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Introduction                                                                   

The North-Eastern parts of Egypt could be 
considered problematic vertisol areas, suffering 
from low productivity due to existence of 
salinity, sodicity and low efficient drainage 
(Seleiman and Kheir, 2018). The sources of 
salinity in Egyptian delta are not limited to sea 
water intrusion, waterlogging and irrigation 
water quality (Negm, 2017). Recently, soil 
degradation and nutrient have become serious 
threat to agricultural productivity, especially in 
clayey soil. One way to increase production is 
proper soil management such as drainage and 
improving the efficiency of application nitrogen 
fertilizer. One of the most significant factors 

that can overcome of such problems is drainage 
(FAO., 2016 and Anon., 2001). Mole drainage is a 
construction of underground channel with neither 
digging a trench nor using tubes, to move the 
excess water consequently the soluble salts from 
soil surface (Kolekar et al., 2014). Mole drain, 
therefore, can be considered as intermediate 
system between surface drainage and subsurface 
drainage which considered an expensive system 
particularly in developing countries (Bennett et 
al.,2005). Moling is a potential way in clay soils 
to avoid water logging and salinity (David, 2002). 
Moreover, several researchers have indicated the 
positive findings might be achieved after applying 
adequate mole drain system especially at heavy 
clay soils (Moukhtar et al., 2002 and Antar et 
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al., 2016). The important role of mole drainage 
in heavy clay soils is mainly attributed to the 
physical action of mole on hardpan shattering and 
thus increasing water and solutes movement in 
soil profile (Antar et al., 2012 & 2016 and Aiad 
et al., 2012). Consequently, mole drains would 
decrease soil bulk density, penetration resistance 
and increasing total (El-Henawy et al., 2016 and 
Bennett et al., 2005). 

In Egypt, the consumption of mineral 
fertilizers, specially nitrogen fertilizers have 
tripled during the last years (FAO., 2005), with 
the increase of global fertilizers prices. The 
amount of N-fertilizers to be applied depend on 
the crop requirements and nitrogen stored in the 
soil at beginning of the crop cycle. Anhydrous 
ammonia is one of the most efficient and widely 
used as source of nitrogen for plant growth (Antar 
and Awad, 2014). The advantages of ammonia 
application is relatively easy implementation and 
ready availability have led to its increased use as a 
fertilizer. (Abd El–Kader, 2002) reported that when 
the anhydrous ammonia injected before sowing, 
produced the optimum yield and minerals uptake 
than other nitrogen sources. (Atia et al., 2007) 
compared ammonia gas with urea, they found that 
first progressed than urea. Ammonia gas could be 
considered a good and low cost source of nitrogen 
fertilizer compared with any other N source and 
achieved the maximum economic return, (Zalat et 
al., 2011). Nevertheless, the behavior of ammonia 
gas in salt affected soils under various drainage 
systems has less attention so far.  

Rice (Oryza sativa) is the second important 
crop for grains production in Egypt. Rice crop is 
moderately salt tolerant, and it is recommended to 
be common at Nile delta soils to keep a permanent 
head of water above ground water to limits sea 
water intrusion (Arafat et al., 2010). Based on 
the abovementioned information the current 
study aims toevaluating the integration effects 
of mole drains with combined  nitrogen fertilizer 
sources and Their effects on soil physical and 
chemical properties, rice productivity, N-uptake 
by plant, productivity of irrigation water, nitrogen 
application efficiency and economic returns. The 
novelty of this investigation is using cheaper and 
more efficient sources of nitrogen fertilizers (i.e., 
ammonia gas) as integration with also cheaper 
drainage systems (i.e. open drainage and mole 
drainage) under salt affected soils.

Materials and Methods                                                

A field experiment was conducted at North 
Nile Delta (Al-Hamul District, Kafer El-Sheikh 

Governorate, Egypt), during the two summer 
seasons (2016 and 2017), to determine the 
impact of mole drains (open drainage without 
mole drains, mole drains in one direction with 
open drainage and mole drains in two directions 
with open drainage) and nitrogen fertilizer 
sources (urea, ammonium sulphate and ammonia 
gasinjection)on improving some soil physico-
chemical properties and rice productivity as well 
as N-uptake by plant, productivity of irrigation 
water and economic returns. The experiment is 
located at 31° 24′ 41.50ِّ   Latitude and 31° 04′ 
31.47ِّ Longitude. Some soil properties before 
conducting the experiments are presented in 
Table 1. Means of some meteorological data 
at Kafr El-Sheikh areaduring the two growing 
seasons of 2016 and 2017 are shown in Table 2. 
The experiment was arranged in split plot design, 
with three replications, where the main plots were 
assigned to mole drains and the sub plot were 
nitrogen sources as follows:

Main plots: mole drains treatments
1.	 Open drainage without mole drains
2.	 Mole drains in one direction with open 

drainage. 
3.	 Mole drains in two directions (network) with 

open drainage.

Sub plots: nitrogen sources
1.	 Urea (46.5%N).
2.	 Ammonium sulphate (20.6%N).
3.	 Ammonia gasinjection (82%N).

Nitrogen fertilizer (Urea, ammonium 
sulphateand ammonia gas) were applied at rate 
of 75 kg N fed. -1 (as recommended). Mole drains 
was established at 2m distances between the lines 
for one and two direction and at 60 cm depth in 
onedirection and the first direction in the case 
of two directions. While, the second direction in 
the case of two directions mole depth was 45 cm 
perpendicular to first direction.”Mole drains are 
unlined channels formed in a clay subsoil with a 
ripper blade with a cylindrical foot, often with an 
expander which helps compact the channel wall.” 
Open drains at 30m spacing and 80 cm depth was 
used to collect the drainage water brought by mole 
drain channels. The salinity of irrigation water 
ranges between 0.9 - 1.18 dSm-1 with an average 
of 1.04 dSm-1.In the summer season (2016) rice 
(Oryza sativa) Giza 178 cultivar was transplanted 
in 7th  June, 2016 and 11th  June, 2017. All plots 
received 50 kg fed-1  Ca-superphosphate (15.5% 
P2O5)  during tillage operation and nitrogen (as 
urea 46.5% and ammonium sulphate 20.6%) 
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was applied in two doses after 15 and 35 days 
from transplanting. Nitrogen (as ammonia gas) 
was injected at 10 to 15 cm soil depth, before 
cultivation.  After five days from ammonia gas 
injection, rice was transplanted.All plots received 
3 Mgfed-1 of gypsum before cultivation. The 
different agricultural practices were done as 
recommended. Gypsum requirements were 
determined according to the methods described 
by U.S., salinity laboratory staff (FAO and 
IIASA, 2000), so 3.0 Mgfed-1, (Mg = metric tons) 
are sufficient to reduce the initial ESP from 16.24 
to 12% for 30-cm soil matrix as follows:

GR= (ESPi – ESPF)/100 x CEC x 1.72                                  

Where GR: gypsum requirement (Mgfed-1), ESPi: 
initial soil ESP, ESPf: the required soil ESP and 
CEC: cation exchange capacity (cmolc kg-1).

