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ABSTRACT: Understanding the relationships between rice yield and soil properties is
very critical importance in precision farming. The objective of this work was to evaluate
the relationships between special variability of soil properties and rice yield (Oryza
sativa). The area under study is 41.67 ha in EL-Gemmieza Agriculture Research Station,
of the Agric. Rese. Center (ARC), El Gharbiah Governorate, Egypt (Middle of Nile Delta).
The studied location divided into two sites varied in their productivity of rice.

Soil pH was found slightly alkaline at site (1) and alkaline at site (2). The EC and CEC in
site (1) were higher than at site (2). On contrary values of ESP were higher at site (2) than
at site 1. Higher exchangeable cations were observed under site (1) than site (2) except of
exchangeable -Na" showed a contrary behavior. Data also showed that values of soil bulk
density were lower under site 1 than site (2) whereas; total porosity, hydraulic
conductivity and infiltration rate were higher in site (1) than site (2). Higher values of
grain yield, straw yield, harvest index and NPK content and uptake in grain and straw
were found in site (1) than in site (2).

The values of variation coefficients (CV) of the most studied traits showed low variability
(< 20). At site 1 there is a significant correlation at 5% level with positive trends between
grain yield and the traits of CEC, soluble K, exchangeable Ca™, Mg™", available N and K,
total porosity and hydraulic conductivity. While, negative significant correlations at 5%
level with negative trends were noticed between exchangeable Na” and bulk density.

On the other hand, result of satirical analysis of site 2 indicated a positive and significant
correlations between grain yield of rice plant and all the traits of harvest index, N and K
uptake in straw, CEC, O.M, exchangeable - Ca™& K", available - N & available -P, total
porosity and hydraulic conductivity.

As the results of the stepwise regression analysis of site (1), it can arrange the soil
physical characteristics, as their effective on rice yield, in the following order of:
infiltration rate > soil total porosity > saturated hydraulic conductivity (Ksat). While the
order of soil chemical characteristics were: ESP > pH > EC > O.M. As for soil available
nutrients, their continuation factors were 90.7, and 7.0 % for soil available-K & available—
N, respectively. For site (2) it can arrange the soil physical characteristics, as their
effective on rice yield, in the following order of: bulk density > saturated hydraulic
conductivity. While the order of soil chemical characteristics was: ESP > pH > CEC >
O.M. As for soil available nutrients, their continuation factors were 91.1 and 5.6 % for soil
available—K, and P, respectively.
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properties.
INTRODUCTION may substantially increase the input
Understanding field spatial variation effectiveness and average crop vyield
and the relationships with crop response (Virgilio et al., 2007). Soil is a continuous
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spatial-temporal heterogeneity. The study
and application of soil spatial variation
regulation is the basic gist for rational
land resource utilization and crop layout.
Special variability is an effective way to
allocate crops with local conditions.
Thus, this variability occurs since the soil
formation and continues even after the
achievement of a dynamic equilibrium.
However, the management practices on
the soils also affect significantly the soil
variability (Castrignano et al., 2000),
especially as a result of the successive
agricultural activities and erosion. As the
soils from the agriculture activities are
heterogeneous, the analyses of the soil
properties of the study area are
necessary for an adequate determination
of the management of the agriculture
zones. The chemical properties typically
relate more directly to the sustainability
of the agro ecosystem, in addition to
variability in crop yield (Li et al., 2012).

Rice (Oryza sativa L.) is the world’s
most important food crop and energy
source for about half of the world’s
population and ranks second in
production after wheat (Manjappa and
Shailaja, 2014). In Egypt rice s
considered the most popular and
important field crop for several reasons:
as a staple food after wheat for Egyptian
population, as a exporting crop, as a land
reclamation crop for improving the
productivity of the saline soils widely
spread in North delta and coastal area,
and finally it is a social crop in which all
farmers family member could gain money
during its growing season.

