88b 47.21b  4542c
ON+Microbein 1593.7 ¢ 1762.02d 3580.67e¢ 394046e 1987.04e¢ 217846e 44.53c 4470c
35N+M 2085.32c¢  251723b  4400.27c  5397.18c  231497c 287998c 4737ab 46.57b
75N+M 279527a 293503a 5776.80a 6164.71a 2981.60a 3229.81a 483 a 47.60 a
LSD 0.05 52.38 44.68 102.91 107.48 78.34 96.48 0.92 0.97
V*F skokock skokock skksk skksk kokock skokock skokock skokock

Table (7). Effect of wheat cultivars, nitrogen and bio-fertilization on chemical
components on wheat

. Falling .
Wheat Moisture Ash Wwheat number (sec) SP.WT Protein
% % wheat %

Session  Session Session Session Session Session  Session  Session  Session Session

1 2 1 2 1 2 1 2 1 2
Varieties(V)
V1 125a 124 a 1.5a 15a 338.5a 321.7 a 82.0c 82.5¢ 115b 10.7 ¢
V2 12.0b 1220 1.36b 179.8 ¢ 213.5¢ 213.5¢ 86.5a 86.3a 10.8 ¢ 11.0b
V3 125a 12.0b 15a 1.5 ab 272b 2944 b 84.4b 84.6b 125a 120a
LSD 0.05 0.13 0.21 0.05 0.13 16.9 94 0.69 1.2 0.14 0.27
Fertilization(F)
0N 12.3ab ¢ 124 a 12e 1.1d 1924 ¢ 190.8 e 80.8d 81.2¢ 9.0f 8.6f
35N 12.5 ab 12.3 ab l4c 1.3¢c 246 ¢ 261 ¢ 84.8b ¢ 83.7b 104 e 103d
75N 12.3 be 12.1b 1.6a 1.6b 297.4b 3064 b 85.5b 86.0 a 12.1¢ 128 b
ON+Microbein 12.6 a 12.2 ab 1.3d 1.3¢c 210.3d 229.6d 83.5¢ 839b 10.8d 97e¢
35N+M 12.4 abc 12.1b 1.5b 1.5b 304.3b 319.1b 84.8 bc 859a 128 b 12.1¢
T5N+M 12.1¢ 12.3 ab 1.6a 1.8a 331.6a 3515a 874 a 86.2 a 142 a 13.8a
LSD 0.05 0.25 0.21 0.07 0.11 12.28 15.54 1.6 0.9 0.23 0.33
Interaction sk ek sk sk ek ek ek sk ek sk
V#*F
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Table (8). Different wheat varieties and nitrogen levels with bio-fertilization
on wheat gluten

Wet gluten Dry gluten Index
Sessionl Session2 Sessionl Session2  Sessionl Session2
Varieties(V)
\'21 245b 22.5b 10.6 b 10.0b 85a 833 a
V2 209 ¢ 222¢ 94 ¢ 10.1b 82.0b 82.8a
V3 253 a 24.6 a 143 a 144 a 80.6 ¢ 80.5b
LSD 0.05 0.71 0.31 0.5 0.5 1.2 1.1
Fertilization(F)
ON 17.5d 17.3f 82e 79e 76.5d 73.5f
35N 21.6¢ 21.0d 104 ¢ 10.0d 80.0c 80.7d
75N 26.1b 26.6b 12.8b 124 ¢ 84.5b 84.3 ¢
ON +Microbein 21.7 ¢ 199e 9.7d 9.7d 79.3 ¢ 783 ¢
35N+M 25.6b 249 ¢ 129b 13.3b 85.6b 86.5b
75N+M 29.0a 28.8a 14.6 a 157 a 89.5a 90.0 a
LSD 0.05 0.54 0.61 0.38 0.38 1.5 1.1
Interaction V*F skeskk skeskk skeskek skkok skkok skkok

Table (9). Effect of wheat cultivars, nitrogen and bio-fertilization on chemical
components on wheat flour

Flour  Moister Bran Moisture Ash flour Ash bran Falling number Wet gluten
Session  Session Session Session Session  Session Session Session Session  Session Session  Session
1 2 1 2 1 2 1 2 1 2 1 2
Varieties(V)
Vi 142a 14.0b 13.8a 13.6b 0.53b 0.6a 0.30b 049a 335.1a 316.6a 24.15b 22.3b
V2 1422a 1434a 13.82a 13.94 a 0.53b 046 ¢ 0.30b 0.34c¢ 184.8¢c 223.7c¢c 20.75 ¢ 2192 ¢
V3 1450a 14.20b 14.10 a 13.81ab 0.60 a 0.51b 0.36 a 039b 2795b 3049b 25.02 a 24.11a
LSD 0.05 0.31 0.22 0.31 0.22 0.017 0.015 0.018 0.016 14 8.5 0.19 0.16
Fertilization(F)

ON 14.17 a 14.0a 13.7a 13.6a 0.42d 042e 0.19d 0.29e 195¢ 196 f 174 17.35f
35N 1435a 14.12a 13.95a 13.70 a 047 ¢ 048 c¢c 0.24 ¢ 035¢ 2472c 267.6d 21.28d 20.6d
75N 1430a 1433a 1391 a 1393 a 0.61b 0.58b 0.38b 045b 299.6b 301.5c¢ 25.68 b 26.4b

ON+Microbein 14.51a 14.12a 14.10a 13.7a 0.44d 046d 021d 0.33d 21.5d 2435e 21.52¢ 19.72 ¢

35N+M 1426a 1427a 13.86a 13.87a 0.63b 0.57b 039b 054b  307.8b 322.8b 2558b  2458c¢

T5N+M 1420 a 14.12 a 13.84 a 13.86 a 0.76 a 0.67 a 053 a 0.54 a 3342 a 359.0a 28.33 a 2842 a
LSD 0.05 0.42 0.28 0.42 0.28 0.024 0.016 0.266 0.017 12.5 4.8 0.19 0.14
Interaction . % * Hxk sk sk sk sk sk sk sk
V*F ns ns
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Table(10): Effect of nitrogen, bio-fertilization and wheat cultivars on milling

character.
flour bran Short
Sessionl Session2 Sessionl Session2 Sessionl Session2
Varieties(V)

