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ABSTRACT: During 2000/ 2001 and 2001-2002 seasons, 32-year—
old Washington navel orange trees were grown under 11 soil
management regimes as follows : (1-4) mulching with black
polyethylene (PM) and rice straw (SM) before or after winter tillage
(TPM and TSM), (5-6) hand mowing (TMg4) and hand hoeing (TH)
4 times a year for each , (7) Gesagard followed by sting followed by
round-up (TGStR) , (8) Gesagard followed by Basta (TGB), (%)
Gramoxone followed by Fusilade (TGrF), (10) Gesagard followed by
sting followed by select (GStSe) in comparison with unweeded
control (UC). Treatments S, 6, 7, 8 and 9 were carried out after
winter tillage (T). The tested herbicides were applied at the
recommended rate for each .

The highest efficiency in controlling broad- leaved , grassy and
perennial weeds was recorded for mulching treatments before (PM
and SM) or after (TPM and TSM) winter tillage. It also prevented
subsequent regrowth of the perennial weeds. The herbicidal
treatments surpassed mowing and hand hoeing ones in controlling
the existed weed species with the superiority for TGStR and TGB
treatments. All weed control treatments increased yield / tree and
improved fruit quality in comparison with the unweeded trees.
Controlling weeds with TH4 treatment reduced yield/ tree by
9.50%, while unweeding decreased it by 54.69% as compared with
PM treatment which gained the highest yield / tree in both seasons,
but it was highly expensive. The general evaluation of the tested
integrated weed control treatments revealed that rice straw
mulching treatments recorded the highest scores, followed by the 4
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herbicidal treatments (TGStR, TGB, TGrF and GStSe),

while

unweeded (control) treatment recorded the lowest score. This means
that rice straw mulching may replace herbicides for efficient weed

control in citrus orchards.

So , it is necessary to control weeds in citrus orchards using any
of mulching or herbicidal treatments according to the existed weeds
and the respective costs of each treatment.

Key Wards: Washington navel orange, Integrated weed control.
Mulching, Hoeing, Mowing, Tillage, Yield, Fruit

quality.
INTRODUCTION

Extension and improvement of

the  Egyptian citrus industry
demands overcoming all
production  problems. Weed

competition is one of these chronic
problems. It restricts growth
directly and severely limits the
ability of citrus trees to respond to
favorable nutritional and  soil
moisture conditions, resulting in
poor tree growth and reduced
yields and fruit quality (Jordan,
1981). In addition, weeds harbour
insect and disease organisms and
reduce the efficiency of cultural
practices and impede harvesting
operations. So, it is necessary to
control weeds in citrus orchards.

Mowing, tillage, muiching
(smothering) and treating with
chemical herbicides are the four
primary weed control methods
used in citrus. Each method has its
advantages and disadvantages.
Deciding on which one to use
depends on the weed problems
and orchard conditions and it is
better to use a combination of

methods (Jordan and Day, 1973).
Mowing is quite widely used in
orchards where cultivation or other
forms of non- cultivation are not
practicable.

Mechanical weed control
(tillage) 1s commonly used as an
effective method worldwide. But it
usually damages surface feeder
roots and causes soil compacting
even in sandy soils resulting in the
formation of a plow sole which

retards water penetration
(Anonymous, 1964).

Chemical weed control in
citrus is  widely accepted and

continues to increase. Herbicides
employed in citrus orchards are
applied either before or after weed
emergence. Pre-emergence her-
bicides are soil-active, while post—-
emergence contact or translocated
(systemic) herbicides are foliar -
active. Some herbicides are foliar-
and soil - active and can be used
to control both emerged seedlings
and germinating seeds.

Recently, integrated weed
control represents one of the most
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effective  means not only to limit
weed growth and spreading, but
also to reduce production costs.
So, integrated weed control has
become a common practice in
many citrus growing regions {Li-
Qing et al., 2002).

Therefore, the present
investigation was planned to
evaluate the effect of some

integrated weed control treatments
on vegetative growth, yield and
fruit quality of Washington navel
orange trees and the associated
weeds.

MATERIALS AND METHODS

This investigation was carried
out during 2000/2001 and 2001/
2002 seasons on 32-year—old
Washington navel orange [Cifrus
sinensis (L.) Osbeck] trees budded
on sour orange rootstock. The trees
were grown in heavy loam soil at 6
m apart in a private citrus orchard

at  Aga  district, Dakahlia
Governorate. The chosen trees
were subjected to the same

agrotechnical practices in respect
to trrigation and fertilization.

