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Water scarcity is a major cause of crops yield reduc-
tion in many parts of the world. So, a more rational use
of irrigation water should be adapted and deficit irriga-
tion principles should be accepted with a certain level
of reduction in yield level. To study the efficiency of
four water requirements (100% whole season, 75% whole
season, 50% whole season and 100% whole season while
50% at grain-filling stage) and five weed-control treat-
ments (three postemergence herbicides i.e., metosulam,
tribenuron-methyl, and bromoxynil), hand weeding and
unweeded check, and their interactive effects, two field
experiments on wheat crop were conducted in two suc-
cessive seasons at the agricultural experimental station of
the National Research Centre, Nubaria, Egypt. Bromoxy-
nil, tribenuron-methyl came in the first order for con-

trolling total broad-leaved weeds. Application of 100%
water requirement recorded the highest values compared
to all other irrigation water treatments in term of flag-leaf
area, chlorophyll content, plant height, number of spike/m?,
spike weight, grains number/spike, weight of 1,000 grains,
yield and yield attributes of wheat. Metosulam followed by
bromoxynil, tribenuron-methyl and hand-weeding treat-
ments gave higher values of grain yield/ha. The highest
grain yield, protein and carbohydrates percentages of
wheat grains were obtained from addition of 100% water
requirement with metosulam treatment was used followed
by 75% of water requirement combined with metosulam
treatment without significant difference among these treat-
ments.

Key words: Bromoxynil, deficit irrigation, herbicides metosulam, tribenuron-methyl, Triticum aestivum L., weed control

Wheat is a leading food grain crop being a staple
diet. Itis foremost among cereals and as amain source
of carbohydrates and protein for both human beings
and animals; contains starch (65-75%), protein
(11-16.5%), fat (1.5-2%), inorganic ions (1.2—2%)

and vitamins (B-complex and E) (Rueda-Ayala et
al. 2011). Wheat is the most strategic cereal crop
and the main food for Egyptian people. Increasing
wheat production to overcome the gap between to-
tal production and consumption could be achieved
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by maximising the production per unit area (verti-
cal expansion) and/or horizontal expansion through
reclaiming desert lands (Mahgoub 2001). The ver-
tical expansion could be possible via development
of high-yielding varieties and simultaneously, im-
plementing cultural practices. Moreover, in Egypt,
due to the limited cultivated area, reclaiming desert
lands became a must.

Agriculture water demand is one of the serious
pressure on water sector in Egypt, since 85% of total
available water is consumed by agriculture and most
of the on-farm irrigation systems have low efficien-
cy coupled with poor irrigation management. Wa-
ter scarcity is a problem faced by Egypt these days.
Therefore, irrigation water should be adequately ap-
plied to crops to prevent wastage of water. Hence,
the efficiency of water use in agriculture needs to
increase in a sustainable manner, that is, food pro-
duction (quantitatively and qualitatively) per unit of
water used has to be raised (Oweis & Hachum 2003).
In general, crop evapotranspiration (ET), and more
precisely, crop transpiration is positively and linear-
ly related to grain yield in C, and C, plants; there-
fore, water stress inevitably decreases yield (Ace-
vedo et al. 2002). In addition, Passioura & Angus
(2010) postulated that early water stress limits tiller
number and water stress after anthesis reduces the
size of the individual grains and the grain number
through abortion of the developing grains in wheat.
Furthermore, wheat is very sensitive to high temper-
ature (Slafer & Satorre 1999).

Growing wheat in the new desert lands (sandy
soils) would require specific cultural practices dif-
fering from those applied to the valley lands (old cul-
tivated fertile ones). Irrigation water and weed-con-
trol treatment are the most limiting factors for wheat
production in the new reclaimed area. Economic use
of water is a very important problem that confronts
farmers and agricultural scientist in irrigation area.
This problem is becoming more acute with the in-
crease in irrigated area. Water scarcity and low-soil
fertility are the main constrains facing wheat produc-
tion in the new lands in Egypt. Therefore, irrigation
should be scheduled to maximise crop production
per unit of applied water (Mahgoub & Sayed 2001).
Modern sprinkler irrigation system is used in the
newly reclaimed sandy soils at Nubaria region, Be-
heira governorate, Egypt. This system improves the

