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Abstract

A field study was conducted through three successive seasons,
"1986-1989", to elucidate the effect of some soil properties on sugar -
beet constituents. Forty six sites were selected along the sugar beet
belt, " Latitude 31° - 31° 30° N*, in the middle Delta sector.

Under the experimental conditions, the results indicated that the
reduction of the roots growth, juice quality and the yield of both roots
and sugar took place as the level of water table depth was less than
100 cm, and/or the values of the PH or EC " mmhose/ Cm" in the soil
paste extract surpassed the Figure 8 . The adversity rate of these fac-
tors differed widely among the different sugar beet constituents. How-
ever, the values of both exchangeable sodium percent "ESP" and clay
percent revealed insignificant effects.

INTRODUCTION

The importance of sugar beet comes not only from its ability to grow in the
new reclaimed lands but also for giving high yield of sugar compared with sugar
cane. The growth period of sugar beet is about half that of sugar cane. Further-
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more, the consumed water by sugar beet to produce one ton of sugar is about 1300
m3, whereas sugar cane plants needs about 4000 m3 of water to produce the same

quantity.

Northern Delta is the sector of which sugar beet is successfully grown com-
mercially and produce about 10% of the national sugar production. However, many
problems restrict its production, of which, salinity and sodicity of the soil and high
water table. In addition, the limited amount of fresh water had enforced the reuse
of poor quality water for irrigation a matter that aggravated the problem. It was
therefore proposed to investigate the effect of some soil characteristics e.g. water
table depth, pH, salinity, sodicity and the texture class on the root growth, juice
quality and the yield of this vital crop under field conditions.

MATERIALS AND METHODS

Study area :

The study area is located in the northern part of the middle Delta "Latidude
31°-31° 30° N" Thus, it encompasses most of Kafr El-Sheikh and the western sector
of Dakahilya Governorates. The climate is typically Mediterranean with hot dry
summers and cool winters. The average annual rainfall is in the range between 160
mm at Baltim to the north, and 66mm at I&afr El-Sheikh to the south.

Methods :

Forty six sites, of about two faddans each "one feddan=4200 m2" were se-
lected to represent soils of different characteristics through the study area. At
each, the fluctuation of water table depth "WTD" was recorded through the esta-
blished pizometers. The soil profiles were dug and the soil samples were collected at
30 cm intervals up to 150 cm depth or to the level of the ground water table. Fol-
lowing Page (1984), the soil samples were analysed for pH, electrical conductivity
(EC mmhos/cm), capacity " CEC meq/100g soils" and exchangeable sodium percent
"ESP" according to Gohar (1954). Particle size distribution was measured by the pi-
pette method (Piper 1950). Organic matters were estimated according to Walkely
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and Black's method, (Page 1984).

The average values of soil constituents throughout the soil profiles were cal-
culated on the weighed volume bases. Table 1 shows the descriptive statistics of the
obtained data.

During the three successive seasons 1986/87, 1987/88, 1988/89, the se-
lected fields were ploughed and fertilized with 100 Kg supper phosphate "15.5 %
P205"/feddan during tillage operations. The second half of November was the date
of sowing the beet seeds "Trible variety". After thinning, nitrogen fertilizer was
applied at a rate of 50 kg N/feddan. At the end of each growing season"200+10 days
from planting", the following characters were determined: a) root growth (root le-
ngth "RL" and diameter "RD"), (b) juice quality (the percentage of total soluble sol-
ids "TSS%", sucrose "Suc." and purity "P%". and c) the yield of both fresh root

Table 1. Descriptive statistics of some physical and chemical characters of the se-

lected sites.
Characters No Mean S.D. Minimum | Maximum
Sites
.WTD "Cm" 46 105.62 30.676 40.00 156.00
Clay % 46 70.88 10.853 35.00 85.00
Organic matter% 46 1.22 0.050 1.12 1.32
pH 46 7.98 0.273 7.60 8.40
ECe "mmhos/cm" 46 7.46 5.661 1.42 25.92
Ca meqg/L 46 7.96 4.015 3.43 19.03
Mg meg/L 46 15.38 11.433 3.46 47.95
Na meq/L 46 52.05 42.361 6.26 194.28
K meq/L 46 0.64 0.526 0.16 3.27
(CO3 + HC03) meq/L 46 5.24 0.931 3.60 7.16
CL meq/L 46 53.27 44.089 6.70 197.95
SO, meq/L 46 17.99 12.844 1.89 58.70
CEC meq/100 g 46 39.74 5:1:35 18.90 48.30
ESP 46 15.46 7.692 3.20 36.40

WTD = Water table depth (cm).
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"YR" and sugar "YS" ton/ feddan. The values of TSS% and SuC% were determined
according to A.0.A.C., (1995) and Le-Docte (1927), respectively.