Ninety nine, healthy, uniform in
size and vigour trees were equally
distributed among the following
cleven weed control treatments:

{1)Black polyethylene (120 micron
thickness) mulching (PM), (2)
winter tillage followed by black
polyethylene mulching (TPM), (3}
rice straw mulching (SM) in a
layer of 7-10 ¢m height, (4) winter
tillage followed by rice straw

mulching (TSM), (5) winter tillage
followed by mowing 4 times a year
(TMo4) at the end of March, May,
July and September (6) winter
tillage followed by hand hoeing 4
times a year (TH4) at the previous
same dates, (7) winter tillage
followed by Gesagard at 1 kg /
feddan followed by sting at 1.5
feddan followed by round — up at 4
l/feddan (TGStR), (8) winter
tillage followed by Gesagard at |
kg / feddan followed by Basta at
21/ feddan (TGB), (9) winter
tillage followed by Gramoxone at
1.5 1/ feddan followed by Fusilade
super at 2 l/feddan (TGrF) , (10)
Gesagard at 1 kg/feddan followed
by sting at 1.5 1/ feddan followed
by select super at 1 l/feddan
(GStSe), and (11) unweeded
(control). Gesagard as a pre-
emergence herbicide was applied
at early January of each season
after winter tillage.  Sting,
Gramoxone, and Basta as contact
post— emergence herbicides were
applied at early May. But select |
Fusilade and round-up as systemic
post—emergence herbicides. were
applied at early August during
both seasons. The spray volume in

herbicidal treaiments was 200
I/feddan.

The 11 {reatments  were
arranged in a  completely

randomized block design with 3
replicates and 3 trees for each
replicate. The responses of the
applied treatments were evaluated
with the following fruiting
characteristics of Washington
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navel orange trees as well as weed
control of the associated weeds .

1.The effect on weed control

Weed survey was conducted in
one squarc meter from the middle
part of each plot 30 days after the
Jast application through classifying
the different types of dominant
weeds; i.e., grass weeds, broad-
lcaved perennlal and total weeds.
Fresh weight (g/m ) of each weed
type, and total fresh weight were
recorded. The costs (L.E.) of each
weed control treatment were also
estimated.

2.The effect on yield and fruit
quality

At the commercial harvesting
date of Washington navel orange
(early Jan)), the retened fruits on
each three trees (replicate) were
picked and weighed. The average
vield / tree (kg/ tree) was recorded.

Afterwards, 15 fruits  were
randomly  collected from each
replicate  to  determine  the
following fruit  characteristics:

average fruit weight (g), pulp and
peel weights (g), pulp/ fruit ratio,
fruit  dimensions (cm), peel
thickness (mm), juice volume (ml/
fruit). titratable acidity percentage
and vitamen C content (mg / 100
ml juice) were estimated in fruit
juice (A. 0. A. C., 1970). Total
soluble solids percentage (TSS%)
was determined in fruit juice using
a hand refractometer. TSS/ acid
ratio was also calculated.

3.General evaluation of the

tested weed control
treatments

Scoring evaluation of the

studied integrated weed control
treatments was calculated through
its effect on yield/tree, some
physical and chemical fruit
characteristics, leaf area, fruit set
and fruit retention percentages,
reduction percentage in weed fresh
weight and total costs of weed
control / feddan. Hundered units
were shared between the following
characteristics: yield / tree (20
units), reduction percentage and
total costs/ feddan. (15 units for
each), 10 units for fruit weight ,
fruit set percentage and TSS / acid
ratio. Whereas each of juice
volume / fruit | vitamin C content ,
fruit retention percentage and leaf
surface area received S5 units.
Within each of these parameters,
except total costs/ feddan, the
treatment  that recorded the
uppermost value received all the
units specified for it. But within
total costs/ feddan the treatment
which gained the lowermost value
received all the specified units for
it. Relative values due to the other
tested treatments were calculated.

The obtained data were
statistically analysed according to
complete randomized block design
with 3 replicates and 3 trees for
each replicate (Snedecor and
Cochran, 1980). The individual
comparisons between the obtained
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values were carried out using LSD
at 5% level.

RESULTS AND DISCUSSION

1.Effect of Weed Control
Treatments on Weed
Population

The dominant weed species
encountered in the experimental
plots during the two seasons could
be arranged as follows

a. Annual broad — leaved weeds:
Rumex dentatus L. (dentated
dock), Stellaria  pallida
(Dumort) Pire (chick weed),
Malva parvillora 1.. (small
follwered mallow),
Chenopodium album L. (white
goosefoot), Urtica wurens L.
(small  nettle), Euphorbia
peplus L. (petty spurge), Oxalis
corniculta L. (yellow sorrel),
and Amaranthus retroflexus L.
(pig weed red root).

b. Annual grassy weeds: Bromus
willdenowii  Kunth  (brome
grass), Setaria viridis (L.)
Beauv. (green bristle grass),
Dinebra retroflexa (Forssk)
Panz (tiger grass), Echinochloa
calonum (L.) Link. (deccan
grass), and Brachiaria
eruciformis (Sibth and sm)
Griseb (signal grass).

c.Perenmial  weeds:  Cynodon
dactylon (L.) Pers. (bermuda
grass) Cyperus rotundus L.
(nutgrass) and Convolvulus
arvensis L. (lesser bind weed).

Fresh weight of broad- leaved,
grassy , perennial and total weeds
in g/m*° as affected by the tested
weed control treatments (30 days
after the last application} during
both seasons are presented in

Table 1. The obtained results
indicated that different weed
control methods revealed
significant influences on fresh

weight of broad- leaved, grassy
and perennial weeds in the two
seasons of study.