water use efficiency. Using chemical weed manage-
ment in intensively grown crops (e.g. wheat) is eas-
ier and more economical than manual or mechanical
ones, especially because of scarcity of manual la-
bours and pay rise. But because of warnings against
manipulating herbicides recently, the supply of their
authorised components became extremely restrict-
ed. Weed reduced crop yield through competition
for moisture, nutrients, sunlight and space. Shaban
et al. (2009) reported that wheat grain yield losses
due to weed interference accounted for 27.5%.
Moreover, during harvest and dockage, a reduction
on quantity and/or quality could be happened, con-
sequently, leading to the reduction on the economic
return. Nisha et al. (1999) pointed out that reduction
in wheat yield due to weed infestation has reached
30.7%. El-Bawab and Kholousy (2003) reported
that controlling weeds by herbicidal treatments in-
creased grain yield by about 40.3 and 13.6%, com-
pared to unweeded and hand-weeding treatments,
respectively. Several herbicides are available to
control wheat weeds. Metosulam, tribenuron-meth-
yl and bromoxynil herbicides were introduced as
selective herbicides for controlling broad-leaved
weeds in cereals (EI-Metwally 2002; El-Metwally
et al. 2010). Application of metosulam herbicide
provided 100% broad-leaved weed control and gave
20% more wheat yield than weedy check (EL-Met-
wally & Saudy 2009). Tribenuron-methyl and bro-
moxynil are two selective herbicides for control of
broad-leaved weeds in wheat (Nassar 2008).

Therefore, the main objective of this study was
to examine the optimum irrigation watering regime
and weed-control management to maximise the
yield production of wheat under sandy soils of the
new reclaimed area in Nubaria region, Egypt.

MATERIAL AND METHODS

Experimental procedures

Two field experiments were conducted during
the two successive seasons (2012/13 and 2013/14)
at the experimental farm of National Research Cen-
tre, Nubaria region, Egypt (latitude 30.8667 N,
and longitude 31.1667 E, and mean altitude 21 m
above sea level). The experimental area was clas-
sified as arid region with cool winters and hot dry
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summers prevailing in the experimental area. Ta-
ble 1 illustrates the monthly mean weather data
for the two growing seasons 2012/13 and 2013/14,
for the experimental sites in Nubaria, as obtained
from the Central Laboratory of Meteorology, Min-
istry of Agriculture and Land Reclamation. There
was no rainfall that can be taken into consideration
throughout the two growing seasons. The soil of
experimental site is classified as sandy soil. Some
physical and chemical properties of the experimen-
tal soil are shown in Tables 2a and 2b. Irrigation
water was obtained from an irrigation channel pass-
ing through the experimental area with pH 7.35,
and electrical conductivity (EC) of 0.41 dS/m.
The experiment was established with a split-plot
design having four replicates. The main plots in-
cluded four irrigation water requirements, that is,
1) 100% water requirement throughout the season,
2) 75% water requirement throughout the season,
3) 50% water requirement throughout the season,
and 4) 100% water requirement throughout the
season while 50% at grain-filling stage. Sub-plots
were assigned to five weed-control treatments, that
is, 1) Metosulam (N-2,6-dichloro-3-methyl phenyl)
— 5.7 — dimethoxy — (1,2,4) Triazolo (1,5a) pyrimi-
dine — 2 — sulphonamide), known commercially as

Sinal 10 Sc sprayed after 25 days from sowing at the
rate of 100 ml/ha, 2) Tribenuron-methyl (1-Meth-
yl 2[[{N-(4-methoxy-6-methyl-1,3,5 triazin 2-yl)
methyl amino}carbonyl] amino] sulfonyl]benzoate)
known commercially as Granstar 75% DF sprayed
after 25 days from sowing at the rate of 20 L/ha,
3) Bromoxynil (3.5-dibromo-4-hydroxybenzoni-
trile) known commercially as brominal 24% sprayed
after 30 days from sowing at the rate of 2.5 L/ha,
4) Two hand weeding 30 and 50 days from sowing,
and 5) Unweeded check. All treatments under in-
vestigation were sprayed by Clodinafop-propargyl
to control the associated weed grasses of wheat.
The water resource for irrigation came from an ir-
rigation channel under rotational irrigation where
water existed in the channel just for 3 days every
week and the channel was empty for the remaining
4 days. The experimental field was deep ploughed be-
fore planting. First disc harrow, then duck food was
used for further preparation of the field for planting.
A combined driller that facilitated concurrent ap-
plication of fertiliser and seeds was used. A wheat
variety (Sakha 93) was planted in the first week of
December in both studied seasons. The driller set-
ting was such that it applied 167 kg of seed per ha,
at 5-cm soil depth with 13.5-cm row spacing. Fertil-

