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ABSTRACT : A field experiment was conducted in Nabteet area,
Al-Sharkia governorate to evaluate the effect of application of four
soil amendments singly or in different combination. They were
(phosphogypsum (PG), suifur (S), farmyard manure (FYM) and
sand). They were applied to a saline sodic clayey soil preleached to
decrease its salinity. Application of amendment was followed by
growing wheat crop (Triticum aestivum) c.v. Sakha 93.

Soil salinity decreased due to applying amendments, the
maximuam reduction occurred when the treatment of (PG +S + FYM
+ Sand), whereas the minimum occurred when PG was applied
alone. A slight reduction was observed of soil pH due to applying
amendments and PG caused a reduction of pH more than the others.

Exchangeable sodium percentage (ESP) decreased due to
amendments with PG giving the most effect and sulfur was the least
efficient to minimize ESP.

Seil bulk density decreased and soil total porosity increased due
to applying amendments. All amendments increased water stable
aggregates and mean weight diameter (MWD) with PG being the
most efficient.

Grain yield increased due to addition of amendments. The
maximum grain yield (3284 kg/fad) was observed when PG was
applied alone at the rate of 100 % of gypsum requirement (G.R),
whereas the minimum grain yield (1082 kg/fad) was observed when
sulfur was applied alone.

Regarding the overall effect of reclamation of the soil, PG was the
most efficient.

Key words : Soil salinity, amendments, physical and chemical
properties, wheat productivity.
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INTRODUCTION

Salt-affected soils exist under a
wide range of hydrological,
physiographical conditions, soil
types, rainfall and irrigation
regimes and different socio-
economic settings. Therefore, there

is no single technique or
agricultural system that will be
applicable to all areas and
conditions.

Management of salt-affected
soils requires a combination of
agronomic and operational
practices, that depend on careful
definition of the main production
constraints and requirements.
These are based on detailed,
comprchensive investigations of
soil characteristics, water
monitoring  (rainfall, irrigation
water and water table), and local
conditions including climate,
Ccrops, economic, social,
political and cultural environment.
Management of salt-affected soils
for agricultural use is largely
dependent on water availability,
climatic conditions and availability
of resources (FAQ, 2007).

The majority of salt-affected
soils in Egypt are located in the
Northern-Central part of the Nile
Delta and on its Eastern and
Western sides. Other arcas are
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found in Wadi El- Natroun,
El- Kebeir, the Oases, many parts
of the Nile Delta and Valley and
El-Fayoum province. About nine
hundred thousand hectares suffer
from salinization in Egyptian
irrigated lands; of which 60 % are
in Northern Delta, 20 % in
Southern Delta and Middle Egypt
and 25 % in Upper Egypt (FAOQ,
2007).

Abd El-Kawey (2002) pointed
out that land degradation processes,

especially water logging and
subsequent  salinization  and
sodification occur broadly in

irrigated soils of the arid and semi-
arid regions.

Land degradation is mainly due
to changes in the environment, as
well as to human mismanagement
of the natural resources, including
over intensive cultivation,
destructive irrigation and farming
practices (FAQ, 1983). El-Gazzar
et al. (1996) reported that soil
aggregation status in clay soils was
affected by soil salinity and
sodicity.

Zein El-Abedine et al. (2004)
concluded from the statistical
analysis of obtained soil data that
soil structure of the clay soils at
the north western Nile Delta began
to deteriorate at EC value of 7.14



Zagazig J. Agric. Res., Vol.36 No. (5) 2009

dS/m and SAR value of 15.4 in the
soil paste extract.

As a dynamic system, soil
condition can be modified by
human management. Reclamation of
salt affected soils is done by

executing the suitable agro-
management  practices. Many
studies were carried out to

investigate the beneficial effects of
adding organic manures and
gypsum. Logan et al. (1996) and
Hassanien (2007) found that
organic amendments reduced soil
bulk density and increased soil
porosity. Gypsum is the main
material used for ameliorating soil
sodicity. It was found to be more
effective  when added in
combination with organic manure
to ameliorate salt affected soils and
improve their bulk density, total
porosity and hydraulic
conductivity ( Belal, 2004 and
Wahdan et al,, 2006).