1.1 Broad — leaved weeds

As shown in Tables 1 and 2
mulching treatments before or after

winter tillage completely
controlled broad- leaved weeds
existed in the experimental

Washington navel orange orchard
in both seasons (100% reduction

percentage).  The  herbicidal
treatments; ie., TGB, TGStR,
TGeF and GStSe significantly

reduced fresh weight of the
considered weeds as compared
with unweeded (control) treaiment
which recorded the highest fresh
weight (4.21 and 5.12 kg / m*) in
the first and second scasons.
respectively.  The  herbicidal
treatments were more effective in
controlling the broad- leaved
weeds in the second season. This
may be attributed mainly to the
accumulative  effect of these
treatments in the second season.
Hand mowing and hand hoeing
four times a year treatments
significantly decreased the fresh
weight of the associated weeds in
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comparison with the control, but
their effects were lower than those
of herbicidal treatments in both
seasons.

L2 Grassy weeds

It is clear from Tables 1 and 2
that the different mulching
treatments (PM, TPM, SM and
TSM) were more effective 1in
controlling the annual grassy
weeds spread in  the tested
Washington navel orange orchard
(100%  reduction  percentage),
followed by the herbicideal
treatments (32.12-57.24%
reduction percentage in the first
season and 87.06-100% in the
second one). Hand mowing and
hand Thoeing four times/year
treatrments came in the third rank
with similar effects on  the
associated grassy weeds in the two
seasons. The highest fresh weight
of the annual grassy weeds was
recorded for  control _treatment
(2.26 and 2.47 kg / m%) in both
seasons, respectively .

1.3 Perennial weeds

Data in Tables 1 and 2 reveal
that different mulching treatments
beside TGStR one, entirely
controlled the existed perennial
weeds in the two seasons (100%
reduction percentage) and
prevented subsequent regrowth of
these weeds. The other herbicidal
treatments were more effective in
reducing fresh weight of the
associated perennial weeds than
the  mechanical ones and
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consequently increased reduction
percentages (39.04 and 54.91% for
TGrF, 3223 and 48.98% for
GStSe and 21.8 and 43.61% for
TGB treatments in first and second
seasons, respectively. Mowing and
hand hoeing treatments were less
effective in this respect without
significant  differences between
them in the first season only. The
total fresh weight of these weeds
under control treatment reached
1.12 and 1.24 kg/ m® in the two
seasons, respectively.

1.4 Total weeds

The obtained data in Tables 1
and 2 show that mulching
treatments  either with  black
polyethylene sheets or rice straw
before or after winter tillage were
more effective not only in killing
all weed species spread in the
experimental Washington navel
orange orchard than the other
tested treatments in both seasons,
but also prevented subsequent
regrowth of the perennial weeds.
The Tespective reduction
percentage under  mulching
treatments was always 100%, so
the plots treated with these
treatments were kept weed free for
long time throughout the growth
season. The herbicidal treatments
surpassed mowing and hand
hoeing ones in controlling the
different existed weed species with
the superiority for TGStR and
TGB treatments. Moreover, hand
mowing and hand  hoeing
treatments came in the third rank



Table 1: Effect of integrated weed control treatments on fresh weight of broad —
leaved , grassy and perennial weeds (g/mz) in Washington navel orange
orchard during first season (2000/ 2001)

S Annual broad-  Annual grassy Perennial weeds Total weeds

leaved weeds weeds o
Weed control treatments Fresh Reduction Fresh Reduction Fresh Reduction Fresh Reduction
weight weight weight weight

(gm’} (%) _ (g/m’) (%)  {g/m’) (%) (gim)) (%)

Polyethylene mulch (PM) 0.0 10000 0.0 10000 0.0 100.00 0.0 100
Tillage + Polyethylene mulch (TPM) 0.0 100.00 0.0  100.00 0.0 100.00 0.0 100
Straw mulch (SM) 0.0 100,00 0.0  100.00 0.0 100.00 0.0 100
Tillage + straw mulch (TSM) 0.0 100.00 0.0 10000 0.0 10200 0.0 100
Tillage + mowing (4) times (TMao,) 28233 3293 14300 36.63 8867 20.59 5140.0 3221

Tillage + hand hoeing (4) times (TH,) 2770.0 3420 14483 3582 906.7 18.831 51250 32.41

Tillage+gesagard + sting + round-up (TGStR) | 2061.7  51.02 965.0 57.24 0.00 100 36267 60.08

Tillage + gesagard + Basta (TGB) 19400 53,92 12783 4335 10233 21.80 4241.7 44.06

Tillage + gramoxone + fusilade (TGrF, 2553.3 3935 15317 3242 6767 3940 47617 37.21
Gesagard + sting + select (GStSe) 2321.7 4485 13167  41.65 T756.7 3223 43950 42.04
Unweeded control (UC) 4210.0 0.00 2256.7 0.00 1116.7 0.0 7583.3 0.0

1.S.D. at 0.05 | 109.7 5.83 63.2 4.93 38.6 3.36 129.9 4.93

S00Z (1) 'ON Z€ "10A “say Sy [ Sizodvg
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Table 2: Effect of integrated weed control treatments on fresh weight of broad —
leaved grassy and perennial weeds (g/m®) in Washington navel orange
orchard during second season (2001/2002).

