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ABSTRACT

At the Research and Experimental Station
Farm, Faculty of Agriculture, Ain Shams University
at Shalakan, Kalubia Governorate, Egypt, two field
experiments were carried out during the 2006 and
2007 growing seasons to study the response of
sesame growth, yield and the associated weeds to
three manual weed management (hand hoeing
twice, hoeing once and unweeded), and cultural
weed management i.e., four plant geometrical dis-
tributions (planting on one side of the ridge with
either 10 cm-hill distance and one pilant/hill [G4] or
20 cm-hill distance and two plants/hill [Gz} as well
as planting on the two sides of the ridge with either
20 cm-hill distance and one plant/hill [Gs] or 40 cm-
hill distance with two plants/hill [G4]. Results
showed that weeds that grew with hoed twice-
sesame planis received less light, producing poor
biomass. Also, hoeing twice was the superior weed
control treatment for increasing LA, LA, yield com-
ponents and biological, seed and oil yieldsffed. Gy
and Gz patterns surpassed Ga for reducing light
intensity, and exceeded Gz as well as G4 for de-
creasing weed biomass. Moreover, Gy and G pat-
terns were the superior and equal for enhancing
LA, LAJ, plant height, weight of capsules and
seeds/plant as well as biological, seed and oil
yields/fed. There is a significant and negative rela-
tion between sesame seed vield either with weed
biomass or transmitted light. Whereas, the corre-
sponding relation was significantly positive with
LAL. Multiple regression equation referred to that
the weed biomass and transmitted light increase
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as well as LAl decreases by one unit, the seed
yield decreases by 0.68, 0.26 and 76.3 kg/fed.,
respectively.

INTRODUCTION

Sesame is a crucial oilseed crop in many de-
veloping countries. 1t could be grown under fairly
high temperature and low water supply (Weiss,
1983 and Basavarai et af 2000). In addition, it has
a short growing season and its seeds sre rich in oil
and protein. [n Egypt, sesame is a food crop rather
than oilseed one being most of its seed production
is directly used for manufacture products.

Increasing crop productivity could be achieved
through application an effective integrated weed
management program. Integrated weed manage-
ment is an approach utilizes two or more of weed
control techniques to reduce weed population at
levels below these causing economic injuries. In
this concern, sesame plant has a low growth rate
at the early stages, so encountering severe com-
petition from weeds for light and other environ-
mental resources. Thraugh light deprivation, less
energy is available to crop plants for metabelic
production and hence growth, yield and quality will
be reduced. Weeds cause enormous damage to
the sesame yield and the magnitude of loss ranges
from 23.8 and 71.2 % (Chauhan & Gurjar, 1998
and Singh et al 2003). So, managing weeds is
essential. In this regard, manual and cultural weed
management methods are remarkable, especially
under sustainable agriculture conditions, where the
agro-chemicals are not applied. Herein, hoeing still
a conventional weed control pattern in row spacing
crops, bui hand labor is becoming scarce and their
wages have been increased. This in turn presents
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to view the needs of another reasonable alterna-
live method for weed control. Modification of plant
geometry by choosing the optimal plant distribution
as a cuitural weed control, with potentiality, might
be considered. Spatial distribution of the crop can-
opy may be important for weed suppression, but
literature cited related to the effect of geometrical
distribufion of sesame on the associated weeds
are so scarce )

It was necessary to conduct this study with the
objective of determining the influence of weed
management {integrating hand hoeing with plant
geometrical distribution) on sesame productivity
and the associated weeds.

MATERIALS AND METHODS

At the Research and Experimental Station
Farm, Faculty of Agriculture, Ain Shams University
at Shalakan, Kalubia Governorate, Egypt, two field
experiments were carried out during the 2006 and
2007 growing seasons to study the response of
sesame growth, yield and the associated weeds to
the following:

1- Three manual hoeing treatments: hand hoeing
twice at 25 and 40; hoeing once at 25 days after
sowing in addition to the unhoed; and

2- Four plant geometrical distributions: planting on
one side of the ridge with either 10 cm-hill dis-
tance and one plant/hill (G4) or 20 cm-hill dis-
tance and two plants/hill {Gz) as well as planting
on the two sides of the ridge with either 20 cm-
hill distance and one plant/hill (G3) or 40 cm-hill
distance with two plants/hill (G4). Thus, it is
noted that the four distributions produce the
same theoretical plant density (66666
plants/fed.).

