ISSN 1110-0419

Annals Of Agric. Sc., Moshtohor,
Vol. 44(4): 1981-2000, (2006).

SUGAR BEET YIELD AND QUALITY CHARACTERS AND WATER
RELATIONS UNDER CONDITIONS OF SOIL MOISTURE STRESS
AND N FERTILIZER LEVELS.

BY

Ashry, ML.R.K.* and Ekram A. Megawer
*  Soil and water, Environment Res. Instit.. A.R.C, Giza, Egypt.
**  Agron, Dept., Fac. Agric., Fayoum Unvi,

ABSTRACT

Two field experuments were carried out at Fayoum Agric. Res., station

(Kom Osheem) during 2004/2005 and 2005/2006 scasons. Four irrigation

treatments, i.e. ungation at 30% (I;), 55% (1,), 80 %(I,) available soil moisture

depletion (ASMD) and 65 mm cumulative pan evaporation (I,) were combined

with three N fertilization levels, i.e. 50 (N)), 75(N;) and 100(Ns) kg N/ fed in a

split- plot design with four replications. The effect of these combination treatments

on sugar bect yield, yicld components and quality characters and crop water
relations were studied . The main results were as follows:

1. Root diameter, root weight, total plant weight, root yield/fed, sucrose%,
T.S.8%, juice purity% and sugar yield/fed were significantly affected by
irmigation treatments and N levels in both seasons, whereas root length was
not affected by differed treatments in the two seasons.

2. Increasing ASMD from 30% to 80% significantly decrecased root diameter
and weigh, total plant weight, root yield/fed, sucrose% and sugar
yield/fed, whercas T.5.5% and juice purity increased .

3. Root yield/fed, yield components, sucrose% and sugar yicld/fed, obtained
from irmngation at 65mm cumulative pan evaporation (CPE) surpassed
those of irrigation at 55% or 80% ASMD in both seasons.

4. Increasing N level from 50 1o 75 kg N/fed increased yield components,
root yield/fed, sucrose® and sugar yield, whereas T.85.5% and purity%o
decreased. However, more increase in N level to 100 kg N/fed
significantly reduced all yield components, root vield/fed, sucrose% and
sugar yicld/fed, in both seasons.

5. The highest yield components, root yield (23.0 and 25.16 t/fed), sucrose’o
(23.52 and 22.81%) and sugar yield (5.41 and 5.73 Ufed) in 2004/2005
and 2005/2006 seasons, respectively, were resulted from irrigation at 30%
ASMD and applying 75 kg N/fed. However, irrigation at 80% ASMD and
applying 100 kg N/fed gave the lowest values in both seasons.

6. Seasonal consumptive use (ETc) averaged 64.09 and 62.4i1/cm in
2004/2005 and 2005/2006 seasons, respectively. Decreasing ASMID from
80% to 30% and increasing N level from 50 to 100 kg Nffed increased
seasonal ETc¢ from 57.71 and 56.86 cm to 68.65 and 66.03 cm in two
SUCCESSIVE SEasons.
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7. Daily ETc rate increased from Oct. and Nov., to reach its maximum rate
during Mar, then declined till harvesting. The crop cocfficient (Kc) during
the growing season months from October to May were 0.59, 0.65, (.84,
0.95, 1.09, 1.14, 0.81 and 0.55, respectively, (average of two seasons)
from the treatment that gave the highest root and sugar yield/fed.

8 3ghest water use efficiency values, i.e. 8.127 and 9.184 kg fresh
rootlm water consumed, resulted from irrigation at 30% ASMD and
applying 75 kg N/fed in 2004/2005 and 2005/2006 seasons, respectively.

So, the combination of 30% ASMD and 75 kg Nffed. could be
recommended for sugar beet cultivation under the environmental conditions
such as those described herein, where this treatment improved yleld and
quality characters combined with good water use efficiency.

Key words: Sugar beet, Yield, Quality, Water use, Fertilization.
INTRODUCTION

Irrigation and fertilization play an important role in sugar bect
production. Increasing irrigation and feriilization use efficiency throughout
agricultural treatments is a main objective for water and fertilizer
rationalization to reduce environmental pollution and increasing sugar beet
yield and quality. Doorenbos et al., (1979) reported that water requirements of
sugar beet crop ranged from 550 to 750 mm. The crop coefficients K¢ were 0.4
0.5, 0.7-0.85, 1.05-1.20, 0.9- 1.0 and 0.6-0.7 during the initial stage,
‘development stage, mid-scason, late season stage and harvesting, respectively.
The water use efficiency (WUE) is 6.0 to 9.0 kg roots/ m’ water consumed.
Prasad ef al., (1985) indicated that a maximum consumptive use (ETc) of 58.9
cm was observed at 80 % available soil water depletion, which gave maximum
sugar yield (6.3 t/ha). They added that higher rates of nitrogen fertilizer
slightly increased ETc and WUE. Semaika et al,, (1988) revealed that the
highest values of plant fresh and dry weights, as well as root length and
diameter were obtained at 40% soil moisture depletion. The ETc values
decreased as the available moisture depletion increased. Davidoff and Hanks
(1989) pointed out that both yield and relative yield exhibited a strong linear
relationship with ETc. Sucrose percentage tended to be increased as the
amount of applied water increased. Ibrahim (1990) found that irrigation at 30,
60 and 90% available soil moisture depletion {(ASMD)} resulted in ETc of
2699.5, 2271.8 and 2127.7 m% fed, respectively. The highest WUE was
detected from irrigation at 30% ASMD. Massoud and Shalaby (1998)
indicated that irrigation every 15, 30 or 45 days gave total water application of
10805, 7607 and 5766 m’/ ha, while the total water consumed was 6028, 5107
and 3449 m’/ha, respectively. Water use efficiency was increased as irrigation
interval increased. El-Askari ef al. (2003) concluded that the water irrigation
amount of 90% field capacity is highly recommended for sugar beet irrigation
since it gave a high crop yield, acceptable yield quality and good water use
efficiency. El-Shouny ef al. (2003) reported that irrigation at 40, 60 or 80%
ASMD saved 28.65 %, 31 8% and 33.4% of water, respectively, compared to
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normal irrigation. The average values of ETc were 75.08, 73.29 and 73.58 cm
for irrigation at 40, 60 and 80% ASMD, respectively. According to WUE
values, irrigation treatments were orderly arranged as 60% > 40% > 80%
ASMD > farmers irrigation for root and sugar yield.