B 1 Annual broad- Annual grassy  Perennial weeds  Total weeds
leaved weeds weeds
Weed control treatments Fresh Reduction Fresh Reduction Fresh Reduction Fresh Reduction

weight weight weight weight

@) (%) (em) (%) @gm) (%) (gw) (%)
Polyethylene muich (PM) 0.0 100.00 0.0 100.00 0.0 100.00 0.0 100
Tillage + Polyethylene mulch (TPM) 0.0 100.00 0.0 100.00 0.0 160.00 0.0 100
Straw mulich (SM) 0.0 100.00 0.0 100.00 0.0 100.00 0.0 100
Tillage + straw mulch (TSM) 0.0 100.00 6.0 100.00 0.0 100.00 0.0 100
Tillage + mowing (4) times (TMo,) 14799 71.11 13084 47.11  750.0 39.43 35383 59.95
Tillage + hand hoeing (4) times (TH,) 1554.5 69.66 1307.8 47.12 8533 31.09 37156 57.94
Tillage+gesagard + sting + round-up (TGStR} | 200.0 96.1 0.00 100.00 0.00 100 200.0 97.73
Tillage + gesagard + Basta (TGB) 193.3 96.2 320.0 87.06 698.3 4361 1211.7 86.28
Tillage + gramoxone + fusilade (TGrF, 220.0 95.7 0.0 100.00 558.3 5491 7783 91.19
Gesagard + sting + select (GStSe) 393.3 92.32 0.0 100.00 631.7 48.98 1025.0 88.39
Unweeded control (UC) 5123.6 0.00 24736 0.00 12383 0.00 8835.5 0.0
L.S.D. at 0.05 102.3 6.16 26.8 20.9 394 4.81 135.8 4.45
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in reducing total fresh weight of
the existed weed species with
similar effects in the two seasons.
Mowing treatment surpassed hand
hoeing mainly because its useful
effect on fruit retention percentage
and total yield / tree , besides it
was less expensive .

These results are in agreement
with those found by Ferrero ef al.
(1994), Abd El-Rahman et
al.(1996), Eissa and Helail (1997),
Koloren and Uygur, (1998) and
Shirgure er al (2003). They
reported that mulching with rice
straw or black polyethylene sheets
were the most effective weed
control treatments and enhanced

tree growth of different fruit
species but they were  more
especially  black

expensive,
po?yethylene. Lim Hyungkee et al.
(1997) mentioned that weeding
efficacies for black polyethylene
and rice straw mulching in sweet
ersimmon orchard were 91 and
7%, respectively. As for hand
hoeing , Hassan and Abd El-Naby
(1998), Koloren and Uygur (1998),
El-Shammaa and Hassan (2001)
and Hassan (2001) revealed that
hand hoeing significantly
depressed fresh weight of grassy ,
brood — leaved and total weeds in
fruit orchards compared with the
unweeded  control.  Whereas
weight of perennial weeds in sour
orange nursery was  greatl
increased (Abd El-Rhman et al
1994).

Dealing with herbicides effect,
scveral investigators reported that
herbicides were more effective in
controlling perennial grassy weeds

in different fruit plantations.
Glyphosate at 2.2 kg / ha with 0.4
kg paraquat gave 78-98% conirol

for Rhynchelytrum repens and
Cenchrus incertus in orange
orchard.  Atrazine, glyphosate,

diuron, and paraquat herbicides
caused a significant reduction in
weed populations over hand
weeding and cultivation by tractor
in citrus orchards. Diuron followed
by glyphosate application
controlled the weed population
effectively , killing 80.27% of
monocotyledonous and 82.30% of
dicotyledonous weeds compared
with no weeding treatment
(Koloren and Uygur, 1998,
Kordana et af.,1999; Adamczewski
and Paradowski , 1999 ; Askew ef
al. 2000; El-Shammaa and Hassan,
2001; Hassan, 2001; Chen GuiHu
ef al , 2002 : Martini et al, 2002).

2.Effect of Weed Control
Treatments on Yield and
Fruit Quality of Washington
Navel Orange Trees

2.1 Effect on total yield / tree

As shown in Tables 3 and 4, the
highest and lowest yield/ tree were
recorded for polyethylene mulch
and control (unweeded) treatments,
respectively. Treatments of SM,
TMo4, TGStR , TGrF and GStSe
gave higher vields than the control
without significant differences
between them in the two seasons.
Therefore, any of them may be
used to control weeds in citrus
orchards  according to  the
respective costs of each treatment.