A randomized complete block design was used
with four replicates. Each plot area was 12.96 m’
and contained 6 ridges (3.6 m length and 60 cm
apart).

The soil texture of the experimental site was
clay loam, with 1.2 % organic matter, 0.13 % total
nitrogen and pH of 7.4. The preceding crop was
clover in both seasons.

Seeds of sesame (c.v. Shandawel-4) were
drilled in hills at a rate of 3.0 kg/fed., then sowing
irrigation was applied. The sowing date was May
11™ and 21 in the 1% and 2™ seasons, respec-
tively. At 25 days after sowing, plants were thinned
(to secure the number of plants/hill according to
the distribution treatment) followed by irrigation.
Phosphorus fertilizer (in the form of calcium super
phosphate, 15 % PzOs) was applied during the soil

3

preparation at the rate of 100 kg/fed. Also, nitrogen
fertilizer (in the form of ammonium suifate, 20 % N}
was applied at the rate of 30 kg/fed. at three equal
portions: after thinning, before the second and the
third irrigation. All other recommended cultural
praclices were adopted throughout the two sea-
sONs.

Measurements
1- Light intensity

After 80 days from sowing, light intensity was
measured at noon (using lux meter LX-101) at 50
cm height from soil surface. In this respect, three
observations were recorded from each plot under
the canopy of sesame plants, then the average of
these three readings was calculated.

2- Weed biomass

Weeds were hand pulled from. one length meter
of middle ridge of each pfot after 50 days from
sowing. Biomass of weeds expressed in dry weight
per square meter was calculated after air drying for
6 days and oven drying at 105" C for 24 hours.

3- Sesame plants
a- Growth traits

At 80 days from sowing, five guarded plants
were randomly chosen from each experimentai unit
to estimate leaf area “LA", leaf area index “LAI"
and specific leaf weight “SLW".

b- Yield and its attributes

At harvesl, five guarded plants were taken ran-
domly from each experimental plot to measure
plant height, fruit zone length, capsules and seeds
welght/plant and welght of 1000 secds. Moreover,
plants of one middle ridge of each plot were col-
lected to evaluate biological and seed yields/fed.

c- Seed oil content

Qil percentage in seeds was measured by ex-
traction using Soxhlet Apparatus with hexane as
an organic solvent according to A.O.A.C. {1995},
then oil yield was calculated.
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Regression analysis

Simple and multiple regression relationships
and determination coefficient (R%) among sesame
seed yield (dependent variable) and weed bio-
mass, transmitted light and sesame LAl (inde-
pendent variables) were estimated as described by
Draper & Smith (1998),

Statistical analysis

All the obtained data from each season were
exposed to the proper statistical analysis of vari-
ance according to Gomez & Gomez (1984). The
combined analysis of variance for the data of the
two seasons was performed after testing the error
homogeneity, and LSD at 0.05 ieve! of significance
was used for the comparison between means.

RESULTS AND DISCUSSION

I- Light intensity and weed biomass

it is important to mention that the most com-
monly surveyed weeds in the experimental situa-
tions through the two growing seasons were
grasses, i.e. jungle rice (Echinochioa colonum, {L.)
Link.) and crowfoot grass (Dactyloctenium aegyp-
tium, (L.} P. Beauv.}

There are remarkable impacts of hoeing treat-
ments and geometrical distribution as well as their
interaction on light intensity and weed biomass
(Table, 1).

