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ABSTRACT

Objectives of the present work were to study the effects of long
term (> 10 years) use of mixed Nile with drainage water in irrigation and
organic farming management in some Fayoum Governorate soils on
plant essential macro and micro nutrients availability and some soil
characteristics.

Six soil profiles were excavated to achieve the first objective:
three of which at an area irrigated with fresh Nile and three represented
soils irrigated with mixed water. Two other profiles were dug in a
private farm at Ibshaway, Fayoum: one from a long term (>10 years)
organic managed filed and the second represented in a conventional
managed field at the same area.

The use of mixed Nile with drainage water resulted in great
increases in the mean values of soil salinity expressed as ECe values and
the concentrations of AB- DTPA extractable P, K, Fe, Mn, Cu, Zn and
hot water extractable NO3; — N.

Soil cultivated under organic farming system for >10years had
less salinity and slightly less pH values and contained more extractable
available N, Fe, and Cu and less Zn, Mn , and P than soils of the
conventional managed field. The concentrations of hot water extractable
- N were found below the critical deficiency limit in all the studied soils.
AB - DTPA extractable- Zn concentrations were below its critical
deficiency limit in most soils or within the deficiency range in some
others. Concentrations of all other nutrients ranged between deficient or
sufficient depending upon quality of irrigation water, soil depth and
management system. Means of extractable concentrations of all the
studied nutrients generally decreased with soil depth down to 90 cm in
all the studied soil profiles.

INTRODUCTION

Soil fertility is a reflection of so many factors that directly or indirectly
affect essential nutrients availability to plants and related soil characteristics.
Fayoum soil properties and fertility are expected to be affected by long term
use of low quality irrigation water and applied farming management system.
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Due to limited amounts of Nile water wide areas of agricultural lands
at Fayoum Governorate are irrigated using either mixed Nile with drainage
water through several mixing stations or even using drainage water in some
other areas. Little information is available in the literature concerning the
effects of long term irrigation with mixed fresh Nile and drainage water on
plant essential nutrients availability in Fayoum soils. Most of research work
had been directed towards the influence of waste water on soil properties.

Irrigation using mixed drainage water affects soil characteristics,
contributes as a source of contamination of trace elements in agricultural soils
and is harmful especially for vegetable production (Huang et al., 2006).
Selem et al. (1989) found that, using drainage water in irrigation for two
months from planting up to the maximum growth caused a slight decrease in
available N and P as compared to that irrigated with fresh water. Hegazi
(1999) and Abdellah (1995) found that using agricultural drainage water in
irrigation increases the organic matter content especially in the surface soil
layer. Long- term wastewater irrigation resulted in increases in Soil pH, ECe,
extractable — P and exchangeable -K in the investigated areas compared with
the control plots irrigated with fresh water (Liu and Haynes, 2010). Similar
results were found by Mojiri (2011) except that soil pH was decreased due to
the use of waste water in irrigation.

More than five thousands hectors of agricultural Fayoum soils are

currently cultivated under organic farming management and going to expand.
This is also expected to influence some soil characteristics and fertility.
Mallory and Griffin (2007) stated that repeated long-term additions of
organic materials not only increase stocks of mineralizable soil N, but also
bring about changes in soil characteristics that influence N dynamics and other
nutrients availability. Burger and Jackson (2003) found that K-extracted with
ammonium acetate was approximately twice as high in the organically than the
conventionally managed soil. The application of long-term organic
amendments with low amount of chemical fertilizers enhances microbial
biomass activity and nutrient availability more than recommended amount of
only chemical fertilization (Liu et al. 2000). Several research workers stated
that the application of organic manures to soil results in enhancements of N, P
and K availability to plants in soil with superiority of poultry manure over
compost (Bahaskaran and Krishna, 2009andAbeer, 2016).
Objectives of the present work were to study the effects of long term (> 10
years) use of mixed Nile with drainage water in irrigation and the application
of organic farming management in some Fayoum Governorate soils on plant
essential macro and micro nutrients availability and some soil characteristics.
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MATERIALS AND METHODS
1. Soil Sampling.