44 Abou Sayed-Ahmed , et al,

Controlling weeds with  hand
heoing four times a year markedly
decreased tree yield by about
9.50% less than PM treatment
which gained the highest yield /
tree. This means that {requent
hand hoeing throughout growth
season led to decrease fruit yield /
tree mainly because damaging
feeder roots. As an average of both
seasons. unweeding  treatment
reduced total fruit yield / tree by
54.69% compared with the highest
vield which was recorded for PM
treatment. So, it is necessary to
control weeds in citrus orchards.

These results are in harmony
with those found by Sinbel ef al
(1997),  El-Seginy (2000),
Carvatho ef al (2001, 2002), El-
Shammaa and Hassan (2001),
Kassem and Marzouk (2001), Li-
Qing et al ((2002) and Lal er
al (2003). They reported that
covering  the soil with black
polyvinyl chloride plastic sheets
had the highest effect in weed
control method, which led to
carlier fruit maturity and increased
fruit yield, but increased drop of
over-mature navel orange.
Shirgure et al. (2003) cleared that
the highest fruit yield of Nagpure
mandarin was recorded for black
polyethylene (73.7 kg / tree),
followed by grass mulching (69.0
kg / tree). Also, Solaiman (1993)
on Navel orange, Saied ef al
(1993) on pear and Carvalho ef al.
(2001) on sweet orange stated that
production of fruit trees was
increased by using both herbicide

and mowing out methods than
untreated trees (control), while
cultivation methods decreased it.
The previous authors added that
tree growth and production were
markedly increased by using
different herbicides than the
untreated trees.

2.2 Effect on fruit weight, size and
Sfruit dimensions

Data in Tables 3 and 4 reveal
that fruit weight and size as well as
fruit diameter and length were
significantly affected by the
studied weed control treatments in
the two seasons. Anyhow, PM,
GStSe and TGB treatments
resulted in the highest fruit weight
and size, followed by TGiF
treatments. The lowest corres-
ponding values of fruit characters
were recorded for unweeded
(control) treatment in both seasons.
Since  unweeding  treatment
reduced fruit weight, size, length
and diameter by 36.58, 39.65,
21.23 and 19.76%, respectively as
compared to the highest values in
this respect. The other treatments
showed  intermediate  values
without  significant differences
between them in most cases.

These results are in line with
those reported by Sinbel e al
(1997) and Kassem and Marzouk
(2001) on  Washington navel
orange trees, Carvalho er al
(2002) on Pera orange and Saied et
al. (1993), Minhas et al. (1994)
and El-Seginy (2000) on Le -
Conte pear. They pointed out that
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herbicidal (round up , Basta and
Goal) and mulching (polyethylene
and rice straw) treatments
increased fruit weight, length and

diameter in comparison  with
control. The increase in fruit
weight of mulched trees was

attained by suitable water supply
under mulching conditions.

2.3 Effect on weight of fruit pulp

The obtained data in Tables 3
and 4 indicated significant effect
of the tested weed control
treatments on pulp weight in the
two seasons. The highest pulp
weight was recorded for (GStSe
(155.4 and 155.9 g) and PM (153.9
and 154.7g) treatments without
significant  differences between
them in the first and second
seasons, respectively. In this
respect, TSM (144.2 and 145.2g)
treatment came In the second
order, followed by TGB one
(141.1 and 141.7 g) in both
seasons, respectively. The other
treatments recorded intermediate
pulp weights. Weight of fruit pulp
of unweeded trees was lower than
those of GStSe treatment by
35.66%.

2.4 Pulp /fruit weight ratio

It is clear from Tables 3 and 4
that TSM, TMo4 , GStSe, UC and
PM  treatments recorded the
highest pulp / fruit weight ratio
without  significant  differences
between them in both seasons.
The lowest pulp/ fruit weight ratio
was gained byTGB and TGrF

45

treatments  without  significant
differences between them. Values
of pulp / fruit weight ratio of
Washington navel orange fruits
ranged between 0.68 — 0.79 in the
first season and 0.69 — 0.78 in the
second one.

2.5 Weight of fruit peel

Fruit  peel  weight was
significantly affected by the tested
weed control treatments in the two
seasons (Tables 3, 4) . It is worthy
to notice that peel weight followed
an opposite trend to that of pulp /
fruit weight ratio. Therefore, the
highest peel weight was recorded
for TGB and TGrF treatments
without significant differences
between them, followed by TGStR
and SM treatments 1n both seasons.
Unweeded treatment pgained the
lowest peel weight followed by
TMo4 one . The other treatments
revealed intermediate values in this
respect.

2.6 Peel thickness

As shown in the same
previous Tables | the tested weed
control treatments significantly
affected fruit peel thickness of the
studied orange cv in the two
seasons. However, TGStR (5.13
and 4.6 mm), TGrF (4.76 and
4.60mm) and TGB (4.50 and 4.43
mm) treatments gave the thickest
fruit peel without significant
differences between them, while
the thinnest peel (3.00 and 3.40
mm) was recorded for unweeded
treatment in the two seasons,



Abou Sayed-Ahmed , et al.

