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BY IRRIGATION INTERVALS AND HOEING FREQUENCY
UNDER TWO IRRIGATION SYSTEMS
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ABSTRACT

The present sludy was carried out in two successive seasons of 1898/1599
and 1999/ 2000 lo find put the relative imporlance of irrigalion interval and hoeing
frequency under two irrigation systems on yield and quafity of sugar beet in sandy
soil at Ismailia Governorate. The study included 12 treatments which were the
combination between Iwg irrigation systems (drip and surface}, two hoeing regimes
levery 7 and 14 days) ano lnree irrigation intervals {every 3, 5 and 7 days). The
results showed that surface imigation out yielded drip irrigation system in most
studied characlers. Hoeing atintervals of 7 days produced higher raot length, root
diameter, root and top yields/ fed , sucrose % TSS %, sugar yield / fed and LUE
compared with 15 days cnes. While purity % was nol affected by hoeing interval.
friigation intervals (at 3,5 and 7 days) exercised a significant effect an all studied
characlers except, purity % which was not significantly affected
For the interaction effects | {he effect of hoeing intervals on root yield was significant
only when surface irrigation was followed . Sucrose % behaved Like root yield and
sugar yield /led . prolonging hoeing interval to 15 days, decreased sucrose % and
sugar yield / fed. Sugar yield / fed / day showed similar reaction to increasing hoeing
interval only under surface irrigation.

Simple corselation  coefficienis proved positive and highly significant

cotrelation between sugar yield (I fed) and the studied eight characters.
According 10 the obtained results, il could be recommended that surface irrigation
system is considered the best one as it, hoeing at intervals of 7 days and
scheduling irrigation al 5 days interval. This treatments were more suitable for
growing sugar beet plants under newily recfaimed land conditions.

INTRODUCTION

The last two decades of the twentieth century showed a gradual
increase in sugar consumption. Thereby Egypt suffers from a gap between
consumption and production of sugar which reaches nearly 650,000
ton/annually. As an attempt to narrow the gap of that strategic commetily
i.e., sugar, expanding the area under sugar beet becomes a main target for
increasing the raw materials used in sugar extraction. Nowaday there is a
tendency to sugar beet crop in the newly reclaimed land to fulfill the
manufacturing capacity of sugar factories. Furthermere water consumption of
sugar beet to produce one ton of sucrose is about 1300m3 whereas sugar
cane plant needs about 4000m3 water o produce the same quantity of
sucrose.

Increasing productivity yield of any crop is the final goal of many
factors such as irrigation system, irrigation interval and hoeing time. Arroya at
al. (1999) reported that drip irrigation resulted in higher yields of sugar beet
(80.8 and 73.7Uha at 70 and 50% Evapotranspiration, respectively} than
sprinkler irrigation. The highest sugar content was found at 90%
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Evapotranspiration for drip irrigation. Kunzelmann (1999} in Germany,
noticed that drip irrigation used smallest amount of water compared with
another irrigation methods . Slavil and Zavadil (1988) showed that there was
no statistically significant difference in dry yields under micro irngation and
drip irrigation. Sharmasarkar gt al. (2001a} showed that sugar beet root and
sugar yields were higher under drip irrigation than furrow irrigation at P=
0 5. Sharmasarker et al. {2001b) mentioned that sugar beet yields and
sugar contents under drip irrigation  were higher than those with flood
irrigation.

S Tayebi and Ghasanfari (1978) reported that roct yield was 31.5
tons/ha by using shelf method but it was 24.7 tons/ha by using hand hoe
method. Moreover, Rola et al. {1979) cleared that sugar beet yielded 29
tons/ha with hand hoeing application. Simon {1992) noticed that on light
sandy Ilpam in the absence of irrigation (40% of soil available water),
loosening by hoeing increased root yieids by 7.9%. Loosening increased the
response of roct yields to N application and affected soil water content only in
dry years. Abd E!-Aal {1995) noticed that hand hoging 4-times produced the
highest sugar and rcot yields followed using by herbicide +2 hoeings and
hand weddings treatment and in third order with herbicide + one hoeing
treatment, whereas single herbicide was the lowest. Also, he added thai the
highest values of root dimensions and purity percentage were obtained by
hoeing sugar beet field 4-time, but the differences between weed control
treatments did not reach the level of significance in their effect on TSS%.
Single herbicide alone and/or in combination with hoeing mostly increased
sucrose percentage of sugar beetroots. E)l-Geddawy ¢! al. {(2001) reported
that increasing hoeing number from fwo to three times preduced a relative
advantage in the values of root and sugar yields, while hoeing number had
no significant effect on root length and its diameter and quality characters.