Eight soil profiles were excavated at different locations in Fayoum
governorate. Sites of the studied profiles were identified using a "GPS" as
shown in the map (figure 1). Profiles sites were selected to cover the
objectives of the present work as follows:

a- Six soil profiles from Fayoum alluvial soils to study the effects of long
term irrigation using mixed Nile with drainage water : three of which were
irrigated with mixed water and the other three were irrigated with Nile water
both for more than 10 years.

b- Two profiles from Shambolya farms at Ibshaway, Fayoum Governorate to
study the effects of long term organic farming management on soil properties
and fertility as: one profile from an organic managed field and the other was
excavated in a conventional managed field at the same area.

Three samples were collected from each profile at the depth: 0 — 30 cm, 30—
60 cm and 60— 90 cm.

2. Laboratory Analysis.

Collected soil samples were air-dried, gently crushed, passed through a
2 mm sieve and stored in plastic bottle. Soil samples were analyzed for
Particle size distribution, ECe, pH, organic matter, total calcium carbonate
equivalent, available Nitrogen, Phosphorus, potassium, Manganese, zinc,
Copper and Iron.

Soil analyses were done according to the following methods:

Particle size distribution by the hydrometer method (ASTM No.152 H
Temp.) Using sodium hexametaphosphate - sodium carbonate as dispersing
agents (Piper, 1950).

Calcium carbonate equivalent content volumetrically using Sh calcimeter
(Wright, 1939).

Soil pH in soil paste using a pH -meter according to Jackson (1979).
Electrical conductivity (ECe) in the saturation paste extracts Using EC-
Meter according to Jackson (1979).

Organic matter content using Walkley and Black method as described by
Jackson, (1979).

Available macro and micro nutrients in soil were extracted using 1.0 M
ammonium bicarbonate and Di-ethylene triamine Penta Acetic Acid at pH
7.6 (AB — DTPA)as described by Soltanpore &Workman (1979).

NOs-N was extracted with hot water as described by APHA (2012) and
determined using UV- Spectrophotometer.
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Fig.1 Location of the studied sites at Fayoum Governorate, Egypt.

RESULTS AND DISCUSSION
1. Effects of long term irrigation using mixed Nile with drainage water on
soil properties and nutrients availability.

Soil content of organic matter, ECe values, pH values and the
concentrations of AB-DTPA extractable P, K, Fe, Mn, Zn, Cu and hot water
extractable NO3-N in some Fayoum alluvial soils irrigated using mixed Nile
with drainage water for more than 10 years in comparison with those always
irrigated with Nile water are given in tables 1, 2 and 3 and figures2-10. Data
obtained clearly showed great differences in the mean values of all the studied
soil properties and the concentration of available nutrients. The use of mixed
Nile with drainage water and sometimes with only drainage water particularly
at the winter blocking period generally results in great increase in the mean
values of soil salinity expressed as ECe values, soil pH and concentrations of
AB-DTPA extractable P, K, Fe, Mn, Cu, Zn and hot water extractable NO3-N
in all profiles layers down to 90 cm. On the contrary the mean organic matter
content decreased in soils irrigated with mixed in comparison with fresh water
irrigated soils particularly in the upper 30cm soil layer. The decrease of
organic matter in salinized soil as a result of irrigation with relatively saline
mixed water may be due to reductions in plants growth under saline conditions
and consequent reduction in the amount of plant residues.
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Table (1): Particle size distribution of the studied soil profiles.
Soil Profile Irrigation Soil depth Particle size distribution Soil Texture
No. Water (cm) Clay % silt % |Sand % : clasxs u
. 0-30 69.5 24.1 6.4 c
1 i 30-60 66.6 285 4.9 c
o 3 60— 90 72.1 23.1 4.8 C
3 0-30 345 18.2 473 SCL
2 o 2 30-60 27.9 11.6 60.5 SCL
Zg 60 — 90 159 55 78.6 SL
2?2 0-30 52.1 265 | 214 C
3 s 30-60 59.5 304 | 101 c
60— 90 62.1 28.7 9.2 C
0-30 305 6.7 62.8 SCL
4 5 30-60 218 57 725 SCL
g 60— 90 285 6.4 65.1 SCL
0-30 52.9 38.6 85 C
5 2 30-60 55.8 36.3 7.9 c
T 60— 90 55.1 38.1 6.8 C
2 0-30 58.5 343 7.2 C
6 z 3060 58.6 335 7.9 c
60— 90 60.5 32.9 6.6 C

SL: sandy Loam

, SCL: sandy clay Loam, C: Clay ,

SC: sandy clay

Table (2): Soil pH, ECe values, Organic Matter and Calcium carbonate
contents of the studied soil profiles.