Vi1 72.03a 72.17 a 21.72a 22.01 a 6.7b 6.6b

\P/ 71.72 ab 72.03 a 20.17 ¢ 20.26 ¢ 75a 73a

V3 71.57b 7193 a 20.82b 20.81b 7.6a 6.7b

LSD 0.05 0.45 0.45 0.26 0.07 0.22 0.44

Fertilization(F)

ON 753 a 75.5a 17.38 f 17.46 f 7.31b 7.0 ab
35N 72.7 ¢ 7327 ¢ 19.87 d 19.91d 7.34b 6.81 bc
75N 69.48 ¢ 69.80 e 23.12b 23.24b 7.38 ab 6.9 ab
ON+Microbein 74.4 b 74.5b 18.03 e 18.37 ¢ 75a 7.12a
35N+M 70.17d 70.27 d 22.65¢ 22.78 ¢ 7.16 ¢ 6.93 ab

75N+M 68.47 f 68.8f 2437 a 24.38 a 7.14 ¢ 6.7c¢

LSD 0.05 6.34 0.22 0.33 0.13 0.12 0.17

InteraCtion kekok keksk sksksk kekok kekok skeksk

V*F
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The Influence of Continuous Organic Manure Application on
Chemical Properties and Organic Carbon of Cultivated Soils

A.S. Al-Malik
Soil Sciences Department, College of Food & Agricultural Sciences, King Saud
University, P.O. Box 2460, Riyadh 11451, Kingdom of Saudi Arabia

ABSTRACT: A study was conducted to determine the effects of short- and long-term
application of organic manure on soil chemical properties including soil pH, EC, CaCO3;, SOC,
and soil available N and P under arid conditions. The solid and liquid organic manure were
applied to the soils cropped with the vegetable for either up to 2-years under vegetable plants or
15-years to soils cropped with fruit trees. Soil samples were collected at sampling depths of 0-
15, 15-30, 30-45, 45-60 cm. Results showed that the soil organic carbon (SOC) content ranged
between 0.6-12 g kg'1 and 1.7-31.5¢g kg'1 after organic manure application for one year and 15-
years in soil samples cropped with fruit trees, respectively. Moreover, SOC content ranged
between 0.6 and 6.4 g kg-1 and 0.9 and 8.6 g kg'1 after organic manure application for the one
year and 2-years in soil samples cropped with vegetable, respectively. The highest soil
available N (211 mg kg™') was found after long term application of organic manure (15-years)
followed by that (162 mg kg') found after the 2-years organic manure application. The higher
soil available P (52-60.2 mg kg') was also found with 15-years and 2-years application of
organic manure. It could be concluded that the addition of organic manure to the soil of arid
condition may be suitable for maintaining soil organic carbon and improving soil fertility by
increasing N and P availability.

Key words: Organic manure, soil organic carbon, soil available nitrogen, soil available

phosphorus.

INTRODUCTION

Among the soils used for agriculture in arid conditions are the calcareous
sandy soils. In calcareous soil, the high content of CaCO3; and high soil pH
could reduce the availability of nutrients to plants (Wassif et al, 1995).
Amelioration of these soils is a must to improve their productivity. In this
context, the use of soil conditioners like organic wastes could be practiced for
this purpose. The use of organic manures with high organic matter, N and P
contents may improve soil properties for agricultural use (Wassif et al., 1995;
Morera et al., 2002; Bouaijil and Sana, 2011; Diacono and Montemurro, 2010;
Miller and Miller, 2000).

Soil quality is a complex characteristic and is determined by the physical,
chemical and biological components of the soil (Manna et al., 2005; Johansson
et al.,1999). Changes in soil physico-chemical and biological characteristics are
considered good indicators of soil quality. The fact is that soil chemical and
biological properties change when soil organic carbon content is increased due
to organic amendments (Diacono and Montemurro, 2010; Bouajil and Sana,
2011). There is evidence that organic residues can improve soil fertility by
increasing nutrient availability (Bouajil and Sana, 2011). In soils, impact of
addition of organic amendments on SOC and nutrients availability was
investigated by several authors (Richard et al.,, 1995; Hue 1991; Hou et al.,
2012). Organic manure will maintain soil organic carbon as well as add N and
other nutrients to the soils for agronomic crops (Triberti et al, 2008).
Additionally, organic amendments may increase the solubility and availability of
P in soils (Hue, 1991; lyamuremy et al., 1996a; 1996b; 1996c¢).

486

Vol. 20(3), 2015



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Assessment of dynamics of soil organic carbon (SOC) and chemical soil
properties under arid conditions after long term application of organic manure
can help to draw the useful conclusion for their contribution. There is currently
no available information about the effects of the long term application of organic
manure on SOC and chemical soil properties in arid conditions in Saudi Arabia.
Therefore, the objective of this study was to determine effects of the short and
long term application of organic manure on soil chemical properties including
soil pH, EC, CaCQO3, SOC, and soil available N and P under arid conditions.

MATERIALS AND METHODS

The study area is located in the northern part of Saudi Arabia at Al Juaf
(lat 29' 49" N, long 39' 52" E). According to Soil Survey Staff (2006), the area
was classified as Aridic-Hyperthermic zone. The solid organic manure was
applied to the soils for either up to 2 years under vegetable crops or 15 years
under fruit trees. Soil samples were collected at sampling depths of 0-15, 15-30,
30-45, 45-60 cm. The disturbed surface and subsurface soil samples for
physico-chemical analyses as well as the total content of organic carbon were
collected from soil profiles under fruit trees or vegetable plants. All soil samples
were air-dried at room temperature (20-22°C) and ground to pass through a 2-
mm sieve. The particle size distribution was determined by the pipette method
(Gee and Bauder, 1994). Soil texture is ranging between sand and sandy clay
loam. Soil chemical properties were measured according to standard methods
(Sparks 1996). Soil pH was measured using a glass electrode in a suspension
of saturation soil paste. Electrical conductivity (EC) was measured in the soil
extracts of saturation soil paste. Calcium carbonate content was determined
using a calcimeter. The soil organic matter was measured according to Nelson
and Sommers (1996). Soil available inorganic N (NH4s-N and NO3-N) was
determined according to Keeney and Nelson(1982). Also, ammonium
bicarbonate extractable phosphorus was determined colorimetrically according
to Soltanpour and Workman (1979).

Statistical analysis
The values of mean are calculated. The statistical analysis was
performed by using Statistica for Windows Statistical Software (StatSoft, 1995).