Hoeing twice or once reduced light intensity
and weed biomass comparing to the unhoed
treatment. In this regard, sesame plants that hoed
two times intercepted more sunlight. So, such pat-
tern recorded the lowest value of light intensity,
which was measured under the canopy (i.e., 50 cm
from the soil surface). Accordingly, weeds that
grew with hoed twice-sesame plants received less
light, producing poor biomass. Such exceeded
freatment decreased the two aforementioned traits
by 78.0 and 89.7 %, respectively, over the unhoed.
This illustrates the favorable effects of hoeing on
weed elimination and on crop plant growth. Reduc-
tion in dry matter accumulation of weeds due to
application of hand weeding twice was amounted
to 60.4-84.6 %, over the control (Chauhan & Gur-
jar, 1998 and Kumar & Thakur, 2005}). On the
contrast, the severity of weeds (especially in the
unhoed plois) appeared in competing crop plants
{reducing their potential growth) and simuftane-
ously receiving more light that enhanced weed
biomass.

With respect to the effect of the geometrical
distribution patterns on light intensity and weed
biomass, Gy and G patterns surpassed Gs for
reducing light intensity, and exceeded G; as well
as G4 for decreasing weed biomass. These results
may be atiributed to the high competition against
weeds exerted by closing the distance among crop
plants on the same ridge side {(as in Gy or Gy) es-
pecially in the early stages where sesame plants
are more sensitive to weed competition.

Considerable interaction impacts between hoe-
ing treatments and geometrical distribution on light
intensity and weed biomass were obtained (Table,
1). Hoeing twice x G, attained the best effect for
diminishing such two traits, while the unhoed x G,
was the inferior one in this respect. This reflects
the beneficial integration between manual (hoeing)
and cultural {plant distribution) weed controi for
depressing weeds.

li- Sesame growth traits

Data in Tahle (2) show the influence of the two

studied factors and their interactions on LA, LAl
and SLW of sesame plants after 80 days from sow-
ing.
The available results indicate that hand hoed
treatments exceeded the unhoed one for promot-
ing LA and LA Also, hoaing fwice surpassed hoe-
ing once in such two traits. Unlike, SLW values
were significantly higher with hoeing once or no
hoeing than when hoeing was applied twice. This
confirms the relative low of metabolites translo-
cated from leaves (source) to other plant paris
{sink), in addition to the reduction in leaf expansion
in the two former freatments. While, the increase in
LA accompanied more translocation for plants
hoed twice. This also reflects that hoeing twice
adjusts between the vegetative growth and the
physiological responses of crop plants.

LA and LAl were statistically responded fo
geometrical distribution, while SLW was not af-
fected. G along with Gy were the distinctive pat-
terns for enhancing both LA and LAI. This might be
due lo that sesame planis in Gz and G, plots cap-
tured more environmental growth factors (they
were more effective against weeds) than that of in
the other distributions. Crop geometry of 30 x 30
cm? proved superior to 45 x 20 cm’ in enhancing
sesame LAl (Sarkar & Pal, 2005).

The combination between hoeing treatments
and geomedtrical distribution had a significant effect
on LA and LAI, while did not affect SLW. Hoeing
twice x G; was the effective interaction for improv-
ing such two fraits, but unhoed x Ga recorded the -
minimal values,
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Table 1. Light intensity and weed blomass as Iinfluenced by hoeing treatments, plant
geometrical distribution and their interaction in sesame

Variables Geometrical distribution (G) Mean
G Gy Gs G,
Hoeing treatments (H)
Light intensity (lux}
Hoeing twice 138.4 2355 2328 179.2 196.5
Hosing once 236.2 378.1 279.4 481.3 346.2
Unhoed 986.7 653.0 899.3 1041.5 895.1
Mean 453.8 422.2 470.5 570.6
LSD (0.05): H: 80.7, G:104.7 HxG: 181.3
Weed hiomass (g.m'z)

Hoeing twice 5.6 8.4 74.3 102.0 47.1
Hoeing once 148.7 153.5 . 2721 316.8 222.8
Unhoed 2836 402.5 570.4 612.4 467.2
Mean 146.0 187.5 305.6 343.7
LSD {(0.05): H: 21.0, G:243 HxG: 42.1

Table 2. Sesame growth traits as influenced by hoeing treatments, plant
geometrical distribution and their interaction