Soil samples (0-15, 15-30 and 30-60 cm 
depth) were collected before conducting the 
experiment and after harvesting the first and 
second seasons from treatments instillation 
and monitored for some physical and chemical 
analysis. Salinity was determined in saturated 
soil paste extract according to Page et al. (1982). 
Exchangeable sodium was determined using 
ammonium chloride and measured by using 
flame photometer according to Page et al. (1982). 
Infiltration rate was determined using double 
cylinder infiltrometer as described by Garcia 
(1978). Soil bulk density and total porosity of the 
different layers of soil profile were measured after 
first and second seasons using the core sampling 
technique as described by Campbell (1994) for 
all treatments. Soil penetration resistance (SPR) 
was determined by hand penetrometer apparatus 
(Herrick and Jones 2002) (Read by Newten/cm2) 
and, convert the Newten into Mega Pascal (MPa) 
values (100 Newten/cm2 = 1 Mega Pascal).

Rice was harvested on the 11th of September, 
2016 and 14th of September, 2017.  Rice yields 
was measured for different treatments, grains 
and straw samples were taken and dried at 70oC, 
grounded with a mill and its total N content was 
determined  using  Kjeldahl  digestion (Cottenie 
et al.,1982).  N-uptake (kgfed.-1) was calculated 
by multiplying dry yield (kgfed.-1) by N % for 
both grains and straw. Available N content of 
soil was determined using Kjeldahl digestion 
(Cottenie et al., 1982).

Nitrogen application efficiency (NAE%) was 
calculated as follows

 
 

Where:       
N-Native:       The base content of nitrogen in 
soil before cultivation
N- Residual    Nitrogen content in soil after 
harvesting 
N-Applied:      Artificial application of nitrogen

Applied irrigation water
Irrigation intervals for the rice each 4 days 

and theamount of irrigation water was measured 
by using a rectangular sharp crested weir. The 
discharge was calculated using the following 
equation as described by (Masoud, 1969).

Q = CL(H)^1.5

Where: Q = Discharge (m3s-1) 

L = Length of the crest (m). 
H = Head above the weir (m). 
C= Empirical coefficient determined from 
discharge measurement.

Productivity  of  irrigation water (PIW, kgm-3) 
was calculated according to Ali et al. (2007) as 
follows:

PIW = Gy/WA, where

Gy= Grain and straw yields, kg fed-1,   WA= Water 
applied, m3 fed-1

Economic evaluation
 Cash inflows and out flows for various 

treatments (at prices of the local market) were 
calculated, and some economic indicators were 
estimated according to the equations outlined by 
FAO, (2000). Such as:

- Net return: it can be calculated by deducting 
the total cost from the total return, (LEfed-1)

- Economic efficiency: it can be calculated 
by dividing the total seasonal net return on total 
seasonal cost

- Net return from water unit: it can be 
calculated by dividing seasonal net return (LE 
fed-1) on seasonal water applied (m3 fed-1) 

Statistical analysis
Data for grains and straw yields of rice were 

recorded and were subjected to statistical analysis 
by ANOVA technique according to Snedecor and 
Cochran (1980).Treatments were compared by 
Duncan’s multiple range test (Duncan, 1955) .
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Results and Discussion                                                   

 Salinity and alkalinity of soil
Mole with open drainage applications are 

shown in Table 3 and showed a favorable 
superiority in decreasing soil salinity (ECe) and 
sodicity (ESP). Salinity and sodicity of the soil, 
are relatively high with open drainage without 
mole drains application. Soil samples after the 
treatments application showed a significant 
decrease in ECe and ESP values, where the 
average values of ECe and ESP, respectively 
were 8.92 dSm-1 and 15.73 in the first season, 
and were 8.86 dSm-1 and 15.50 in the second 
season with open drainage without mole, resulted 
in decreasing ECe values by 6.79, 7.40 %, and 
3.17, 4.56 % decrease in ESP values after 1st and 
2nd season, respectively than that in the initial 
experimental field. Molingapplications are more 
pronounced on reduction of salinity and sodicity 
especially, after the second season from mole 
application with open drainage. Salinity reduced 
with mole application than without mole by 16.31 
and 27.96 % after first season and about 24.64 
and 36.96 % after second season for one and two 
directions, respectively. Also, sodicity reduced as 
a result of mole application than without mole by 
6.47 and 9.59 % after first season and about 9.55 
and 11.78 % following second season for one and 
two directions, respectively. 

The effect of mole application with open 
drainage on decreasing both salinity and sodicity 
are shown in Table 3. The highest decreasing rate 
was noticed following mole application, this is 
mainly due to forming many lines with wide cracks 
through soil profile subjected to mole application. 
Such cracks are responsible for breaking the soil 
matrix leading to facilitating water and solute 
movement. Consequently, the effect of mole 
drains on soil salinity and sodicity recession, 
which occurred only through mole depth. The 
decrease of ESP as affected by construction 
of treatments can be attributed to increase the 
leaching of Na+ ions compared with calcium and 
magnesium salts and consequently decreasing 
of SAR (Abdel-Mawgoud et al., 2003). In this 
concern, (Ali and Kahlown, 2001) mentioned 
that reclamation of saline – sodic and sodic soils, 
however, cannot be achieved by simple leaching. 
Reclamation of these soils is difficult, time 
consuming and more expensive than that of saline 
soils due to replacement of exchangeable sodium 
with calcium. Hence, it requires the addition of 
chemical amendments such as gypsum along with 
leaching. Similar results were observed by El-
Henawy et al. (2016). Results in Table 3 showed 
that nitrogen fertilizer sources (urea, ammonium 
sulphate and ammonia gas) had no significant 
effect on salinity and sodicity of the soil for both 
seasons. 