Gaber et al. (1986) showed that increasing the irrigation intervals
decreased significantly the root and leaf yields, while the sugar content was
not affected with irrigation intervals. Attia and Sultan (1887) reported that
irrigation every 12 days gave significantly higher values of root diameter and
root vyield/fed, while irrigation evry 18 days gave the highest sucrose
percentage, but purity percentage did not significantly influenced by irrigation
intervals. Emara (1990) recorded that all yield components were significantly
affected by irrigation when sugar beet was irrigated at 28 days instead of 14
days intervals. He added that irrigation every 28 days caused a significant
reduction in root diameter and root length. |brahim et af {1993) reported that
root yield of sugar beet gradually increased by increasing number of farrow
irrigation from 4 16 6§ times. Kumar (1993) found that sugar yield increased
from 3.56 t’ha with three irrigations to 8.36 t’ha with eight irrigations and
sucrose content was 12.8% with three irrigations and increased to 14% with
gight irrigations. But impurity index decreased as irrigation frequency
increased. Azzazy (1998) reported that applying irrigation water at intervals of
7 days attaired higher root yield compared with 14 days, while sucrose
content, sugar yield, TSS%, purity % and root diameter as well as its length
were not significantly affected by irrigation intervals. Sharief ef al. (1999}
found that the highest irrigation volume of 2500m3a/ed, resulted in the
highest values of sucrose and TSS%. However, the highest percentage of
purity was obtained from the irrigation volume of 1500m3/fed. Margotti (2000)
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in ltaly, showed that sugar content was increased by 40% with drip irrigation
every 2-3 days, and generally the use of infrared remote sensing techiiques
to assess canopy temperature is the mostaccurate indicator for irrigation
scheduling.

MATERIALS AND METHODS

Two field experiments were couducted at El-Kassassien Agricitural
Research Station of ARC in Ismaillia Gavernorate during two winter
successive seasons of 1988/ 1999 and 1938 /2000 to study the effect of two
irrigation systems, three irrigation intervals and two hoeing frequency. This
study included 12-treatments which were the combinalion between two
irrigation systems viz. (surface and drip), two hoeing treatments {(every 7 and
14 days) and three irrigation intervals (every 3,5 and 7 days). Treatments
were taken place after thinning {45 days after sowing). Asplit - split plot
desing with three replications was used, where the two irrigation systems
were ailocated in the main plots, two hoeing frequency were in the sub-
plots and three irrigation intervals were in the sub- sub- plots. Sub - sub -
plots area was 15m2 , 5m in fength and 3 m in width. Each sub- sub- plots
included 5 ridges 60 cm in width . Sowing date was in 14th October in both
seasons and harvest date was at 200 days after sowing. A fixed amount of
phosphorus {30kgP;05/fed) and (48kg K;Offed) were used. Potassium
fertilizer was added once with the 2nd dose of nitrogen (75 days after
sowing). Whereas phosphorus was applied with land preparation. Nitrogen
fertilizer 100 kg N/ fed was applied in two equal splits, the first was after
thinning and the second was applied at 75 days from sowing under two
irrigation systems. The plants were thinned at on plant/ hill. The previous
crop was sorghum in both seasons. Acommercial sugar beet variety pleno
poly germ was used in both seascns. All the recommended agronomical
practices in sugar beet field were done . In both seasons, at 200 days from
sowing, five roots were uprooted randomly from each sub-sub-plot to
determine the following parameters: 1- Root diameter {cm). 2- Root length
{cm). 3- Total soluble soiids in beet root {T35%) which was determined by
hand refractometer. 4-Sucrose percentage was determined polarimetrically
on lead acetate extract of fresh macerated roots, using Pol-400
Saccharimeter according 1o the method described by Le-Docte (1827} 5-
Apparent purity percentage {the ratio of sucrose to total soluble sofids
expressed as percentage) purty% = sucrose% /TSS % X 100. Two inner
ridges from each sub-sub-plot were harvested to determine the yield and its
attributes which are root yield t/fed and lop yield Vied. Gross sugar yield t/fed
was calculated by multiplying root yield t/fed by sucrose % and Land use
efficiency (LUE) which was computed by the following formula: LUE (kg
sugarifediday) = sugar yield/fed! number of days from sowing to harvest.

