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Abstract

Two field experiments were carried out during two successive seasons at the
experimental farm of Faculty of Agriculture, Kafr EI-Sheikh to study the interaction ef-
fect of balanced fertilization with NPK (N-rates: 0, 72, 144 and 216 kg N/ha, P-rates: 0,
36 and 72 kg P,Os/ha and K-rates: 0, 36, 72 and 108 kg K,O/ha) and soil ploughing
depth (shallow at 15 cm and deep at 30 cm) on some soil properties and uptake of
NPK by sugar beet plant (cultivar, Maribo Poli). The soil used had clay texture, 86
meq/L of total soluble salts and belongs to soil order of vertisol.

The results of plant analysis indicated that, NPK concentration were increased
in shoots of sugar beet plant under deep ploughing compared with shallow one. The
highest value of N concentration was obtained at 216 kg N/ha of N application
whereas the highest value of P and K concentration were recorded at 72 kg P,Os/ha
and 72 kg K,O/ha, respectively.

Soil analysis after sugar beet harvesting showed that, soil pH and total soluble
salts were decreased under deep ploughing (30 cm depth) without any addition of fer-
tilizers. On the other side, addition of NK fertilizers haven'’t significant decrease on soil
pH but superphosphate fertilizer had partial effect on decreasing soil pH in the surface
soil layer (0-15 cm). Statistical analysis showed that the relationship between NPK
fertilizers and ploughing depths was highly significant in decreasing the electrical con-
ductivity of soil solution.

The calculated values of sodium adsorption ratio (SAR) from soluble Ca*, Mg™*
and Na* measured in soil solution after harvesting of sugar beet plants and hence ex-
changeable sodium percentage (ESP) were decreased in the soil surface (0-15 cm)
under deep ploughing at 30 cm compared to shallow ploughing at 15 cm. On the other
side, the lowest value of SAR (2.27) and ESP (4.44%) were obtained under deep
ploughing and addition of 72 kg N/ha, 72 kg P,Os/ha and 36 kg K,O/ha of added fer-
tilizers.

Introduction

Sugar beet has become one of the major winter field crop in Egypt due to its
high income to the farmers. Its area tended to increase year after another especially in
salt affected soils. Fertilization is one of the most important limiting factor for sugar
beet production under Egyptian conditions. Complete and balanced fertilization of
NPK is important for high crop production.
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Ploughing is one of the main practices operated before sugar beet planting
which used to provide the necessary soil conditions favorable to growth of that crop.
Agboola (1981) showed that tillage and fertilizers application reduced the organic
matter content, soil pH, and slightly increased exchangeable potassium and phospho-
rus. Rezk et al. (1982) found that, tillage operation had a general depressive effect on
the EC of the surface of soil.

Many investigators reported that nitrogen is the most limiting nutrient for sugar
beet (Kemp et al., 1994, El-Attar et al., 1995 and Rezk et al., 1995). Other researchers
concluded that application of phosphorus affected the yield and quality of sugar beet
(Abbott and Nelson, 1983, Hegazy et al., 1992 and Abou EI-Soud et al., 1994). On the
other side, sugar beet plant has an affinity to potassium element, Mittchera (1978) and
Ghaly et al. (1984) reported that increasing K fertilization rate resulted in increasing K
content and sugar root yield.

Therefore, the objective of this research was to investigate the interaction effect
between soil ploughing depth and NPK fertilization on some chemical properties of
salt affected soil and nutrients uptake by sugar beet plants.

Materials and Methods

A field experiment was conducted at the experimental farm of the Faculty of
Agriculture, Kafr EI-Sheikh, Tanta Univ., during two successive seasons. Some soil
properties of the soil used are shown in Table (1) which had clay texture (50% clay)
and belongs to vertisol order.