RESULTS AND DISCUSSION
Effects of organic manure on soil chemical properties

Table 1 shows the average values of the measured soil chemical
properties as affected by organic manure application. In addition, table 2 shows
significance at the 0.05 and 0.01 probability levels. The pH values of soil
samples ranged between 7.94 and 8.85 in soil samples of fruit trees and
between 8.00 and 8.85 in samples of vegetables soils (Table 1). The high
values of soil pH may be attributed to the high free CaCO3 content in soil.

The EC values ranged between 0.002 and 0.461 dSm™ in soil samples of
fruit trees and between 0.098 and 0.379 dSm™ in soil samples of vegetable
crops (Table 1). Generally, the EC values were lower at surface layers after
short term of organic manure application than those after long-term of organic
manure application. This suggests that the continuous application of organic
manure, for long time, may be responsible for the increasing soil salinity.
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However, these increases in EC did not reach to the high levels that may be
responsible for damaging plants. The results also indicated that the long-term
application (15-years) of organic manure showed lower EC values than the
short-term application (1-year) with increasing sampling depth of fruit soils. One
possible reason is that the long term of organic manure application may lead to
enhance root growth of fruits trees, resulting in depletion of nutrient and solutes
from lower depths and subsequently decreasing soil salinity. The CaCQO3;
contents ranged between 3.8 and 8.40% in soil samples of fruit trees and
between 3.2 and 9.2% in soil samples of vegetable soils (Table 1). It was
observed that there are significant differences in pH, EC and CaCO3; content
values between 1-year and 15-years application under fruit trees and between
1-year and 2-years under vegetable crops of the surface layer (Table 2). This
can be explained by the effects of organic manure on soil physico-chemical
properties.

Table (1). Soil chemical properties of the soil profile under fruit trees and
vegetable crops

Under Fruit Trees Under Vegetables

Soil
] - 15-years ] - 2-years
depth 1-year Application Application 1-year Application Application

pH EC. CaCO; pH ECc. CaCO; pH ECc. CaCO; pH EC. CaCO3

0-15 822 0.002 840 828 0269 7.10 830 0.23 9.20 828 0.258 8.30
15-30 8.82 0.183 8.10 8.85 0.141 820 800 0379 730 839 0.158 7.10
30-45 8.47 0.461 410 794 0.002 6.10 868 0.122 450 834 0.190 5.10
45-60 864 0.189 460 815 0.002 380 869 0.098 390 885 0.098 3.20

Table (2). Summary statistics showing significance at 0.05 and 0.01
probability levels

.Effects/property pH EC CaCO;3; OC Soil available N Soil available P

Under fruit trees

*k ** *% *k *k *k

Depth (1-year Application )
Depth (15-years Application )

*k *k *k *k *k *k

Year (0-15 cm depth) * * > > > >
Year (15-30 cm depth) NS > NS NS ** *

Year (30-45 cm depth) > ** > ** NS NS
Year (45-60 cm depth) NS > > NS NS NS

Under vegetable crops

Depth (1-year Application ) NS ™ > * > >
Depth (2-years Application) * s * s i i
Year (0-15 cm depth) > > > > > **
Year (15-30 cm depth) NS ** > ** ** NS
Year (30-45 cm depth) NS > > NS NS NS
Year (45-60 cm depth) NS NS > > NS NS

NS: not significant; * significant at p < 0.05; ** significant at p < 0.01
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Effects of organic manure on OC content and distribution of soil profile

Soil organic matter plays a major role in the improvement of soil physical,
chemical and biological properties. It has been reported that organic matter of
soils (especially of sandy soils) is a very valuable property, mainly due to its
high capacity for water and nutrient-holding. Additionally, its decay in soils could
provide recycled essential nutrients to plants. Figure 1 shows the average
values for measuring SOC as affected by organic manure application. In
addition, Table 2 shows significance at the 0.05 and 0.01 probability levels. The
results showed that the SOC contents ranged between 0.6 and 12 g kg™ after
organic manure application for the 1-year and between 1.7 and 31.5 g kg™ after
manure application for 15-years in soil samples of fruit trees (Figure 1).
Moreover, the SOC contents ranged between 0.6 and 6.4 g kg™ and 0.9 and 8.6
g kg' after organic manure application for 1-year and the 2-years in soil
samples of vegetable crops. It should be mention that the soil organic C content
was greater in the surface layer (0—15 cm) than the sub-surface layer (15-30,
30-45 and 45-60 cm) for all treatments. The higher content of SOC content in
the surface soil is mainly due to organic manure incorporated in the surface
layer. Overall, the higher organic carbon content (31.5 g kg') was pronounced
after long-term of organic manure application (15-years) in soil samples under
fruit trees. These results indicate that long-term additions of organic manure
would have the beneficial effects in building carbon pools in soils of arid
conditions. An increase in contents of soil organic carbon in soil amended with
manure has been reported by several researchers (Gong et al., 2008; Manna et
al.,, 2005). The increase in nutritional status of soils due to the continuous
addition of organic manure can result in an increase of plant residues, which
could be accumulated in the surface soil and subsequently it results in higher
content of soil organic carbon.

Effects of organic manure on soil available N and P

Figures 2 and 3 show the average values of the amount of available N
and P in soils as affected by organic manure application. In addition, Table 2
shows significance at the 0.05 and 0.01 probability levels. Data show that the
soil available N ranged between 30 and 67 mg kg’ after organic manure
application for the first year and between 35 and 211 mg kg after manure
application for the 15 year in soil samples cropped with fruit trees (Figure 2).
Moreover, the soil available N ranged between 22 and 62, 50 and 140, and 50
and 162 mg kg after organic manure application for the five month, the first
year and the second year in soil samples cropped with vegetable plants. It
should be mentioned that the soil available N was greater in the surface layers
(0—15 cm and 15-30 cm) than the sub-surface layers (30-45 and 45-60 cm)
layers, which is attributed mainly to organic manure incorporated in the surface
layer. Overall, our results showed that the higher soil available N (211 mg kg™)
was pronounced after long term of organic manure application (15-years) in soil
samples cropped with fruit trees followed by that found after the two-years
organic manure application to the soil of vegetable plants. An increase in the
availability of N in soil amended with manure has been reported by several
researchers (Gong et al., 2008; Hou et al., 2012; Eghball, 2000; Zaman et al.,
2004). It has been reported that continuous application of compost and non-
composted manure increased N mineralization (Eghball, 2000), reflecting on
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enhancing plant growth. Zaman et al. (2004) reported also that the long-term
application of organic amendments resulted in a positive impacts on N
mineralization, mainly due to enhancing microbial and enzyme activities.