The relations between soil characteristics and the sugar beet constituents
were established and the resutls were subjected to statistical analysis.

RESULTS AND DISCUSSION

1- Soil characteristics :

Data in Tabl 2 show that the water table depth (WTD) through the investigated
sites varied from 40 to 156 cm. This practically indicates the presence of three
drainage conditions: a) poor drained soils, where the values of "WTD" is less than
80 cm; b) moderately drained soils "WTD" 80-120 cm" and perfect drained ones "
WTD> 120 cm".

Regarding the soil texture, only one site falls in the clay loam class, however
the others are clayey, having clay percent of 48-85%.

The organic matter precent was generally low and no great variations were
recorded, as the values ranged from 1.13 to 1.32%.

The pH values fall in the alkaline side (7.6 to 8.4). being less than 8 in 22
sites; 8 to 8.2 in 14 sites and more than 8.2 in the others.

The salinity, as expressed by EC- values, varied from 1.42 to 29.92 mmhos/
cm, indicating free of salinity (EC-<4 mmhos/cm), moderarayely saline (EC-4-8
mmhos/cm); highly saline (EC-8-16 mmhos/cm) and very high saline (EC->
16mmhos cm ) in 17, 15, 10 and 4 sampling sites, resepectively.

The ESP values ranged from 3.2 to 36.4, indicating free sodicity conditions
(ESP <5) and sodicity (ESP> 15%) in 24 and 22 sites, respectively.

Regarding salinity and sodicity parameters, the non, moderately high and very
high saline non sodic conditions were recorded in 17, 6, and 1 sites, while they
were medium, high and very high saline-sodic in 9,9 and 4 sites, respectively.
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Table 2. Some soil properties and sugar beet constituents of the investigated sites.

site Soil Characters Root growth |  Juice quality Yield
No.
wtD| pH | Ece |ESP C;'y RL | RD |Tss [suc. | P | RY | sy