Table

1

Monthly and growing season climatic data of the experimental site

Wind Relative
Growing Sf)la.r Precipitation speed Air temperature [°C] humidity
Month season radiation [mm] [m/sec] [%]
[W/m?]
Average Average Min. Max. Average
December 49.4 0.2 1.8 15.6 8.9 222 63.3
January 49.7 0.0 2.3 14.9 8.3 214 61.0
February 67.5 0.1 2.1 16.9 9.3 24.5 57.7
2012/13
March 93.5 3.6 22 18.6 11.0 26.2 60.0
April 111.0 0.0 2.3 20.8 12.8 28.8 523
May 130.0 0.0 1.4 20.2 12.7 27.6 49.0
December 49.5 0.0 2.0 15.8 9.1 22.6 63.4
January 50.0 1.2 2.5 15.7 7.3 24.1 66.0
February 68.0 2.6 2.3 16.8 7.2 26.4 56.0
2013/14
March 95.0 0.0 2.5 18.2 8.2 28.3 56.0
April 113.0 0.0 2.4 20.7 10.9 30.6 50.0
May 135.0 0.0 1.6 24.0 14.3 33.8 47.0
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Table 2a

Soil physical characteristics of experimental site

) Particle size distribution [%] Soil moisture constants
Soil depth Texture Sp C WP
cm i i class
[cm] Coarse sand Fine sand Clay + Silt [%] [%] [%]
20 57.43 40.08 2.49 Sandy 21.0 10.1 4.7
40 57.02 39.26 3.72 Sandy 19.0 13.5 5.6
60 56.98 39.18 3.84 Sandy 22.0 12.5 4.6
Table 2b
Soil chemical properties of experimental site
Soil depth [cm] OM [%] pH (1:2.5) EC [dS/m] CaCoO, [%]
20 0.65 8.7 0.35 7.02
40 0.40 8.8 0.32 2.34
60 0.25 9.3 0.44 4.68

OM - Organic matter; pH — acidity or alkalinity in soils; EC — electrical conductivity

isers application was based on soil analysis recom-
mendations. All treatment plots received the same
amount of total fertiliser. A compound fertiliser was
applied as follow: 285 kg N/ha as ammonium ni-
trate, 10% applied to the soil before planting and
at tillering, the remainder being applied before
each irrigation in six portions till before heading
stage. 70 kg P,O /ha as single superphosphate ap-
plied to the soil in two equal doses before plant-
ing and at tillering stage and 60 kg K, O/ha as
potassium sulphate applied once after one month
from sowing.

Measurements

Weeds were hand pulled from 1 square metre
of each experimental unit at 80 days after sowing
(DAS), then identified and classified into broad-
leaved species groups. The number of weeds were
recorded, then the collected weeds were first air-
dried in the sun and then in an electric oven for
72 hours maintaining a constant temperature of
70°C. Consequently, the dry weights were re-
corded. At 90 DAS, flag-leaf area, chlorophyll
content, and plant height were measured. Flag-
leaf area [cm?] was measured on 10 tillers chosen

randomly from each plot. The total chlorophyll
content (SPAD value) of flag leaf was determined
by chlorophyll meter (SPAD-502 plus) according
to soil plant analysis department section, Minolta
Camera Co., Osaka, Japan as reported by (Mi-
nolta Camera Co., 1989). Harvesting dates were
on May 15" and 7™ in the 1% and 2" seasons, res-
pectively, where plants of 1 square metre per
each experimental plot were collected to estimate
spikes number/m?, grain and straw yields/ha. Af-
terward, 10 tillers were chosen randomly from
each plot, and the following traits were mea-
sured: spike length, number of spikelet/spike,
grain weight and grains number/spike and spike
weight and weight of 1,000 grains. Total nitro-
gen (TN) was measured using Kjeldahl’s method,
and total crude protein (TCP) was determined by
multiplying TN-content in grains by 6.25 accord-
ing to Chapman and Pratt (1978). The phenol-sul-
furic acid method was used for determination of
total carbohydrates (TC) (Smith er al. 1956).
Weather data recorded from an adjacent weather
station. The percentage of soil moisture content
(6,) was measured by profile-probe apparatus in
sandy soils.
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For determination of the crop water require-
ments (CWR), crop evapotranspiration was calcu-
lated under standard conditions (ET)) as follows:

ET = ET, x K_ (Equation 1)

where:

ET, = crop evapotranspiration [mm/day],

ET_ = reference crop evapotranspiration [mm/day],
K, = crop coefficient.