Soil is critical to crop growth because
it provides a growth environment and
indispensable  nutrients, and any
degradation of soil quality may result in
decreased productivity, quality, and thus
profitability of the crop (Juhos et al;
2016). Soil properties can be determined
primarily from physical, chemical, and
biological aspects (DFPJA 2011). The
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chemical properties typically relate more
directly to the sustainability of the agro
ecosystem, in addition to variability in
crop vyield (Li et al; 2012). These
properties can also be more easily
improved than others, through proper
fertilization and other farm management
practices Gray and Morant (2003). Thus,
soil fertility may also refer to its chemical
properties, with different aspects taken
into consideration. The availability of
nutrients in soil depends upon soil pH,
organic matter, adsorptive surfaces and
other physical, chemical and biological
conditions in the rhizosphere (Jiang et al.
2009). The deficiency of nutrients are the
major  constraints to  productivity,
stability and sustainability of soils
(Chaudhari et al. 2012). Bhat et al. (2017)
found negative correlation between pH of
surface soils and both nitrogen and
phosphorus and positive correlation with
calcium and the soil surface organic
carbon showed positive correlation with
available nitrogen and phosphorus.
Rahman et al. (2008) found that the
highest positive correlations were
obtained for bulk density, saturated
hydraulic conductivity, pH, exchangeable
Na, organic matter, EC, N, exchangeable
K, exchangeable Ca with rice yield. Li et
al. (2017) found a negative correlation
with rice yield and pH but a positive
correlation with CEC, exchangeable K
and Mg. Ezrin et al. (2010) showed that
from stepwise analysis the apparent
electrical conductivity (ECa) which
explains almost 50% of the vyield
variability. The analyses results show
that both low and high ECa values are
associated with a decrease in Yyield
productivity. Olabode (2015) reported
that soil pH has negative correlation with
sodium, base saturation and magnesium.
Also soil organic matter has positive
relationship with base saturation but
negatively correlated with available
phosphorus and sodium at the top soil.
Chung et al. (2005) showed that by
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calculating path coefficients calcium has
the highest direct effect and magnesium
has the highest indirect effect on the
yield of rice. Sarker et al. (2012) found
positive relationship between grain yield
of rice and root mass density while, grain
yield and bulk density were negatively
correlated. Mamun et al. (2015) reported
that soil parameters and rice yield varied
considerably throughout the study areas
and their coefficients of variation ranged
from 8.77 to 71.04%. Slight variability was
observed for soil organic matter (SOM)
and available K. Talpur et al. (2013) found
that the availability of nitrogen (N)
decreases and availability of phosphorus
(P) increased at 31-45cm depth. It was
also observed that soil fertility has an
indirect relation with depth in case of
nitrogen and phosphorus. Cerri et al.
(2012) reported that Correlations of
chemical and physical attributes of soil
with sugarcane yield are weak, and, per
se, they are not able to explain sugarcane
yield variation, which suggests that other
variables, besides soil attributes, should
be analyzed. Li et al. (2017) found a
negative correlation with rice yield and
pH and CEC and a positive correlation
were observed between available P, K
and Mg from 92 peat soil paddy fields on
a large-scale farm located in the Kanto
Region of Japan. Therefore, the current
work aimed to study spatial variability of
soil  properties and analyze the
relationships between rice yield and
selected soil properties.

MATERIALS AND METHODS
Study Area

The current investigation was
conducted at a test area of 41.67 ha at the
EL-Gemmieza  Agriculture  Research
Station, Agric. Res. Center (ARC). EI
Gharbiah Governorate, Egypt, Middle of
Nile Delta (30" 43 latitude and 31" 47
longitude) during summer the growing
season of 2017. This research work is
designed to compare between the spatial
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variability of soil properties of the two
sites under study and to define the role
of this spatial variability on rice grain
yield; through determined the statically
correlations between rice productivity
and a lot of physical and chemical
attributes of soil. Soil characteristics of
the two sites were analyzed according to
Klute (1986) and the pore size
distribution are shown in Table (1). The
climate data of the experimental zone is
characterized by a cool winter with low

rain fall and hot summer. Recorded
weather data, as well as reference
evapotranspiration in the experimental
site for rice growing season are
presented in Table (2).
Crop management

Rice (Oryza sativa L., Sakha 104)
seedlings of 25 old days were

transplanted on the 16™ of May 2017. The
irrigation of two sites was applied after
transplanting up to 2 weeks before
harvest. Phosphorus fertilizer was
carried out with soil preparation at rate of
(100 kg P fed™ as ordinary calcium super
phosphate (15.50% P,Os). Nitrogen was
applied at rate of 200 kg N fed™ as urea
(46% N) in 3 equal splits (1/3 basal, 1/3 at
active tillering stage and 1/3 at panicle
initiation stage) and potassium was
added at rate of 50 kg K fed" as
potassium sulphate (48% K,0). Rice
plants were harvested after 110 days
from transplanting. Grain and straw
yields (Ton fed'l) of rice were measured
at harvesting from a central area (20 mz)
samples were taken with 4 replicates of
each site.