Variables Geometrical distribution (G) Mean
Gy G Gs3 Ga
Hoelng treatments {(H)
LA (cm?)
Hoeing twice 33254 3634.5 1724.7 1583.4 2517.5
Hoeing once 1400.3 2090.5 1187.0 1634.7 1578.9
Unhoed G384 .4 1010.5 589.2 3494 660.9
Mean 1806.7 2179.2 1167.0 1189.2
LSD (0.05): H. 372.5 G:430.2 HxG: 745.0
LAl
Hoeing twice 5.54 5.72 2.87 2.63 4.19
Hoeing onice 2.33 3.48 1.97 2.72 2.62
Unhoed 1.15 1.68 0.98 0.58 1.09
Meoan 3.00 J.62 1.94 1.98
LSD (0.05): H: 0.62 G:0.71 HxG: 1.24
SLW {(mg.cm™)

Hoeing twice 5.25 4.63 4.94 512 4.99
Hoeing once 6.07 5.87 5.09 5.63 5.66
Unhoed £.97 6.09 5.71 5.61 5.84
Mean 5.76 5.52 5.24 545
LSD (0.05): H: 0.32 G:ns  HxG:ns
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lil- Sesame yield and its attributes

Sesame vyield and iis attributes as well as seed
oif content were significantly affected by hoeing
treatments, geometrical distribution and their inter-
action as shown in Tables (3 & 4).

As expected, hoeing twice was the superior
weed control method {comparing to other hoeing
treatments) for increasing plant height, fruit zone
length, weight of capsules and seeds/plant, weight
of 1000 seeds as well as biological and seed

yieldsifed. On the contrary, the unhoed treatment
was the inferior in this respect. Moreover, hoeing
once and twice recorded the maximum oil % and
oil yield, respectively. Hoeing, as effective tool for
weed elimination, minimizes weed competition and
increases the capacity of crop plants to utilize light,
water, nutrients, CO; and other environmental fac-
tors. This in turn increases the amount of metabo-
liiles synthesized, enhancing plant growth, and
consequently yields and its attributes. Similar ob-
servations were obtained by Yadav (2004) and
Kumar & Thakur (2005).

Table 3. Sesame yield components as Influenced by hoeing treatments, plant geometrical

distribution and their interaction

, Geometrical distribution (G}
Var@b!es o G Gy G Mean
Hoeing treatments (H)
Plant height (cm)
Hoeing twice 153.9 168.7 130.7 144.9 149.6
Hoeing once 157.7 142.2 119.1 131.5 137.6
Unhoed 124.8 1198.3 - 107.6 116.5 1174
Mean 145.5 143.4 119.1 131.0
LSD (0.05): H:3.4 G: 4.0 HxG: 6.8
- Fruit zone length {cm)
Hoeing twice . 98.3 115.1 84.9 939 98.1
Hoeing once 94.2 94.6 625 90.4 85.5
Unhoed 50.4 571 47.7 58.1 53.3
Mean 81.0 88.9 65.0 80.3
LSD (0.05): H: 3.5 G: 4.1 HxG: 7.1
Capsules weight/plant (g)
Hoeing twice 31.3 46.0 247 25.3 31.8
Hoeing once 203 213 13.7 147 19.8
Unhoed 9.3 11.0 7.3 8.0 8.9
Mean 23.3 26.1 15.2 16.0
LSD (0.05): H: 2.8 G:32 HxG: 56
Seeds welght/plant (g)
Hoeing twice 14.1 19.2 103 10.1 13.4
Hoeing once 13.1 85 47 6.2 8.1
Unhoed 29 3.4 14 1.8 2.4
Mean 10.0 104 Va5 .82
LSD {0.05); H:1.3 G:15 HxG: 2.7
: Weight of 1000 seeds (g}
Hoeing twice 416 4.28 4.01 4.03 4.12
Hoeing once 4.1 4.06 3.82 3.92 3.98
Unhoed 4.06 3.60 3.60 3.80 3.79
Mean 4.11 3.98 3.81 3.95
LSD (0.05): H: 0.07 G: 0.08 HxG: 0.15
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Table 4. Sesame yields and seed oil % as influenced by hoeing treatments, plant
geometrical distribution and their interaction