Analysis of variance and combined anafysis for the two seasons
were conducled on the obtained data according the method described by
Snedecor and Cochran (1981). For comparison between means [est
differences significant method was followed. The combined data of yield and
yield attributes were subjected to simple correlation according to Svab
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{1973). Ininteraction Tables, capital and small letters were used to compare
row and column means, respectively.

Calculation of quantity of irrigation water. lrrigation treatments
commenced 45 days after sowing and seased 15 days before harvest so that
the period of irrigation treatments reached 140 days wherever sugar beet
plants were harvested at 200 days after sowing in the two seasons . The
discharge of each drip is amounted to 30 cm3/minute so that the amount of
irrigation water discharged in an hour which is the period of irrigation time is
1.8 liter / drip. Number of drips / m2= 10 drip (20 x 50 cm). Total amount of
irrigation water/fed = 75.6m3. Number of irngations for three intervals were
4566,28 and 20 tirmes for intervals of 3, 5 and 7 days, respectively. The
amount of irrigation water / fed= (3527,2116 and 1512 m3) for intervals of 3,
5 and 7 days, respectively. For surface irrigation the discharge was
calculated on the basis of 1.5 hour consumed in each irrigation s¢ that the
amount of water was 1.5 times the amount consumed in drip irrigation.

Mechanical and chemical analysis of the experimental site and the
underground irrigation water chemical and analysis wewe in tables (1 -a) and
{1 — b), respectively.

RESULTS AND DISCUSSION

A- [rrigation systems effect:

The results presented in Tables 2 and 3 cleared that surface
irrigation outyellded drip irrigation system in all studied characters except
purity % which was not affected by changing the irrigation method. Slavil and
Zavadil (1999) showed that there was no statistically significant difference in
dry vields under micreirrigation and drip irrigation. Higher utilization of
irrigation water was found for drip irrigation. Sharmasarkar et al (2001a)
reported that sugar heet and sugar yields were higher under drip irrigation
than furrow irrigation at p=0.05. Sharmasarkar efal {(2001b) noticed that
sugar beet yields and sugar contents under drip irrigation were higher than
those with flood irrigation .

B- Hand hoeing intervals affact :

Data demonstrated in Tables 2 and 3 showed that applying hoeing at
intervals of 7 days generally produced higher root length, roct diameter, root
and top yields/ fed, sucrose %, TSS %, sugar yield/fed and LUE compared
with 15 days ones being 4.04%,4.47%, 7.12%, B.37%, 1.92%, 1.77%, 9.72%
and 864% concerning the combined analysis. While purity % was not
affected by hand hoeing interval . These results coincide with that found by
Simon (1992) who reported that loosening increased root, lop, sugar yields
and sucrose content. Also, loosening improved the respanse of root yields to
N application on and affected soil water content only in dry years. These
results are in harmony with those reported by Abd E!-Aal (1895) and EI-
Geddawy ef al. {2001).

This indicates that hoeing the sugar beet fields more frequently
during the season favours the growth of beet roots beneath the soil because
hoeing makes the land more friable and mere erected.
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Table 1-b: The underground irrigation water chemical and analysis.

; Characteristics First season Second season
E C. M. mhosicm 416 B
Saluble cations m ]
e g a8 14 15
O 7.26 728
N'g' 2386 34 4
K - 0.40 0.40
>oluble antons mfl
3 - :
HCO 1550 B.40
S0, 500 1260
b 26.00 35.00

C- Irrigation intervals effect :

Also dasta presented in Tables 2 and 3 indicate that irrigation intervals
i.e. at 3,5 and 7 days exercised a significant effect on all studied characlers
and this was clearly true in both seasons and the combined except, purity %,
which was not significantly affected by irrigation intervals. Scheduling
irrigation at 5 days intervals surpassed 3 and 7 days interval. These results
are in agreement with those cbtained by Attia and Sultan (1987), Emara
(1990), Sharief et al. (1999} and Margotti (2000}, This resuits may be
explained on the light of the fact that the soil is sandy textural soill. Three
days interval on ane hand makes the scil wet for longer period for the weak
water holding capacity of the soil and it seasons that for such soil & days
interval is more optimum for sugar beet crop. Also comparing 3 with 7 days
interval, sugar beet plants suffer from less available water under7 days
interval but they suffer more under wet soii of the 3 days inlerval resulted in
mare reot yield under 7 days interval.