46

Table 3: Effect of integrated weed control treatments on yield and physical
characteristics of Washington navel orange fruits (season 2000/2001)

o T o I T'otal Fruit charactemmw_mrﬁﬁ_m?’iu@'7Juice
Weed control treatments %lll(egl? Weight Size Diameter Length weight weight thickness :::iltt vt;lrl:jril:el
e tree) (@)  (ecm’) (em)  (em) (@ (g) (mm) (cm’)
Polyethylene mulch {(PM) 154.0 2010 205.0 7.40 7.55 1539 48.33 39 077 8751
Tillage + polyethylene mulch (TPM) 146.0 1726 174.0 7.15 7.49 126.7 44.93 3.80 0.73 7362
Straw mulch (SM} 150.3 167.{]. 158.0 6.88 6.67 123.2  45.00 3.66 074 7400
Tillage + straw mulch {(TSM) 147.7 1816 1723 7.03 6.93 1442 3913 3.80 0.79 88.78
Tillage + mowing (4) times (TVod) 150.7 170.0 168.0 7.09 6.85 136.1 35.96 346 079 8573
Tillage + hand hoeing (4) times (TH4) 1370 1716 1653 7.29 7.24 128.7 46.00 366 075 84.10
Tillage+Gesagard +Sting +Round-up( TGStR) | 1500 184.3 184.0 7.10 7.29 132.2 5233 3.13 072 75.44
Tillage + Gesagard + Basta (TGB} 148.3 206.0 201.0 7.48 7.82 i41.1 62.26 4.50 0.68 73.88
Tillage +Gramoxone + Fusilade (TGrF) 150.0 193.0 186.0 7.35 7.56 1348 60.40 476 069 8033
Gesagard + Sting + Select (G5tSe} 150.7 2003 2026 7.48 7.63 1554 4433 366 078 99,02
Unweeded control (UC) 760 129.6 126.6 6.26 6.33 1011 30,20 300 078 65.10
L.S.D. :Lt_0.0S J 2.9 263 233 0.57 0.79 0.74 296 0.71 0.03 4.62




‘Table 4: Effect of integrated weed control treatments on yield and physical
characteristics of Washington navel orange fruits ( season 2001/2002)

T Total Fruit characteristics Pulp Peel Peel Pulp/  Juice
Weed control treatments )(‘;fgld, Weight Size Diameter Length weight weight thickness :;l::; w;:_‘::?e

o)) @ (em) (em) qem ©® ® (mm) (em’)
Polyethylene mulch (PM) 159.3 203.7 206.0 7.50 7.62 154.7 48.63 3.96 0.76  88.56
Tillage + polyethylene mulch {TPM) 151.0 174.7 176.7 7.28 7.56 127.7  45.40 3.86 0.73 74,75
Straw mulch (SM) 1540 180.7 1583 7.05 6.81 124.6 5534 3.83 0.69 7451
Tillage + straw mulch (TSM) 151.3 189.7 175.0 7.22 7.16 1452 43.76 3.90 0.77 89.24
Tillage + mowing (4) times (TMo4) 159.0 1760 171.0 7.30 7.11 137.5 37.60 3.73 0.78  86.50
Tillage + hand hoeing (4) times (TH4) 146.7 178.7 168.0 7.19 7.49 130.7  46.75 4.33 .73 8486

Tillage+Gesagard +Sting +Round-up (TGStR) |[159.1 1873 1863 7.14 7.46 1334 51.00 4.60 0.71 7516

Tillage + Gesagard + Basta (TGB) 151.0 204.0 2037 7.53 8.00 1417 61.90 4.43 0.69 80.63
Tillage +Gramoxone + Fusilade (TGrF) 158.7 1943 188.0 7.43 7.93 1359 56.57 4.60 0.70 80.80
Gesagard + Sting + Select (GStSe) 156.7 2023 2043  7.60 7.80 1559 45.66 4.03 0.77  99.33
U nweeded control (UC) l 66.0 1303 121.3 5.83 6.13 99.0  31.00 3.40 0.76  59.96
L.S.D. at0.05 532 654 221 0.47 0.63 2.12 5.78 0.58 002 447

$00T (1) ‘oN 7€ 104 “say 0148y S12vsvz
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respectively. The other wreatments
gained inbetween values of peel
thickness.

The effects of the studied weed
control treatments on pulp weight,
pulp / fruit weight ratio, peel
weight and thickness were not
traced through the available
literature.

2.7 Juice volume / fruit

Data in Tables 3 and 4 indicate
that the largest (99.20 and 99.53
c¢m’) and smallest (65.10 and 59.96
c¢m’) juice volume / fruit were
recorded for GStSe and control
treatments in the first and second
seasons, respectively. Moreover,

TSM, PM, TMo4 and TH4
treatments  gained  somewhat
higher values of juice volume /
fruit without significant

differences between them in both
seasons.  Juice content  of
Washington navel orange ¢

ranged between 65.10-99.02 cm

and 59.96 — 99.53 cm’ in the first
and second seasons, respectively.
These findings are mostly in line
with those reported by Saied et al.
(1993), Solaiman {1993). Minhas
el al. (1994), Sinbel et al. (1997),
El-Seginy (2000}, El-Shammaa
and Hassan (2001) and Shirgure ef
al.  (2003). They stated that
mulehing with black polyethylene
or grass and herbicidal treatments
increased juice content tn citrus
fruitls as compared with the
control. Meanwhile, Kalyan et al
{1993) cleared that glyphosate at 1,
2 and 3 V/ha had insignificant effect
on mandarin juice content.