The experiments were carried out in split plot design with three replicates. The
main treatments were ploughing depth (15 and 30 cm), while the subtreatments were
different rates of NPK fertilizers. Nitrogen was added in the form of urea (46% N) at
four rates of application (0, 72, 144 and 216 kg N/ha). Every rate was added in three
equal portions after thinning and before the second and the third irrigation. Potassium
sulphate (48% K>O) was added at four rates of application (0, 36, 72 and 108 kg
K2O/ha). Each rate was applied in two equal portions, after thinning and before the
second irrigation. Superphosphate fertilizer (15.5% P20s) was added before planting
at three rates of application (0, 36 and 72 kg P2Os/ha).

Table (1): Mean values of some chemical properties of the studied soil before

planting
Soil characteristics Soil depth, 0-15cm
Electrical conductivity, dS/m (paste) 8.56
pH (1: 2.5 soil/water ratio) 8.85
Soluble cations, meq/L (paste):
Ca™ 18.00
Mg*™ 23.00
Na* 42.00
K 2.00
Total carbonate (%) 3.42
Sodium adsorption ratio (SAR) 9.3
Exchangeable sodium percentage (ESP), % 11.12
Total nitrogen (%) 0.20
Available-P, NaHCO;-extractable P (mg/kg) 12.08
Available-K, NH,OAC-extractable K (mg/100 g) 21.84
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Sugar beet cultivar (Maribo Marina Poli) was sown on November and harvested
at the end of May (about 200 days). All agricultural practices were carried out ac-
cording to conventional local recommendation of the Ministry of Agriculture, Egypt.

Plant samples (leaves) were collected from each plot at the end of every sea-
son. Each sample was washed with distilled water and dried in oven at 70°C. Wet di-
gestion was used in H,SO4-H20, mixture to determine the concentration of the three
major elements (NPK) according to Chapman and Pratt (1961).

After harvesting, soil samples were taken at 0-15 cm depth, dried and prepared
for chemical analysis. The electrical conductivity (EC) and water soluble cations (Ca™",
Mg and Na) were determined in the soil water ratio at 1: 5 according to Page et al.,
1982. SAR and ESP were calculated from values of soluble cations according to the
following equations:

+
SAR = Na &ESP= N
\/(Ca++ + Mg++)/2 1+ESR

x 100 (Black, 1983).

Where: ESR =-0.0126 + 0.01475 SAR

Soil reaction (pH) was measured in soil suspension (1: 2.5 soil/water ratio). Data were
statistically analyzed according to Snedecor and Cochran (1980) using multiple range
test at 5% and 1% levels.

Results and Discussion

Root yield of sugar beet crop:

Data presented in the first part of this work by the same authors (Khalifa et al.,
2000) showed that, addition of 216 kg N/ha + 72 kg P,Os/ha + 108 kg K,O/ha were
considered the most suitable needs from nutrients for sugar beet plants under deep
ploughing (30 cm). The general mean of roots yield was about 96 and 89 ton/ha for
different NPK treatments under deep and shallow ploughing, respectively. The corres-
ponding values were 26 and 21 ton/ha without any addition of fertilizers. Whereas
mean values of the sucrose percentage were found to be 16.5 and 15.1% at different
treatments of NPK under shallow and deep ploughing, respectively. The correspond-
ing values were 12 and 11% without any addition of fertilizers. That means, deep
ploughing may be encouraged the roots of sugar beet to penetrate and move through
the soil and getting the best of their nutritive needs from the soil.

N, P and K concentration in shoots of sugar beet plant:

Table (2) indicated that N concentration was increased in shoots of sugar beet
plant under deep ploughing compared with shallow one, where N concentration was
2.98% and 2.24% without any addition of fertilizers, respectively. Application of N in-
creased N concentration in shoots of sugar beet up to 5.32% under deep ploughing
and 216 kg N/ha. Addition of P fertilizer encouraged nitrogen uptake by sugar beet
plants, where the highest value of N concentration was obtained under the second
level of P (72 kg P2Os/ha). This may be due to that, the deep ploughing facilitated the
root distribution, and consequently increased the absorption area of plants to nutri-
ents. On the other hand, data showed that increasing of added potassium had no ef-
fect on concentration of N in shoots, where the highest value of N concentration was
obtained at N21g P72 Ko for both shallow and deep ploughing.
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The results showed that, also phosphorus content in sugar beet was higher un-
der deep ploughing than shallow one. The highest value of P concentration was 5.75
mg P/g dry matter of plant under deep ploughing and N44P7:K7, treatment. This result
indicated that, higher dose of added-N (216 kg N/ha) may be increasing the vegetative
growth and decreasing phosphorus absorption by plants. On the other hand, potas-
sium absorption by sugar beet plants was increased with increasing added K up to
108 kg K,O/ha under different treatments of other nutrients (N and P), but the con-
centration of K in plant shoots was higher under deep ploughing than its under shallow
one. Maximum concentration of K in the shoots was obtained at N7,P35K10s Of added
fertilizers under deep ploughing. These results indicated that deep ploughing lowered
fertilizer requirements and gave the best uptake at balanced fertilization. This was in
agreement with the studies of Bajpai and Joshi (1992) and Hamissa (1995).

Table (2): Concentration of N, P and K in sugar beet plant (shoots) as affected
by soil ploughing depth and increment rates of NPK fertilizers.

Fertilizer Shallow ploughing at 15 cm Deep ploughing at 30 cm
treatments N P K N P K
% mg/g plant mg/g plant % mg/g plant mg/g plant

NoPoKo 2.24 2.12 21.45 2.98 2.87 36.27
N7oP3s Ky 2.24 2.20 36.27 3.40 2.97 42.12
Kse 3.19 2.29 37.05 4.05 4.16 65.52

K72 2.87 2.94 4212 4.69 3.77 72.15

K1os 3.62 2.47 44.85 3.83 3.30 76.05

Mean 2.98 2.48 40.07 3.99 3.54 63.96
N144P3s Ko 2.66 2.88 38.22 3.51 3.48 42.90
Kss 3.30 2.14 40.17 3.51 3.22 50.70

K72 3.41 3.10 50.70 3.73 4.60 58.50

Kios 3.09 2.87 57.72 3.41 3.43 59.67

Mean 3.12 2.75 46.70 3.54 3.68 52.94
N21sP3s Ko 4.04 3.27 40.95 4.36 3.72 49.92
Kss 4.15 2.21 42.90 4.26 3.43 53.82

K72 3.30 2.67 47.97 3.73 3.60 68.25

Kios 2.34 2.53 66.30 4.05 3.02 70.20

Mean 3.46 2.67 49.53 4.10 3.44 60.55
NP7 Ky 2.56 2.34 37.05 4.15 4.06 48.75
Kss 3.09 2.46 47.97 3.51 4.80 51.87

K72 3.19 4.04 53.82 4.15 5.48 60.45

Kios 2.56 3.87 54.60 3.83 4.13 64.35

Mean 2.85 3.30 48.36 3.91 4.62 56.36
N124sP72 Ky 2.77 3.64 40.17 4.26 4.36 49.92
Kss 2.98 2.20 4212 3.64 5.07 56.55

K72 2.98 3.80 44.07 4.26 5.75 63.57

Kios 3.09 4.12 62.40 3.73 3.79 68.25

Mean 297 3.44 47.19 4.05 4.74 59.57
No1sP72 Ko 4.90 3.95 44.85 5.32 5.02 53.82
Kss 3.30 4.35 44.85 3.73 4.50 55.77

K72 3.73 4.55 52.82 4.15 4.70 64.35

Kigs 3.62 3.69 62.40 4.68 4.39 68.25

Mean 3.89 4.14 51.48 4.47 4.65 60.55
General mean| 3.21 3.13 47.22 4.01 4.11 60.49
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Effect of soil ploughing depth and NPK treatments on soil pH and EC:

Data presented in Table (3) show the mean values of soil pH and EC in the soll
solution of surface layer (0-15 cm) after harvesting sugar beet crop. The results
showed that soil pH and EC were decreased under deep ploughing (30 cm) compared
to the shallow one (15 cm) without any addition of fertilizers, where soil pH was 8.87
and 8.70 while EC was 2.11 and 0.83 dS/m under shallow and deep ploughing, re-
spectively. Decrease of soil pH under deep ploughing may be due to that the deep
ploughing buried the organic matter deeper in the soil, where decomposition of or-
ganic matter in soil produced organic acids which led to decrease soil pH (Ali and Abo
Habaga, 1995). On the other side, EC decreasing of soil solution may be due to in-
creasing penetration of water under deep ploughing which led to leaching the salts
through the soil profile.