Koren. Kov and Pirogova (1983) showed that applying the
recommended rate of N (240 kg/ha, as ammonium nitrate) in two splits is
preferable rather than as a single application. Prasad et al., (1985) found that
higher rates of N fertilizer slightly increased consumptive use. A significant
increase in sugar yield was observed up to 180 kg N/ ha. EL-Badry (1988)
indicated that average rool, top and sugar yields were increased in the ranges
of 3.8-18.2, 2.4-12.8 and 0.6-3.1 t/fed, respectively with increasing N rate
from 30 to 60 kg N/fed. Shepherd (1991) indicated that sugar yield was
declined with N applications above 150 kg/ha. Burcky (1993) concluded that
water consumptive use increased with N supply. At the highest N rates water
consumption was 3 times of the lowest N rate. Water use efficiency was
highest with moderate N rate application. Barbanti ef al. (1994) reported that
the intermediate applications of 60 or 120 Kg N/ha proved to be the most
effective N fertilizer application rate in terms of yield. Whereas, beet quality
adversely affected by increasing N application in reduction to the increase in
noxious elements and a decrease in juice alkalinity. Sharif and Eghbal (1994)
found that root length, root diameter and root sugar yicld were gradually with
N application increased up to 150 kg N/ha. Contents of T.S.S and sucrose%
and juice purity percentage were decreased with increasing N rates. Root yield
was positively correlated with root length and diameter, L. A 1 and leaf yield.
Azzazy (1998) revealed that increasing nitrogen level from 40 to 60 or 80 kg
N/fed increased root diameter and root yield, but decreased sucrose percentage.
Ruzsangi (2000) pointed out that the application of 80-120 kgN/ ha, 80-100 kg
P/ha and 120-160 kg K/ha are sufficient to reach large root yield and good
industrial values. Karam ef al. (2002) showed that yield was strongly
dependent on level of N application where 260 units/ha of N fertilizer
produced 223 and 169 t/ha at 100% and 60% field capacity irrigation,
respectively. This mean that, water use efficiency seemed to be dependent on
the N application rat¢ under ¢ach irmgation regime. Bilbao er al. (2004)
concluded that soil nitrate before planting could used as useful criteria for
assessing N fertilizer rate in production of sugar beet under the Mediterranean
climate. The critical value of soil nitrate above which nc response 10 N
fertilizer can be expected was 39 mg/kg for beet production.

MATERIAL AND METHODS

Field experiments were carried out at the farm of Kom Osheem
research station, Fayoum Governorate, Egypt during 2004/2005 and 2005/2006
seasons. This study aimed to tnvestigate the effect of irrigation using different
levels of available soil moisture depletion (ASMD) and nitrogen fertilization
rates (NFR) on sugar beet yield, yield components, quality characters and crop
water relations. The experimental design used was the split—plot design with
four replications. The experimental treatments were as follows:
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L Irrigation treatments (main plots).

1;: irrigation at 30% available soil moisture depletion (ASMD).
1;: irrigation at 55 % available soil moisture depletion (ASMD)
L;: irrigation at 80 % available soil moisture depletion (ASMD)
L irrigation at 65 mm cumulative pan evaporation (CPE).

II: Nitrogen fertilizer rates (sub- plots).

Ni: 50 Kg N/ fed, as ammonium nitrate 33.5% N.

N2: 75 Kg N/ fed, as ammonium nitrate 33.5% N.

Na: 100 Kg N/ fed, as amamonium nitrate 33.5% N.

T‘hemlrogenferuhzerratmwemapphad in two equal doses (at the 1* and
2“"lmganons) The sub-plot area was 21.0 m® (3.0 x 7.0 m), contained six ridges
of 50.0cm width and 7.0 m length, The sub-plot were isolated from each others by
dikes of 1.5m to avoid the horizontal water seepage. Calcium super phosphate
(15.5 % P; Os) at the rate of 200 kg /fed was added during the field preparation in
both seasons. Sugar beet (Beta vulgaris L.) seeds of multigerm variety namely
ATHOSPOLY at the rate of 6.0 kg/fed were planted at October 15 and November
3 in 2004/2005 and 2005/2006 seasons, respectively. However, root harvesting
occurred on May 6™ and 31* in the two successive seasons, respectively. Irrigation
treatmendts were started from the second irrigation, in both seasons. The physical
and chemical propertics of the experimental plots dtscnbed by Page et al. (1982)
and Klute (1986) are presented in Table (1).