Soil Irrigation Soil ) pH_ ECe Organic CaCo,
Profile No. water depth in soil ds/m matter %
(Cm) paste %
o 0-30 7.84 16.20 1.17 2.14
1 % 30-60 7.69 18.77 0.78 3.28
o 3 60 -90 7.44 9.85 0.65 3.41
Zg 0-30 7.63 13.0 1.09 9.81
2 o & 30-60 7.62 119 0.70 11.0
28 60 — 90 7.25 3.42 0.65 4.07
=3 0-30 7.62 15.65 1.96 4.28
3 § 30-60 7.60 13.00 1.04 5.93
60 — 90 7.53 7.51 0.65 3.17
0-30 7.11 4.02 1.16 8.67
4 = 30-60 7.10 6.05 0.64 5.90
2 60-90 7.30 3.83 0.38 5.04
= 0-30 7.29 4.68 2.5 5.12
5 é 30-60 7.26 1.79 1.09 7.90
= 60 — 90 7.30 1.27 0.67 7.41
= 0-30 7.40 1.03 2.02 8.13
6 = 30-60 7.50 1.23 0.98 7.90
60-90 7.50 1.30 0.41 6.87
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Table (3): Ammonium bicarbonate - DTPA extractable P, K, Mn, Fe, Cu,
Zn and hot water extractable NOs-N in the studied soil

profiles.
. . . . Extractable — nutrients

Smlﬁroflle Irrigation | Soil depth N | »p [ K [ Mn [zn[Cu] Fe

0. Water (cm) T

mg kg

=3 0- 30 19.34 | 14.76 1172 | 29.31 |1.68|3.76 | 5.72
1 .% 30-60 6.59 22.44 52.6 20.63 | 1.56 | 4.04 | 2.08
5 60-90 3.27 10.96 18.2 10.32 | 0.76 | 3.39 | 1.88
<5 0- 30 2234 | 14.56 120.2 | 28.68 |1.45|3.85| 6.68
2 R 30-60 11.27 | 9.800 78.00 | 2556 |1.40|1.68 | 1.92
2 = 60-90 6.59 4.88 27.9 1479 | 0.6 | 0.76 | 1.88
% 0- 30 14.52 2.12 110 2717 | 144|228 | 4.04
3 o 30-60 10.17 0.84 95.9 2402 |1.15|2.76 | 3.92
s 60-90 1251 0.63 475 26.80 |0.84|292] 3.12
0- 30 461 2.40 55.5 294 |0.22|1.88| 2.55
4 = 30-60 4.36 2.30 357 286 |0.20|0.92| 1.32
5 60-90 3.52 2.08 47.3 239 |0.16]0.16 | 0.92
s 0- 30 5.83 277 60.19 456 |1.28|0.98| 1.80
5 ﬁ 30-60 4.45 2.76 58.19 294 |1.22|0.88| 1.52
= 60-90 2.57 2.29 50.50 195 [1.16]0.44 ] 0.92
= 0- 30 2.02 5.96 60.50 389 |042)|082]| 248
6 z 30-60 1.60 2.20 50.30 452 |0.40|0.72 | 2.06
60-90 0.94 2.76 45.00 392 |0.40]0.70 | 1.28

The increase of soil salinity in soils irrigated with mixed water could be due to
the greater salinity of mixed than Nile canals water. Analysis of irrigation
water in some canals at some Fayoum water mixing stations before and after
mixing showed that water EC values of the irrigation canals: Bahr EL-Nazla at
Al Hamoly, Bahr- El Banat at Elwady, Bahr Wahby at Tamia were 0.91, 0.76,
0.8, 0.73 dS/m, respectively with a mean of 0.8 dS/m. Values of water at the
same locations after mixing were 1.78,0.96,1.61,1.63 dS/m respectively with a
mean value of 1.5dS/m. Water pH values were 7.92, 7.71, 8.04, 7.96 before
mixing and 8.00, 7.73, 7.85, respectively in mixed water for the same
locations (Abdurrahman,2007).The increase of extractable nutrients in soil
irrigated using mixed Nile with drainage water as shown in table (3) could be
a result of the greater concentrations of nutrients in drainage water than fresh
Nile water. Howaida (2016) found that the mean values of each of P, K and
NO; in some drains at Sinnuris, Fayoum Governorate were 1.45 mgL™ in
august 2010 and 4.74 mgLtin January for P, 13.4 and24.29 for K and 7.32,
16.44 for NOj respectively. Corresponding means for some Nile canals were
0.09, 0.541for P, 6.25, 13.76 for K and 4.31, 11.5 for NOs,

The effect of irrigation water on soil quality was found to differ with
depth through soil profile. The following is a detailed discussion on the
changes of the studied soil characteristics with depth under irrigation with
either fresh Nile or mixed Nile with drainage water.
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2. Changes in Soil Properties and Nutrients Availability with Depth:
2.1. Soil salinity.