40 -
Under Fruit Trees —5— 1year
- A =15year

30 A

o=~ -
0 = = 4.5
0-15 15-30 30-45 45-60
Depth,cm
10 "~
Under Vegetables —B—1year
A - A =2year

OC(g Ke?)

0-15 15-30 30-45 45-60
Depth,cm

Fig. (1). Distribution of soil organic carbon (SOC) in soil profile under fruit
trees and vegetable crops

Soil available P ranged between 0.5 and 2.8 mg kg' after organic
manure application for the 1-year and between 0.9 and 52 mg kg™' after manure
application for the 15-years in soil samples cropped with fruit trees (Figure 3).
Moreover, the soil available P ranged between 1.5 and 9.2, and 0.2 and 60.2
mg kg™ after organic manure application for the 1-year and the 2-years in soil
samples cropped with vegetable plants. Similar to N, the soil available P was
greater in the surface layers (0—15 cm) than the sub-surface layers (15-30 cm,
30-45 cm and 45-60 cm), which is mainly due to organic manure incorporated in
the surface layer. Overall, our results showed that the higher soil available P
(52-60.2 mg kg') was reported after 15-years and 2-years application of
organic manure in soil samples cropped with fruit trees and vegetable plants.

In soil samples of fruit trees, there is significant relationship between soil
organic C content and soil available N (r* = 0.57) or soil available P (r* = 0.88)
(Figure 4). Moreover, in soil samples cropped with vegetable plants, there is
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significant relationship between soil organic C content and soil available P (r? =
0.71) (Figure 5). The general factors controlling P solubility and availability in
the soil include soil pH, Fe and Al oxides, organic matter, and the presence of
other elements such as N, S, and cations. The application of organic materials
to calcareous soils can decrease P adsorption, possibly due to competition
between P ions and organic anions or retention sites in the soil (Hue, 1991;
lyamuremye et al., 1996a; 1996b; 1996c). Decomposition of organic matter by
soil microorganisms also produces CO, which dissolves in water to form
carbonic acid, increasing the solubility of Ca-P and Mg-P precipitates in alkaline
soils.
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Fig.(2). Distribution of soil available N in soil profile under fruit trees and
vegetable crops
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Fig. (3). Distribution of soil available P in soil profile under fruit trees and
vegetable crops.
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CONCLUSIONS

The long-term application of organic manure resulted in greater C
sequestration in agricultural soils. In this study, the accumulation of SOC was
greater in the surface layer of the soil as compared to subsurface layers. In
addition, SOC accumulation, applying organic manure to the soils improved soil
fertility by increasing the availability of N and P. However, future study should
focus on C fractions that are more sensitive for the changes in SOC. In addition,
the effect of the agriculture practices on soil C sequestration should be
investigated under arid conditions.
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In Vitro Propagation and Ex Vitro Acclimatization of Magnolia
(Magnolia grandiflora, Linn) Trees

EL-Gedawey*, M. E. H., A. I. A. Abido**,M. G. EL-Torky*** , B. M. Waheda*
and M. K. A. Gaber**
* Agriculture Research Center, Horticulture Research Institute, Deprt. of Ornamental &
Landscape Gardening, EL-Montzah, Alex.
**Plant Production Dept., Faculty of Agric-Saba Basha, Alex.Univ.
***Floriculture, Ornamental and Landscape Gardening Dept., Fac. Agric., Alex. Univ.

ABSTRACT: This study was carried out in the tissue culture laboratory, Faculty of
Agriculture, Saba basha, Alexandria University, Egypt during the period from 2013 to 2015. An
efficient and reliable protocol for in vitro propagation of Magnolia grandiflora, Linn was
optimized. However, nodal explants from field grown of magnolia were used during in vitro
culture study for induction of multiple shoots. Nodal explants were effectively surface sterilized
with 30% Clorox (sodium hypochlorite) as commercial bleaches for 20 min plus 1.5mg/|
mercuric chloride for 5 min with few drops of Tween-20, also. Nodal explants were inoculated on
various initiation or establishment media with different combinations of IBA and KIN and the
neoformed shoots were cultured on proliferation (multiplication) media for the development of
multiple shoots, and the elongation media to elongate of the neoformed shoot. The subsequent
elongated shoots were rooted, successfully. The best medium for shoot initiation was Woody
Plant Medium (WPM) supplemented with 2.0 mg/l KIN and 1.00 IBA. The favourable medium
for multiplication was the tested medium augmented with 5.0 mg/I KIN and 1.00 mg/l IBA..
Furthermore, the in vitro shoots showed healthy root development when the tested medium was
supplemented with combination of 1.00 mg/l IBA and NAA ,each in turn (rooting stage). The
shoots of Magnolia grandiflora multiplication and rooted successfully when they cultured in WP
medium supplemented with 1.00mg/I charcoal. The combination of sand: compost (1:3) was
used as substratum for the hardening of the in vitro plantlets, as a potting mix, was the best
suited mix for the acclimatization of plantlets.

Key words: In vitro culture, Magnolia grandiflora, nodal explants, initiation, multiplication,

rhizogenesis, acclimatization

INTRODUCTION

Magnolia grandiflora, Linn which also called evergreen magnolia, bull boy,
or large flower magnolia, is evergreen tree. It is pyramidal tree with creamy
flowers belongs to family Magnoliaceae (Chaidaroon et al., 2004; Said, 2007).
There are at least 100 species which share genus magnolia. It was first grown
as an ornamental evergreen tree in the world in southern U.S. A. lItis growen in
Egypt in botanical and private gardens. It was quickly popularized for its glossy
evergreen foliage, large beautiful flowers and elegant form and extensively
planted as an ornamental plant (Said, 2007). Magnolia grandiflora bears large,
very fragrant, bowl- shaped, white flowers.They show intermittently from mid-
summer to early autumn (Bailey and Bailey ,1960) . It is, also, used a
specimen plant, shade trees, screen or wind break, it can be grown as esplalier.
It is valuable for garden or park planting in Japan. Its wood is used for furniture
and various industrial arts, and the bark contains valuable medicinal
compounds (Nakmura et al., 1995).