The values of ET_ and CWR are identical, where
ET, refers to the amount of water lost through evap-
otranspiration and CWR refers to the amount of wa-
ter that is needed to compensate for the loss. ET,
calculated from climatic data by directly integrating
the effect of crop characteristics into ET,. The Food
and Agriculture Organization of the United Nations
(FAO) Penman-Monteith method is now the sole
recommended as the sole standard method for calcu-
lating ETo. The Penman-Monteith equation is given
by the following equation (Allen et al. 1998):

900
0.408 A (Rn -G)+ YW 11.2(6s — ea)
ET, = A+y(1+034u)

(Equation 2)

where:

ET, = reference evapotranspiration [mm/day],

R = net radiation at the crop surface ([MJ/m*] per
day),

G = soil heat flux density ([MJ/m?] per day),

T = mean daily air temperature at 2 m height [°C],
u, = wind speed at 2 m height [m/sec],

e, = saturation vapour pressure [kPa],

e, = actual vapour pressure [kPa],

e, — €, = saturation vapour pressure deficit [kPal],

A = slope of saturation vapour pressure curve at
temperature T [kPa/°C],

v = psychrometric constant [kPa/°C].

The equation used the standard climatological
records of solar radiation (sunshine), air temper-
ature, humidity and wind speed for daily calcula-
tions. Amount of irrigation water was calculated ac-
cording to the following equation for the sprinkler
irrigation system:
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AWZEaX(l—LR)

(Equation 3)

where:

AW = applied irrigation water depth [mm/day],

E, = application efficiency equals 75% for sprinkler
irrigation system,

LR = leaching requirements equals 10% for sprin-
kler irrigation system.

Irrigation time (IT) for solid sprinkler system
was calculated according to equation as follows:

Applied irrigation water depth

[rrigation time in hours am = Application rate for sprinkler

(Equation 4)

where:
AR = Application rate for sprinkler in [mm/hour]

_ Sprinkler discharge x 1,000

AR (Equation 5)

Strip area
where:
Sprinkler discharge in [m*/hour]
Strip area in [m?]

The seasonal irrigation water applied [m?/ha/
season]| for 2012/13 and 2013/14, respectively are
shown in Table 3.

Statistical Analyses

The combined analysis of variance for the data of
the two seasons was performed after testing the er-
ror homogeneity and Fisher’s Least Significant Dif-
ference (LSD) test at 0.05 level obtained data from
each season were subjected to the proper statistical
analysis of variance of significance was used for the

Table 3

The seasonal irrigation water applied
[m*/ha/season] for seasons 2012/13 and 2013/14

Growing season
Treatment 2012/13 2013/14
[m3/ha] [m3/ha]
100% 4,284 4,382
75% 3,220 3,287
50% 2,417 2,191
100% + 50% 3,432 3,452
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comparison between means according to Gomez and
Gomez (1984).

RESULTS AND DISCUSSION

Weeds growth

The experimental site was infested by broad-
leaved weeds where, the dominant weed flora
included common wild beet (Beta vulgaris L.),
lambsquarters (Chenopodium album L.) sweet clo-
ver (Melilotus indica L.) and sowthistle (Sonchus
oleraceus L.).

The response of weed growth to water require-
ment treatments differed among weed species (Ta-
ble 4). The presented results indicate that the dif-
ferences among the four irrigation amounts reached
the significance level in number, and dry weight of
broad-leaved species and their total. In this connec-
tion, less value was obtained in plots irrigated by
50% of water requirement, while, the highest one
was recorded by adding 100% of water requirement.
These results are in harmony with those obtained by
Bhat et al. (2006).