TABLE 3. Salinity and sodicity of the soil as influenced by different studied treatments

Treatments Soil depth (cm) 
After first season After second season 

EC dS m-1 ESP EC dS m-1 ESP 

Open drainage 
without mole 

drains 

Urea 
0-15 7.85 15.36 7.49 15.14 
15-30 8.48 15.65 8.54 15.25 
30-60 10.75 16.34 10.84 16.21 

Ammonium 
sulphate

0-15 7.33 15.24 7.21 15.11 
15-30 8.52 15.68 8.24 15.14 
30-60 10.76 16.29 10.88 16.21 

Ammonia gas 
injection 

0-15 7.33 15.34 7.03 15.01 
15-30 8.54 15.66 8.57 15.05 
30-60 10.72 15.97 10.96 16.37 

Mole drains in 
one direction 

with open 
drainage 

Urea 
0-15 6.41 14.28 6.08 13.21 
15-30 7.15 14.68 7.01 14.08 
30-60 8.88 15.24 7.54 15.04 

Ammonium 
sulphate

0-15 6.34 14.45 6.04 13.45 
15-30 7.11 14.44 7.11 13.54 
30-60 8.99 15.32 7.12 14.89 

Ammonia gas 
injection 

0-15 6.32 14.21 5.88 13.43 
15-30 7.12 14.33 6.12 13.66 
30-60 8.87 15.43 7.21 14.87 

Mole drains in 
two directions 
(net) with open 

drainage 

Urea 
0-15 6.04 13.54 5.17 13.24 
15-30 6.14 14.12 5.37 13.54 
30-60 7.17 15.02 6.47 14.32 

Ammonium 
sulphate

0-15 5.49 13.24 5.12 13.11 
15-30 6.53 14.55 5.14 13.12 
30-60 7.14 15.12 6.41 14.62 

Ammonia gas 
injection 

0-15 5.74 13.65 5.04 13.04 
15-30 6.54 13.87 5.17 13.31 
30-60 7.04 14.85 6.39 14.76 
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Bulk density and total porosity of the soil 
One of the most parameters that are responsible 

for soil quality, water, air and heat regimes is soil 
bulk density (Page et al., 1982). Soil bulk density 
increased with depth as a result of increasing 
compaction, (Table 4). Application of mole 
with open drainage reduced soil bulk density, 
especially after the second season. Values of soil 
bulk density with open drainage without mole 
drains are relatively high (varied from 1.26 to 
1.42 Mg/m3) comparing with open drainage with 
mole drains (varied from 1.07 to 1.35 Mg/m3). 
These results might be explained by moling 
impacts on soil bulk density particularly above 
and around mole depths. It could be attributed to 
the effects of moling on breaking soil clods and 
bigger granular into smaller crumbs as well as 
breaking and cracking the compacted layers, in 
addition to increasing sodium leaching from the 
soil layers which increase Ca: Na ratio on clay 
surfaces (Abdel-Mawgoud et al., 2003 and El-
Sanat, 2018). Data also showed that, the using of 

mole drains in two directions as (network) with 
open drainage are superior to mole drains in one 
direction  with  open drainage on reducing soil 
bulk density. The mean values of soil bulk density 
were 1.17 and 1.23 Mg/m3 in the first season 
and were 1.18 and 1.23 Mg/m3 in the second 
season for two directions (net) and one direction, 
respectively. Similar results were reported by El-
Henawy et al. (2016). Soil porosity values showed 
almost an opposite trend to that happened with 
bulk density. The application of mole drains in one 
and two directions with open drainage enhanced 
soil porosity. (Jodi DeJong, 2004 and Antar et al., 
2016) stated that the theory behind mole drain and 
subsoiling are to shatter a deep compacted layer in 
the soil to increase water movement, increase total 
porosity, create better aeration for the rhizosphere 
and increase the availability of nutrients for plant 
growth. On the other hand, bulk density and total 
porosity of the soil (Table 4) are not affected 
by nitrogen fertilizer sources (urea, ammonium 
sulphate and ammonia gas). 

TABLE 4. Soil bulk density and total porosity as influenced by different treatments after the first and second 
seasons from rice cultivation

Treatments Soil depth 
(cm) 

After first season After second season 
Soil bulk density 

Mg m-3
Porosity 

% 
Soil bulk density 

Mg m-3
Porosity 

% 

Open drainage 
without mole 

drains 

Urea 
0-15 1.26 52.45 1.27 52.08 
15-30 1.33 49.81 1.32 50.19 
30-60 1.41 46.79 1.4 47.17 

Ammonium 
sulphate

0-15 1.29 51.32 1.27 52.08 
15-30 1.32 50.19 1.32 50.19 
30-60 1.39 47.55 1.42 46.42 

Ammonia gas 
injection 

0-15 1.28 51.70 1.27 52.08 
15-30 1.31 50.57 1.31 50.57 
30-60 1.4 47.17 1.39 47.55 

Mole drains in 
one direction 

with open 
drainage 

Urea 
0-15 1.18 55.47 1.18 55.47 
15-30 1.24 53.21 1.21 54.34 
30-60 1.25 52.83 1.29 51.32 

Ammonium 
sulphate

0-15 1.15 56.60 1.15 56.60 
15-30 1.24 53.21 1.23 53.58 
30-60 1.32 50.19 1.31 50.57 

Ammonia gas 
injection 

0-15 1.12 57.74 1.09 58.87 
15-30 1.22 53.96 1.23 53.58 
30-60 1.33 49.81 1.35 49.06 

Mole drains in 
two directions 
(net) with open 

drainage 

Urea 
0-15 1.12 57.74 1.12 57.74 
15-30 1.16 56.23 1.16 56.23 
30-60 1.25 52.83 1.26 52.45 

Ammonium 
sulphate

0-15 1.07 59.62 1.12 57.74 
15-30 1.18 55.47 1.16 56.23 
30-60 1.28 51.70 1.28 51.70 