2.8 Effect on chemical fruit
characteristics

The obtained data in Table 5
show that chemical characteristics
; 1.e. TSS, total acidity and TSS/
acid ratio as well as vitamin C
content of Washington navel
orange fruit juice were
significantly affected by the tested
weed control treatments in the two
experimental seasons. The lowest
TSS percentage and TSS/ acid
ratio as well as the highest acidity
percentage and vitamin C content
in fruit juice were found in the
fruits  of the unweeded trees in
both seasons. Fruits of SM, TMo4,
TGB, TGrF and GStSe treated
trees contained the highest TSS
percentage and TSS / acid ratio
and the lowest acidity percentage .
Moreover, vitamin C content in
the fruits of the herbicidal
treatments (TGStE, TGB, TGrF
and GStSe) was slightly lower
than those of the other treatments,
especially unweeded one which
recorded the highest content of
vitamin C (47.55 and 4831
mg/100 ml juice in the two
seasons, respectively).

The corresponding values of
the previous chemical
characteristics of Washington
navel orange cv throughout both
seasons ranged between 9.0 -
11.5% for TSS % . 0.26 - 0.53%
for total acidity percentage, 16.96-
39.08 for TSS/ acid ratio and
43.10-48.31 mg/100 juice  for
vitamin C content .



Table 5: Effect of integrated weed control treatments on some chemical characteristics
of Washington navel orange fruits

T First season 2000/2001 h Second season 2001/2002
TSS Total TSS/acid Vitamin C  TSS  Total TSS/acid Vitamin C
Weed control treatments acidity Ratio  content acidity  Ratio content
(mg/100 ({mg/100
(%) (%) em’) (%) (%) _em?)
Polyethylene muich (PM) 10.50 0.33 3220 4434 1063 031 3557 44.05
Tillage + polyethylene mulch (TPM) 1023 028 3653 4589 1040 026  39.08 44.92
Straw mulch (SM) 11.33 039 2889 4682 1140 036 3170 46.81
Tiltage + straw mulch (TSM) 1066  0.40  27.14 4620 1073 036 29.79 46.52
Tillage + mowing (4) times (TMo4) 1L50 032 3675 4589 1130 034 33.02 45.22
Tillage + hand hoeing (4) times (TH4) 1100 037 2964 4651 1046 031  33.40 46.20
Tillage+Gesagard +Sting +Round-up (TGStR) 1050 029 3621 4538 1123 035  31.80 45.00
Tillage + Gesagard + Basta (TGB) 1123 039 2855 4341 1120 037  29.85 43.44
Tillage +Gramoxone + Fusilade (TGr¥) 1110 040 2775 4300 1066 036 2956  43.83
Gesagard + Sting + Select (GStSe) 1050 040 2616 4580 1056 037 2814 45.75
Unweeded control (UC) 906 051 1789 4755 900 053 1696 48.31
L.5.D. at 0.05 041 008 7.81 242 035 005 635 2.00

$00 (1) ON z¢ ‘107 “say "8y [ 31v3nz
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Lhese results are. generally, in
harmony with those reported by
Ei-Seginy (2000) on pear, El-
Shammaa and Hassan (2001) on
grapevines and Shirgure et al
(2003) on mandarin trees. They
stated that juice TSS , acidity and
total sugar content were highest
with black polyethylene and grass
mulching and glyphosate
treatments as compared with the
control. Also, Sinbel et al{1997)
demonstrated that black plastic and
wheat straw mulch as well as
Gramoxone and round - wup
treatments increased juice TSS
percentage and  maturity ratio
(TSS/ acid ratio) over the control
{(hand hoeing} and decreased juice
acidity and ascorbic acid contents.
On the other hand. TSS and total
acidity percentages in pear fruits
were not significantly affected by
herbicide application (Basta and
Goal) , mulching (black or clean
polyethylene), -hand hoeing and
cutting treatments (Saied et al,
1993). Kalyan er al. (1993) cleared
also that glyphosate at 1,2 and 3
I/ha had no significant effect on
TSS and acidity percentages in
mandarin fruit juice. Meanwhile ,
Solaiman (1993) stated that round--
up spraying led to decrease TSS
and acidity percentages in fruit
jutce of navel orange trees, while
cultivation treatments increased it .

3.Costs of the Tested Weed
Treatments

It is evident from Table 6 that
black polyethylene mulching

treatments  were the highly
expensive weed control methods
(3613 and 3493 LE. / feddan /
year}, followed by those of rice
straw mulching (1206.6 and
1086.6 L.E. / feddan/ year) before
or after winter tillage, respectively.
The least weed control costs (243
L.E/ feddan / year) were recorded
for GStSe treatment.