Table (1): Physical and chemiul analysis of the experimental field (average

WO SEASONS).
(A) Phrysical .
Fine Sie -
Couresd% | 12 | | Oy | 0P | cac09%6 | Teowstcs
190 322 1210 278 084 820 | Sandydayloan
{B) Chemical analysis:
e | Ansbyisofsiwareract s | Amee pH
s Seluble caioon meg A ) EC| =i
m 4
O | | s | Com | o S| wep
3 130 | 140 14.14 1562 | 028 74 4 29 8.il

The monthly averages of climatic factors for Fayoum area during the two
growing scasons period of sugar beet are recorded in Table (2). The soil moisture
constants of the experimental plots are shown in Table (3). Imigation dates,
intervals and count for the different irrigation treatments are presented in Table (4).
The soil moisture values were gravimetrically determined on oven dry basis, as the
technique of waier Requirements and Field Irrigation Dept., ARC, Egypt, for
different soil layers each of 15.0 ¢cm from the soil surface and down to 60.0 cm
depth. The preceding crops were grain sorghum in both seasons. The other cultural
practices for growing sugar beet crop at Fayoum area were adopted, according to

" the recommendations of Agricultural Ministry of Egypt .At harvesting date the
following data were recoded for each sub-plot:
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1. Yield and Yield components: :

1. Root length (cm). 2. Root diameter (cm) .

3.  Root weight (kg). 4. Total plant weight (kg).

$. Fresh roots yield (v/fed), was determined from the roots yield of the whole
sub- plot of each treatment.

Table (2): The monthly average of dmmtlc factors for Fayoum Governorate
dunngsugarbect : seasons in 2004/ 2005 and 2005/2006.

Month

| October 2004
2005

f November 2004
: 2005
December 2004 2

: 2005
January 2005

2006

| February 2005
2006

March 2005

2006

2005

2006

*Aﬂer Fayoum metmrologlca] stauon " Etsa dlstnct "

Table (3): Average of the soil moisture constants of the experimental plois
dunn 2004!2005 and 2005/2006 seasons.

Available
capacity i moisture
(%) (%)

0-5 38.98 ; . 20.40

Soil depth
(cm)

15-30 34.21 . . 16.30
3045 32.13 : . 17.02
7 29.88 . . 15.82

11. Yield guality:

I. Sucrose percentage was determined by the Sucrometer using lead acetate
according to the A.O. A .C. (1965).

2. Total soluble solids (T.S.S}, was determined by the Refractometer .

3. Juice purity: was calculated as follows:
Juice purity = {(Sucrosc %)/ (T.5.5%.)} x 100
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4. Sugar yield (U/fed), was calculated from the sucrose percentage in fresh
roots and the fresh roots yield (t/ fed) for cach treatment |

All the data collected at harvesting for the yield, yield components
and crop quality were subjected to the statistical analysis according to
(Snedecor and Cochran, 1980). The averages were compared using the L.S.D
test at the level of 5% probability.

IIL Crop water relations.
1. Seasonal consumptive use (ETc).

To obtain the sugar beet consumptive usc (ETc) during the growing
season, soil samples were taken just before and 48 bours after each irrigation,
as well as at harvesting time. The crop consumptive use (evapotranspiration} in
cm between each two successive irrigations was estimated according to the
following equation of Israelsen and Hansen. 1962:

Cu (ETc) = (8; - 8y, /100. Bd. D.
Where:
Cu= crop water consumptive use (cm).
8,= Soil moisture %, 48 hours after irrigation.
o; =Soil moisture%, just before irmigation.
Bd= Bulk density of soil (gm/cm”).
D = Soil layer depth (cm).

2. Daily ETc rate/month (mm).

Calculated from the crop consumptive use belween Ssuccessive
irrigations from planting and during the growing scason months il harvesting,
divided by number of days between each two successive irrigations.

3. Reference evapotranspiration (ET0) in mm/ day.

The ETO values in mnv day during the growing seasons months of
sugar beet crop were estimated from 1the monthly averages of climatic factors
~ of Fayoum Governorate (Table 2), and using the procedures of FAO penman-

Monteith equation (Allen et al. 1998).

4. Crop coefficient (Kc).
" The crop coefficient (Kc) was calculated as follows.

Actual crop consumptive usc (ETc)

evapotranspiration (E'To)

5. Water use efficiency (WUE),

The water use cfficiency expressed as Kg fresh roots yield/ m3 water
consumed was calculated for the different treatments as the method out lined
by Vites (1965).

WUE= Fresh roots vicld (kg/fed
Crop consumptive use (w'/fed)
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Table (4): Dates of irrigations, irrigation intervals and irrigations count, as
affected by irrigation treatments in 2004/ 2005 and 2005 /2006
SEASONS.
Irrigation treatments
" 200472005
I ) @)
30% ASMD 55% ASMD 80% ASMD
Internal Interval Interval
Date (days) Date (days) Date (days)
15/10 . 15/10 - 15/10 -
12/11 28 12/11 28 1211 28
10/12 28 10/12 28 16/12 34
29/12 /1 28 20/1 35
17/1 172 25 19/2 30
372 25/2 24 21/3 30
2072 17/3 20 16/4 26
73 - 9/4 23 -
213 -
6/4 - -

6/5 6/5

RESULTS AND DISCUSSION

I- Yield and Yield components
1. Yield components

The results presented in Table (5) show that increasing the available soil
moisture depletion (ASMD) in the root zone of sugar beet plants from 30% to 80
% significantly decreased root diameter, root weight and total plant weight in
both seasons, whereas the root length was increased but without significant
differences due to the irrigation treatments. On the other hand, except for root
dimeter in both seasons and total plant weight in the first one, the differences
between the averages of yield components, obtained from irrigation at 65 mm
cumulative pan evaporation (CPE) and those obtained from irrigation at 30%
ASMD, were insignificant in the two scasons. The highest average values of root
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diameter, root weight and total plant weight were detected from irrigating sugar
beet plants irrigated at 30% ASMD in both seasons. It is obvious that increasing
the ASMD in the root zone of sugar beet plants decreased yield components, but
increased the root length. The results were found to be true, since the high ASMD
in the root zone enhanced water and nutrients absorption and this in turn
increased cell division and plant growth, whereas soil moisture stress may
encourage plant root to down elongation researching for water in down depths.
These results are in the same line with those reported by Semaika ef af. (1988)
and EL-Askari ef al. (2003),

The data listed in Table (5) revealed that the averages of all sugar beet
yield components except for root length in the first season were significantly
affected by nitrogen fertilizer levels in both seasons. Increasing N fertilization.
level from 50 to 75 kg N/ fed gave significant increases in root diameter, root
" weight and total plant weight in both seasons and root length in the second
season, recording the highest averages. However, more increase in N fertilization
level application to 100 kg N/fed resulted in pronounced decreases in all yield
components of sugar beet in the two seasons, recording the lowest averages. It
can be concluded that 75 kg N/fed was appropriate for maximizing the sugar beet
yield components, while more increase in N level to 100 kg N/fed significantly
reduced yield components than those obtained from applying 50 kg N/ fed. These
results are in accordance with those reported by Sharif and Eghbal (1994),
Azzazy (1998), Karam ef al. (2002) and Bilbao et al. (2004).