Ammonia gas 
injection 

0-15 1.11 58.11 1..07 59.62 
15-30 1.19 55.09 1.17 55.85 
30-60 1.21 54.34 1.26 52.45 
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Infiltration rate (BIR) and cumulative infiltration
Data showed in Table (5) indicated that, basic 

infiltration rate (BIR) and cumulative infiltration 
values increased after one and two seasons due 
to mole application with open drainage. The 
values of basic infiltration rate and cumulative 
infiltration depth under open drainage without 
injection of mole varied from 0.56 to 0.60 cm 
hr-1 and 6.64 to 6.87 cm, respectively. While, 
after mole with open drainage (after one and 
two seasons) the values of basic and cumulative 
infiltration ranged from 0.84 to 0.98 cm hr-1 and 
10.86 to 12.24 cm, respectively. This may be 
attributed to mole drain that dried the top surface 
layer forming the shrinkage of clay particles and 
water ways to facilitate water movement into 
mole line (El-Sanat, 2018). Results also (Table 5) 
showed that, the implementation of mole drains 
in two directions as (network) with open drainage 
caused somewhat higher of basic infiltration rate 

and cumulative infiltration than mole drains in 
one direction with open drainage. The overall 
average values of basic infiltration rate were 
0.89 and 0.93 cmhr-1 for one direction and two 
directions, respectively. The corresponding values 
of cumulative infiltration were 11.24 and 11.84 
cm for one and two directions, respectively. This 
is mainly due to swelling and shrinkage, cycles 
which improved soil structure (El-Sanat, 2018). 
Results also (Table 5) showed that, values of 
basic infiltration rate and cumulative infiltration 
after the second season from using mole drains 
with open drainage were somewhat lower than the 
first season. 

Results in Table (5) showed that, infiltration 
rate and cumulative infiltration values do not affect 
by nitrogen fertilizer sources (urea, ammonium 
sulphate and ammonia gas). 

TABLE  5. Basic infiltration rate (cmh-1) and cumulative infiltration (cm) after the first and second seasons as 
affected by treatments application

Treatments 

First season Second season 

Basic 
IR  (cmh-1) 

Cumulative 
infiltration 

(cm) 

Basic 
IR  (cmh-1) 

Cumulative 
infiltration 

(cm) 

 Open drainage without 
mole drains 

Urea 0.6 6.87 0.59 6.74 

Ammonium sulphate 0.57 6.69 0.56 6.64 

Ammonia gas injection 0.58 6.83 0.57 6.65 

Mole drains in one 
direction with open 

drainage 

Urea 0.91 11.42 0.84 11.14 

Ammonium sulphate 0.93 11.59 0.86 10.97 

Ammonia gas injection 0.92 11.48 0.86 10.86 

Mole drains in two 
directions (net) with open 

drainage 

Urea 0.98 12.21 0.86 11.27 

Ammonium sulphate 0.96 12.06 0.89 11.51 

Ammonia gas injection 0.98 12.24 0.91 11.76 

Soil penetration resistance
Results in Fig.1 showed that soil penetration 

resistance (SPR) values decreased after one 
and two seasons from injection of mole with 
open drainage.  The values of Soil penetration 
resistance under open drainage without inserting 
of mole varied from 1.90 to 1.95 M Pa while, 
after mole inserting with open drainage the values 
ranged from 1.2 to 1.65 M Pa (after one and two 
seasons).  This means that mole drains effect was 
more superiority on reducing soil penetration 
resistance.  It could be attributed to the effects 
of moling on breaking soil clods and bigger 
granular into smaller crumbs as well as breaking 
and  cracking the compacted layers (El-Henawy 
et al., 2016). Results also in (Fig. 1) showed that, 

the inserting of mole drains in two directions as 
(network) with open drainage caused somewhat 
lower of soil penetration resistance than mole 
drains in one direction with open drainage. 
The overall average values of soil penetration 
resistance were 1.59 and 1.29 MPa for one 
direction and two directions, respectively. This 
is due to swelling and shrinkage, cycles which 
improved soil structure (El-Sanat, 2018). Results 
also showed that, values of soil penetration 
resistance after the second season from inserting 
mole drains with open drainage were somewhat 
higher than the first season (Fig 1). Results show 
that, no obvious trend with soil penetration 
resistance values under N-fertilizersources. 
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Rice yields and N-uptake
Data in Table 6 indicated that, the application 

of mole with open drainage as well as ammonia 
gas injection caused significant increases of rice 
yields, especially in the second season. The yields 
are increased which resulted in improving soil 
properties as affected by mole drains application. 
It can be concluded that heavy clay salt affected 
soils could have good productivity with the 
execution ofmole application with open drainage 
and ammonia gas injection (El-Sanat, 2018).
The optimum Rice grains yieldachieved by 
application of mole with open drainage (in one 
and two directions) comparing open drainage 
without mole. The increases of rice grains yield 
were 12.93 and 14.55 % in the first season 
and 17.92 and 18.79 % in the second season 
forapplication of mole with open drainagein one 
and two directions, respectively over than open 
drainage without mole.The corresponding values 
of rice straw yield were 20 and 20 kg fed.-1in the 
first season and 50 and 60 kg fed.-1in the second 
season, respectively (one feddan = 4200m2). The 
increases of rice yields are more pronounced with 
application of mole with open drainagecompared 
to open drainage without mole. Such findings 
may be attributed to the effect of moling on 
improving soil properties (Antaret al.2012). It 
can be concluded that under such conditions the 
application of mole with open drainageare the 
most effective treatments that ameliorate saline 
sodic clay soil. Similar results were obtained by 
Lickacz (1993) and Antar et al.(2016).