Sample preparation and analysis
Air — dried samples of rice grain and
straw samples were taken at two sites
and dried at 70°C, weighted and
grounded with a mill. A 0.5 g of oven —
dried samples was digested according to
(Jackson 1967) and analyzed for convert
N, P and K according to Cottenie et al.;
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91982). Total N content was determined
using the micro Kjeldahl. Total
phosphorus was determined by ascorbic
acid using spectrophotometer and total
potassium was measured using the flame
photometer. Four soil profiles of each
studied site were dug and soil samples
were taken of soil depth of 0-30 cm. The
samples were air-dried and ground to
pass through a 2 mm sieve. Electrical
conductivity (EC) was determined in a
saturated paste of soil. The soluble
cations (Na* Mg*, ca** and K") and
anions (HCOs; and CI) were determined
in soil paste extract as described by
(Rhoades, 1954). Soil pH was determined
in 1:2.5 (soil: water) suspension using
Beckman pH meter as out lined by Soil
Laboratory Staff (1984). Cation exchange
capacity CEC was determined using
sodium acetate solution 1.0 N with pH 8.2
and ammonium acetate 1.0 N with pH 7
(Cottenie et al.,, 1982). Exchangeable
cations were displaced using ammonium
acetate solution 1.0 N with pH 7.
Available nitrogen of soil was extracted
by using 1 M KCL and determined

according to (Cottenie et al.,, 1982).
Available phosphorous in soil was
extracted in soil with 0.5 N NaHCO3; and
determined using spectrophotometer at
wavelength 880 as described by (Cottenie
et al., 1982). Available potassium of soil
was extracted with 1 N ammonium
acetate and determined using flame
photometer as described by (Cottenie et
al., 1982). Organic carbon was measured
by the procedure of Walkley and Black
rapid titration method, as outlined by
(Kim 1996). Bulk density was determined
using soil core method. Total porosity
was computed from according the
following equation: TP= (1 - B4/Py) x 100;
Where: (TP): total porosity, (Bg): bulk
density and (Py) : particle density (2.65
g/cm3).

Saturated hydraulic conductivity (Ksg)
was determined using constant head
methods. Infiltration rate was determined
by using double ring cylinder. Stability
index of soil aggregates was determined
using wet sieving according to the
method described by (Cavazza 1981).

Table (1). Pore size distribution of the studied sites.

_ Site 1 Site 2
Soil Particle size distribution Particle size distribution
depth c - Texture c - Texture
(cm) oarse ine . oarse ine .
sand | sand Silt | Clay | grade sand | sand Silt | Clay | grade
0-30 8.21 |11.33|28.69 |51.77 | clay 6.73 11.30 | 31.06 | 50.91 | clay

Table (2). Weather data of the experimental zone and reference evapotranspiration in
(2005-2015 average*) growing season.

Month T- max T- min T-mean RH sz;:in:g)eed S.R ETo
May 34.3 17.2 25.8 34.8 4.2 27.3 8.9
June 38 20.1 29.1 36 4.3 29.3 9.8
July 38.6 21.5 30.1 415 4.2 28.7 9.3

August 38.6 22.1 30.3 43.2 3.9 26.7 8.8

September 35.6 20.9 28.3 46.8 4 22.9 7.6
October 30.9 17.8 24.3 48.8 3.8 18.7 6

(T- max) and (T- min): maximum and minimum temperatures (°C), (T-mean): mean of temperatures,
(RH): relative humidity, (S.R): solar radiation (MJm'zday'l), and (ETo): reference evapotranspiration
(mmday’l) * Source: Water Requirement and Field irrigation Res., Dept.
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RESULTS AND DISCUSSION

Status of spatial variability in soil
properties, at the studied sites, before
plowing and after harvested as well the
affected the yield and yield quality of rice
with these variables, will be discussed
next.

General trends

Spatial variability of soil
properties
The spatial variability of soil

properties of the two studied sites before
plowing and planting and after harvesting
are shown in Tables (3), (4), (5) and (6).
Data indicated that available macro
nutrients were higher in site (1) than site
(2). Soil pH was found slightly alkaline at
site (1) and alkaline at site (2). Data also
showed that EC and CEC in site (1) were
higher than at site (2). On contrary values
of ESP were higher at site (2) than at site

(D).