The results recorded in Table (5) indicate that the averages of root
diameter, root weight and total plant weight in 2004/2005 season and rool
diameter in 2005/2006 scason were significantly affected by the interaction
between irrigation treatments and N fertilization levels. The highest averages of
these components, in the same above order, were obtained from irrigation at 30%
ASMD and applying 75 kg N/fed. However. the lowest averages were resulted
from irrigation at 80% ASMD combined with applying 100 kg N /fed.

2. Fresh root yield

The results itlustrated in Table (5) reveal that the averages of sugar beet
fresh root vield were significantly affected by irrigation treatments in the two seasons.
Increasing ASMD from 30% to 55% or 80% significantly decreased its averages by
20.63% and 31.4%, in 2004 /2005 season respectively, and season by 14 80% and
29.92%, in 2005/2006 respectively. However, irrigation sugar beet plants at 65 mm
CPE significantly decreased fresh root yield by 2.03 and 3.72% in the two successive
seasons, respectively, ranking as the second superior treatment afier irrigation at 30%
ASMD (short jrrigation imervals) which gave the highest averages, i.e. 20.16 and
21.76 tfed in first and second seasons, respectively. Whereas the lowest root vield
averages. i.e. 13.83 and 15.25 t/fed in the two successive scasons, were detected from
trrigation at 80 % ASMD (prolonged intervals). This reduction in fresh root yield/fed
associated with irrigation at 80% ASMD may referved to the effect of water deficit on
decreasing yield components and dry matter accurmulation and root storage capacity.
These results are in harmony with those found by Semaika ef al. (1988), Torahim
(1990) and E1-Askari et al. (2003).
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Table (5): Sugar beet yield and yield component, as affected by irvigation trestments, N

fertillzer levels and their interaction in 2004/2005 and 20052006 scasous.

N.S

Treatment 2004/2005
* Roet Reet Rest Total | o rout |
rei . Nitregen feriilizer . dlnmneter II plant
Irmigation | wwoenven | W | Y07 | o b
) NI1:50 kgN/ fed 18.20 11.00 2.60 2.50 19.50
30},/ N2: 75 19.53 12.00 2.60 3.00 2300 §
ASM'i) N3: 100 17.00 10.00 1L.O0 1.75 18.00
Mean 18.00 11.00 1.83 242 20.16
) N1:50 19.00 10.50 1.75 2.25 | 1550 )
559, N2: 78 20.00 10.50 2.25 2.75 17.50 §
ASM.D N3:100 © 17.50 10.00 1.0 1.75 15.00 §
Mean i8.33 10.33 1.66 2.25 16.00
() N1:50 20.00 10.50 1.5¢ 2.00 13.00 1§
80% N2: 78 20.00 11.00 1.75 2.25 16.00
ASMD N3:100 19.00 950 0.90 .75 12.50
1 Mean 1966 | 1033 { 138 | 200 | 1383 }
M) N1:50 17.50 11.00 2.00 250 | 20600 }
65 mm N2: 758 18.50 11.00 2.00 2.25 2260 3
CP.E N3:100 18.50 10.50 1.00 1.75 16.75 1§
. e Mean 18.16 10.83 1.66 2.17 19.75 §
Mean of N. jevels: :
N,: S0 kg N/ fed 18.67 10.75 181 2.31 17.00 ]
Ni: 75 kg N/ fed 19.46 11.12 212 2.56 1975 §
N;: 100 kg N/ fed 18.00 10.00 0.97 1.75 15.56 ;
| L.S.D at 5.0% :
Irrigation (1) N.S 0.31 0.20 0.11 0.33
N. fertilizer (N) N.S 0.30 0.12 0.14 024
MX N) N.S 0.61 0.24 0.27 0.48
2005/2006
@) N1:50 kgN/ fed 18.76 11.90 212 2.66 20.96 }§
301/6 N2: 75 20.40 13.16 2.90 3.37 25.16 §
ASMD N3:180 18.21 10.85 1.25 1.85 19.19 §
Mean 19.12 11.95 2.09 2.63 21.76
(1) "N1:50 19.65 11.19 2.09 2.56 17.56 §
553/ N2: 75 20.55 11.65 2.56 306 2161
ASM"I', N3:100 1861 | 10.56 119 1.72 16 .44
Mean 19.60 11.13 1.95 245 i8.54
N1:50 20.19 10.06 1.69 237 15.50 §
(1s) N2: 78 21.10 11.19 2.31 2.85 17.56
80%ASMD N3:100 19.19 10.25 1.12 1.65 12.69
Mean 20.16 10.50 | L71 2.29 15.25
) Ni:50 18.96 11.31 225 279 20.55
65 mm N2: 75 19.47 12.25 2.50 312 23.50
C.P.E N3:100 19.15 10.31 t.31 1.95 18.81
= o Mean 19.19 11.29 202 2.62 20.95
Mean of N. levels:
Ni: 50 kg N/ fed 19.39 11.11 204 2.60 18.46
Nz: 75 kg N/ fed 20.38 12.50 2.57 310 21.95 |
Nj: 100 kg N/ fed 18.79 10.49 1.22 1.79 18.78 {
L.S.D at 5.0%
Irrigation (1) N.S 0.21 0.08 0.07 0.66
N. fertilizer (N) 0.66 017 0.14 0.12 0.56
N.S 0.35 N.S