As shown in Table 4, all weed-control treatments
were effective in reducing number and dry weight

of broad-leaved species and their total compared
with weedy control plots. Metosulam was the most
effective herbicide than other weed-control treat-
ments controlling each of wild beet (Beta vulgaris
L.), lambsquarters (Chenopodium album L.) sweet
clover (Melilotus indica L.) as well as total broad-
leaved weeds, while, bromoxynil significantly in-
hibited the number and dry weights of sowthistle
(Sonchus oleraceus L.) compared to other treat-
ments. However, the weeded treatments differed
in their efficiency in weed suppression. In this re-
spect, metosulam, bromoxynil, tribenuron-methyl
and hand weeding recorded the highest efficiency
in decreasing number and dry weight of total broad-
leaved weeds. These treatments reduced dry weight
of weeds than unweeded check by 95.9, 95.8, 95.1
and 80.2%, respectively. Insignificant differences
were noticed among the three tested herbicides. Me-
tosulam, bromoxynil and tribenuron are selective
postemergence herbicides to control many annual
broad-leaved weeds. The results of these findings
may be attributed to the inhibition and deleterious
effect of herbicidal treatments on weed growth, co-
inciding with the findings of EI-Metwally and Saudy
(2009), El-Metwally et al. (2010), and Shehzad et
al. (2012).

Table 4

Broad-leaved weeds No. and DW [g/m?] at 80 days after sowing as influenced by watering regimes and weed-
control treatments in wheat crop (average of two seasons 2012/13 and 2013/14)

Wild beet Lambsquarters Sweet clover Sowthistle Total

Treatment

No. | DW | No. | DW | No. | DW [ No. | DW | No. | DW

Watering regime
100% 8.5 26.5 7.6 20.6 10.1 19.2 11.3 16.5 37.5 82.8
75% 7.2 22.4 6.6 17.9 8.8 16.7 10.1 14.7 32.7 71.7
50% 5.8 18.2 5.6 152 5.8 11.0 8.1 11.9 253 56.3
100% + 50% 7.0 21.9 6.5 17.5 8.0 15.3 9.7 14.1 31.2 68.8
LSD, 1.1 1.5 0.4 1.2 1.6 1.8 1.7 1.5 42 7.4
Weed control

Tribenuron-methyl 1.8 5.6 1.1 29 1.3 2.6 1.3 1.9 5.5 13.0
Bromoxynil 1.6 4.9 1.0 2.8 1.0 1.9 1.0 1.4 4.6 11.0
Metosulam 1.3 4.0 0.8 23 0.9 1.7 1.9 2.8 4.9 10.8
Hand weeding 5.3 16.5 5.0 13.6 6.3 11.9 6.8 10.0 234 52.0
Unweeded 25.8 80.3 24.9 67.5 315 59.8 37.9 55.4 120.1 262.8
LSD, . 3.7 11.8 29 9.4 4.1 7.6 52 10.2 12.7 24.7

No. — number; DW — dry weight
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Generally, all possible interactions among wa-
ter requirement treatments and weed management
had considerable impacts on dry weight of the total
broad-leaved weeds as presented in Figure 1. In this
regard, 50% of water requirement in plots sprayed
with metosulam achieved the highest reductions
in dry weight of total broad-leaved weeds, while,
the highest value was recorded at 100% of water
requirement treatment in unweeded plots. Similar
trends were noticed by Bhat ef al. (20006).

Wheat growth

Results in Table 5 reveal the significant impacts
of water requirement treatments on flag-leaf area
[em?], flag-leaf chlorophyll content (SPAD value),
and plant height. In this connection, irrigation with
100% of water requirement significantly increased
aforementioned traits compared to addition of 50%
of water requirement. Herein, no significant differ-
ences between 100 and 75% of water requirement
were found. Accordingly, supplying wheat plants
with adequate water requirement might help the
plant to absorb greater amount of water and nutri-
ents, enhancing internodes elongation since nutri-
ents encourage cell division and enlargement and
meristematic activity. Besides, the beneficial effect
of water for improving pigments and photosynthetic
process. These results are in harmony with those ob-

= Tribenuron-methyl

300 a

250
200 F
150

100 |

Broad leaves weed [g]

50

& Bromoxynil

a

tained by Kassab and El-Zeiny (2005) and Tawfik et
al. (2005).