1 400| 84 | 21.80| 30.3| 82.0| 185 | 16.4 | 25.14 | 13.58] 54.02] 583 | 0.97
2 | 480| 81| 7.80| 17.9]| 87.0| 24.2 | 22.7 | 23.98 | 14.86] 61.97] 10.25 | 1.52
3 52.0| 83 |12.37| 21.8| 520 | 21.6 | 23.7 | 23.86 | 15.48| 64.88] 8.77 | 1.36
4 | 620| 82 |1237| 157| 84.0| 24.2 | 25.6 | 22.63 | 16.08| 71.10| 11.86 | 1.91
s | 650| 84 | s548| 21.8| 67.0| 243 | 25.8 | 22.54 | 15.08] 66.90]| 13.38 | 2.02
6 | 950 82| 965|194 | s80| 209 | 27.3 | 22.78 | 15.90| 69.80] 14.75 | 235
7 | e70| 83 |17.38| 31.9]| 81.0| 203 | 187 | 24.78 | 13.76| 55.53] 7.20 | o0.99
8 | 700| 80| 7.10| 18.2| 76.0| 289 | 26.4 | 23.70 | 15.30| 64.56] 13.46 | 2.06
9 |1020| 78| 2.52| 81 | 68.0| 300 | 26.7 | 21.87 | 17.26| 78.92| 17.20 | 2.97
10 | 117.0] 76| 3.15] 100 | 84.0| 31.6 | 25.4 | 21.73 | 18.05| 83.06] 1890 | 3.41
11 | 1100 81 | 684|153 | 85.0| 304 | 26.3 | 22.48 | 16.13]| 71.75| 17.24 | 278
12 | 820| 76| 619|137 | 64.0| 31.8 | 26.2 | 22.64 | 16.20] 71.24| 1792 | 2.90
13 | 820| 7.6 | 3.99| 123 | 67.8| 31.9 | 255 21.48 | 18.36| 85.43| 17.93 | 3.29
14 | 860| 7.7 | 1.68| 48| 72.0| 32.6 | 29.4 | 21.87 | 17.56| 80.29| 18.20 | 3.20
15 | 870| 83| 9.29| 222 | 83.0| 30.7 | 22.6 | 22.64 | 16.30| 71.96| 1463 | 238
16 | 920]| 83 | 1071|209 | 81.0| 27.3 | 23.7 | 23.45 | 16.25| 69.30] 1280 | 1.96
17 | 930| 7.8 | 233| 7.5| 820 35.4 | 27.2| 21.46 | 17.28] 80.52| 19.30 | 3.34
18 | 93.0| 83| 800|204 | 79.0| 343 | 26.9 | 23.26 | 15.92] 68.44| 1556 | 2.95
19 | 930 7.9 | 440|143 | 48.0| 34.1 | 26.7 | 22.46 | 17.25| 76.80| 1864 | 3.18
20 | 73.0] 83 | 2592|327 | 63.5| 20.7 | 17.3 | 25.82 | 13.18] 51.05] 848 | 1.2
21 | 960f 79| 331|101 | 350 357 | 27.4 | 21.58 | 17.23| 79.84] 19.80 | 3.41
22 |1170| 77 | 3.55| 107 | 80.0| 41.2 | 27.9 | 22.18 | 18.53] 83.54| 21.90 | 4.06
23 |107.0| 83 | 1246 21.3 | 68.0| 31.5 | 19.7 | 23.45 15.03] 64.09] 21.72 | 1.91
24 |1100| 79| 3.14| 95| 66.0| 427 | 32.3 | 21.98 | 17.46] 79.44| 21.35 | 3.73
25 | 110.0| 82 [ 13.44]| 22.7 | 67.0| 31.9 | 20.2 | 23.97 | 15.26| 63.66] 12.83 | 1.96
26 | 1120| 80| 3.69| 124 | 48.0] 41.7 | 31.8 | 22.76 | 19.35| 85.02| 23.47 | 454
27 | 1120| 78| 255| 71| e8.0| 44.0 | 31.6 | 21.32 | 18.27 85.69] 23.70 | 4.33
28 |115.0| 7.7 | 2.64| 9.2 | 850 43.2 | 31.4 | 21.45| 17.85} 82.22| 2230 | 3.98
29 |1200| 82| 4.16]| 105 | 750 46.8 | 32.6 | 21.55| 17.83] 82.74| 24.60 | 439
30 |103.0| 81 | 9.52| 169 | 67.0| 35.4 | 27.5 | 22.86 | 15.78] 69.03]| 19.30 | 3.05
31 |1250| 82| 7.06]| 153 | 60.0| 44.2 | 30.9 | 23.85 | 16.24] 86.09] 22.18 | 3.60
32 [106.0f 7.9 | 11.66]| 20.3 | 62.0 | 38.6 | 21.4 | 23.80 | 15.62| 65.63| 1536 | 2.40
33 |128.0| 80| 288106 | 76.0| 46.2 | 320 | 21.07 | 17.93] 85.10| 23.70 | 4.25
34 |131.0| 84 | 7.60} 16.6) 78.0| 459 | 32.1| 23.07 | 16.52] 71.61] 23.50 | 3.88
35 | 75.0| 82 | 20.80| 364 | 75.5| 26.8 | 19.2 | 24.58 | 13.82] 56.22] 863 | 1.19
36 [1350| 82| 794|176 | 67.0 46.8 | 30.7 | 23.13 | 16.07| 69.48| 22.57 | 3.63
37 | 116.0| 7.7 | 1420 25.8 | 76.0| 33.2 | 21.9 | 23.95| 15.37] 64.18]| 12.54 | 1.93
38 |145.0| 7.6 | 4.63| 121 | 76.0| 47.2 | 33.8|21.78| 17.73| 81.4| 2577 | 457
39 |1450| 7.6 | 1.42]| 3.2 | 64.0| 486 | 33.2| 21.46 | 18.63| 86.81] 26.30 | 4.90
40 |1450f 7.6 | 1.75| 49| 77.0| 49.2 | 36.5 | 22.52 | 19.93] 88.50] 30.70 | 6.12
41 | 1470 7.6 | 298| 9.0 | 84.0| 47.4 | 32.8 | 21.56 | 18.74] 85.67| 2560 | 4.73
42 |1s500| 7.7 | 1.78| 6.0 | 72.0| 49.7 | 36.4 | 21.37 | 18.20| 85.17] 30.70 | s5.59
43 |1520| 80| 698 148 | 67.0 | 48.3 | 31.6 | 22.98 | 17.83| 77.59| 24.85 | 4.43
44 | 1520| 7.6 | s5.66| 125 | 67.0 | 48.7 | 335 | 22.79 | 18.03| 80.17| 46.42 | 4.76
45 | 1550 7.8 | 11.05| 12.4 | 720 | 37.4 | 225 | 23.18| 15.63] 67.43| 16.94 | 2.65
46 |156.0| 7.7 | 2.28| 9.4 | 73.0| 47.8 | 35.6 | 21.07 | 18.92] 89.80| 29.70 | s.62