Ibrahim (2004) reported that
applied organic compost and
gypsum as soil amendment
improved the characteristics of the
salt affected soils, including soil
bulk density, total porosity, total
aggregates, pore size distribution
and hydraulic conductivity. Other
resecarchers Beheiry et al. (2007)
obtained favorable conditions
achieving a suitable air-moisture
regime and fertility, and enhanced
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removal of Na® with a higher rate
than Ca'" + Mg'", and decreased
soil salinity and sodicity by
applying gypsum and organic
manure.

The main objective of this study
is to determine the most hopeful
combination of some  soil
amendments including their proper
ratios of application to a saline
sodic soil and to evaluate the effect

of soil amendments and
conditioners on soil physical and
chemical properties and on

productivity of wheat crop.

MATERIALS AND
METHODS

This study involves 16
treatments using different
materials oriented to obtain the
most efficient t{reatment in
reclamation. The materials used as
soil amendments are
phosphogypsum (PG) (a by
product  of  super-phosphate
manufacture which is mainly
gypsum with some phosphate
rock), sulphur (S), farmyard
manure (FYM) and sand. The 16
treatments are the different
combinations of those 4 materials
(considered as 4 factors). Such
combinations range from addition
of none to addition of one or more
of the materials.
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Preparation of Soil

The experimental field was
prepared for a leaching operation
to decrease its salinity. An open
drain was dug to support the
leaching process. Leaching was
conducted by adding water to soil
basins until the water reaches a
height of 15 cm above the soil
surface. Such height of water was
kept constant for 3 days; the
collected drainage water was
removed using a pump. Such
process 1s called continuous
leaching. One week after the
leaching process was terminated
the land was divided into plots 16
m” and then soil amendments were
added, followed by cultivation.
Table 2 shows main properties of
the soil.

The experimental design was a

randomized complete  block,
treatments being replicated 3
times.

Application of Amendments
(Amending Materials)

The 4  materials  were
phosphogypsum (PG), sulphur (S),
farmyard manure (FYM) and sand.

The 16 treatments are the
different combinations of adding
or no adding the materials starting
from ne-addition of any material to
addition of one or more or all the
four materials. There were 4
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treatments each receiving the full
dose of only one material, There
were 6 treatments each receiving
only two of the amendments so as
half the dose of each of the two
amendments were applied. There
were four treatments where 3
different amendments were applied
together in each treatment, so as to
apply one-third of the full dose of
each. There was one treatment
which received the 4 amendments,
S0 as to give one-quarter of the full
dose of each amendment. The full
dose for each material being as
follows: 16000 kg FYM/fad; 18120 kg
PGAxl; 3440 kg S/fad; 65000 kg
sand/fad. Amount of PG and S
were equivalent in their gypsum
requirement (aimed at decreasing
ESP from being 42 to 5) (Richard,
1958).

Table 1, Chemical composition of FYM

Properties Value
pH 1:25 713
0.C gkg 157
OM g/kg 271
Total N g/kg 12
Total P mg/kg 1593
C/N ratio 13

In order to achieve the effect of
the applied soil amendments on
soil, plots were planted with wheat
(Triticum aestivum) c.v. Sakha 93
at November 25™ 2005, The crop
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was harvested on May 25" 2006
(180 days after cultivation).
Samples of soil and plants were
taken after harvest for analysis.
The percentage change (PC) in soil
and crop due to amendments was
calculated as follows :

result of treated — result of non-treated

PC= x 100

result of non-treated

The 16 treatment designations
are as follows :

1. Non-treated

2. Ty = phosphogypsum (PG)
3. T; = sulphur (S)

4. Ts= Farmyard manure (FYM)
5. T4 = Sand

6. T5 =PG + S

7. Te=PG+FYM

8. T; =PG + Sand

9. Tg =S +FYM

10. Tg =S + Sand

11. Tyo=FYM + Sand

12. T, =PG+S+FYM

13. T;z=PG + S + Sand

14. T;3=S +8S and + FYM

15. T14=PG+FYM + Sand

16. T;s=PG+S+FYM + Sand

Methods Used for Analysis

l. Mechanical  analysis  was
determined according to the
international pipette method.
(Piper, 1950).

2. Physical and chemical analysis
were carried out according to
Black er al. (1965) and Jackson
(1967) '
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3. Water stable aggregates were
determined according to Yoder
(1936) modified by Ibrahim
(1964).

4. Bulk density, particle density,
total porosity and maximum
water holding capacity) were
determined according to Baruah
(1997).