Results showed that the injection of anhydrous 
ammonia before sowing with and without mole 
are superior in improving rice yield as compared 
to mineral  nitrogen  source (ammonium sulphate 
and urea) in both seasons (Table 6). Rice grains 
yield  were  2.39 and 2.41 Mg fed.-1  with  
anhydrous ammonia while,  it were 2.27 and 
2.28Mg fed-1 with ammonium sulphate, and were 
2.20 and 2.19 Mg fed.-1 with urea for the first and 
second seasons, respectively under open drainage 
without mole drains. Also, anhydrous ammonia 
injection caused higher in rice grains yieldthan 
ammonium sulphate and urea, respectively by 240 
and 230kg fed. -1 in the first season and180 and 
230kg fed.-1in the second season under mole one 
direction with open drainage.  The corresponding 
values were 170 and 230 kg fed-1  in the first season 
and 240 and 280 kg fed-1  in the second season 
under mole two directions with open drainage. 
Generally, ammonia gas injection caused increase 
of rice grains yield about6.39and 8.43 % in the 
first season and 6.83 and 9.65 % in the second 
season compared to ammonium sulphate, and 
urea, respectively. Abd El-Kader (2002) reported 
that when the anhydrous ammonia injected before 
sowing, produced higher yield and minerals 
uptake than other nitrogen sources. It can be 
concluded that under such conditions the moling 
is the most effective treatments that ameliorate 
saline sodic clay soil.
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Fig.1. Penetration resistance (M Pa) of soil subjected to different drainage systems ,e.g. open drainage without 
mole drains (A), mole drains one in direction with open drainage (B), and mole drains in two directions with 
open drainage (C) as well as different nitrogen fertilizer sources e.g. urea (U), ammonium sulphate (AS) and 
ammonia gas injection (AGI) through two growing seasons, first season (black bars) and second season (grey 
bars) 
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Data in Table 7 showed that, N-uptake by rice 
were parallel to the yields results in both seasons. 
Where as, treatments application caused significant 
increases of N-uptake of rice grains yield.  Data 
showed that, the low values of N-uptake by grains 
of rice (varied from 29.36 to 35.65 kgfed-1)  were 
observed with open drainage without mole drains, 
and the high values (varied from 35.35  to  47.79 
kgfed.-1)  were found with open drainage with 
mole drains in both seasons. Results indicate 
that, N-uptake by ricearemore pronounced 
with anhydrous ammonia injected compared to 
mineral nitrogen source. Also, mole drains with 
anhydrous ammoniais superior tomole with other 
nitrogen sourcesin enhancingof N-uptake by 
rice grain yield. Generally, the mean values of 
N-uptake by rice grains yield were 40.83, 35.54 
and 33.50 kg fed-1 in the first season and 43.06, 
37.13 and 35.15 kg fed.-1 in the second season for 
anhydrous ammonia, ammonium sulphate, and 
urea, respectively. Abd El-Kader (2002) reported 
that when the anhydrous ammonia injected before 
sowing, gave higher yield and minerals uptake 
than other nitrogen sources. 

Water applied and productivity of irrigation water
Data presented in Table 8 indicated that 

the application of mole drains in one and two 
directions with open drainage had received the 
highest amount of irrigation water compared to 
without mole drains. This is due to, under mole 
drains noticed, high amount of drainage water was 
discharged also application of mole drains with 
open drainage gave the top soil layer a chance to 
dry and permitted for shrinkage and formation of 
water passage ways which allowed a rather easier 
movement of water into mole line (Antar et al.,  
2016). On the other hand, open drainage without 
mole stored more water. Also, water amount under 
mole treatments in the first season were higher than 
second season. This due to, in the second season 
the increase in setting of trench backfill after one 
year from digging and backfilling in such low 
permeability heavy textured soil (El-Hamchary 
et al., 1989). The average values of AW were 
5713, 6423 and 6453m3fed. -1 in the first season 
and 5713, 6153 and 6177m3fed. -1 in the second 
season for open drainage without mole drains, 
mole drains in one direction and mole drains in 
two directions, respectively. Also, data showed 
that nitrogen fertilizer sources (urea, ammonium 
sulphate and ammonia gas) had no clear effect on 
amount of irrigation water for both seasons.

TABLE 6. Effect of different studied treatments on rice yields(Mg fed-1)

Treatments
Rice yields (Mg fed-1.)

First season Second season
Grains Straw Grains Straw

Mole drains treatments        
 Open drainage without mole drains  2.29 b 3.17 2.29 b 3.18 b
Mole drains in one direction with open drainage  2.63 a 3.17 2.79 a 3.19 b
Mole drains in two directions with open drainage  2.68 a 3.19 2.82 a 3.24 a
F test- mole * ns * *
LSD       0.05 % 0.052 - 0.069 0.031
N-fertilizer sources        
 Urea 2.45 b 3.11 b 2.53 b 3.12 b
Ammonium sulphate 2.49 b 3.15 b 2.59 b 3.19 b
Ammonia gas injection 2.66 a 3.27 a 2.78 a 3.30 a
F test-fertilizer * * * *
LSD       0.05 % 0.059 0.048 0.062 0.083
Mole × fertilizer        

 Open drainage 
without mole drains

Urea 2.20 d 3.19 2.19 d 3.15
Ammonium sulphate 2.27 d 3.04 2.28 d 3.14
Ammonia gas injection 2.39 c 3.28 2.41 c 3.26

Mole drains in one 
direction with open 
drainage

Urea 2.56 b 3.09 2.70 b 3.09
Ammonium sulphate 2.55 b 3.21 2.75 b 3.16
Ammonia gas injection 2.79 a 3.21 2.93 a 3.31

Mole drains in two 
directions (net) with 
open drainage

Urea 2.58 b 3.06 2.71 b 3.13
Ammonium sulphate 2.64 b 3.20 2.75 b 3.26
Ammonia gas injection 2.81 a 3.31 2.99 a 3.32

F test-Mole × fertilizer * ns * ns
LSD       0.05 % 0.1025 - 0.106 -
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TABLE 7. N-uptake of rice (kg fed-1), with different studied treatments

Treatments

N-uptake of rice yields (kgfed-1)

First season Second season Overall mean

Grains Straw Grains Straw Grains Straw
Mole drains treatments
 Open drainage without mole drains  31.73 b 7.85 32.15 b 7.88 c 31.94 7.87
Mole drains in one direction with open drainage  38.52 a 7.91 41.68 a 8.10 b 40.10 8.01
Mole drains in two directions with open drainage 39.62 a 8.10 41.51 a 8.44 a 40.57 8.27
F test- mole * ns * *
LSD 0.05% 1.459 - 1.349 0.118
N-fertilizer sources
 Urea 33.50 c 7.70 b 35.15 c 7.74 c 34.33 7.72
Ammonium sulphate 35.54 b 7.80 b 37.13 b 8.10 b 36.34 7.95
Ammonia gas injection 40.83 a 8.37 a 43.06 a 8.58 a 41.95 8.48
F test- mole * * * *
LSD 0.05% 0.962 0.4397 1.035 0.0695
Mole × fertilizer