In Alexandria (Egypt), Magnolia grandiflora trees are grown in private
and botanical gardens with a alimented. It is, known that Magnolia grandiflora
is propagating by such vegetatively propagated methods as Averages seeds,
but its lower germinability rate (ca.35%), or by cutting but it, also, difficult
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because of its poor rooting ability (Nakmura et al., 1995) or by air layering, but it
is labor extensive and wasting time- method, as well as very expensive
(Mccracken et al.,(1996) Further, rooting of this species is too -hard to achieve.
Also, the demands of Magnolia grangiflora for rooting facilities are very much
expensive and may be unavailable to root shoot cuts (Said, 2007). Therefore,
propagation of Magnolia using plant tissue culture techniques may offer certain
advantages over traditional method of propagation. It is one of the most
promising and advanced applications of plant cell and tissue culture technology
to propagate this species in vitro. This technique could be very useful to provide
hundreds or thousands of this species withen a limited time.

Therefore, the present study was aimed to establish an efficient and reliable
protocol for in vitro propagation and with focusing on rhizogenesis of this hard-
to —root species.

MATERIALS AND METHODS

Plant material and explants sterilization

The plant material was collected from tree grown in garden of Ornamental
and Landscape, of the Research Department of EL-Montazh, Alexandria, Egypt.
The tree was sprayed with the fungicide and insecticide 2-3 week prior to start
initiation and over head watering was strictly avoided. Freshly grown shoot tips,
with two to three nodes, were selected as explants’ source. The collected
material was brought to the Plant Tissue Culture Laboratory of the Plant
Production Department of the Faculty of Agriculture, Saba Basha, Alexandria
University during 2013-2015 seasons and washed, thoroughly, with running tap
water for 30 minutes to remove the dust or sand particles. The explants were
cut to nodal segments (single node) as an explants’ source (Bhattacharya et al.,
1990).The excised explants were dipped in 70% ethanol, for 1 min. after
treatment with ethanol the explants were rinsed with double distilled water
twice, so as to lower the toxic effect of ethanol. Nodal segments of magnolia
were surface sterilized with sodium hypochlorite (NaOCI) solution (commercial

bleach as ‘clorox’) at 30% for 20 minutes followed by mercuric chloride HgCl,

at 1.5mg/l for 5min with few drops of Tween-20, also, were added as a
surfactant to the sterilized water . Finally, they were washed three times with
sterile distilled water and became ready for culture.

Microprogation stages
Intiation stage

The explants were cultured on solidified woody plant medium coined as
WPM (Lloyd and McCown, 1980) which contained different concentrations of
kintine (KIN) at four concentrations:0.0(nil), 0.5,1.0 and 2.0 mg/l, in
combinations with the auxin Indole butric acid (IBA) at four concentrations:
0.0(nil) ,1.0, 2.0 and 3.0 mg/l. Three explants were cultured in each jar which
containing 30ml of medium and were placed, vertically. Each treatment was
replicated three times and each has 3 explants (i.e.9 explants /treatment).The
jars were capped with aluminum foil closures. The cultured jars were incubated
in growth chamber at 25%£1° C temperature under 16 hr daily light and 8hr

darkness illumination by a florescent light intensity of 2880 Lux (40 mol
m™5™) at 97%R.H.
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Multiplication stage

The neoformed propagule of the initiation stage was sectioned into single
leaflet node. The excised nodal cutting explants of the different positions were
cultured, randomly, onto the multiplication medium (WPM) supplemented with
KIN at four concentrations: 0.00(nil), 1.00, 3.00 and 5.00 mg/l, in combinations
with IBA at four concentrations:0.00(nil) ,0.50, 1.00 and 2.00 mg/I.

Rooting (rhizogenesis) stage

The obtained shoots of magnolia from the multiplication stages were,
individually, separated and cultured on a rooting medium for rhizogenesis to
achieve this stage .This medium was augmented with two types of auxins which
were used as Indole Butyric Acid (IBA) at four concentrations: 0.00(nil), 0.50,
1.00 and 2.00 mg/l, in combinations with NAA at four concentrations: 0.00, 1.00,
2.00 and 3.00 mg/l. Generally, the data were recorded per propagule at
initiation, multiplication and rooting stages after 35 days in culture. The tested
characters were as follows:
-Average shoots length (cm)/propagule.
-Average number of shoots formed/ propagule.
-Average number of leaflets formed/ propagule
-Average number of roots formed/ propagule.

Comparison between the effect of BA and KIN on explants of magnolia

The comparison between the effect BA(Benzyl adenine) and KIN(Kintine)
on growth of Magnolia during multiplication stage was investigated in a 5x3
factorial experiment in which the treatment at 3.00mg/I , each in trun.

Effects of activated charcoal on shoots plantlets

Activated charcoal has been used previously to adsorb ethylene and other
growth inhibitory substances produced in shoot cultures derived from the
medium or from the plant tissues or both. Four main treatments were tested :no
addition of activated charcoal(AC) to the medium ,and three concentrations of
0.25,0.50 and1.00g/l, (AC).The media pH was adjusted to 5.7, then gerlrite at
79/l was added before autoclaving .Each treatments was replicated 3 times and
each replication has 3 explants. The followed characters were recorded per
propagule after 35 days in culture:
1-Average number of shoots formed per propagule.
2-Average shoots length (cm) per propagule.
3- Average number of roots formed per propagule.
4-Average number of leaflets formed per propagule.

Acclimatization stage

The new formed plantlets (rooted shoots) were then transferred to the
greenhouse for hardening. The potting mix used in this study comprised of sand
and compost (1:3) .The transferred plants were monitored weekly for at least 6
weeks.

Statistical analysis

A completely randomized design was used for all the experiments (Gomez
and Gomez, 1984).Recorded data were analyzed, statistically, using analysis of
variance technique (ANOVA) and averages were compared by the least
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significant difference (L.S.D.) (Steel et al, 1997) and significance was
determined at p= 0.05.

RESULTS AND DISCUSSION

Achievement of optimal and reliable system for micropropagation of
Magnolia grandiflora was urgent and in focus. Therefore, a set of experiments
was conducted, and the obtained results were presented and discussed in the
following section as follows:

Micropropagation
Initiation stage

Data outlined in Table (1) exhibit that both applied growth regulator, levels
and their combinations exerted, highly, significant effects on the initiation stage
characters of Magnolia. Single node explants were grown in vitro for 35 days as
shown in Figure (1).