Higher

influence
conductivity (Ksat) in the studied sites. Li
et al. (2017) found positive correlation
between rice yield and available P and K.
Mindari et al. (2015) found that rice yield
negatively
exchangeable values of Na, SAR, bulk
density and dust content and positively
correlated with organic - C, fertilizer,
exchangeable of Ca™, Mg™, and K, as
well as soil’'s CEC.

exchangeable cation was
observed under site (1) than site (2)
except Na® showed opposite direction.
Data also showed that values of soil bulk
density were lower under site (1) than
site (2). As a result of total porosity (TP)
inversely proportional to the bulk density
higher TP were observed under site (1).
As soil bulk density decreases the total
pore space increases and consequently
hydraulic

saturated

correlated

Table (3). Soil physical properties of the studied sites before plowing.

to

the

Site 1 Site 2
Total Total
deBr:Js”rt TP stable Ksat_l IR . ?MDg TP stable Ksat_l IR .
~mgm-3y | (%) |aggregates| (cm h™)|(cm h™) m?) (%) |aggregates|(cm h™)[(cm h™)
(%) (%)
1.17 |55.72 75.60 1.09 1055 | 1.32 |50.06 63.78 1.09 8.50
BD=Bulk density, TP= Total porosity, Ksat= Hydraulic conductivity and IR= Infiltration rate
Table (4). Soil chemical properties of the studied sites before plowing.
Site 1
Soluble cations (mmolc L'l) Soluble anions (mmolc L'l) EC Soil pH
ca® | Mg” | Na' K* Cl | so, [HCOs; | cos |dsm™) | (1:2.5)
5.4 4 12.93 0.33 17.47 | 3.44 1.77 Nil 2.3 7.84
Exchangeable cations Available macronutrients CEC
(cmolc kg™) ESP (mg kg™) emolc | M
ca®™ | Mg® | Na' K* N P K kg™ (%)
18.77 | 17.7 6.12 1.88 13.58 | 41.27 | 7.54 340 45.05 1.84
Site 2
Soluble cations (mmolc L™) Soluble anions (mmolc L™ EC Soil pH
ca® [ Mg” | Na' K* CI | sO, [HCOs; | cos |dsm?) | (1:2.5)
2.33 2.47 | 11.00 0.3 11.77 | 2.67 1.57 Nil 1.63 8.44
Exchangeable cations Available macronutrients CEC
(cmolc kg™) ESP (mg kg™) emolc | M
ca® | Mg® | Na* K* N P K kg™ (%)
17.63 | 15.34 | 10.23 1.21 22.89 | 33.7 4.94 301.67 44.69 151
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Table (5). Soil physical properties of the studied sites after harvesting

Site 1 Site 2
Bulk Tp [Total stable| ksat IR BD Tp |[Total stable| kgat IR
densit aggregates ) ) ) aggregates ) )
(Mg m'g) (%) @) | €mh®)|(emh™) Mg m?)| (%) %) |mh™)emh)
1.02 |61.51 73.36 3.09 12.74 133 |[49.81| 61.68 211 9.23
BD=Bulk density, TP= Total porosity, Ksat= Hydraulic conductivity and IR= Infiltration rate
Table (6). Soil chemical properties of the studied sites after harvesting.
Site 1
Soluble cations (mmolc L™) Soluble anions (mmolc L™ EC | Soil pH
ca® | Mg* | Na' K* c | so, |HCcos | co, |@Asm7) | (1:2.9)
3.05 | 2,55 | 10.95 0.22 12.87 | 2.64 1.27 Nil 1.68 7.81
Exchangeable cations Available macronutrients
1 v} CEC OM
(cmolc kg™) ESP (mg kg™) (cmolc %)
ca® | Mg® | Na' K* N P K kg™)
19.83 | 18.44 | 5.88 2.25 12.¢A | 4415 | 8.63 362.28 46.74 2.09
Site 2
Soluble cations (mmolc L'l) Soluble anions (mmolc L'l) EC ) Soil pH
ca® | Mg* | Na' K* c | so, |HCcos | co, |@Asm7) | (1:2.9)
211 | 1.98 | 11.08 0.18 11.56 | 2.49 1.49 Nil 1.54 7.99
Exchangeable cations Available
L ) 1 CEC oM
(cmolc kg™ Esp | Macronutrients (mg kg™) (cmolc )
-1 0
ca® | Mg® | Na' K* N P K kg™)
19.29 | 16.70 | 9.80 1.52 20.45 | 26.81 | 5.62 284.57 47.92 1.46

Infiltration rate at the two studied sites
after harvesting are shown in Table (7)
and illustrated in Fig. (1). The steady-
state infiltration rate was 43.7 cm hr™ and
was achieved in about 3.9hour period
whereas, site (2) the steady-state
infiltration rate was 33.0 cm hr* and was
achieved in about 2.35 hours’ period. The
high initial infiltration rate may be due to
the decrease in bulk density and increase
in sand percentage as mentioned by
Goldhammer and Peterson (1984). Also
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Elkhidir (1985) mentioned that the high
infiltration rate was mainly due to heavy
cracking of soil. It can be concluded that
the accumulation of calcium and
magnesium  salts would generally
improve soil physical properties and this
increases infiltration rate as mentioned
by Ayers and Westcot (1994). Elsheikh
(2002) obtained 172 mm/h in the first five
minutes in the experiment conducted at
Kenana Project.