 Open drainage without 
mole drains

Urea 29.50 e 7.90 b 29.36 g 7.79 de 29.43 7.85
Ammonium sulphate 30.61 e 7.53 b 31.44 f 7.79 de 31.03 7.66
Ammonia gas injection 35.09 d 8.13 ab 35.65 e 8.06 c 35.37 8.10

Mole drains in one 
direction with open 
drainage

Urea 35.35 d 7.64 b 38.92 cd 7.66 e 37.14 7.65
Ammonium sulphate 37.24 bc 7.94 b 40.38 c 7.81 d 38.81 7.88
Ammonia gas injection 42.97 a 8.15 ab 45.74 b 8.83 a 44.36 8.49

Mole drains in two 
directions (net) with open 
drainage

Urea 35.65 cd 7.57 b 37.18 cd 7.76 de 36.42 7.67
Ammonium sulphate 38.78 b 7.92 b 39.56 c 8.69 b 39.17 8.31
Ammonia gas injection 44.43 a 8.82 a 47.79 a 8.86 a 46.11 8.84

F test- mole * * * *
LSD 0.05% 1.667 0.762 1.79 0.1204

TABLE 8. Water applied (m3fed.-1) and productivity of irrigation water (PIW, Kgm-3) for both grain and straw 
yields of rice crop as affected by different treatments

Treatments

Water applied m3fed-1 Productivity of irrigation water (Kgm-3) 

1st 2nd Grain yield Straw yield

season season 1st 2nd 1st 2nd

    season season season season

Open drainage 
without mole 

drains

Urea 5730 5740 0.38 0.38 0.56 0.55

Ammonium sulphate 5710 5700 0.40 0.4 0.53 0.55

Ammonia gas injection 5700 5700 0.42 0.42 0.58 0.57

Mole drains in one 
direction with open 

drainage

Urea 6460 6150 0.40 0.44 0.48 0.50

Ammonium sulphate 6410 6160 0.40 0.45 0.50 0.51

Ammonia gas injection 6400 6150 0.44 0.48 0.50 0.54

Mole drains in two 
directions with 
open drainage

Urea 6450 6170 0.40 0.44 0.47 0.51

Ammonium sulphate 6460 6180 0.41 0.44 0.50 0.53

Ammonia gas injection 6450 6180 0.44 0.48 0.51 0.54
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Productivity of irrigation wateris generally 
defined as crop yield per cubic meter of water 
applied (Ali et al., 2007). Data presented in 
Table 8 illustrated that the values of PIW for rice 
grain and straw yields were greatly influenced by 
different treatments in both seasons. Results in 
Table 8 revealed that, the low values of  PIW for 
grain yield (varied from 0.38 to 0.42 kg m-3) were 
found with open drainage without mole drains, and 
the high values (varied from 0.40 to 0.48 kg m-3) 
were found with open drainage with mole drains 
in both seasons. Results indicate that, productivity 
of irrigation water (kg m-3) are more pronounced 
with anhydrous ammonia injected compared to 
mineral nitrogen sources. The highest values of 
PIW were achieved with anhydrous ammonia 
injected followed by ammonium sulphate, while, 
the lowest ones was produced by urea fertilizer in 
both seasons. 

With respect to PIW for rice straw yield, data 
showed that values of PIW were ranged from 
0.47 to 0.58 kg m-3 in the first season, while the 
corresponding values of PIW ranged from 0.50  
to0.57 kg m-3 in the second season since it was 
recorded with open drainage with mole drains. 
Also, data indicated that the highest values of PIW 
were achieved with anhydrous ammonia injected 
compared to mineral nitrogen source in both 
seasons.  On the other hand, values of PIW for 
rice straw yield under open drainage without mole 

drains were relatively somewhat high compared 
to mole drains. This is due to the less amount of 
irrigation water with open drains without mole. 

Fertilizer application efficiency (FAE)
Fertilizer application efficiency reflects the 

ability of the plants to utilize the soil fertilization. 
Soil fertilization consists of artificial application 
plus the base content of specific element before 
cultivation (Brentrap and Palliere, 2010). As shown 
in Table 9, application of mole with open drainage 
had the highest FAE of nitrogen. This is due to the 
effect of mole drains on improving soil properties 
which affects water-air relationships in the root zone 
and its effect on mobility of nutrients to the plant 
roots (Aiad et al., 2012). Also, anhydrous ammonia 
is superior to other nitrogen sources in enhancing 
of nitrogen application efficiency for rice yields 
with and without mole application. Generally, the 
mean values of nitrogen application efficiency for 
rice yields were 77.90, 69.95 and 66.15 % in the 
first season and 80.04, 71.66 and 68.93 % in the 
second season for anhydrous ammonia, ammonium 
sulphate, and urea, respectively. This may be due 
to the slight losses of N-fertilizer under anhydrous 
ammonia comparing with mineral N-fertilizer 
(Antar and Awad, 2014). Also, mole drains with 
anhydrous ammonia is superior to mole with 
other nitrogen sources in enhancing of nitrogen 
application efficiency for rice yields especially in 
the second season.  

TABLE 9. Nitrogen application efficiency (NAE; %)with different studied treatments

Treatments

Nitrogen application efficiency (%)

First season Second season

N-Applied+ 
native kgfed-1

N-Uptake 
+residual 

kgfed-1
NAE%

N-Applied+ 
native 
kgfed-1

N-Uptake 
+residual 

kgfed-1
NAE%

 Open drainage 
without mole 

drains

Urea 102.08 68.76 67.36 105.57 71.06 67.31

Ammonium sulphate 102.08 69.01 67.60 105.87 69.04 65.21
Ammonia gas 
injection 102.08 76.25 74.70 106.57 78.15 73.33

Mole drains in 
one direction 

with open 
drainage

Urea 102.08 68.91 67.51 102.49 72.44 70.68

Ammonium sulphate 102.08 72.63 71.15 102.29 77.71 75.97
Ammonia gas 
injection 102.08 80.97 79.32 104.91 86.98 82.91

Mole drains in 
two directions 

with open 
drainage

Urea 102.08 64.92 63.60 99.00 68.10 68.79

Ammonium sulphate 102.08 72.58 71.10 100.95 74.51 73.81
Ammonia gas 
injection 102.08 81.35 79.69 101.13 84.84 83.89

Average of N-fertilizer sources

 Urea 102.08 67.53 66.15 102.35 70.53 68.93

Ammonium sulphate 102.08 71.41 69.95 103.04 73.75 71.66

Ammonia gas injection 102.08 79.52 77.90 104.20 83.32 80.04
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Economic evaluation (Profitability)
Economic analysis and evaluation were 

conducted to test the different treatments which 
include the cost, return and effectiveness of 
treatments. Crop enterprise budget is a system 

for presenting data about a specified enterprise 
on the cost of input resources (Including land 
preparation, labors, machine, …etc.)as well as on 
the value of output for a given area of land, as 
shown in Table 10.