Table (3): Mean values of soil pH and EC (dS/m) as affected by increment rates
of NPK fertilizers after harvesting sugar beet crop.

NK treatments Shallow ploughing (15 cm) Deep ploughing (30 cm)
N K P, P, P, P,
kg/ha kg K,O/ha| (36 kg P,Os/ha) | (72 kg P,Os/ha) | (36 kg P,Os/ha) | (72 kg P,Os/ha)
pH EC pH EC pH EC pH EC
72 0 8.80 0.77 8.57 1.21 8.55 0.58 8.51 0.81
72 36 8.66 1.03 8.96 0.93 8.52 0.67 8.56 0.55
72 72 8.68 1.18 8.40 1.45 8.60 0.80 8.26 0.64
72 108 8.66 0.89 8.62 0.91 8.53 0.68 8.59 0.86
Mean 8.70 0.97 8.64 1.13 8.55 0.68 8.48 0.72
144 0 8.71 1.21 8.60 0.73 8.41 0.68 8.58 0.63
144 36 8.77 0.85 8.83 0.98 8.66 0.53 8.50 0.85
144 72 8.78 0.62 8.80 0.99 8.25 0.55 8.44 0.62
144 108 8.79 1.33 8.63 1.14 8.44 0.88 8.58 0.80
Mean 8.76 1.00 8.72 0.96 8.44 0.66 8.53 0.73
216 0 8.61 0.96 8.60 1.18 8.57 0.56 8.58 1.03
216 36 8.53 0.84 8.70 0.76 8.50 0.68 8.59 0.58
216 72 8.86 0.63 8.80 0.68 8.57 0.60 8.57 0.67
216 108 8.82 0.75 8.60 0.86 8.66 0.62 8.55 0.67
Mean 8.71 0.80 8.68 0.87 8.58 0.62 8.60 0.74
General mean 8.72 0.92 8.68 0.99 8.52 0.65 8.53 0.73
Parameters
Significance for D P T DXP TXD |TXP|TXDXP
Soil pH * * ns * ns ** ns
EC * *% *%* *%* nS *% *%*
D = Ploughing depth T = NK treatments P = P-treatments

*, ** = significant and highly significant at 5% and 1%, respectively.

Application of NK fertilizers to the soil haven’t significant decrease on soil pH
but superphosphate fertilizer had a significant effect on decreasing soil pH in the sur-
face soil layer (0-15 cm). This is because the acidity effect of superphosphate which
dissolve to give a solution with pH value of about 1.48 (Lindsay, 1979). Statistical
analysis showed that the interactions between P and NK fertilizers had highly signifi-
cant effect on soil pH and also between ploughing operation and P only. The lowest
value of soil pH was 8.25 under deep ploughing and 144 kg N/ha + 72 kg K,O/ha + 36
kg P.Os/ha of added fertilizers. It can be concluded that, decreasing soil pH was con-
sidered an important goal for many agriculture practices in our soils which increases
availability of most nutrients. Therefore, addition of acidic fertilizers such as super-
phosphate is an important goal not only to its acidulation effect but also to balanced
fertilization with N and K fertilizers.

Statistical analysis in Table (3) showed that the relationships between NPK fer-
tilizers and ploughing depths were highly significant in decreasing EC of soil solution.
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The lowest value of soil EC (0.53 dS/m) was obtained at 144 kg N/ha + 36 kg P>Os/ha
+ 36 kg K,O/ha treatment under deep ploughing at 30 cm. Heavy clay soil from Nile
delta needs to deep ploughing to reduce the water table of ground water and hence
decreasing the total soluble salts of soil solution. Decreasing the total soluble salts in
the soil solution after harvesting the sugar beet crop, may be related to plant healthy
growing and better uptake of nutrients.