112
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Results in Table (5) reveal that averages of fresh root yield/fod were differed
significantly due to N fertilization levels in the two seasons. Increasing N fertilization
level from 50 to 75 kg NAfed significantly increased fresh root yield by 16.18% and
18.90%, and consequently 75 kg Nffed gave the highest averages (19.75 and 21.95
tffed) in 200472005 and 2005/2006 seasons, respectively. However, more increase in
N level up to 100 kg Nffed resuited in significant decrease in sugar beet root yield
(8.47% and 9.10%,) and hence application of 100 kg N/fed gave the lowest averages
(15.56 and 16.78 tifed) in the two successive scasons. The results may be duc to the
high values of yield components obtained from the moderate N level (75 kg Nifed).
These results are in full agreernent with those reported by EL-Badry (1988), Barbanti
et al. (1994), Azzazy (1998), Ruzsanyi (2000). Karam ef al. (2002) and Bilbao et af.
(2004).

. Data recorded in Table (5) indicate that fresh root yield of sugar beet was

significantly affected by the interaction between imrigation treatments and N
fertilization levels in both seasons. The highest fresh rool yield, i.e 23.0 and 25.16
tifed in 2004/2005 and 2005/2006 seasons, respectively, were detected with irrigation
at 30% ASMD and applying 75 kg N/fed. However, the lowest root yield were 12.50
and 12.69 Vfed, resufted from irrigation at 830% ASMD combined with applying 100
kg N/fed in the two successive seasons. It can be concluded that isrigating sugar beet
plants at 30% ASMD (high soil moisture) and applying 75 kg Nffed (moderate
fertilization levels) and preferable for high soot yield, under Fayoum Governorate soil
conditions.

IL Yield quality:

The results presented in table (6) show that the irrigation treatments are
significantly affected with sucrose percentage, total sotuble solids (T.S.S.) percentage
in both season and juice purnity percentage in the first one. The highest average values
of sucros percentage (21.66% and 21.17%) and sugar yield (4.40 and 4.64 vfed) in
200412005 and 2005/2006 seasons, respeciively, were obtained from imigating sugar
beet plants at 30% ASMD. Irrigation at 65mm CPE gave sucrase percemtage amd
sugar yields approximately near 10 those resulted from imigation at 30% ASMD in
both seasons but without any significamt differences. On the other hand, irrigation at
80% ASMD gave the highest averages of T.S.S. percentage and juice purity
percentage in both seasons. It is obvious that subjecting sugar beet plants to water
stress (irrigation at prolonged intervals) significantly decreased sucrose percentage
and sugar yield/fed, while T.5.5.% and juice purity were increased. These results are
probably due 10 subjecting plants to water stress reduced water and nutrients
absorption and this in turn reduced photosynihesis, carbohydrate content and
carbohydrate storage in roots. Also, increasing soil mosture stress increased the
somatic pressure and decreased water content of the cell sap causing high
concentrations of solids in storage parts. These results arc in the same trend of those
indicated by Davidoff and hanks (1989) and El- Askari et al. (2003).

‘The data listed in table (6) show that sugar beet yield quality characters
tested were significantly affected by nitrogen fertilization levels in both seasons,
except juice purity percentage in 2005/2006 season. Increasing N fertilization level
from 50 to 75 kg N/fed significantly increased sucrose percentage and sugar yield by
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5.13%and 21.81%, respectively, in 2004/2005 scason and by 6.41% and 24.28%,
respectively, in 20052006 season. However, increasing N level from 50 to 100kg
NAed significantly decreased sucrose percentage, purity perocntage and sugar
yieldfed by 10. 17% 1.04 % and 16.7%, respectively, in 2004/2005 season and by
7.15%, 1.07% and 16.45%, respectively, in 2005/2006 season, while the T.S.S.
percentage increased in both seasons. These results are in agreement with those found
by Prasad et al. (1985), EL-Badry (1988) Shepherd (1991), Barbanti er al. (1994)
Sharif and Eghbal (1994) and Ruzsangi (2000),

Data in Table (6) indicate that the T.S.5. and juice purity percentages in
2004/2005 scason and the T.S.5. percentage in 2005/2006 season were significantly
affected by the interacticn between irrigation treatments and N fertilization levels the
highest values of T.S.5. percentage, i.e. 21.22% and 21.47% in the two sucoessive
seasons ere detected from irrigation at 80% ASMD and applyirg 100kg N/fed
however, the highest juioce purity percentage in 2004/2005 season (97.20%) was
observed from irrigation at 80% ASMD and applying 50kg N/fed.

II- crop water relations:
1- Seasonal crop consumptive use (ETc).