Variables Geometrical distribution (G) Mean
: Gi G Gs G4
Hoeing treatments (H)
Biological yield (ton fed™)
Heoeing twice 2.85 2.98 2.38 2.08 2.57
Hoeing once 220 2.09 1.59 1.42 1.82
Unhoed 0.87 0.88 0.60 0.57 0.73
Mean 1.97 1.99 1.52 1.35
LSD (0.05): H: 0.17 G:0.20 HxG: 0.34
Seed yield (kg fed™)

1 Hoeing twice 985.0 1069.4 783.3 6945 883.1
Hoeing once 764.1 651.4 438.3 4461 575.0
Unhoed 180.5 213.1 81.3 104.6 147.4
Mean 646.5 644.6 434.3 415.1
LSD {0.05): H:70.2 G: 81.1 HxG: 140.4

Oil %

Hoeing twice 53.7 55.1 55.4 56.4 55.1
Hoeing once 56.1 55.4 55.7 57.0 56.1
Unhoed 55.3 54.7 52.2 53.8 54.0
Mean 55.0 55.1 54.4 55.8

LSD {0.05): H:0.53 G: 0.61 HxG: 1.06

Oil yield (kg fed™)

Hoeing twice 528.9 588.2 433.9 391.7 4859
Hoeing once 428.7 360.8 2441 254.3 321.9
Unhoed 105.3 116.6 42 .4 56.4 80.2
Mean 354.3 355.5 240.1 234.1

LSD (0.05): H: 391 G: 45.2 HxG: 78.2

Concerning the effect of geometrical distribu-
tion on yield and ils attributes, G; recorded the
significantly highest value of fruit zone length,
while G; was the effective for improving weight of
1000 seeds. Alsa, the two aforementioned prac-
tices were superior and equal for enhancing plant
height, weight of capsules and seeds/plant as well
as biological, seed and oil yields/fed., exceeding
other patterns. Furthermore, G4 gave the highest
seed oil %. Being Gy and Gz achieved the highest
values of LA and LAl (Table, 2), enhancing net
assimilation and crop growth rates, s¢ increasing
yield and its components are expected. Under the
same plant populations, crop geometrical distribu-
tion significantly varied in yield and its attributes
{Sarkar & Pal, 2005 and Rahnama & Bakh-
shandeh, 2006).

Hoeing twice x G, was the most effective com-
bination being produced the maximum values of all

yield attributes as well as biological, seed and oil
yields/fed. (Tables, 3 & 4). This shows that choos-
ing the suitable plant distribution needs to well
hand hoed i.e., hoeing twice and vice versa, for
saving noticeable sesame yields. Furthermore,
hoeing once x G4 showed the maximal seed oil %.
Under weedy conditions, G3 was the inferior prac-
tice in plant helght and fruit zone length, while G4
was the superior in weight of 1000 seeds.

Regression analysis

By studying the simple regression relationships
and computing coefficient of determination (Rz)
between sesame seed yield, as a dependent vari-
able, and each of weed biomass, transmitted light
and LAl as independent ones, it is shown that the
suitable mathematical uniform is the linear one
(Fig. 1).
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Fig. 1. Simple regression relationships of sesame seed yield with each of weed biomass, transmit-

ted light and LA

According o regression equations, there is a
significani and negative relation between sesame
seed yield either with weed biomass or transmitted
light. Whereas, the corresponding relation was
significantly positive with LAl From R? value of
each, it is observe that weed biomass parameter is
more effective in exhibiting changes in seed yield
than ftransmitted light, where 78% of these
changes were attributed to weed biomass and
83% of them resulted only from transmitted light.

Additionally, regression equations predict that
the more the weed biomass and transmitted light
increase as well as LAl decreases by one unit, the
more the seed yield decreases by 1.53, 0.79 and
160.0 kg/fed., respectively.

From multiple regression equation (§ = 6823 —
0.68 x1— 0.26 x; + 76.3 xa, R? = 0.88, f =78.9), 88
% of the changes of sesame seed yield due to
weed biomass, transmitted light and LAl together.
Moreover, the mode| refers to the weed biomass
and transmitted light increase as well as LAl de-
creases by one unit, the seed yield decreases by
0.68, 0.26 and 76.3 kg/fed., respectively.

Calculated values of f in simple and multiple
regression relationships reveal the significance of
the applied model and it is suitable for the data of
studied traits.
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