Concerning the main effect of studied cytokinin (KIN), in terms of the
Average shoot length/propagule, supplementing the culture medium with at
0.5mg/l; resulted in the highest Average value (2.11cm), compare with the other
treatments. On the other hand, augmenting the culture medium with IBA at 2.00
mg/l was concomitant with the highest Average value of the given trait (2.60cm).

In addition, the interaction between KIN at either nil level (0.00) or 0.5 mg/I
of KIN with IBA at 2.00mg/l, brought about the highest Average values of the
studied trait (i.e. 2.96 and 3.00 cm) each in turn.

Respecting the Average number of shoots formed/propagule, fortifying the
culture medium with KIN, led to remarkable notes; where, as KIN levels
increased the Average value of the given trait increased. Whereas, adding the
highest level, 2.00mg/l KIN; gave rise to the highest Average value of the
studied character (1.78) and vice versa. As for the main effect of IBA it is
obvious that augmenting the culture medium with it at 1.00mg/I, contributed in
achieving the highest Average value of this trait (1.68) compare to other
treatments. Mean while, the interaction between KIN and IBA at 2.00 mg/l, and
either of added levels of IBA led to the highest Average values, with siginificant
difference. With reference to the Average number of leaflets formed/propagule,
the main effect of KIN was obvious through adding it at 1.00mg/l, which
recorded the highest Average value of the given trait (3.77) compare to the
other treatments .On the other hand, the main effect of IBA declared that
adding 2.00mg/I of IBA to the culture medium ; achieved the highest Average
value (3.72) compare to the other tested levels. Also, the interaction between
KIN and IBA at various combinations, especially at 1.00 and 2.00 mg/l, each in
turn, achieved the highest Average value, but without significant differences .
Refer to the Average number of roots formed /propagule, the KIN levels were in
reverse relationship with this studied trait. Whereas, as KIN levels increased
the given trait decreased. Hence, the absence of KIN in culture medium led to
the highest Average number of roots formed/propagule (1.36) compare to the
other treatments. On the other tank, the main effect of IBA was obvious
especially at its presence in culture medium at 2.00 mg/l, recorded the highest
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Table(1). Effect of different levels of KIN and IBA (mg/l) and their
combinations on the initiation stage of Magnolia grandiflora
nodal cuttings cultured in vitro for 35 days

IBA KIN levels (mg/l) Average Significance
Characters levels 0.00 0.50 1.00 2.00 IBA KIN IBA KINXIBA
(mg/l)
(a)Average shoot length (cm)/propagule:
0.00 0.91 0.96 0.90 0.83 090 ** ** *
1.00 193 1.96 1.83 1.73 1.86
2.00 2.96 3.00 2.30 2.13 2.60
3.00 2.16 253 226 2.13 2.27
Average(KIN) 1.99 2.11 1.82 1.70
L.S.D.(0.05) 0.05 0.05 0.10
(b) Average number of shoots formed /propagule:
0.00 0.67 1.20 1.26 1.56 117 ** b b
1.00 1.26 1.76 1.83 1.86 1.68
2.00 1.26 1.36 1.66 1.86 1.54
3.00 1.00 1.30 1.40 1.83 1.38
Average (KIN) 1.05 1.40 1.54 1.78
L.S.D.(0.05) 0.05 0.05 0.10
(c) Average number of leaflets formed /propagule:
0.00 1.70 3.81 3.83 3.93 332 ** e
1.00 3.23 3.70 3.87 3.71 3.62
2.00 3.60 3.75 3.96 3.57 3.72
3.00 3.41 3.40 3.44 3.31 3.39
Average (KIN) 298 3.66 3.77 3.63
L.S.D.(0.05) 0.08 0.08 0.16
(d) Average number of roots formed /propagule:
0.00 0.01 0.33 0.33 0.00 0.16 ** e
1.00 1.81 0.73 0.37 0.36 0.82
2.00 2.32 1.67 0.66 0.56 1.30
3.00 1.33 1.00 1.00 1.00 1.08
Average (KIN) 1.36 0.93 0.59 0.48
L.S.D.(0.05) 0.04 0.04 0.09

L.S.D.(0.05= Least Significant Difference test at 0.05 level of probability.*, ** Significant of highly
significant.

Fig.(1):Intiation of magnolia nodal explants cultured for 35 days on WP
medium supplemented with KIN (2.00mg/l) and IBA at 1.00 mg/I.
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average value (1.30). While, the interaction between KIN and IBA at nil level
(0.00) and 2.00mg/l, consecutively, achieved the highest Average value (2.32).
The obtained results in this respect are matching with the mode of actions of
both applied growth regulators; whereas, auxin exerts significant roles in plant
tissue culture and usually form an integral part of nutrient media. Auxin
promotes either individually or in combination with cytokinins, the growth of calli,
cell suspensions and organs and also regulatate the direction of
morphogenesis. At the cellular level, auxins control basis processes such as
cell division and cell elongation (George et al., 2008).Also, they play critical
event in promoting rhizogenesis (Kim et al.,2003).

Cytokinins, together with auxin, take part in the regulation of the cell cycle
in plant cells (i.e. stimulation of cell division, break apical dominance, enhance
axillary shoot proliferation, and adventitious, inhibition root formation). Also, the
interaction between auxin and cytokinin or their ratio other reperesents an
important signal in the formation of cell phenotype and in the onest and
maintenance of the process of cell division (Stickens et al., 1996).The ability of
auxins (together with cytokinins) to mange key events in plant morphogenesis
was documented (Skoog and Miller,1957) who discovered the regulation of
organogenesis in vitro by Averages of the auxin: cytokinin ratio in culture media.
It has been further supported by such other researches on the relationship
between auxin and cytokinin levels and the morphogenetic response of various
plants (Li et al., 1994; Centeno et al., 1996; Leyser et al., 1996).