Weed-control treatments significantly affected
flag-leaf area, chlorophyll content and plant height
(Table 5). Metosulam herbicide gave the highest

Table 5

Effect of watering regimes and weed management on
SPAD value of wheat flag leaf, plant height and yield
components wheat (average of two seasons 2012/13
and 2013/14)

Treatment Fl?;%;:af SPAD }Feliagliltt
[om?] (value) [cm]
Watering regimes
100% 42.7 36.2 73.1
75% 41.8 33.8 71.2
50% 373 30.6 65.3
100% + 50% 41.3 322 68.7
LSD, 1.3 1.7 2.1
Weed control
Tribenuron-methyl 41.3 35.7 69.5
Bromoxynil 40.7 33.4 72.4
Metosulam 42.0 38.0 73.3
Hand weeding 42.0 31.2 68.9
Unweeded 37.3 28.0 64.0
LSD, . 0.4 1.4 24

Metosulam @ Hand weeding mUnweeded

a a

100+50%

Treatment

Figure 1. Interactive effects of watering regimes and weed-control treatments on total wheat broad-leaved weeds
dry weights at 80 days after sowing (average of two seasons 2012/13 and 2013/14). Bars showing the
same letter are not significantly different according to Fisher’s Least Significant Difference (LSD) test at

P <0.05.
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value of flag-leaf area, chlorophyll and plant height.
The enhancement of wheat growth in the weeded
plots might be attributed to the efficiency in weed
elimination (Table 4), and consequently, the re-
duction in weed-competitive ability against wheat
plants. Such conditions allow more efficient use of
the environmental growth factors by crop plants re-
flecting on improving their growth. The results ob-
tained are in agreement with those of Rashid and
Khan (2008) and El-Metwally et al. (2010).

Wheat yield and yield attributes

Table 6 shows the significant increase in wheat
yield and yield attributes with increasing level of
water requirement treatment. Application of 100%
of water requirement led to significant increase
with maximum values of number of spike/m?, spike
weight, as well as grain weight, grains number/spike,
and weight of 1,000 grains. On the other hand, the
lowest value of aforementioned characteristics was
obtained by adding 50% of water requirement. In this
connection, addition of 100% of water requirement
increased significantly grain and straw yield/ha.
There was no significant difference between addi-

tion of 100 and 75% watering regime on the most
aforementioned traits. The decrease in yield and
yield attributed due to wheat irrigation at 50% wa-
tering regime may be due to change in patterns of
plant growth and development (Ouda 2006), dis-
turbance of metabolites transportation to the grains
(Kramer & Boyer 1995), reduction in the number of
reproductive tillers that limited their contribution to
grain yield (Mosaad et al. 1995) and caused pollen
sterility (Saini et al. 1984). So, sufficient watering
regime of 100 or 75% of water requirement might
help the plant to absorb greater amount of water and
nutrients enhancing internodes elongation since nu-
trients encourage cell division and enlargement and
meristematic activity (Fageria et a/l. 2010). Besides,
the beneficial effect of water for improving pigments
and photosynthetic process and accumulation of
metabolites led to an increase in yield and its com-
ponents. These findings confirmed previous results
obtained by Mahgoub and Sayed (2001), Hefnawy
and Wahba (2003), Kassab and El-Zeiny (2005),
El-Sherif et al. (2007) and Ramadan and Awaad
(2008). On the other situation, the highest values of
no. of spike/m?, spike weight, spike grain weight,

Table 6

Effect of watering regimes and weed management on wheat yield and yield components (average of two seasons

2012/13 and 2013/14)

. . Spike .

Treatment srljl(;:/ lirr)llgkti spilljce(;ét‘s vigilflg(}ft grfiin I;Ir(;ir(:: l,OQO—grain iftlreal\:iv El}lr:llg TOC P ];C

m? [em] /spike [e] W‘Eght jspike | VEIBMIEL | rnay | [ohay | T [%]

Watering regimes
100% 541.6 9.3 17.0 3.1 23 44.0 49.4 4.05 4.85 9.91 66.9
75% 529.5 8.9 16.5 3.0 2.2 41.1 47.6 3.72 4.53 9.57 65.9
50% 433.7 8.1 15.6 2.2 1.4 35.6 42.6 3.39 3.51 8.97 63.2
100% + 50% 343.2 7.6 15.9 2.6 1.8 39.8 44.4 2.78 3.78 9.12 65.0
LSD, 451 | Ns NS 0.2 03 2.7 2.4 045 | 022 | 018 1.4
Weed control