5. Exchangeable and water soluble
sodium, potassium, calcium and
magnesium were  measured
using  Atomic  absorption
spectrometer Perken Elmer (A.
Analyst 200).

RESULTS AND
DISCUSSION

Effect of Leaching Process on
Some Chemical Properties of
Soil

The soil salinity decreased since
BEC of the soil paste extract
decreased from 18.52 to 15.30
dS/m, exchangeable  sodium
percentage (ESP) decreased from
42.81 to 41.29 %. Also values of
soluble sodium and soluble
chloride decreased from 115.70
and 100.25 mmol./L for Na and Cl
to 95.73 and 85.97 mmol/L for
each  respectively.  Moreover
soluble calcium decreased from
40.30 to 31.44 mmol/L and pH
value increased from 7.92 to 7.98
Table 3 and Figs. 1, 2 and 3.
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‘Effect of Soil Amendments on
Soil Physical and Chemical
Properties after Wheat Season

EC of soil

All treatments receiving
amendments rteduced the EC of
the soil which was measured

after harvesting of wheat crop. The
data in Table 4 and Figs. 4 and 5
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represent the effect of amendments
on soil salinity. The highest
percent change as a decrease of EC
occurred with Tys (- 48.06 %),
Two treatments caused an increase
: Ty (+ 9.89 %) and T7 (+ 8.83%)
as for soluble Ca™, some
amendments caused increases of
up to +133.99 % for Ca™ (T;) and
some gave decreases down to

Table 2. Some physical and chemical properties of the initial soil and

chemical properties of the water used in irrigation.

Properties Soil Water
= Piysical -
Particie Size Distribution (%)
* Sand 18.07
* Silt 34.33
* Clay 47.60
* Texture class clay
Saturation percent (%) 7123
Real density (Mg/m?) 2.25
Bulk density (Mg/m®) 1.21
Porosity % 46,22
EC (dS.m™) soil paste extract 18.52 0.54
pH (1:2.5) 792 7.68
Soluble Tons {mmol, /L)
* Ca? 4030 3.6%
* Mg 30.90 1.73
* Na" 115.70 2.00
*K 1.65 0.20
* CO> 0.00 0.00
*HCOy 10.25 5.66
*Cr 100.25 1.60
* 80> 78.05 0.36
*SAR 19.39 1.22
Exchangeable Cations (cmol,/ kg soil)
* Ca?* 10.16
* MS,H 1.74
*Na 14.49
* K 1.28
* CEC (cmold kg soil ) . 331.85
* ESP 42.81
CaCO; g/kg 50.3
mganic Matter g/kg 27.7
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-44.99 % (T4). As for soluble Na’,
all treatments caused a decrease
and the highest was -54.74 %
(Tys). Also soluble CI” decreased
by all treatments, the highest was -
83.78 % occurred with Ty;. Such
findings are similar to those
obtained by Liang, et al (1995)
and Abou Youssef, (2001) who
found that salinity of brine
contaminated soils was decreased
by phosphogypsum as evidenced
by reduced EC, SAR and
exchangeable Na" level in 0 — 15
cm depth of the columns.

Exchangeable Sodium Percentage
(ESP)

All materials reduced
exchangeable sodium percentage.

The data in Table 5 and Fig. 6
indicated that the ESP had low
values for all materials compared
with the non-treated. The
maximum decrease in ESP
occurred with the T, of
phosphogypsum. These results are
similar to those obtained by
Somani et al. (1987) who found
that phosphogypsum applied to
sodic soils followed by leaching
caused a reduction in ESP. Also
El-Missiry {1996} found that acid
gypsum treatments, resulted in a
sharp decrease in ESP,

The highest decrease in ESP
occurred with T; (-56.48 %),
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whereas the lowest occurred with
T, (-12.29 %). The former
treatment was phosphogypsum
while the latter was sulfur. Thus
using sulphur only has very little
effect probably due to low
oxidation of sulfur in this soil.