RL = root length (cm) P = purity %

RD = root diameter (cm) RY = root yield (ton /fed)

TSS = total soluble solids % SY = sugar yield (ton /fed)

Suc. =

sucrose %
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1I- Effect of some soil characteristics on sugar beet constituents.
a) Water table depth :

With regard to the individual effect of soil factors on sugar beet components
(Tables2&3) the root growth, as expressed by length and diameter, and accordingly
the yield, were more affected by the level of "WTD" compared to the juice quality
components (TSS %, Suc. %, and P %). In comparison to those of the perfectly
drained soils, the reduction rate in the moderately drained ones reached to about
30-35% for both (RL) and (RY) and about half of that for (RD) but it was rather
limited (4-8 %) for (Suc.) and (P). Under the poor drained conditions the corre-
sponding values reached 50-61 %, 32% and 17-24%, respectively. However, the
values of (TSS) component showed 7-8% increase. Regarding sugar yield, the rduc-
tion rate was more pronunced in both moderately and poorly drained soils compared
with the perfect ones, reaching 31 % and 69% , respectively.

b) Soil salinity and sodicity :

Owing to the salinity and sodicity parameters of the soils, the investingated
soils could be classified into six categories, being non saline-non sodic (NS-NA);
moderately saline-non sodic (MS-NA); highly saline-non sodic (HS_NS); moderately
saline sodic (MS-A); highly saline sodic (HS-A) and very highly slaine sodic (VHS-
A).