Spatial variability of soil properties and effects on rice yield grown

Table (7). Infiltration rate parameters at two studied sites after harvesting.

Icumulative linstaneuos laverage Ibasic R
(cm/ hr) (cm/ hr) (cm/ hr) (hr)
Site 1 2.17447%°% 79.45T 03 130.467%" 3.9 0.995
Site 2 1.59237°%7%% 73.134T7%%% 95.538T %% 2.35 0.983
Site 1
= 33 *
S 28 LT
E e
£ 2% et 2
E 18 e I =2.1744T0-509
i= R *=0.9945
g 4
= -
E o
s 3
= 0 20 40 60 80
Tim (min.)
Site 2
= 43 . 0
s 33 .__.--"
"é 28 ..-"" | = 1.5923T0.7655
e @
218 -
s 13 -* R2=0.9
; Le
0 20 40 60 80
Tim (min.)
Fig 1. Infiltration rate at two studied site after harvesting.
Rice yield exchange capacity. The crops could also

Table (8) shows the effects of spatial
variations of soil properties on yield and
yield quality of rice. Data cleared that site
(1) has higher values of grain yield, straw
yield, harvest index and NPK content and
uptake in grain and straw than in site (2).
This difference may be due to different in
the soil chemical and physical properties
in the two studied sites specifically soil
pH, organic matter, available P, cation

167

have benefited from soil physical
properties including reduced soil density,
increase porosity and soil aeration.
These results are accordance to Li et al.
(2017) who found a negative correlation
with rice yield and pH but a positive
correlation with CEC, exchangeable K
and Mg. Sarker et al. (2012) found that
grain yield and bulk density were
negatively correlated.
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Table 8. Rice yield and NPK contents and their uptake at two studied sites.

Grain yield Straw yield .
(Ton fed'l) (Ton fed _1) Harvest index (%)
Site 1 3.120 4.28 42.15
Site 2 2.88 3.95 42.17
NPK Content in grain (%)

N P K
Site 1 1.89 0.23 0.59
Site 2 1.55 0.19 0.42

NPK Uptake in grain (kg h'l)

N P K
Site 1 58.97 7.17 18.45
Site 2 44.64 5.47 12.10

PK Content in straw (%)

N P K
Site 1 111 0.16 1.303
Site 2 0.99 0.14 1.07

NPK Uptake in straw

N P K
Site 1 47.54 6.85 55.81
Site 2 39.11 5.53 42.27

Statically Diagnostic for Relations
of Spatial variable of soil traits
with Rice Grain yield

Simple correlation
coefficient of variation

The descriptive statistics of all
characteristics of grain yield of rice plant
and physio-chemical properties of soil at
the two studied sites after harvesting are
summarized in Tables (9) and (10). The
values of variation coefficients (CV) of
the most studied traits showed low
variability (< 20).

analysis and

The analysis of correlation
coefficients for different traits with grain
yield helps to decide on the relative
importance of these traits and their
values as selection criterions (Leilah and
Al-Khateeb, 2005).

It has shown that at site (1) there is a
positive and significant correlation at 5%
of probability level between grain yield
and the traits of CEC, soluble K,
exchangeable Ca'™, Mg™”, available N and
K, total porosity and hydraulic
conductivity. Also, significant correlation
with negative trend was showed between
exchangeable Na® and bulk density.
Result analysis of site (2) indicated the
positive and significant correlation
between grain yield of rice plant and
harvest index, N and K uptake in straw,
CEC, O.M, exchangeable Ca™, K,
available N, available P, total porosity
and hydraulic conductivity. These results
are in agreement with those obtained by
Mindari et al. (2015). Liu et al.; (2014) and
Mamun et al.; (2015) indicated that rice
yield was strongly and positively
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correlated with pH, K and S, and
negatively with soil organic matter.
Moreover, no significant correlation was
observed between rice yield and N or P.
These results are in agreement with
those obtained by Mindari et al. (2015)
who reported that rice vyield was
negatively correlated to the
exchangeable values of Na, SAR and bulk
density. It was positively correlated with
exchangeable of Ca'™, Mg™, and K", as
well as soil’'s CEC. Rice yield positively
correlated with soil’'s physical and
chemical characteristics in the following
order: permeability > CEC > texture of
sand > organic C > exchangeable K >
NPK > exchangeable Ca > soil's
exchangeable Mg. The values of simple
correlation coefficients among different
traits are given in Tables 9 and 10.
Hossain et al. (2015) shows that soil
salinity (EC) is significantly positively
correlated with soil pH, total P content,
exchangeable K and exchangeable Mg.
Moreover, soil salinity (EC) is negatively
correlated with soil OM and total N.
Neither bulk density nor exchangeable
Ca content was significantly associated
with soil salinity (EC) of paddy field soils.
Olabode (2015) found a negative
correlation of soil pH with sodium, base
saturation and available phosphorus at
irrigated soil of rice production.