Soil pH
Soil pH 1is an important
parameter which reflects the

overall status of soil chemical
properties. It is obvious that the
maximum redoction in pH
occurred when the
phosphogypsum applied at a full
dose (T;) where it was reduced to
the safe. Such a decrease in pH
reflects a removal of excess
sodium from the soil. Concerning
the treatments which include FYM
the decrease in pH reflects a
release of organic acids causing
mobilization of native calcium
carbonate in the soil. These results
are similar to those obtained by
Okorkov and Kurbatov (1999) who
reported that application of 2000,
5000 and 10000 kg/ha
phosphogypsum to soil in a crop
rotation of oats sown over grass
decreased pH of soil. 'Also Anwar
Zaka et al. (2003) stated that
application of gypsum caused the
maximum reduction in soil pH.
The current results show that the
highest reduction occurred with T,
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(-6.32%), whereas the
occurred with T4 (-3.28 %).

lowest

Water Stable Aggregates and
Mean Weight Diameter

The high  water  stable
aggregates in soil is an effective
index for assessing structure
stability and movement of water
and air through soil. Data
presented in Table 6 and Fig. 8
indicated that all amending
materials increased water stable
aggregates. The maximum increase
mean weight diameter (MWD) was
observed when T,; treatment was
applied (+76.03 %), whereas the
minimum occurred when T, and Ty
treatments were applied (+0.83%)
for both treatments . It is obvious
that treating the soil by
phosphogypsum in combination
with FYM (Tg) was the most
effective treatment. These results
are in agreement with those
obtained by Abou Youssef (2001)
who found that the application of
phosphogypsum at the rate of
about 1000 kg/fad increased the
MWD by 8%. The T, treatment
followed the T; treatment for
improving water stable aggregates
and this emphasizes the important
role of FYM for increasing water
stable aggregates. The combination
between FYM and PG
amendments with or without any
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or more of the others had the most
effect in soil structure and water

retention,

Soil Bulk Density and Soil
Porosity

The effect of amendments on
soil bulk density and soil porosity
are shown in Table 7 and Fig. 9.
All amendments decreased bulk
density. The maximum decrease
occurred with Ty, T2 and Ty (-
8.46 %), whereas the minimum
occurred with T3, T4 and Ty (-2.31
%).

Concerning soil porosity, data
presented in Table 7 and Fig. 10
show that there was an increase in
soil porosity. In this respect,
Ramirez et al. (1997) found that
application of phosphogypsum on
an onion crop caused remarkable
decrease in soil bulk density.
Marcano et af. (1997) showed that
phosphogypsum  improved soil
tilth by decreasing soil bulk
density and increasing total
porosity. Also results obtained by
El-Shanawany et al (2000),
showed decreased bulk density and
increased soil porosity.

El-Maddah (2000) and El-
Sersawy (2002) found that the
fineness of farmyard manure
helped in homogenous distribution
of its constituents in soil.
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Grain and Straw Yield of

Wheat Crop

Data represented in Table 7 and
illustrated in Fig 11 indicated that
the grain yield increased due to the
application of soil amendments.
The maximum grain yield (3284
kg/fad) was observed when
phosphogypsum only was applied
(T;), whereas the minimum grain
yield (1082 kg/fad) was observed
when sulfur only was applied (T).
These results agree with those
obtained by Abou El-Defan et al.
(1999) and Hassanien (2007).
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Increasing of straw yield was
also observed due to application of
amendments.

Data in Table 7 and Fig 12
indicated that the maximum
positive increase in straw yield
occurred ‘with Tj; (+169.53 %),
whereas the minimum occurred
with Ts (+52.44 %). These results
are similar to results obtained by
Derar and Eid (1996) and
Hassanien {2007).

Table 3. Effect of leaching of the soil

EC
Seluble Ions, mmole/L
d5/m

Exch. Cations, emol./ kg
soil CEC

soil
paste Ca®™ Mg Na'

extract

K €O HCOy O

cmol./ pH ESP

S0 Ca¥ Mg" Na® K' kgsoil

Before 1851 4030 30.90 11570 1.65 000 10.25 100.25 78.05 10.16 7.74 14.49 128 3385 7.92 4281

After

1530 3144 2550 9573 131 0.00 687 8597 61.14 313 7.15 13.40 121 3245 798 41.29
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Fig. 3. EC, pH and ESP as affected by leaching process

Table 4. Effect of freatments on EC and soluble ions in 1:5 seoil water
extract after wheat harvest and the percentage change (PC)
caused by amendments in relation to non-treated soil

EC dS/m

Bl kL e e 155  PCof PCof PCof PCof
e silfwatee Ca¥ MNa* O EC
Ca™ Mg® Na' K 0D HOOy O 500" exiract