Soil salinity in terms of ECe values are shown in table (2) and figure3.
It could be observed from data that soils irrigated using mixed Nile with
drainage water contained greater soluble salts content than those irrigated with
Nile water. With respect to the changes of ECe values with depth it is clear
from data that soil salinity in terms of ECe values were decreased with soil
depth. The greater salinity content of the top layers could be due to the
translocation of soil solution by capillary action, water evaporation, and
accumulation of salts on soil surface in addition to irrigation with mixed saline
water and the limited amount of irrigation water under dry and hot weather
conditions of Fayoum region.
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Fig. (2) Changes of ECe values with soil depth through soil profiles irrigated
with mixed or Nile fresh water.

2.2. Soil pH.

The pH values of soils irrigated with Nile water and those irrigated
using mixed Nile with drainage water are presented in table (2). Data indicated
that soil pH values were generally greater in soils irrigated with mixed than
those irrigated with fresh Nile water. Very little differences were observed in
the pH values of the different layers of soils irrigated with fresh Nile water
showing no clear trend with respect to soil depth under such conditions. On
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the other hand, soil pH values within all soil profiles irrigated with mixed
water were found to decrease with depth.

2.3. Soil organic matter.

Soil organic matter contents for the studied soil profiles under
irrigation using Nile water or mixed Nile with drainage water are given in
table (2) and figure 2. It is clear from data that soil organic matter content
sharply decreased with depth in both soils irrigated using fresh Nile water and
those irrigated with mixed Nile and drainage water. The mean values of soil
organic matter % for soil profiles irrigated with Nile water werel.89 % in the
upper 30 cm, 0.91% within the 30 — 60 cm layer and 0.48% within the 60 —
90 cm soil layer. Corresponding mean values for soils irrigated with mixed
water were 1.4% for the upper 30 cm, 0.84% for the 30 — 60 cm and 0.65 %
for the 60 — 90 cm layer.

2
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1.4 -
1.2 -

1 . —
0.8 -
0.6 - — M Nile fresh water
0.4 +—
0.2 -

O .

= Mixed water

Mean Organic Matter
content %

0-30 30-60 60 - 90 0-90

Soil depth, cm

Fig.3 Changes in the mean organic matter contents with soil depth through soil
profiles irrigated with mixed or Nile fresh water.

2.4. Plant nutrients availability.

Figures (4, 5, 6, 7, 8, 9 and 10) show the mean values of available N
extracted as NO; with hot water and each of, P, K, Mn, Zn, Cu and Fe
extracted with AB-DTPA solution of pH7.6. Data obtained indicated that the
general mean concentrations of extractable available values of all the studied
nutrients generally decreased with soil depth down to 90 cm. These results
could be attributed to the richness of soil upper layer in organic matter and
prevailing biological activities within the root zoon in addition to the
contribution of organic and mineral fertilizers applied to top soil.
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Fig.4 Changes in hot water extractable NOs- N with soil depth through soil
profiles irrigated with mixed or Nile fresh water.
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Fig.5 Changes in AB-DTPA extractable-P with soil depth through soil profiles
irrigated with mixed or Nile fresh water.
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Fig.6 Changes in AB - DTPA extractable -K with soil depth through soil
profiles irrigated with mixed or Nile fresh water.
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Fig.7 Changes in AB -DTPA extractable -Mn with soil depth through soil
profiles irrigated with mixed or Nile fresh water.
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Fig.8 Changes of AB -DTPA extractable -Zn with soil depth through soil profiles
irrigated with mixed or Nile fresh water.
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Fig.9 Changes of AB-DTPA extractable-Cu with soil depth through soil
profiles irrigated with mixed or Nile fresh water.
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Fig.10 Changes of AB -DTPA extractable Fe with soil depth through soil
profiles irrigated with mixed or Nile fresh water.