TABLE 10. Agricultural operation costs and labor wages for rice in summer seasons of 2016 and 2017 according 
to the local market price (LE)

Items
Price (LE) according to the local market 

First season second season
Costs

Va
ria

bl
e 

ag
ric

ul
tu

ra
l p

ra
ct

ic
es

M
ac

hi
ne

ry

Tillage 2 hr fed-1 40 (LE. hr-1) 50 (LE. hr-1)

Irrigation 250 (LE. fed-1) 270 (LE. fed-1)

Harvesting 360 (LE. fed-1) 390 (LE. fed-1)

Weed control 100 (LE. fed-1) 100 (LE. fed-1)

Land leveling (1.5hr fed-1) 40 (LE. hr-1) 50 (LE. hr-1)

Pr
od

uc
tio

n 
re

qu
ire

m
en

ts

Gypsum (1.5 Mg fed-1) 100 (LE. Mg-1) 100 (LE. Mg-1)

pesticides 75 (LE. fed-1) 75 (LE. fed-1)

Seeds (60 kgfed-1) 3750 (LE.Mg-1) 4250 (LE.Mg-1)

Ca-superphosphate (50 kgfed.-1, 15.5% P2O5) = 
322.5kg fertilizer fed-1

400 (LE.Mg-1, 
fertilizer)

450 (LE.Mg-1, 
fertilizer)

Labor wages (transplanting, irrigation, harvesting, weed 
control ….etc. 1070 (LE. fed-1) 1140 (LE. fed-1)

Totalvariable costs of agricultural practices 2500 (LE. fed-1) 2700 (LE. fed-1)

Land rent for summer seasons 2800 (LE. fed-1) 3000 (LE. fed-1)

Mole 
drains

Mole drains in one direction 100 (LE. fed-1) 100 (LE. fed-1)

Mole drains in two directions 150 (LE. fed-1) 150 (LE. fed-1)

N
-f

er
til

iz
er

 so
ur

ce
s Urea  75 kgNfed-1(46.5%N) = 161.3 kg fertilizer fed-1 3720 (LE.Mg-1, 

fertilizer)
4650 (LE.Mg-1, 
fertilizer)

Ammonium sulphate  75 kgNfed-1(20.6%N)= 364 kg 
fertilizer fed-1

1920 (LE.Mg-1, 
fertilizer)

2200 (LE. Mg-1, 
fertilizer)

Ammonia gas 75 kgNfed-1  (82%N)= 91.46kg 
fertilizer fed-1

6560 (LE.Mg-1 , 
fertilizer)

8200 (LE.Mg-1, 
fertilizer)

Revenue
Yields 
(Table 6)

Grain yield 3400 (LEMg-1) 3750(LE.Mg-1)

Straw yield 100 (LE.Mg-1) 100 (LE.Mg-1)

Data in Table 11 indicated that the lowest 
values of net return (LE fed -1), economic 
efficiency and net return from water unit (LE m-3) 
for both biological and grain yields were obtained 
with open drainage without mole drains, while, the 
highest values were achieved with application of 
mole drains with open drainage especially in the 
second season. It can be concluded that under such 
conditions of the current study, the application 
of mole drains with open drainage are the most 
economically effective treatments that ameliorate 
saline sodic clay soil  which were led to increase 
the rice yields (Table 6), especially, in the second 

season. Anhydrous ammonia is surpassed to the 
other nitrogen sources in increment of net return 
(LE fed. -1), economic efficiency and net return 
from water unit (L.E.m-3) for rice yields with 
and without mole drain. The maximum values of 
economic efficiency (0.63 and 0.75 for biological 
yield and 0.58 and 0.70 for grain yield for first and 
second seasons, respectively) and net return from 
water unit (0.59 and 0.80 L.E.m-3 for biological 
yield and 0.54 and 0.75 L.E.m-3 for grain yield 
for first and second seasons, respectively) were 
recorded with application of mole drains in two 
directions with open drainage under anhydrous 
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ammonia. The minimum values of economic 
efficiency (0.32 and 0.32 for biological yield and 
0.27 and 0.27 for grain yield for first and second 
seasons, respectively) and net return from water 

unit (0.33 and 0.36 LE m-3 for biological yield and 
0.28 and 0.31 LEm-3 for grain yield for first and 
second seasons, respectively) were obtained with 
open drainage without mole under urea fertilizer. 

TABLE 11. Values of total revenue, total cost, net return, economic efficiency and net return from water unit as 
affected by different treatments during the two growing seasons for rice yields

Variables

Treatments 

 Open drainage 
without mole drains  

Mole drains in one 
direction with open 

drainage  

Mole drains in two directions 
(net) with open drainage  

U
re

a

A
m

m
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m
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A
m

m
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m
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A
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m
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U
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a

A
m

m
on

iu
m

 
su

lp
ha

te

A
m

m
on

ia
 g

as
 

in
je

ct
io

n

First season 

Grain yield revenue (LE.fed-1) 7480 7718 8126 8704 8670 9486 8772 8976 9554

Straw yield revenue (LE. fed-1) 319 304 328 309 321 321 306 320 331

Total revenue (LE. fed-1) 7799 8022 8454 9013 8991 9807 9078 9296 9885

C
os

ts
 a

cc
or

di
ng

 to
 

th
e 

lo
ca

l m
ar

ke
t 

pr
ic

e 
(L

Ef
ed

-1
) N-Fertilization cost 600 700 600 600 700 600 600 700 600

Mole cost       100 100 100 150 150 150

 Costs of VAP (LE fed-1) 2500 2500 2500 2500 2500 2500 2500 2500 2500
Land rent for summer 

season 2800 2800 2800 2800 2800 2800 2800 2800 2800

Total cost (LE. fed-1) 5900 6000 5900 6000 6100 6000 6050 6150 6050
Net return (L.E. fed-1) 1899 2022 2554 3013 2891 3807 3028 3146 3835
Water applied m-3fed-1 5730 5710 5700 6460 6410 6400 6450 6460 6450