Stepwise linear regression

To assessment the most effective sail
characteristics on rice grain yield, the
obtained data were exposed to statistical
analysis of stepwise regression by using
SSPS program (V23). By using the
stepwise regression equations, it can
mathematically have predicted the
contribution of any effective soil
character on the vyield expressed as
"contribution %". The stepwise
regression equations presented in Tables
(11) and (12) showed the soil
characteristics which had the most
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effective role on grain yield production of
rice.

Fore site (1), it can arrange the soil
physical characteristics, as their effective
on rice yield, in the following order of:
infiltration rate > soil total porosity >
saturated hydraulic conductivity(Ksat).
Their contribution factors (%) were 84.5,
10.9 and 3.9 %, respectively. While the
order of soil chemical characteristics
was: ESP > pH > EC > O.M and their
contribution factors (%) were 88.9, 7.5,
2.1 and 1.0 % respectively. As for soil
available nutrients, as shown in Table
(12), their continuation factors were 90.7,
and 7.0 % for soil available-K, and N,
respectively.

As regard to site (2), from the
stepwise regression equations presented
in Tables (12) it can arrange the soil
physical characteristics, as their effective
on rice yield, in the following order of:
bulk density > saturated hydraulic
conductivity. Their contribution factors
(%) were79.9 and 11.3 %, respectively.
While the order of soil chemical
characteristics was: ESP > pH > CEC >
O.M and their contribution factors (%)
were 85.6, 7.7, 44 and 2.1 %,
respectively. As for soil available
nutrients, as shown in Table (12), their
continuation factors were 91.1 and 5.6 %
for soil available-K, and P, respectively.
Ranjbar et al. (2015) found that according
to the results of stepwise regression
analysis grain vyield of wheat was
dependent on number of the tillers
without spikes per plant, the biological
yield and the harvest index. Yan et al.
(2007) by using the method of stepwise
regression installed a relationship
between chemical parameters of soil (6
main limiting factors of growth) and
cotton yield. In this method EC, organic
carbon, total nitrogen and the exchange
capacity of cation entered in the equation
and totally made clear 42% of the
variations of plant yield.
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Table (9). Regression equations describing the relationship between rice grain yield (Y)

against soil properties (X) at site (1) after harvesting.

Variable Simple regression equation (éggf?ilgt;? cVv
Grain yield (Ton fed'l) Y= 3.754960 + 0.37303 Straw yield 0.424 9.30
Harvest index (%) Y =1.52301 + 0.05593 Harvest index 0.421 3.07
N content in grain (%) Y =2.82347 + 1.11622 N content in grain 0.239 3.78
P content in grain (%) Y = 5.50556 - 1.83069 P content in grain 0.398 3.51
K content in grain (%) Y= 3.754960 + 0.37303 K content in grain 0.386 16.79
N uptake in grain (Kg fed'l) Y =2.10494 + 0.03064 N uptake in grain 0.664* 13.38
P uptake in grain (Kg fed'l) y = 5.3836 - 0.029941 P uptake in grain 0.269 7.71
K uptake in grain (Kg fed'l) y=0.0174 4 + 4.34518 K uptake in grain 0.586* 19.28
N content in straw (%) Y =5.38574 - 0.31557 N content in straw 0.052 5.29
P content in straw (%) Y =4.7877 + 0.91058 P content in straw 0.051 3.24
K content in straw (%) Y =3.57308 + 1.0449 K content in straw 0.225 17.54
N uptake in straw (Kg fed’l) Y =5.3991 - 0.01045 N uptake in straw 0.247 13.76
P uptake in straw (Kg fed'l) Y =-1.389 + 0.14593 P uptake in straw 0.427 16.25
K uptake in straw (Kg fed™) Y =5.353348 - 0.013 K uptake in straw 0.087 19.47
EC(dSm'l) Y =0.306644 + 0.01677 EC 0.162 10.72
pH Y =-1.34801 + 0.807929 pH 0.367 18.36
CEC (cmolc kg-1) Y =0.43651 - 0.07293 CEC 0.836* 1.46
ESP Y =5.130239 - 0.01461 ESP 0.011 2.96
O.M (%) Y =5.66090 - 0.393454 O.M 0.388 7.98
Soluble Ca** (mmolc L™ Y = 0.146979 + 1.469568 Soluble Ca™ 0.247 13.02
Soluble Mg** (mmolc L™) Y =5.19414 - 0.10686 Soluble Mg ** 0.092 18.80
Soluble Na* (mmolc L™) Y = 1.284454 + 1.1507 Soluble Na* 0.253 17.77
Soluble K* (mmolc L™) Y = 5.154227 - 0.98162 Soluble K* 0.552* 18.19
Exchangeable Ca™ (cmolc Kg™) |Y = 8.39326 - 0.17826 Exchangeable Ca*™* 0.681* 19.97
Exchangeable Mg*"(cmolc Kg™) | Y = 7.789074 - 0.15639 Exchangeable Mg™ | 0.541* 2.71
Exchangeable Na* (cmolc Kg™) Y = 5.407380 - 0.07619 Exchangeable Na* 0.584* 2.61
Exchangeable K* (cmolc Kg-l) Y = 5.743451 - 0.40088 Exchangeable K* 0.263 9.35
Available N (mg kg-l) Y =6.345603 - 0.035781 Available N 0.636* 9.62
Available P (mg kg'l) Y =5.368862 - 0.06469) Available P 0.484 7.88
Available K (mg kg'l) Y =6.026707 - 0.00357 Available 0.573* 19.91
BD (Mg m™) Y = 4.339754 - 0.618972 BD 0.751* 9.56
TP (%) Y =5.98003 + 0.164023 TP 0.784* 6.75
Ksat (cmh™) Y = 4.574375 + 4.574375 Ksat 0.694* 3.85
Infiltration rate (cm/ hr) Y = 2.836528 + 2.52865 Infiltration rate 0.814* 19.60
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Table (10). Regression equations describing the relationship between rice straw yield (Y)
against soil properties at site (2) after harvesting.