The higher concentrations of the auxins as NAA is usually ineffective
against shoot proliferation (Vijaya et al., 1991, Waseem et al., 2011). Results of
this study clearly demonstrated that WP medium was a better choice and
improved growth of cultured explants (nodal segments) as reported by
Biedermann (1987). It is noticeable that using of IBA at 2.0 mg/l here seamed to
promote elongation of shoots that was considered an added help for the
survival and growth of shoots. Similar results, during the establishment stage,
were reported, elsewhere, on Magnolia when IBA was employed (Franc and
Krejci, 1998). EL-Shamy (2004 and EL-Shamy et al. 2010) reported that
subcultures on MS medium supplemented with 2.0 mg/l NAA led to increase the
shoot length and number of leaves. With regard to IBA concentration, the
addition of IBA at 1 mg/l to BS medium resulted in the highest number of shoots.
Raising the level of IBA to 2.0 mg/l, significantly, decreased the degree of
browning induced callus formaition and gave the longest axillary shoots (Sakr et
al.,1999). The induction rate of Magnolia officinalis was 100% on Gamborg
medium (B5) containing 4.0 mg/l 2, 4-D and 1.0 mg NAA/ litre. The highest
proliferation rate and the lowest percentage of callus browning were recorded
from B5 medium containing 1.2-2.0 mg BA and 1.0 mg NAA/I (Tong et al.,
2002). On the other side, it was found that the lower the salt concentration, the
more shoot elongation of Magnolia was hampered and the better the root
formation. Higher KIN levels (2.5 mg/l) in combination with high salt
concentration (1/1 and1/2) allow fairly uniform elongation shoot while rooting
was poor. On low salt media, rooting was prominent but the leaves were
yellowing and the elongation was nil (Maene and Debergh, 1985). The best
results were obtained with mill medium + 1.0 mg IBA/ | (average number of
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shoots 4.6, average length of shoots 5.0 mm. Krejci and Franc,1997). Qi et al.
(2010) reported the terminal buds of Magnolia officinalis cultured on MS
medium plus 6-BA, NAA and 2,4-D under different light conditions. The results
showed that the optimum medium for callus indication of Magnolia officinalis
terminal buds is MS+2.0 mg/l 2,4-D+ 0.5 mg/l BA+1.0 mg/l NAA +30 ¢/l
sucrose+8 g/l agar at pH 5.8. Also, Li and Dong (2007) found that the terminal
bud of the lower branches of M.Simicum should be used as explants in a
medium consisting of 2 MS medium with 0.1- 1.5 mg/I IBA and 0.1- 1.0 mg/|
IBA. Angsumalee et al. (2005) reported that all the explants formed viable
shoots when MS medium supplemented with 0.1- 10 mg BA /. Shooting was
highest (2.72+0.37) on MS medium supplemented with 1 mg/l for 4 weeks. For
successful in vitro rooting, shoots of Magnolia grandiflora were treated with 2.00
mg/l IBA in the culture medium. Whereas, lesser or higher IBA concentrations
(i.e.1.00 mg/l or 3.0 mg/l) failed to form roots on shoots. Similarly in other trials,
2.0 mg/l IBA promoted in vitro rooting on Magnolia shoots (Maene and
Debergh, 1985; Kamenicka et al., 1996, Sakr et al., 1999, EI-Shamy et al., 2004
and 2010). In some other cases, IAA was also used for in vitro rooting of
Magnolia shoots (Kamenicka and Takats, 1997).

Multiplication stage

Results of Table (2) and Figure (2) display the effect of both applied
growth regulator’ levels and their combinations practiced highly, significant
effects on the multiplication stage’s characters of Magnolia grandiflora where
single nodal explants were cultured and grown in vitro for 35 days . Respecting
the shoot length formed per propagule, the main effect of KIN declared that
increasing levels’ concentrations within the range of1.00- 3.00mg/l with no
significant difference, led to increase the shoot length at but increasing its level
up to at 5.00mg/l, coused such significant decrease. On the other hand, the
main effect of IBA, declared that there was a proportional relationship between
it and the given trait. Whereas, the IBA at 1.0 mg/l and/or at 2.00mg/I|, resulted
in the highest Average values (2.44 and/or 2.48) without significant difference.
Regarding the interaction between both applied growth regulators, the presence
of two hormones KIN and IBA at 1.00 mg/l each, resulted in the highest number
of shoots per propagule (2.85). Respecting the Average number of shoots
formed/propagule, the main effect of KIN showed that its presence in the culture
medium at 5.00mg/l achieved the highest Average value (2.88).0On the other
extreme, the presence of IBA in culture medium at either 1.00 or 2.00mg/l,
brought about the highest Average values, i.e.2.44 or 2.48, without significant
difference. The interaction between KIN and IBA at 5.00 and 1.00 mg/I,
respectively recorded the highest Average value (3.40). In terms of Average
number of leaflets formed/propagule, adding KIN to the culture medium at
5.00mg/l contributed to record the highest Average value of the studied trait
(6.58). Respecting the main effect of IBA, augmenting the culture medium with
either 1.00 or 2.00mg/I, resulted in similar finding; where achieved either 5.44 or
5.35 respectively, without siginificant difference. Meanwhile, the interaction
between KIN and IBA at 5.00 and 1.00mg/I, led to the highest Average value of
the given trait (7.33). With respect of the Average number of roots

504
Vol. 20(3), 2015



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

formed/propagule, it is obvious that the absence of KIN from the culture medium
(0.00mg/l), gave rise to the highest Average number of roots
formed/propagule(1.18), then as its level increased in the culture medium, the
given trait was in inverse relationship. On the other hand, augmenting the
culture medium with IBA was in direct propontional relationship with the given
trait, especially at 2.00mg/I which achieved the highest Average value (1.33).
Meanwhile, the interaction between 0.00mg/l and 2.00mg/I of both KIN and IBA,
each in turn, brought about the highest Average value (2.00 roots per

propagule).

Table (2).Effect of different levels of KIN and IBA (mg/l) and their
combinations on the multiplication stage of Magnolia grandifloral
nodal cuttings cultured in vitro for 35 days.