3. Effects of long term organic farming management on soil
characteristics and plant nutrients availability.

Tables 4, 5 and 6 presents the values of soil paste extract ECe, pH,
organic matter content and plant nutrients availability within the two studied
soil profiles. The first profile (No7.) represented an area in a private farm on
which organic farming has been managed for more than 10 years and the
second profile (No 8.) represented a filed conventionally managed in the same
area. The two fields were chosen to have similar particle size distribution and
both are calcic soils table (4). Data in tables 4, 5 and 6 show the values of
ECe, pH, organic matter content and extractable available nutrients. Data
obtained results showed that soil cultivated under organic farming
management contained less ECe values and greater organic matter contents
within all the studied soil layers (0- 30, 30 — 60 and 60 - 90 cm) in comparison
with those of corresponding means of conventionally managed soil. The
differences were greater between values of the top30 cm layer in comparison
with those of the 30 — 60, and the 60 - 90 cm layers. Obtained data (table 5)
also showed that soil cultivated under organic farming system for>10 years
had slightly less pH values within the top 30 cm of soil profiles. Results could
be attributed to the effect of added organic materials and the formation of
more organic acids in soil as a result of organic matter decomposition,
however the slight differences observed in pH values could be a result of the
buffering action of soil. The greater salinity observed in soils conventionally
managed could be a result of chemical fertilizers applications at high rates.
Data presented in table (6) indicated that organic managed soil contained more
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available N, Fe and Cu and Less Zn, Mn and P than conventional managed

field within all soil profile Layers and very little differences were observed

between soil layers in their AB- DTPA extractable — K content.

Table (4): Particle size distribution of organic and conventionally
managed soils.

Farmi . . Soil Depth particle size distribution Soil
arming Soil Profile (cm) texture
System No. Clay % Silt % Sand % Class
0-30 62.1 21.3 16.6 Clay

Organic 7 30-60 59.4 26.8 13.8 Clay
60 — 90 69.3 19.3 114 Clay

8 0-30 61.6 21.9 16.5 Clay

Conventional 30-60 62.7 21.8 15.5 Clay
60 — 90 62.5 21.6 15.9 Clay

Table(5): Soil pH, ECe values, Organic Matter and Calcium carbonate
contents in organic and conventionally managed soils.

Farming SO'.I Soil Depth pH ECe CaCOs; Organic
System Profile (cm) in soil paste| dS/m % matter
No. %
0-30 7.55 5.17 10.92 2.51
Organic 7 30-60 7.70 4.72 11.82 1.61
60 — 90 7.81 4.36 12.81 0.26
0-30 7.61 8.00 18.30 1.75
Conventional 8 30-60 7.60 11.85 11.09 1.10
60 — 90 7.85 12.65 11.67 0.93

Table (6): Ammonium bicarbonate -DTPA extractable nutrients and hot
water extractable NOs3;-N in conventionally and organic
managed soils.

Soil Soil Extractable — nutrients
Farming System | Profile | Depth | N | p | K | Mn | Zn | Cu | Fe
No. (cm) mg kg
0-30 |[553| 1.60 | 217.0 2.48 0.63 2.84 4.76
Organic 7 30-60 | 3.63 | 1.25 | 118.2 0.83 0.55 2.57 3.80

60-90 | 359 | 0.72 | 90.40 | 0.79 0.39 2.52 3.76
0-30 |481| 2.60 | 208.0 | 3.72 1.32 2.40 4.54
Conventional 8 30-60 |2.85| 1.44 | 1248 | 2.08 1.24 1.78 4.17
60-90 | 220 | 1.28 | 102.7 | 1.36 1.14 1.60 3.92

It could be concluded from data in tables 4, 5 and 6 that long term organic
farming management in the studied area resulted in greater organic matter
content, slightly less pH values and more available Fe and Cu in comparison
with conventionally managed soil in the upper 30 cm soil layer. It was also
observed that the values of AB — DTPA extractable Zn were below the critical
deficiency limit in organic managed soil, however they were somewhat greater
in conventionally managed soil, but still within the deficiency range (the range
Fayoum J. Agric. Res. & Dev., Vol. 32, No.2, July, 2018
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between the critical and sufficiency limit). Hot water extractable N and AB —

DTPA - P concentrations were below the critical deficiency limits of P both in

organically and conventionally managed soil.
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