Correlation

Variable Simple regression equation coefficient CVv
Straw yield (Ton fed'l) Y =3.014434 +0.530344 Straw yield 0.445 3.757
Harvest index (%) Y =-3.70559 + 0.117742 Harvest index 0.522* 4.714
N content in grain (%) grziﬁ.862605 +2.862605 N content in 0.239 1.794
P content in grain (%) ;(r:iﬁ.2453038 -0.60773 P contentin 0.029 7.575
K content in grain (%) \g(rzig.3924309 +0.13812 K content in 0.011 25.948
N uptake in grain (Kg ha’l) Y =0.620192 + 0.022268 N uptake in grain 0.421 17.063
P uptake in grain (Kg ha'l) Y = 4.10175 + 0.001713 P uptake in grain 0.001 8.431
K uptake in grain (Kg ha™) Y =3.398473 + 0.041192 K uptake in grain 0.302 18.592
N content in straw (%) Y =4.25837 - 0.0122334 N content in straw 0.003 4534
P content in straw (%) Y = 4.56666 - 5.000123 P content in straw 0.185 10.733
K content in straw (%) Y =3.671082 + 0.39490 K content in straw 0.111 24.89
N uptake in straw (Kg fed’l) Y =4.02945 + 0.003623 N uptake in straw 0.514* 20.975
P uptake in straw (Kg fed™) ztr:a€\/.4725122 - 0.189902 P uptake in 0.525* 9.588
K uptake in straw (Kg fed™) ;(tr:a\?v.552689 +0.0240409 K uptake in 0.421 20.24
EC(dSm™) Y =2.874721 + 1.765799 EC 0.296 6.609
pH Y =4.750333 - 0.078364 pH 0.087 8.515
CEC (cmolc kg™) Y =0.102865 + .0873515 CEC 0.689* 2.473
ESP Y =6.863814 - 0.131412 ESP 0.421 2.603
O.M (%) Y = 3.418449 + 0.5223568 O.M 0.631* 5.995
Soluble Ca** (mmolc L™ Y = 4.454166 - 0.375001 Soluble Ca" 0.115 13.363
Soluble Mg** (mmolc L™) Y = 4.2969981 - 2.73921 Soluble Mg™* 0.165 19.876
Soluble Na* (mmolc L™) Y = 3.705099 + 0.0781456 Soluble Na* 0.163 32.013
Soluble K* (mmolc L™) Y = 4.324074 - 1.29635 Exchangeable Ca™ 0.432 19.051
Exchangeable Ca™* (cmolc Kg™) &;41930175 + 0.32536 Exchangeable 0.708* | 2054
Exchangeable Mg**(cmolc Kg»l) E;0.686445 +0.211960 Exchangeable 0.498 2713
Exchangeable Na* (cmolc Kg™) | Y = 6.66666 - 0.265632 Exchangeable K* 0.479 4.377
Exchangeable K* (cmolc Kg-l) Y =2.520008 + 1.40003 Available N 0.607* 5.27
Available N (mg kg-l) Y =3.598673 + 0.0189706 Available N 0.568* 8.101
Available P (mg kg'l) Y =3.633839 + 0.119511 Available P 0.797* 11.69
Available K (mg kg'l) Y = 3.5008524 + 0.0025203 Available K 0.321 35.9
BD (Mg m”) Y = 4.0077274 - 4.007727 BD 0.415 | 10.978
TP (%) Y =4.261334 + 0.012376 TP 0.711* 11.027
Ksat (cmh-l) Y =4.406806 + 1.52178 Ksat 0.567* 7.928
Infiltration rate (cm/ hr) Y 3.2459876 + 4.872315 Infiltration rate 0.492 16.971
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Table (11). Stepwise regression equations of the most effective soil characteristics on