Neo-ireated BG5S 479 1551 06T 000 432 1350 118 L3 0er 008 000 006

T Wi4 529 TI3 TS 0D 19T S0B 2636 311 413399 5403 6137 4989
T: 476 445 1375 0K 000 220 534 16 118 4497 -11.35 -61.19 -22.97
Ts 545 411 1856 09 000 4% 583 37T 106 -36.99 -3i91 -56.81 -I7.21
Ty 476 345 ET6 053 0@ 476 350 964 1.59 4497 4352 -T4.07 -43E2
Ts 1238 520 7.6 083 000 198 354 eSS 280 HA02 4997 -TATE R1D
Te 965 466 BS52 OB 0@ 235 3E& 1791 132 +11.56 -41.49 -TAI9 -1R02

Ty 1466 675 811 0% 000 235 459 235 308 +i9.48 47.71 56 +R.E3
Ts 51 456 B9% 0BT 0o@ 483 301 1165 186 -40.81 -4236 -TL.TD -34.28

Ty 553 513 3% O.TA 000 333 3AT 1A66 107 3145 4117 -T1.33} -26.86
Tw 578 AT6 Be5 081 008 461 278 1161 1.76 -33,18 -44.23 -TR41 -37.81
Ty B3 683 743 OB 0 429 L19 1702 2122 -335 5110 -BATH -ZL.55
Tix 788 631 126 075 008 23 482 15M 205 490 -53.19 -T0.2} -27.56
T 679 6B4 B6E 093 000 227 626 14T1 136 -211.58 4404 -53.63 -16.61
Tu 965 423 TO5 082 000 T20 318 1137 182 +11.56 -54.55 -To.dd -35.69

Tu 658 139 T02 077 o000 19  ATZ 10A1 14T 1931 5474 -TO.RS -4R.06
LSDgy 0935 0966 05935 NS — 0935 05966 0935 087D nd nd md nd

** Treatment codes : T; (phosphogypsum “PG™); T; ( sulfur “57): Ty (Farmysrd manure “FYM™) ; Ty (Sand); Ts
(PG + 5); Ty (PG + FYM), Ty (PG + Sand); Ty (3 + FYM); Ty (8 + Sand); Ty (FYM + Sand); Ty, (PG + 8+ FYME; Tz
(PG + 5+ Sand); Ty (5 + Sand + FYM); Ty, (PG + FYM + Sand); Tys (PG + 5 + FYM + Sand).
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Fig. 4. Effect of treatments on soluble Ca™, Na' and CT in 1:5
soil/water extract after wheat harvest
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Fig. 5. Effect of treatments on EC in 1:5 soil/water extract after
wheat harvest

*# Refer to foot note of Table 3 for treatment designation
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Table 5. Exchangeable cations, ESP and pH after wheat harvest and
the percentage change (PC) caused by treatments in
relation to non-treated soil.

Exch. Catious (emol/kg soil} after CEC

Treats.** Wheat cmol/kg  ESP pH Pé;‘f PC}{“
Car__ Mg~ Na___ K suil P
Noo-treated . 887 679 1215 124 2905 4182 823 €0  0.00
Ty 1598 832 565 110 3105 1820 771 5648 632
T 975 8§23 1121 137 3056 3668 783 1229 486
Ty 1143 850 1075 146 3214 3345 787 2001 437
Ta 943 645 935 101 2624 3563 788  -1480 -4.25
Ts 1427 1029 780 120 3356 2324 786 4443 -4.50
Te 1239 932 759 122 3052 2487 794 4053 352
T, 1311 149 735 123 3298 2170 186 4811 -4.50
Ts 1238 1029 945 123 3335 2834 7.R4 3223 474
T, 1313 1012 %19 112 3356 2738 791 3453 -3.89
Tie 1141 954 994 LIl 3200 3106 793 2573 345
Tn 1246 992 876 123 3237 2706 785  -3529 462
Tu 1337 873 &1l 123 3144 2580 783 3831 486
Ta 1159 987 1017 134 3297 3084 79 2626 -401
Tu 1338 1045 898 101 3383 2654 796 3654 -3.28
Tis 1394 1038 934 137 3583 2666 794  -3625  -3.52
LSDess 0935 0.870 0975 077 n.d 0975 0188 nd n.d
50 o

ESP

Treatment **

3
£
&
g
I

Fig. 6. Effect 'of treé;f;ﬁéﬁfs on t;;éhangeable :vsodm;npt;rcentaée
(ESP) after wheat harvest