IBA KIN levels (mg/l) Average significance
Character levels 0.00 1.00 3.00 5.00 IBA KIN IBA KIN X IBA
(mg/l)
(a)Average shoot length(cm)/propagule:
0.00 1.06 1.26 1.23 1.20 1.19 o *

050 1.30 1.33 141 133 1.34
1.00 1.63 285 2.63 2.66 2.44
200 255 253 268 2.16 2.48

Average (KIN) 1.63 1.99 1.99 1.83
L.S.D.(0.05) 0.10 0.10 0.21
(b) Average number of shoots formed /propagule:
0.00 0.85 1.23 2.63 2.73 1.86 e *
0.50 1.00 1.57 2.06 285 1.87
1.00 1.32 1.91 2.33 3.40 2.24
2.00 1.56 1.67 2.13 2.55 1.98

Average (KIN) 1.18 1.67 2.29 2.88
L.S.D.(0.05) 0.14 0.14 0.29
(c) Average number of leaflets formed /propagule:
0.00 2.36 4.78 5.80 6.25 4.80 ** ** *
0.50 293 4.16 5.25 6.66 4.75
1.00 3.50 458 6.36 7.33 5.44
2.00 3.83 5.50 6.00 6.08 5.35
Average (KIN) 3.15 475 585 6.58
L.S.D.(0.05) 0.19 0.19 0.39

(d) Average number of roots formed /propagule:
0.00 0.00 0.33 0.33 0.00 0.16  ** * *
0.50 1.00 0.56 0.44 0.00 0.50
1.00 1.72 0.70 0.67 0.55 0.91
200 2.00 1.33 1.00 1.00 1.33
Average (KIN) 1.18 0.73 0.61 0.38

L.5.D.(0.05) 0.06 0.06 0.11

L.S.D.(0.05= Least Significant Difference test at 0.05 level of probability.*, ** Significant of highly
significant.
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Figure (2): Multiplication of magnolia from newly nodal segments of
initiation stage, upon cuturing for 35 days on WPM augmented with KIN
and IBA at 5.00 and 1.00mg/l, consecutively

On the other side, Magnolia grandiflora, also, responded positively to form
callus by application of KIN during the multiplication stage (Klimazewska, 1981).
In the multiplication stage, adding 5.0 mg/I KIN culture medium the ¢ formed the
highest number of shoots as reported by EL-Shamy et al.(2010). This finding
could be achieved due to the mode of action of auxin (IBA) within cultured
tissues which many enhance, control various distinctive processes such as cell
growth and elongation (George and Sherrington, 1984) and Wilkins (1989).
Additionally, it has been stated that auxin induced number of response which
involved cell division,cell enlargement, protein and nucleic acids synthesis
which are concenation of auxin — induced growth and changes in wall plasticity
of plant cell and increase the apical dominance as there are assential and rapid
processes involved in growth and elongation. Howaever, the presence of auxin
in the culture medium, positively, increased the Average shoot length of
Magnolia grandiflora (Saker et al., 1999; Zaman et al., 2001; EL-Shamy et al.,
2010). In this respect, also, Lemos and Black (1996) showed in Annona
muricata that the addition of NAA promoted bud elongation. The more
important multiplication stage, the use of KIN favoured not only proliferation of
shoots, but also promoted plant height of magnolia shoots. Whereas, KIN at 5
mg/l led to the highest number of shoots and at 1.00 or 3.00 mg/| led to the
tallest plant heights, number of leaves was restricted to leaf surrounding the
formed bud only at 1.00 or 3.00 mg/I of KIN. When KIN was used in a lesser
concentration (0.00mg/l or 1.00mg/l) number of leaves were dramatically
decreased. However, MS supplemented with NAA or IAA was used successfully
with magnolia for shoot proliferation purposes (Krejci and Franc,1997).
However, in other occasions Magnolia, also, responded positively to form callus
by application of KIN during the multiplication stage (Klimaszowska, 1981). This
later auther reported that the obtained result was in harmony with Magnolia
grandiflora results obtained here, which on the whole, seems to favour KIN for
the multiplication stage of Magnolia. As an explanation for this phenomenon, its
more likely that high levels of KIN- utilized in this study (i.e. 5.0 mg/l) and
elsewhere too, may have caused the removal of apical dominance thus
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enhanced shoot proliferation (Klimaszewska,1981). In this respect, in Magnolia
grandiflora, it was, also, observed that shoot multiplication was developed using
different concentration of cytokinin with auxin achieved the best results as
reported by some investigators (Nakmura et al., 1995; Luo and Sung,1996;
Tong et al., 2002; Zaikang et al., 2002;Rosas and Rodriques, 2006; Lina et
al.,2006 and Parris et al., 2010).

Rooting (rhizogenesis) stage
Since the growth and development are correlated processes the recorded
characters, here, should be presented as a whole.

Results of Table (3) and Figure (3) manifested that various levels of both
applied growth regulators and their interactions had, highly significant effects on
the rooting stage’s traits of Magnolia grandiflora. Respecting the Average shoot
length per propagule, results of IBA demonstrated that the presence of IBA in
culture medium results in the highest shoot length. In total, the main effect of
NAA showed similar performance that has been noticed as the above-
mentioned characters. The interaction between IBA at 1.00mg/l and NAA at
2.00 mg/l gave the highest Average value of shoot length (2.31). It could be
concluded from the above-mentioned results that the presence of IBA in the
culture medium led to better performance of shoot length . Higher concentration
of IBA had shown best results. This reason could be due to the fact that IBA as
usually take an active role in the shoot proliferation and its effect is visible in
callus or root formation. On the contrary, NAA at intermediate concentration (viz
2.00 mg/l), caused the longest shoot per propagule. The finding could be
attributed to the mode of action of auxin (NAA) within cultured tissues is capable
of controlling various distinctive processes such as cell growth and elongation
(George and Sherrington, 1984; George et al., 2008). Concerns for the Average
number of shoots per propagule, the main effect of IBA .

Fig.(3):Rhizogenesis of magnolia microshoots of multiplication stage,
upon culturing then for 35 days on WP medium fortifited with NAA and
IBA at 1.00 mg/l, each in turn
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Table (3). Effect of different levels of NAA and IBA(mg/l) and their
combinations on the rooting stage of Magnolia grandiflora
nodal cuttings cultured in vitro for 35 days.

IBA NAA levels (mg/l) Average Significance
Characters levels 0.00 1.00 2.00 3.00 IBA NAA IBA NAAXIBA
(mg/l)

(a)Average shoots length (cm) /propagule:
0.00 1.00 1.41 1.60 1.76 144 ** ** *
0.50 1.65 1.80 1.90 1.98 1.83
1.00 1.95 2.083 2.31 1.91 2.05
2.00 1.95 2.00 2.00 1.60 1.86
Average (NAA) 1.64 1.81 1.95 1.8