Results in Table 3, indicate that all values of sugar beet consituents, except
"TSS", showed different decreases in all soil categories compared to the first one.
Although there is no reduction, in the second category, the reduction rate varied
from 10 to 20% for root length and juice quality components and from 25 to 35%
for root and sugar yields under the third one. The adverse impact under the fourth
category, (MS-A) was similar to that of the third (HS-NA). This indicated that the
sodicity conditions added to the adverse effects of salinity. the progressive reduc-
tion in sugar beet constituents continued with increasing salinity and sodicity values
to reach the peak under the last category (VHS-A) being about 47%, 42%, 25%,
36%, 67%, and 76%, for RL, RD, Suc., P, RY and SY, respectively. Meanwhile, the
values of TSS showed about 16% increase. Noteworthy, decreasing the purity and
increasing TSS values indicate the accumlation of soluble salts in the juice. Molass
production will increase on the account of sucrose recovery. Sugar which is the end
product will be adversely affected. These results are in agreement with those ob-
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. RL. RD. TSS Suc. P RY SY
Soil | Class | No.
Char of
sitcs |AV.| % [AV.| % |AV.| % |AV.| % |AV.| % |AV.| % [AV.] %
>120 13 | 46.7| 100]32.3| 100] 22.3[ 100] 17.7] 100| 79.8] 100 | 253 100] 4.5| 100
wrtD | 80-120 24 |349|747|26.7|82.7| 22.5| 101 | 16.9] 95.5} 73.2| 91.7] 18.1| 71.5 3.10] 68.9
(cm) <80 9 |233|49.9|21.9|67.8|24.1] 108 14.6]| 82.5| 60.7| 76.1| 9.8 | 38.7| 1.4 311
< 800 22 41.1| 100 29.11 100 | 21.8] 100 | 17.8] 100| 81.9| 100 { 22.6| 100 | 4.06] 100
oH 8-8.2 14 |32.2| 78.3| 25.3]86.9| 23.5| 107.9] 15.8| 88.8] 67.7| 82.7| 15.4 ] 68.1 | 2.50| 61.6
>82 10 29.9|72.7| 23.7|81.4| 23.7| 108.7| 15.3| 86.6| 64.8| 79.1| 13.9| 61.5] 2.17| 53.4
NS-NA 17 | 41.1] 100 30.8 100 | 21.7 100 | 18.2| 100] 83.9| 100 | 23.0| 100 | 4.20| 100
MS-NA 6 |42.8] 104)30.7]|99.7] 22.4|103.2] 17.5| 96.0| 78.3| 93.3| 23.0| 100 | 4.04| 96.2
g | HENA 1 | 374|910 225[73.1| 23.2[106.9] 15.6] 85.7| 67.4| 80.3| 16.9] 73.5] 2.65| 63.1
al.s
i MS-A 9 |33.7|82.0|27.6|89.6| 23.4|106.9 15.8| 86.8| 68.2| 81.3] 17.0| 73.9]| 2.71] 64.5
HS-A 9 |301]|732]23.1|75.0] 23.4|107.8 15.7| 863 67.0| 79.9] 13.7| 56.6| 2.14] 51.0
VHS-A 4 |21.6]52.6)|17.9]58.1| 25.1|115.7 13.6| 74.7| 54.2| 64.6| 7.5 | 32.6] 1.02| 243
LC. 20 |38.7] 100 27.2]| 100]22.7] 100| 16.8| 100| 74.4| 100 | 19.0{ 100 | 3.24 100
Texture
HC. 25 |36.0(93.0|27.8/10022.7| 100 16.7] 100| 74.3] 100 | 18.6 97.9] 3.20| 98.8
Sal. & Alk = Salinity and sodicity MS-A = Medium saline - sodic.
NS-NA Non saline-non sodic. HS-A = High saline - sodic.
MS-NA = Medium saline - non sodic. = VHS-A = Very high saline - sodic.
HS-NA = Highly saline - non sodlic AV. = averages.
L.C. = Clay
H.C. Heavy clay.
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tained by Ashor and Thalooth (1971), Allam and Ali (1982), and Shehata (1989).

c) Clay percent :

As previously mentioned, the texture of the soils, except one, are of clay
class (48 to 85% clay). To discuss the impact of clay% on the sugar beet constitu-
ents, the soils were separated into two categories with a limit of 70% clay. Results
in Tables 2 & 3 show that the increase of clay percent over 70% had resulted in a
decrease of about 7%, 2%, and 1% of the values of RL, RY, and Sy, respectively,
however the other constituents were not greatly affected.

Summation of soil characteristics that are significantly correlated to each of
the sugar beet components seems to be more close and practical in predicting their
levels under different soil conditions than depending on the individual factors and in-

terrelations.

Following the full model regression analysis, the best equations as well as the
values of multiple "r" are given in Table 4. The regression of the studied sugar beet
components on the four independent soil factors are highly significant, (r values
ranged from 0.8900-9421).

The stepwise regression model was applied to identify the contribution rate of
each of the independent variables (Table 4 and Fig 1). It appears that the contribution
of some soil factors are omitted from the given equations. This is due to their insig-
nificant effects. In general soil salinity was the only factor that affected significant-
ly the variation of TSS components, however the other onés were significantly af-
fected by WTD and EC-variables. Noteworthy, the contribuion rate of the effective
variables varied according to the sugar beet components. For example, WTD (X;)
and EC-(x,) accounted for 78.19% and 5.58% on of the variations of "RL" compared
to 2.6% and 84.16% for "P", respectively. However, the residual values repre-
senting the impact of other factors were outside the scope of the present study, in
addition to the experimental errors.

From the practical point of view, the studied soils could be arranged according
to the sugar beet production into three categories. The first produced more than 17
tons fresh roots or 2.9 tons sugar/feddan. The soils are well drained, free to mod-
erately saline, non sodic and having pH values less than 8. The second soils produced
12-17 tons roots or 1.9-2.9 tons sugar/feddan. The soils are poorly to moderately
drained and moderately saline-sodic. The third soils gave less than 12 tons roots or
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less than 1.9 tons sugar/feddan. The soils are poorly drained and highly to very
highly saline-sodic.
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