The results in table (7) indicate that the seasonal consumptive use averages of
sugar beet crop, as a function of inrigation treatments and N fertilization levels were
64.09 and 62.41cm in 20042005 and 2005/2006 seasons, respectively the difference
between the two values may be due to the variation in climatic factors of the two
seasons the highest averages of sugar beet consumptive use, i.e. 68.37 and 6537 cm
in 2004/2005 and 2005/2006 seasons, respectively, were detected from irrigation at
65mm cumalative pan evaporation (CPE). Irvigating sugar beet plants at 30% ASMD
approximately gave similar ETc values to those of irrigation at 65mm CPE, i.e. 6742
and 65.03cm in the two successive seasons. However, increasing the ASMD in the
root zone of beet plants from 30% to 55% decreased the seasonal ETc to 61- 85 and
61.22cm in 2004/2005 and 2005/2006 seasons, respectively. More increase in ASMD
from 30% to 80% caused pronounced reductions in ETc by 12.9% and 10.75% in the
Two scasons, respectively. It is obvious that irrigating sugar beet plants at high levels
of available moisire (at short intervals) resulted in increasing the scasonal crop
consumptive use. However, increasing the ASMD in the root zone caused remarkable
decrease in scasonal ETc the results may referred to the lower evaporative demands
from the soil and low transpiration rates from the limited vegetation of plants,
subjected to water siress These results are in harmony with those reported by
Doorenbos et af. (1979), Semaika et af. (1988), Davidoff and Hands (1989) Ibrahim
(1990), Massoud and Shalabry (1989) and EL- Shouny ef af. (2003).

The results presented in table (7) show that increasing N fertilization
level applied to sugar beet plants from 50 to 75 and 100kg N fed increased
scasonal ETc by 2.35% and 3.58% respectively, in 2004/2005 season and by
2.79% and 4.01% respectively, in 2005/2006 season. This graduate improvement
may be dug to chat increasing N level increased number of green leavesand LAY
of plants which in turn increased transpiration from plants these resulls are in
accordance with those reported by Prasad ef o/ (1985), Burcky (1993) and Karam
et al. (2002).
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Table (6): Some quality characteristics of sugar beet fresh root yield, as
- affected by irrigation treatments, N fertilizer levels and their
interaction in 2004/2005 and 2005/2006 seasons

Treatments 2004 / 2005
Trriga- | Nitreges fertfiizer tevels Sucrose Juiceparity | Sugaryield |
tio?al . (kg N/ fed) (%) T580%) % (ted)
@ N1:50 22.28 19.60 9508 434
30}% N2:75 23.52 19.00 94.20 541
ASMD N3:100 19.2¢ 19.22 9501 345
Mean 21.66 19.07 94 76 440
N1:50 20.30 19.50 96.14 114
5504 N2:75 21.36 19.00 95 84 3.74
ASMD N3:100 18.30 20.25 94 .66 2.74
Mean 19.99 19.58 95,54 3.20
) N1:50 17.22 20.00 97.20 2.24
80% N2:75 18.46 20.00 96.45 2.95
ASMD N3:100 17.00 21.22 96.39 242
Mean 17.56 20.41 96.68 2.43
(1) N1:50 22.00 19.50 96.72 4.40
65% N2:75 22.66 19.50 94 82 5.09
Mm N3:100 20.58 19.77 95.09 3.45
C.P.E Mean 21.75 19.59 95.54 431
Means of N, levels :
N1: 50kg N/fed 20.45 19.50 96.28 3.53
N2:7S kg N/fed 21.50 19.37 95.32 430
N3:100 kg N/fed 18.77 20.11 95,28 2.94
LSD50%
(D Lirigation 1.57 042 0.32 0.40
{ N) fertilizer levels 1.21 0.28 018 0.28
@z (N) N.S 0.57 0.37 N.S
2005 / 2006
@) N1:50 21.46 19.00 96 .45 450
30}/. N2:75 22.81 19.00 95.70 5.73
ASMD N3:100 19.81 19.62 95.99 3.69
’ Mean 21.17 19.21 96.04 4.64
M) N1:50 20.59 19.92 96.99 3.61
552/. N2:75 22.76 19.07 96.18 4.92
ASMD N3:100 18.75 20.04 94 91 3.08
: Mean 20,70 19.68 96.20 3.87
) N1:50 18.83 20.55 97.27 292
80% N2:75 19.48 19.90 96.59 342
ASMD N3:100 1758 21.47 96.34 2.22
Mean 18.62 - 20.64 96.73 2.85
(L) N1:50 20.85 19.34 96.49 428
65% . N2:75 21,93 19.57 95.69 515
‘Mm N3:100 20,33 20.07 95 80 3182
C.PE Mean 21.03 19.66 95.95 4.42
Means of N. levels :
N1i: S0kg Ned 20.43 19.70 96.80 3.83
N2:75 kg Nifed 2174 1 1938 96.04 476
N3:100 kg Ned 18.97 20.30 95.76 3.20
1L.5.D5.0 %
(I} Irrigation - 088 0.31 NS 0.65
{ N) fertilizer levels 073 0.25 N.S 0.56
oM™ N.S 049 | NS NS
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Results in Table {7) proved that the highest average values of ETc, i.e.
69.06 and 66.61cm in 2004/2005 and 2005/2006 seasoms, respectively, were
obtained from irrigating sugar beet plants at 65mm CPE and applying 100kg
N/fed. However irrigation at 80% ASMD and applying 50kg N/ fed gave the
lowest E.T.C values, i.¢. 57.71 and 56.86cm in the two seasons, respectively.

Table (7): Seasonal consumptive use of sugar beet crop (ETc) in cm, as
affected by irrigation treatments, N fertilizer levels and their
mteractmn m 2004/2005 and 2005/2006 seasons.

Nit ﬁr_oggn fertilizer levels (kg N/fed)
2004/2005
M) T (N)75_| (N) W0 | Mewn
1;: 30% ASMD 66.22 67.38 68.65 6742
I;: 55% ASMD 60.14 62.05 63.35 61.85
I;: 80% ASMD 5771 59.16 59.34 58.74
I;: 65% C.PE 67.32 68.74 69.06 68.37

Irrigation
treatments

Mean 62.85 64.33 65.10 64.09
2005/2006
I,;: 30% ASMD 63 .82 65.23 66.03 65.03
I;: 55% ASMD 59.23 61.62 62.82 61.22
I;: 80% ASMD 56.86 58.32 5893 58.04
L: 65% CP.E 64.20 63.76 66.16 65.37
61.03 62.73 63.48 .