Effect of soil ploughing depth and NPK treatments on soluble Ca*™, Mg*" and
Na™:

Data in Table (4) showed that the soil solution after harvesting of sugar beet
plant contained higher amounts of soluble Ca*™, Mg*" and Na* under shallow plough-
ing (15 cm) than its value under deep Ploughing (30 cm) without any addition of fer-
tilizers (N oPoKo treatment). Soluble Ca*™ was 4.60 and 4.2; soluble Mg** was 6.10 and
3.80; soluble Na* was 11.00 and 6.25 meg/L under shallow and deep ploughing,
respectively. This decrease in soluble cations under deep ploughing may be attributed
to improving soil permeability and hydraulic conductivity which increase the movement
of soluble cations through the soil profile. These results were confirmed by those
obtained by Agboola (1981) and Rezk et al. (1982).

Addition of different fertilizers at different rates led to decreasing soluble cations
in the soil solution. That is clear from difference values between control treatment
(NoPoKo) and general mean (Table 4). This may be attributed to good plant growth
and hence more absorption of cations from soil solution and/or insoluble compounds
precipitation such as Ca and Mg phosphates. Values of general means for soluble ca-
tions indicated that the order of decreasing was Mg** > Ca™ > Na* (see Table 4).

The interaction between different fertilizer treatments and soil ploughing depths
showed highly significant relationships in decreasing the amounts of soluble Ca™,
Mg*™ and Na™ with one exception for Mg ion under ploughing depth and NK treat-
ment.

Table (4): Effect of soil ploughing depth and different rates of NPK fertilizers on
soluble Ca™, Mg*™ and Na* (meg/L) in soil after harvesting sugar beet crop.

NK treatments Shallow ploughing (15 cm) Deep ploughing (30 cm)
N K P, P, P, P,

kg/ha kg K,O/ha| (36 kg P,Os/ha) | (72 kg P,Os/ha) | (36 kg P,Os/ha) | (72 kg P,Os/ha)
Ca” Mg~ Na [Ca” Mg~ Na [Ca” Mg~ Na [Ca” Mg~ Na’
72 0 2.20 0.90 5.20(3.20 290 717|150 0.80 5.00|{3.10 1.20 5.85
72 36 240 250 5.80|3.80 280 6.15(2.20 1.10 5.50|2.80 240 3.65
72 72 225 3.10 8.20|3.70 4.00 9.50(1.70 3.00 5.35|2.30 1.10 4.65
72 108 270 1.00 6.20|3.50 270 595|1.60 0.90 5.85|3.30 2.20 5.45
Mean 2.39 188 6.35|3.55 3.10 7.19|1.75 145 543|288 1.73 4.90
144 0 240 190 7.90|3.30 210 511|1.60 0.90 5.00|3.10 2.00 4.17
144 36 290 220 7.50[4.00 270 547 |2.60 2.10 6.50|{1.90 2.20 5.38
144 72 140 1.20 460|290 1.70 445140 110 4.30|2.30 0.80 4.40
144 108 3.00 260 9.00|[3.00 260 6.25|/240 1.20 8.18|2.80 1.90 5.25
Mean 243 198 7.25|3.30 228 532|2.00 1.33 6.00|253 1.60 4.80
216 0 160 1.90 7.00|4.20 2.00 7.00{1.30 1.30 6.25|4.20 1.90 6.50
216 36 360 190 6.75[3.30 1.80 525|240 050 6.60|2.00 1.60 4.35
216 72 270 190 5.00|3.10 1.00 4.75(2.50 0.90 4.50|2.50 1.00 4.00
216 108 140 210 6.10|2.80 2.70 6.50|1.30 1.30 5.75|2.20 2.30 4.85
Mean 2.33 195 6.213.35 188 588 |1.88 1.33 578|273 1.70 4.93
General mean 2.38 193 6.60|3.40 242 6.13|1.88 1.26 573|271 1.68 4.88