** Refer to foot note of Table 3 for treatment designation
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Fig. 7. Effect of treatments on soil pH after wheat harvest

Table 6. Effect of treatments on water stable aggregates and MWD
after wheat harvest and the percentage change (PC) caused
by treatments in relation to non-treated soil

Water stable apgregates [%
Treats** 8-2 2-1 1-05 05-025 025- 0.125-0.063 <0.063 I\;V:ID ]\z&l;)o%
mm mm mm mm 3.125 mm mm mm
Nowtrested 054 136 322 733 9.76 292 1.66 0.121 0.00
Ty 158 288 453 8.62 10.57 338z ‘235 8.213 +76.03
Tz 058 138 324 735 9.81 295 168 0.122 +0.83
Ta 132 258 441 8.02 10.¢4 3.22 1.99 0.190 +57.02
T, 057 139 328 7.45 998 2.99 1.72 0.124 +2.48
Ts 1.24 221 4,11 334 10.13 331 205 0.180 +48.76
Te 128 226 423 8.48 10.24 351 211 0.185 +52.89
Ty 1.25 223 413 8.37 10.15 337 2.08 0,181 +49.59
Ts 676 197 396 7.89 996 3.11 1.76 0.149 +23.14
Ts 056 137 324 7.36 985 297 171 0.122 +0.83
T 0.77 2.09 399 7.88 " 9.99 3.07 1.78 0.152 +25.62
Tu LIt 206 405 8.11 10.03 3.16 1.87 0.170 +40.50
Tz 072 193 382 7.91 9.91 3.02 177 0.145 +19.83
Tw 069 185 373 7.81 9.84 296 1.67 2.14% +16.53
T 121 219 42 8.18 10.08 3.39 198 0.178 +47.11
Tis 093 199 3487 -7.99 10.01 327 203 0.158 +30.58
:ﬁ}g 0177 NS NS NS NS 0.195 NS NS nd

** Refer to foot note of Table 3 for treatment designation
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i{‘lg 8. Effect of treatm;ﬁg 0n MW]S‘;—fter wheat harvesf

Table 7. Effect of treatments on B.D, Tot.Por, grain yield and straw
yield after wheat harvest and the percentage change (PC)
caused by treatments in relation to non-treated soil

Non-treated 130 42.39 987 1647 0.00 8.00 0.00 0.00
T 1.1% 46.96 3284 2146 8,46 +10.78 +232.73 +104,96
T2 1.27 43.61 1082 1766 231 +2.88 +9.63 +68.67
Ts 1.25 44.46 1812 1738 -3.85 +4.88 +83.59 +66.00
T, 1.27 43.68 2737 2474 -2.31 +3.04 +177.31 +136.29
Ts 1.25 44,42 1789 2567 -3.85 +4.79 +81.26 +145.58
Ts 1.22 4590 2420 2080 -6.15 +8.28 +145.1% +98.66
T 1.27 45.05 2840 2280 -2.31 +4,28 +187.74 +117,77
Te 121 46,26 2482 1966 -5.92 +9.13 +151.47 +87,77
Ty 1.26 43.80 2243 1764 -3.08 +3,33 +127.25 +68.48
Te 1.26 44,18 1618 1901 -3.08 +4,22 +63.93 +81.57
Tu 122 45,68 1981 1765 £6.15 +7.76 +100.71 +68.58
Ti 119 46.98 2274 2822 -8.46 +10.83 +130,40 - +169.53
Tiz 1.20 46.83 2897 1910 -1.69 +10.47 +193.52 +82.43
T 119 46.93 3012 2033 -5.46 +10,.71 +205.17 +04, 17
Tis 1.24 44,77 2764 1596 -4.62 +5.61 +180.04 +52.44
LSD gps NS 0,975 3L7 43 nd wd nd nd

Note : B.D: Buik Density, Tot. Por. :Total Porosity, G: Grain, S: Straw.
** Refer to foot note of Table 3 for treatment designation.
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Fig. 9. Effect of treatments on soil bulk density after wheat harvest
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Fig. 10. Effect of treatments on total porosity after wheat harvest

** Refer to foot note of Table 3 for treatment designation
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Fig. 12. Effect of treatments on straw yield after wheat harvest.

* Refer to foot note of Table 3 for treatment designation
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