Table 2-a: Interaction effect between irrigation systems and Irrigation
intervals on root diameter (cm} combined data

Irrigation system 5 Irrigation m;ervai days ;
Drip B A B
10.491b 12.178b 11.318a
Surface B A B !
12.044a 13.323a 11.216a -

Table 2-b: Interaction effect between irrigation systems and hoeing
intervals on sucrose % { combined data)

‘ ] .
Irrigation system ! 7 Hoeing intervai day:s
Drip A A T
17.664b 17.517a
Surfaca A B
18.051a 17.524a
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Table 2-b: Interaction effect between Irrigation systems and irrigation
intervals on sucrose

prrigationsystem |1 x [rrigation mgewalda% - J}
i

Dip B A A
i 17.118a 18.5893a 17.861a
Surface B

B A
I L 17.736a 18.256a 16.868b |

D- Interaction effects :
a- Irrigation systems x hoeing intervals

As seen in Tables 3- a , 2-b , 3-¢ and 3-d the interaction effect
between irrigation systems and hoeing intervals on root yield t/ fed, sucrose
%, sugar yield tfed and sugar production kg/fed / day {LUE), respectively.
The highest root yield tfed, sugar yield t/fed and sugar production kg /fed/
day (LUE)}were obtained when sugar beet plants were hoeined every 7 days
under surface irrigation system . While , the highest sucrose % was
obtained with surface irrigation when 7 days hoeing interval or with drip
irrigation when 15 days heeing interval were applied . This could be
explained on the light of the effect of irrigation on compacting the soit, so
that frequent hoeing s required to make the soil more friable. Cn the other
hand surface irrigation out vielded drip irrigation irrespective to hoeing
interval.

Table 3-a: Interaction effect between irrigation systems and irrigation
intervals on root yield { tlyield | combined data

Irrigation system 3 Irrigation m;erval days
Drip C A B
11.65tb 15.315b 13.745b
Surface C A B
13.808a 18.814a 17.195a

Table 3-a: Interaction effect between irrigation systems and hoeing
intervals on root yield (t/fed) combined data)

Irrigation system v Hoeiﬂgﬁﬂewal dav% f
orip A A
13.730b 13.538a
ourface A B
17.54Ba 15.562a

Table 2-b: Interaction effect between irrigation systems and irrigation
intervails on top yield (tifad) combined data.

Irrigation system 5 Irrigation m;erval days ;
Drip C A B
3.372a 4.945b 4. 188b
Surface C A B
3.787a 8.334a 5.584a J
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Table 3-c: Interaction effect between irrigation systems and hoeing
intervals on sugar yield (t/fad) { combined data)

Irrigation system 7 Hoeing interval day:s

Drip A B
2.437b 2.378b

Surface A B
3.069a 2.639a

Table 3-c: Interaction effect between irrigation systems and hoeing
intervals on land use efficiency {(LUE) (kg sugarifad/day}
combined data.

Irrigation system | - Hoeing interval day:5 |
Drip A A
12.166b 11.866b
Surface A B
15.326a 13.170a

b) Irrigation systems x irrigation intervals

The results presented in Tables 2-a, 2-b, 3-a and 3-b indicate that
root diameter (cm) , sucrose (%), root yield Vfed and top yield t/fedin
combined data were significanlly affected by the interaction between
irrigation systems and irrigaticn intervals. In general , under surface irrigation
system the highest root and top yields Yfed and root diameter {cm) were
oblained when sugar beet plants were irrigated every 5 days frequency .
While , the highest sucrose (5} was when applied drip irrigation system
every 7 days intervals .