Net return 
of water unit 

(L.E.m-3)

Biological yield 0.33 0.35 0.45 0.47 0.45 0.59 0.47 0.49 0.59
Grain yield 0.28 0.30 0.39 0.42 0.40 0.54 0.42 0.44 0.54

Economic 
efficiency

Biological yield 0.32 0.34 0.43 0.50 0.47 0.63 0.50 0.51 0.63
Grain yield 0.27 0.29 0.38 0.45 0.42 0.58 0.45 0.46 0.58

Second season
Grain yield revenue (LE.fed-1) 8213 8550 9038 10125 10313 10988 10163 10313 11213
Straw yield revenue (LE. fed-1) 315 314 326 309 316 331 313 326 332

Total revenue (LE. fed-1) 8528 8864 9364 10434 10629 11319 10476 10639 11545

C
os

ts
 a

cc
or

di
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 to
 

th
e 
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t p
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e 

(L
Ef

ed
-1
)

N-Fertilization 
cost 750 800 750 750 800 750 750 800 750

Mole cost       100 100 100 150 150 150
 Costs of VAP 

(LE fed-1) 2700 2700 2700 2700 2700 2700 2700 2700 2700

Land rent for 
summer season 3000 3000 3000 3000 3000 3000 3000 3000 3000

Total cost (LE. fed-1) 6450 6500 6450 6550 6600 6550 6600 6650 6600
Net return (L.E. fed-1) 2078 2364 2914 3884 4029 4769 3876 3989 4945
Water applied m-3fed-1 5740 5700 5700 6150 6160 6150 6170 6180 6180

Net return 
of water unit 

(L.E.m-3)

Biological yield 0.36 0.41 0.51 0.63 0.65 0.78 0.63 0.65 0.80

Grain yield 0.31 0.36 0.45 0.58 0.60 0.72 0.58 0.59 0.75

Economic 
efficiency

Biological yield 0.32 0.36 0.45 0.59 0.61 0.73 0.59 0.60 0.75
Grain yield 0.27 0.32 0.40 0.55 0.56 0.68 0.54 0.55 0.70

VAP = variable costs of agricultural practices
-Net return: it can be calculated by deducting the total cost from the total return, (LEfed.-1)
- Economic efficiency: it can be calculated by dividing the total seasonal net return on total seasonal cost
- Net return from water unit: it can be calculated by dividing seasonal net return (LE fed.-1) on seasonal water applied (m3 fed.-1).
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Conclusion                                                                              

Based on obtained results of the current study 
it can be concluded that mole drains along with 
open drainage had favorable effective to improve 
soil physio-chemical characteristics and increase 
crop production. Moreover, anhydrous ammonia 
injection before sowing with and without mole 
caused higher in yields, N-uptake and nitrogen 
application efficiency of rice grains than 
ammonium sulphate and urea. So, application of 
mole drains and / or ammonia gas injection were 
achieved the highest values of productivity of 
irrigation water, net return from water unit and 
economic efficiency for rice yields. 
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ا

تأثير انفاق الصرف ومصادر التسميد النيتروجيني علي نشاط منطقه الجذور وانتاجيه الأرز 
في الأراضي الطينية المتأثره بالاملاح في شمال دلتا النيل

محمود محمد شبانة1، أحمد سعد خير1، رامى محمد خليفه2و عنتر شعبان عنتر1
1 معهد بحوث الاراضى و المياه و البيئة – مركز البحوث الزراعية – مصر

2 قسم الاراضى – كلية الزراعة – جامعة دمياط - مصر

التسميد  من  مختلفه  مصادر  مع  منخفضة  اقتصادية  ذوتكلفة  صرف  كنظام  الصرف  انفاق  عمل  في  التكامل  أن 
النيتروجيني وخاصة حقن الامونيا الغازيه في تحسين الاراضي المتاثره بالاملاح لم تلقي اهتماماً، ولتحقيق هذا 
الصيف  موسمي  مصرخلال  دلتا  بشمال  كفرالشيخ  محافظة   - الحامول  مركز  في  حقلية  تجربة  أجريت  الهدف 
بالتفاعل  المكشوف  الصرف  مع  واتجاهين  واحد  اتجاه  في  الصرف   أنفاق  تأثير  لتقييم  وذلك   .2017 ،2016
مع مصادر السماد النتروجيني )حقن الامونيا الغازية – سلفات النشادر – اليوريا( )مع اضافة الجبس الزراعي 
للتربة  والكيميائية  الطبيعية  الخواص  بعض  تحسين  على  التجربة(  بدء  قبل  المعاملات  لكل  للفدان  3طن  بمعدل 
وإنتاجية محصول الأرز والنيتروجين الممتص،والإنتاجية المائية وكفاءة النيتروجين المضاف والعائد الاقتصادي 
الصرف  مع  الصرف  انفاق  استخدام  ان  النتائج  اوضحت  الاقتصادية.  والكفاءة  المياه  ووحدة  الأرز  انتاج  من 
المكشوف كان ذو فاعليه في تقليل ملوحه وقلويه الاراضي وخصوصا انفاق الصرف في اتجاهين،كما لوحظ 
انخفاض قيم الكثافه الظاهريه وتضاغط التربه ، بينما ازدادت قيم معدل الرشح الاساسي. من جهه اخري لوحظ 
وكذلك كفاءه استخدام النيتروجين في حاله استخدام  وامتصاصه للنيتروجين  محصول الأرز  انتاجيه  زياده في 
انفاق الصرف مع الامونيا الغازيه. ومن وجهه النظر الاقتصاديه ، فقد تبين ان افضل قيم لكفاءه إضافة السماد 
الأرز  لمحصول  المياه  وحده  من  العائد  صافي  وكذلك  الاقتصاديه  والكفاءه  المياه  وحده  وانتاجيه  النيتروجيني 

تحققت من استخدام انفاق الصرف مع الصرف المكشوف واستخدام الامونيا الغازيه.