Parameters
Significance for D P T DXP | TXD | TXP [ TXDXP

+F *k *k *k *% *% *k
Ca

T
Mg ok ok ok ) ns *k ok

Na+ *%* * *%* *% *% *% *%

D = Ploughing depth T = NK treatments P = P-treatments
*, ** = significant and highly significant at 5% and 1%, respectively.
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Calculated SAR and ESP after harvesting sugar beet crop:

The calculated values of SAR and hence ESP were decreased in the soil sur-

face (0-15 cm) under deep ploughing at 30 cm compared to shaIIow ploughing at 15

m (Table 5). This reflect the higher amounts of soluble Na* at shallow ploughing
compared to deep ploughing (Table 4). The values of SAR were 4.76 and 3.14 without
any addition of fertilizers (NoPoKp) under shallow and deep ploughing, respectively.
The corresponding values for ESP were 7.66 and 5.62%, respectively. That means,
deep ploughing was succeeded in decreasing soil salinity and alkalinity compared to
shallow one (Table 1).

Data showed that under the same treatments of P and soil ploughing depth,
addition of NK fertilizers had higher significant effect on the calculated SAR and ESP.
The lowest value of SAR (2.27) and ESP (4.44%) were obtained under deep plough-
ing and addition of 72 kg N/ha + 72 kg P,Os/ha + 36 kg K,O/ha. On the other hand, P
application had highly significant effect on SAR and ESP, where increasing P addition
decreased calculated SAR and ESP (Table 5). Conformation of soluble phosphate
compounds such as Na-Phosphates almost led to leaching more Na* ions and hence
decreasing SAR and ESP. Statistical analysis showed that all interactions between
NPK treatment and soil ploughing depth had highly significant effect on the calculated
SAR and ESP.

Table (5): Calculated sodium adsorption ratio (SAR) and exchangeable sodium
percentage (ESP%) as affected by soil ploughing depth and different rates of
NPK fertilizers after harvesting sugar beet crop.

NK rates Shallow ploughing (15 cm) Deep ploughing (30 cm)
N K Py P, Py P,
kg/ha kg K,O/ha| (36 kg P,Os/ha) | (72 kg P,Os/ha) | (36 kg P,Os/ha) | (72 kg P,Os/ha)
SAR ESP SAR ESP SAR ESP SAR ESP
72 0 4.23 6.97 4.09 6.80 4.70 7.62 4.01 6.71
72 36 3.71 6.36 3.40 5.92 4.30 7.06 2.27 4.44
72 72 5.02 8.00 4.86 7.79 3.52 6.10 3.58 6.14
72 108 4.58 7.67 3.38 5.88 5.27 8.30 3.31 5.79
Mean 3.46 7.25 3.93 6.60 4.45 7.27 3.29 5.77
144 0 5.43 8.46 3.12 6.87 4.54 7.39 2.60 4.89
144 36 5.69 7.58 2.99 5.39 4.25 7.02 3.82 6.49
144 72 4.12 6.83 2.93 5.30 3.84 6.49 3.59 6.18
144 108 5.38 8.43 3.73 6.37 5.87 9.01 3.62 6.23
Mean 4.91 7.83 3.19 5.98 4.63 7.48 3.41 5.95
216 0 5.30 8.38 3.99 6.67 5.47 6.83 3.73 6.37
216 36 4.08 6.81 3.29 5.79 5.49 8.55 3.25 5.71
216 72 3.30 5.79 3.31 5.84 3.48 6.01 3.10 5.52
216 108 4.63 4.49 3.93 6.63 5.04 8.05 3.23 5.70
Mean 4.33 712 3.63 6.23 4.87 7.36 3.33 5.83
General mean 4.54 7.40 3.59 6.27 4.65 7.37 3.34 5.85
Parameters
Significance for D P T DXP TXD |[TXP|TXDXP
SAR *% *% *% *% *% *% *%
ESP *% ** *% *% * ** *%
= Ploughing depth T = NK treatments P = P-treatments

*, ** = significant and highly significant at 5% and 1%, respectively.
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