E- Yield analysis ;
Correlation study :

The interrelations between gross sugar yield and yield contribubing
characters measured as simple correlation coefficients are shown in Table 4.
Simple correlation was positive and highly significant when was made
between sugar yield Yfed and each of root yield t/fed, top yield tfed TSS %
root  length and sugar production (kg f fed/day) . While there was positively
and significantly correlated with sucrose % and roct diameter and positivély
correlated with purity % only. Root yield t/fed was positively and significantiy
correlated with top yield , sucrose %, TSS%, roct length and it's diameter
and sugar production (kg /fed/ day) . Also , root yield was positively
correlated with purity % but the coefficient was not significant.

Tep yield on the one hand was positively and significantly correlated
with each of TSS %, root length, root diameter and sugar producticn (kg /
fad/ day) on the other hand. Similar results are aggreed by Gewifel (1982)
and Sohier Ouda (1986). Top vyield was positively but not significnatly
correlated  with sucrose % and negatively correlated with sugar production
(kg / fed/ day) .
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For sucrose % ,theresults indicated that sucrose % was psotively
and significantly correlated with TSS% , root length and it's diameter and
sugar production (kg/fed/ day). But the coefficient between sucrose % and
purity % did not reach significance level .

TSS% was significantly correlaled with each of root length and it's
diameter and sugar production (kg / fed/ day) and did not significantly
correlated with purity % .

Root length was positively and highly significantly correlated with
root diameter and sugar production (kg /fed/day) . Roat length was psoitively
but not signifiantly correlated with purity %.

Root diameter was positively and significantly  correlated with sugar
production (kg/ fed/ day) . But, the correiation did not reach the significant
level with purity %. '

Purity % was positively corrrelated with sugar  production
(kg/fed/day) only .

F- Path analysis :

The method of path coefficients included the Lhree yield
components i.e. root yield t/fed, sucrose % and top yieid t/ffed. The effect of
direct and indirect path coefficients of root yield, sucrose % and top yield on
sugar yield are shown in Table 5 These effects were computed by
partitioning the simple correfation coefficient into its components . Root yield /
fed, demonstrated to have a high direct effect (0.8928) on sugar yield, while
the direct effect of top yield / fed was very low (0.0504) . But the direct effect
of surcose % was less from the direct effect of root yield on sugar yield. On
oposite the indirect effects of surcrose % and top yleld / fed were relatively
high compared with that of root yield/ fed. Since the indirect effects were
0.5566, 0.0431 and 0.5235, 0.0953, respectively.

The contributions of the direct effects of root vield / fed, sucrose %
and top yield / fed and their interactions on sugar yield as recorded in
percentage of the variation are presented in Table 8. Path analysis showed
that the direct effects for root yield, sucrose % and top yield were 79.71% |
1.24% and 0.25% , respectively . The indirect path ccefficient of three
characters were about 12.380% , 5.28% and 0.960% of the sugar yield
variation. Alse, it's clear from the results that root yield and sucrose
percentage contributed much to sugar yield than from top yield. (R2) was
99.82% , of the total sugar yeild variation.
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Table 5: Partitioning of simple correlation coefficients between sugar

yield (t/fad) and its components of sugar beet (combined data).

Sources Values

Root yield ( t/ fad).
Direct effect 0.8972
Indirect effect via sucrose % 0.1843
Indirect effect via top yield ( t/fad) 0.1229
Total (ry,) 0.9586

ucrose % |
Direct effect 0.2962 .
Iindirect effect via root yield (t/fad) . 0.5583
Indirect effect via top yield (t/fad) 0.0844
Total (1y,) 0.7701 |
Top yield (t/fad)
Direct effect 0.1296
Indirect effect via root yield {t/fad) 0.8508
Indirect effect via sucrose % 0.1929
Total (rys) 0.9141

|

Table 6 : Direct and joint effects of yield compenents presented as
__percentage of yield variation in sugar beet

Sources of variation | CbD % |
Root vield (t/fad) 0.8050 80.50 |
ISucrose % 0.0877 8.77
Top yield (¥/fad) 0.0168 1.68
Root yield (t/fad) x sucrose % 0.3307 33.07
Root yield { t/fad) x top yield { t/fad) 0.2206 22.06
Sucrose % x top yield (t/fad) 0.0500 5.0
R? 0.9696 96.96
Residual factors 0.0304 3.040
Total 1.000 100.00
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