2. Daily ETc rate (mm/day):

The results in table (8) generally indicate that the daily ETc rater, as a
function of irrigation and N level treatments were stated with low values during
October and November where the vegetation of the crop during these two months has
not established yet and most of the water loss was due to evaporation from soil.
Thereafter, the daily ETc rater increased during January and February, as vegetative
growth increased and transpiration took place beside evaporation from soif. The peak
of ETC rates were occurred at March (4.34 and 4.48 mmv/day in 2004/2005 and
2005/2006 scasons, respectively), as the plants reached their maximum growth and
storing stage. During April and May months the ETc rate redecrased, when plants
started maturity and many leaves dried until harvesting time.

The date recorded in table (8) revealed that the daily ETc rates of sugar
beet were increased by increasing the available soil moisture in the root zone of
the plants and increasing the N level applied. These sesults were found to be true
during the growing season months and in both seasons. The highest daily ETc
rates during the growing scasons months were detected from irrigating sugar beei
plants at 30% ASMD (short intervals} and applying 100 kg N/fed. However,
irigation at 80% ASMD and applying 50 kg N/fed gave the lowest values of
daily ETc rates during all the growing scason month in the two seasons. The
results may referred to effect of adequate soil moisture on increasing number of
green leaves and leaf area of plant, which in turn mcreased transpiration from
leaves, as well as increasing evaporation from soil .
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3. Reference evapotranspiration (ET,)

Reference evapotranspiration values, estimated from the FAO penman-
Monteith method, listed in Table (9) show that the daily ETO values were high
during October and November months, then decreased during December and
January months. Thereafler, the daily ET, rates increased again from February
until May in both seasons. These obtained results are mainly due to the changes in
climatic factors as shown in Table (2). In this connection, Allen et al, (1998)
reported that the ET, values are dependent on the evaporative power of the air,
i.e. temperature, radiation, relative humidity and wind speed.

4. Crop coefficient (Kc).

The data listed in Table (9) reveal that the values of Kc, as a function of
irrigation and N level treatments (over all mean) started with low values during
. October in 2004/2005 season and November in 2005/2006 season (initial growth
period, i.e. sowing and seedling stage). as a result of the diffusive resistance of
bare soil afier planting and during seedling stage. Thereafter, the Kc values
increased during December, Japuary and February, as the crop cover percentage
increased to reach its maximum values during March (1.17 and 0.99) in the two
successive seasons, as a result of maximum ETc¢ (stage of maximum growth and
root storing). The Kc decreased again during April and reached low value during
May, when plants were completely matured till harvesting. These results are in
agreement with those reported by Doorenbos et al. (1979).

The results in Table (9) indicate also that the Kc values during sugar beet
growing season months were decreased by increasing the ASMD . Irrigation at
30% ASMD gave the highest Kc values during the growing season months in
both seasons. However, the lowest K¢ values were detected from irrigation at
80% ASMD. These results are due to that increasing ASMD to 80% decreased
the ETc rates during the growing season months, where the ET0 is controlled by
the climatic factors only during the months.

On the other hand, increasing N fertilization level, increased the Kc
values during all the growing season months, since increasing N level increased
ETc during the growing season duration. 1t is obvious that the K¢ values derived
from irrigation at 3.0% ASMD and applying 75 kg N/fed, as the treatment gave
the highest fresh root yield/fed during Oct., Nov., Dec., Jan., Feb., Ap. And May
in 2004/2005 season were 0.59, 0.75, 0.97, 0.99. 1.21. 1.25, 0.81 and 0.60,
respectively, and in 2005/2006 season were 0.0, 0.55, (.70, 0.90, 0.96, 1.02, 0.79
and 0.50, respectively . '

5. Water use efficiency (WUE).

Results presented in Table {10) show thai the averages of WUE over
irrigation treatments, N level and their interaction were 6.395 and 7.271 kg fresh
roots/ m3 water consumed in 2004/2005 and 2005/2006 scasons, respectively.
Increasing ASMD from 30% to 55% and 80% in the root zone of sugar bect
plants decreased WUE by 13.5% and 24.1%, in 2004/2005 season, and by 9.6 %
and 21.5% in 2005/2006 season respectively.
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Table (8): The daily consumptive use rats Juring the growing seasons months of
sugar beet crop, as affected by irvigation treatments, N fertilizer

Oct. | Nov. | Des. | Jan.

(kg Nifed)
Ni: S0 258 ] 2.18
N;:75 [ 254 [722371 211 {256
N;:100 {261 {228 215 2.58

Mean 2580223 2121 257
N;:50 2311 2162081 253
N;: 75 22512171211

Ny: 100 [237 01216 1 2.08

Mean 231 | 2.16 ] 209 | 2.57
NS0 22 18 ! 1.79{ 225
N;: 78 220198 { 1B it 2.28

Ny: 100 (22717202 ] 1.897 229

Mean 221'11% | 1.85) 2.27
Ni:se 25312211200 244
N2:75 257 2.22 .

N3:100 [ 254 . i 2.40

Mean 255 ] .
Mean N; 241 2.44
Mean N; 2.39 2.45
Mean N; 2.43 248

Over all mean 241

| (L) N;: 50 203
§ 30% N: 75

: N;: 100
Mean
N|:50
N;: 75
N_]: 100
Mean
N.'.SO
N.: 78

o 0 g 150 9 g o g g P e g g
FAPARS BN AR BN AN I B A E S RA L

r 1 1 L 1 L 1 L] L} L} L} L} 1 L} ] (] L] 1 L] 1

2
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Table (9): The daily consumptive use ruts for reference evapotranspiration (ETO) in
mm/day and crop coefficient Kc during the growing season months of sugar
beet crop as affected by irvigation treatments. N fertilizer levels and their
interaction in 2004/2005 and 2005/ 2006.