rice yield at site (1).

Step | Stepwise regression equations R?
Soil physical properties
1 Y=3.320 + 1.121543 Infiltration rate 0.845
2 Y = 2.89765 + 1.054984 Infiltration rate + 4.25674 Total porosity 0.954
3 Y=4.924789 + + 2.92659 Infiltration rate + 3.98765 Total porosity + 0.993
3.87654 Ksat
soil chemical properties
1 Y=3.946 - 0.800 ESP 0.889
2 Y=4.2543- 0.3456 ESP - 0.086 pH 0.964
3 Y=3.87645 - 0.46298 ESP - 0.0587 pH - 0.01145 EC 0.985
4 é=M2.984567 - 0.362872 ESP - 1.548952 pH - 0.106598 EC + 2.84563 0.995
Soil available nutrient
1 Y = 4.805432 + Available K 0.907
2 Y =3.58023 + 3.398721 Available K + 3.109856 Available N 0.977

Table (12). Stepwise regression equations of the most effective soil characteristics on

rice yield at site (2).

Step | Stepwise regression equations R?

Soil physical properties

1 Y=4.97651 - 2.476529 Bulk density 0.799

2 Y = 2.89765 - 1.054984 Bulk density + 4.25674 Hydraulic conductivity 0.912
soil chemical properties

Y=2.98643 - 0.357538 ESP 0.856

Y=3.394864 - 0.087453 ESP - 0.196422 pH 0.933

Y=2.765932 - 0.398728 ESP - 0.1948632 pH + 1.839834 CEC 0.977

4 ézN?.28564 - 0.524437 ESP -0.138365 pH + 1.4867432 CEC + 2.098357 0.998

Soil available nutrient
Y =2.86342 + 2.765498Available K 0.911
Y =2.1138745 + 2.9365117 Available K + 1.56387 Available P 0.967
CONCLUSION effective way to allocate crops with local

Spatial variability is an effective way
to allocate crops with local conditions.
As the soils from the agriculture
activities are  heterogeneous, the
analyses of the soil properties of the
study area are necessary for an adequate
determination of the management of the
agriculture zones. Special variability is an
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conditions.

The special variations of rice
productivity at EL- Gemmieza region can
be classified by delineating site specific
properties.  Since, productivity is
influenced by soil characteristics, the
special pattern of productivity could be
caused by corresponding variation in
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certain soil properties. Determining the
source of variation in productivity can
help achieve more effective site-specific
management. Using stepwise regression
based on the order of traits importance,
at site 1 indicated that soil physical
characteristics, as their effective on rice
yield, in the following order of: infiltration
rate > soil total porosity > saturated
hydraulic conductivity(Ksat). Their
contribution factors (%) were 84.5, 10.9
and 3.9 %, respectively. While the order
of soil chemical characteristics was: ESP
> pH > EC > O.M and their contribution
factors (%) were 88.9, 7.5, 2.1 and 1.0 %
respectively. As for soil available
nutrients, as shown in Table (12), their
continuation factors were 90.7, and 7.0 %
for soil available—K, and N, respectively.
For site 2, the sail physical
characteristics, as their effective on rice
yield, in the following order of: bulk
density > saturated hydraulic
conductivity. Their contribution factors
(%) were79.9 and 11.3 %, respectively.
While the order of soil chemical
characteristics was: ESP > pH > CEC >
O.M and their contribution factors (%)
were 85.6, 7.7, 44 and 21 %,
respectively. As for soil available
nutrients, their continuation factors were
91.1 and 5.6 % for soil available-K, and P,
respectively.
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Judl ae Bila seaa ¢ Jaadl 8 gl sy ¢ AR G o
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