Tribenuron-methyl 489.8 9.0 17.0 3.1 2.1 40.8 46.5 3.59 4.42 9.39 65.6
Bromoxynil 462.8 8.7 16.8 2.7 1.9 40.7 46.3 3.76 4.71 9.57 66.3
Metosulam 516.5 9.9 17.4 33 24 43.5 48.8 3.82 5.09 9.77 67.2
Hand weeding 4553 8.3 15.5 2.5 1.7 38.7 45.8 343 3.59 9.14 64.4
Unweeded 385.7 7.3 14.6 2.3 1.4 37.0 42.8 2.82 3.34 9.09 62.8
LSD, 54.7 NS NS 0.5 0.1 0.2 1.9 0.21 0.24 0.15 1.6

TCP — total crude protein; TC — total carbohydrates
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as well as grains number/spike, and weight of 1,000
grains were gained with metosulam treatment was
applied. Contrariwise, the lowest ones were pro-
duced from the unweeded check (Table 5). Meto-
sulam followed by bromoxynil, tribenuron-methyl
and hand-weeding treatments gave higher values of
grain yield/ha. They significantly increased grain
yield/ha over the unweeded check by 52.4, 41.0,
32.3 and 7.5%, respectively. Such superior-weeded
treatments minimised weed—crop competition (Ta-
ble 4) and saved more available environmental re-
sources for crop plants that improved growth traits
(Table 5). This, in turn, increased flag-leaf area at
heading stage, and plant height and produced more
assimilates synthesised, translocated, and accumu-
lated in various plant organs that positively reflect-
ed on straw and grain yields/ha. The positive effect
of weeded practices on wheat yields and its com-

ponents have been confirmed by El-Metwally and
El-Rokiek (2007), Rueda-Ayala et al. (2011) and
Shehzad et al. (2012).

Wheat grains chemical composition

Averages of TCP% and TC% were appreciably in-
fluenced by water requirement treatments as shown
in Table 6. In this respect, with each increase in
water amount, there was a progressive increase in
TCP% and TC%. Application of 100% water re-
quirement recorded the highest value of TCP% and
TC%. On the other side, the lowest TCP% and TC%
were recorded with 50% water requirement. Simi-
lar trend was found by other authors (Kassab and
El-Zeiny 2005; Tawfik et al. 2005; El-Sherif et al.
2007). As shown in Table 6, all tested weed-control
treatments significantly improved TCP% and TC%
of wheat grains. The highest TCP% and TC% were
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Figure 2. Interactive effects of watering regimes and weed-control treatments on wheat grain yield, chemical
composition of TCP% (total crude protein percentage), and TC% (total carbohydrates percentage) at
harvest (average of two seasons 2012/13 and 2013/14). Bars showing the same letter are not significantly
different according to Fisher's Least Significant Difference (LSD) test at P < 0.05.
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obtained from metosulam treatment. These results
may be due to the less competition for nutrients,
water and light through limiting weeds infestation
with herbicidal and hand-hoeing treatments due to
increasing uptake of different nutrients. In contrast,
the lowest statistical values of aforementioned traits
showed in the unweeded treatment. Similar results
were obtained by several authors (El-Metwally &
Saudy 2009; El-Metwally et al. 2010; Shehzad et
al. 2012). Figure 2 shows a significant interaction
between water requirement and weed-control treat-
ments on TCP% and TC% of wheat grains. The
highest grain TCP% and TC% were obtained from
addition of 100% of water requirement with meto-
sulam treatment, followed by 75% of water require-
ment combined with metosulam treatment without
significant difference among these treatments. On
the other hand, the lowest grain TCP% and TC%
were recorded under the unweeded treatment with
50% of water requirement. These results confirm
those obtained by Bhat et al. (20006).

CONCLUSIONS

It could be concluded that increasing water re-
quirement significantly increased number and dry
weight of wheat weeds at 80 days after sowing. Me-
tosulam herbicide at 100 ml/ha provided potential
control with 96% reduction in total broad-leaved
weeds dry weight at 80 days after sowing. Appli-
cation of 100% of water requirement recorded the
highest growth, yield and yield attributes of wheat.
Metosulam herbicides followed by bromoxynil,
tribenuron-methyl and hand-weeding treatments
gave higher grain yield/ha. The highest grain yield,
TCP and TC percentages of wheat grains were ob-
tained under addition of 100% of water requirement
combined with metosulam treatment followed by
75% of water requirement combined with metosu-
lam treatment without significant difference
between both treatments.
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