Treatments 2004/2005
N. fertilizer
rrigation levels Oct. | Nov, | Des. | Jan, | Feb, | Mar. | Ap. | May.
(kg Nifed)

Reference (ETO) 4271297 121712581334 ] 3.71 {462 6.16
(I Ny: 50 0601074 [097(0991122] 1.19 1079 0.57
30% N.: 75 059 (075:097 /0991121 125 1083 0.60

ASMD N;: 100 06110771099 ]10010123] 1.31 {082] 058

Mean 060(075:0981099] 1227 1.25 {081} 058

L Ny:se 054 (073[096 0981098 1.11 {068 ] 048

55% N,: 75 0531 0730971098 ;100 1.15{0.76] 0.54

ASMD N;: 100 056 {073 109 ]102]103]) 1.19 [0.76| 054

Mean 054073 ]09 ]099] 1031 1.15 1073 1 0.52

| N,:50 05210631082 {087 [098 ] 102 j0.791 0.50

80 % N,: 75 0521066 |08 [OBR 1097 | 1.00 {084 ] 0.58

ASMD N: 100 052 (06808710891 097) 099 1084 060

Mean 0521066 ]085]088]097] 1.00 0.82] 056

in) N;:5%0 059(07410927095]102]1 123 [1.00] 068

65 mm N2:75 06010751091 10947103] 1L.30 [1.04( 0.86

C.P.E. N3100 0.59]076 [093 (09311027132 [1.04] 067

Mean 0591075 10927094 102 1.28 [1.021 0.68

Mean N, 056 ]07T1]09270957105] 1.14 [0.82] 0.56

Mean N 0560720931095 105] 1.18 [ 087 | 0.60

Mean N, 05710741094 109 | 1.06 | 1.20 | 0.87 { 0.60

Over all mean 051072 093 (0951105} 1.07 [ 0.85] 0.59
20052006

Reference (ETO) - 298 1276124273401 452 157071 7.02

(1,) Ni: 80 - 054 0681084 (091 101 678 0.50
0% N;: 75 - 05510706909 | 102 {079 050

ASMD N,: 100 - 055 (07170947096 1.04 [ 0.801 0.50
[ean - 05570701089 1094 102 [0.79] 050

I Npse - 0540661081 087 094 [0.72] 043

55% N,: 75 - 055 (0701081091 097 [0.72] 0.46

ASMD N;: 100 - 0.56 1070 (088 095 098 [0.73 | 0.48
Mean - 055 (0690851091709 1072} 0.46

i, N,;:50 - 0551063 5075]078 ] 090 | 0.67 ] 0.45
80 % N;: 78 - 0550660791086 092 [0.99] 0.42
ASMD N,: 100 - 05 [066 080 [ 087! 093 {069 0.44
Mean - 055 1065[0.78]0841] 092 [ 068, 0.44

N,:50 - 0551073]08 093] 1.05 ]0.79] 045

65 mm N2:78 - 0.55 107510881011 106 | 0.79] 046
C.P.E. N3100 - 054 1075109371011 1.08 [0.801} 045
Mean - 055 104710891098 1.06 [0.79] 0.45

Mean N, - 054 (068 0821087098 J]0.74] 046
Mean N; - - 05510705086 )0931 099 [075] 046
Mecan N; - 0551070[08910951 101 [0.76 | 0.47
Over all mean - 055{070]08510921 099 {0.75] 0.46
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However, irrigation at 65mm CPE {l,} decreased WUE by 3.5% and
4.3% in 2004/2005 and 2005/2006 scasons, respectively when compared with
irrigation at 30% ASMD. It is evident that increasing soil moisture depletion in
the root zone of sugar beet reduced the water use efficiency. The highest WUE
values, i.e. 7.127 and 7.975 kg fresh roots/m’ water consumed were detected from
irrigation at 30% ASMD (short intervals). These results are in harmony with
those found by Doorenbos et al. (1979), Davidoff and Hanks (1989), Ibrahim
(1990) and EL-Askari er al. (2003).

Data listed in Table (10) indicate that applying 75 kg N/fed gave the
highest WUE values, i.c. 7.268 and 8.303 kg fresh roots /m3 water consumed in
the two successive seasons. Applying 50 or 100 kg N/ed decreased WUE in
200472005 scason by 14.03% and 22.0%, respectively, and in 2005/2006 season
by 12.7% and 24.6%, respectively, compared with applying 75 kg N/fed. The
highest WUE values, i.e. 8.127 and 9.184 kg fresh roots/m’ water consured were
detected from irrigating sugar beet at 30% ASMD and applying 75 kg N/fed in
2004/2005 and 2005/2006 seasons, respectively. The resuits are in the same trend
with those reported by Karam et al., (2002),

Table (10): The average values of water use efficiency by sugar beet crop (kg
fresh roots/m’ water consumed), as affected by irrigation
treatments, N fertilizer levels and their interaction in 2004/2005
and 2005/2006 seasons.
Nitrogen fertilizer levels (kg N/fed)
2004/2005
Irrigation treatments N (N2) (N3)
50 75 100
I,: 30% ASMD 7.011 8.127 6.243 7.127
E: 55% ASMD 6.136 6.715 5.638 6.163
I: 80% ASMD 4.772 6.439 5.016 5.409
I;: 65% mm C.P.E 7.073 7.793 5774 6.880
Mean 6,248 7.268 5.668 6.395
2005/2006
1;: 30% ASMD 7.820 9184 6.920 7.975
1;: 55% ASMD 7.059 8.350 6.231 7213
L: 80% ASMD 6.491 7.169 5.127 6.262
I;: 65% mm C.P..E 7.621 8.509 6.769 7.633
Mean 7.248 8.303 6.262 7.271

Mean
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