Regardless mulching treatments
, hand hoeing four times/ year
recorded higher costs (520 L.E./
feddan  /year), followed in
descendingly  order by TGStR
(483 L. E. / feddan / year), TGrF
(452.5 L. E/ feddan/ year), TMo4
(400 L.E. / feddan / year) and TGB
(288 LE. / feddan /year)
treatments . It is worthy to notice
that hand hoeing costs were about
23.08 % higher than those of hand
mowing despite their effect on
weed control was nearly similar,
but mowing surpassed hand hoeing
in increasing  fruit  retention
percentage and yield / tree.

However, the studied
integrated weed control
treatments could be arranged with
regard to their costs / feddan/ year
in the following descendingly
order: TPM > PM> TSM> SM>
TH4> TGStR> TGrF> TMo4 >
TGB> GStSe.

4.General Evaluation of the
Tested Weed Control
Treatments

Data in Table 7 represent the
seneral evaluation of the studied



Table 6: Basic of calculating weeding costs (L.E.) for the tested integrated weed
control treatments

""*-ml‘n_lr\fed contro!l treatments
Costs items (L.E./fed.)\‘\x. PM TPM SM TSM TMo4 TH4 TGStR TGB TGrF GStSe UC
T——
Price of polyethylene sheets 3428.0 3428.0 -
Price of rice straw 1066.6 1066.6 -
Wage of spread polyethylene or straw 20 20 20 20 -
Wage of collecting and respreading for fertilization 45 45 -
Wage of winter tillage - 120 - 120 120 120 120 120 120 - -
Wage of mowing 4 times a year 280 -
Wage of hand hoeing 4 times a year 400 -
Price of herbicides* 333 148 3125 2130 -
Wage of sprayer 30 20 20 30.0 -
Totai costs/fed. 3493.0 3613.0 1086.6 1206.6 400 520 483 288 4525 243 0.0

* Price of 11 or kg: Round up = 50, Gesagard == 58, Basta = 45, Gramoxone = 35, Fusilade = 130 and Select =80 L.E.

S00Z (I) "ON 7 104 “say -ouly [ SizvSnz
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Table 7

wesa | Yl St
treatments ] , weeds
_.,m__#@n_nﬁ‘QSunitsj
PM ; 20.00 15.00
TPM | 18.95 15.00
SM l 19.42 15.00 .
TSM % 19.08 15.00
TMo4 19.76 6.91
TH4 18.10 6.77
TGStR 19.72 11.83
TGB 19.10 9.77
TGrF 19.70 9.62
GStSe 19.62 9.77
uc 9.07 0.00

General evaluation of the tested integrated weed control treatments
according to yield / tree, fruit characteristics, weed control and total costs/
feddan (average of the two seasons)

Fruit
weight

Juice

volume

Fruit set

Leaf
area

Fruit
retention

TS8S/Acid

ratio

Vitamin
C

Total
costs/
fed.

Total
score

(10units) (Sunits) (10units} (5 unitsj (Sunits) (10units) {5 units} _ {15units) (100units)

9.85

8.46

8.48

9.05

8.43

8.54

9.06

10.00

9.44

9.81

6.33

4.42

3.73

3.73

4.48

4.33

4.25

379

3.89

9.07

9.14

9.36

9.67

8.50

8.32

8.35

8.56

8.88

8.12

7971

4.89

5.00

4.63

4.70

4.72

4.71

4.73

4.62

4.94

4.81

3.01

4.32

4.26

4.76

5.00

4.43

2.88

3.90

3.84

4.02

4.53

2.10

8.93

9.97

7.98

7.50

9.22

8.30

8.99

7.69

7.55

7.15

4.59

4.60

4.73

4.88

4.83

4.75

4.83

4.71

4.52

4.53

4.77

5.00

0.49

0.00
10.48

9.99
13.33
12.84
12.99
13.80
13.12
13.99

15.00

81.57

79.24

88.72

89.30

84.38

79.54

88.07

85.79

85.85

87.57
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weed control treatments (average
of the two seasons) according to
yield/tree, fruit and  leaf
characteristics, fruit set and fruit
retention percentages as well as
reduction percentage in weed fresh
weight and total costs/ feddan.

However, rice straw mulching

treatments recorded the highest

scores [TSM (89.3 units) and SM

(88.72 units] , followed by the four

herbicidal  treatments [TGStR

(88.07 units), GStSe (87.57 units),

TGrF (85.85 units) and TGB

(85.79 units)]. The 7" and 8"

position were occupted by TMg4

(84.38 units) and PM (81.57 units)

treatments, respectively. TH4 and

TPM treatments gained similar

total scores (79.54 and 79.24 unitsﬁ

respectively), occupying the 9"

and 10" positions. Unweeded

(control} treatment recorded the

lowest score (56.15 units) and the

last position.
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