A
(
(
(
¢
(
¢
¢
(
(
(
(

<

i
ACEACEACE AT AT A EAE A AT AT A A

XOX X<o

e O T

e O -

e O T—

e O J—

e O T

e O T

(O T

e O T

el O T

e O —

e O T—




@ - I ‘ - I ‘ - I ‘ - I ’ ‘0‘%‘0‘ Sy O — - O I— O I (O I Sty Sty Sty

O —

O I—

- O I—

Sy

) & ASUNET
Laalal) e glaall 48
A '

o &
ew

dl

L .4

*

3

$

wll§

*

il

Y A= »}@@o »}@@o »}@(40 »}@@o »}@@o »}@<<O>>%o >>©<<o »}@@o »}@@o>>%o>
o
0 i '

@<°>X><<°>X><<°>XX<°>X><<°>X><<°>X><<°>X><<°>X><<°>><><<°>X><<°>X><<°>

—l —Cl —l — —l —d et O T el O T el O T

e O T

el O T

e O —

e O T—




et

all gal sl 0 (sds

4 '

B
-

i

e .
i i

i ol Ball) ol el adily

g g
(=

kade iy

S A= »}@(‘o »}@@o »}@(40 »}@(40 »}@@o »}@@o »}@@o »}@(40 »}@@o »}@@o »}@@o -
0 i 'y 0

IRTER=TYY

.

o0

24 4o

3-3

* .
J»

-

et i |t ) Gl |

@ ASUNET

¢

o i

Sl o et G0 dl| g2 s DR K2

K
i
ACEACEACE AT AT A EAE A AT AT A A

:01 X<o

e O T

e O -

e O T—

e O J—

e O T

e O T

(O T el © T el O T

el O T e O T—




Y A= »}@@o »}@@o »}@(40 »}@@o »}@@o »}@@o »}%o >>©<<o »}@@o »}@@o »}%o —
A i A

%
ACEACEACE AT AT A EAE A AT AT A A

:01 X<o

e O T—




@ - I ‘ - I ‘ - I ‘ - I ’ ‘0‘%‘0‘ Sy O — - O I— O I (O I Sty Sty Sty

O —

O I—

- O I—

Sy

) A5 HIE'!'
Laalal) e glaall 48

ala
Jua

Y A= »}@@o »}@@o »}@(40 »}@@o »}@@o »}@@o »}%o >>©<<o »}@@o »}@@o »}%o —
0 )

ALWA AKL

@<°>X><<°>X><<°>XX<°>X><<°>X><<°>X><<°>X><<°>X><<°>><><<°>X><<°>X><<°>

—l —Cl —l — —l —d et O T el O T el O T

e O T

el O T

e O —

e O T—




1

L, e
]

|
—_—

074917

STUDIES ON THE COMPARATIVE EFFICIENGY OF SOME

RECLAMATION MATERIALS FOR THE SQDIC SOIL

BY

" Fekry Abdel Monaim Farag Moustafa
B.Sc. Agric. (Soil Science), Ain Shams University (1977}

A Thesis

Submitted in Parfial Fulfillment of the
Reqguirements for the Degree of

Master of Sciencg
{in soil scince)

Department of Soils and Agri-::ultura'l Chemistry |
Faculty of Agriculture, Moshtohor, »
Zagazig University
(Benha Branch)

2000



ﬁl/// \\\ff AW/
IJ/\\\//// ///\\\\ AN ////'m\ |

|
,@.@J[,..M;u..!_ﬁujwuuju,uu §
asbaall olll Fam L

(rry:a, 2l g

Mfmwmm\wmm-‘
ZANYANY NN




APPROVAL SHEET

Title . Studies on the comparative efficiency of some
reclamation materials for the sodic soil

Name : Fekry Abdel Monaim Farag Moustafa

This Thesis for Master of Science degree has been approved by:

FProf. Dr. /“H“IM/{/A‘W
Prof. Dr. (AQ“A ﬂ_gck

Prof. Dr. H}}.ﬁbbﬁ

Committee in charge

Date: f 1 2000




ACKNOWLEDGEMENT

The-author wishes to express his appreciation and deep
sincere gratitude to Prof. Dr. ALA. Abdel Salam, prof.,of Soil
Sciehce, Facuity of Agriculture, Moshtchor, Zagazig University
and Dr. O. El-Housseini, Lecturer of Soil Science, Faculty of
Agriculture, - Moshtohor, . Zagazig University for their help,

encouragement and supenvision.

Thanks are also due to Dr. S.A.A, El-Raies, Asscc.
Prof. of Scil Science Soil, Water and Environment Research
Institute, Agriculture Research Center and Dr. M. A. Abu-
Sinna, Assoc. Prof. of Soil Science Sail in the same Institute,
for their help throughout this work. Also, thanks are aiso due to
'Dr. F. H. Mohamed, lecturer of Agricultural Economics,
Economic Research institute, Agriculture Research Center for
his help conceming the statistical analysis of data. The author
wishes to thank Mr. O. Morssy the owner of the land for using

his land for camrying out this work.

R - The author is indebted to his wife for her encouragement

and help during the pursuit of this work.



CONTENTS

1- [HTRDDUCTIDN
‘2« REVIEW.-QF LITERATURE oo
2-1. Saline and sodic soils

2-1-1. Properties . e
I- Saling s0lls ..o
1I- Saline sodic soils  (Saline-Alkali soils}

INT- Non Saline sodic soils (Non saline-Alkali soils)

2-1-2. Problems of sodic soils {alkali 015y ...
2-2. Reclamation of sodic soils
2-2-1. Chemical amandments for reclamation of sodic soils ..........
2-2-1-1, Gypsum as an amendment for reclaiming sodic sail ......
A- Calculation of gypsum requirements ......covceeveveeieie e
B- Gypsum dissoluion process .o e e
C- Effect of gypsum application on soil physical properties ...
D- Eftect of gypsum apglication on sail chemical properties .
E- Gypsum application and plant growth ...
2:—2-'1 -Z. Buiphur apphcation
A- Sulphur oxXidation ...cooocviiiiien e e e
B- Sulphur reduction ... e

2-2-1-3, Calcium carbonate (LIMe) ....ooe v v RO
2-2-1-4. Organic manure and improvement of soils  ................

2-2-1-5. Acids and acid formers for recléimrng sodic soils ...

2-9:16. Application of mixtures or combinations of sail
amendments ...

2_—2—1—?. Chaoice and the efiiciency of different chemical
amendments ........ P PP

~3-  MATERIALS AND METHODS

'3-1. Location of experiment

-------------------------------------------------

....................................................

3.2. Calculation of GR {Gypsum requirements) fuf the soil under study.
3-3 Field experiment ... . e
3-3-1. Form of amandment SOOI e e e ran s
3-3-2. Raté of applicalion of amendment

3-3-3. Method of application of amendment

L= = T T = = I S e

—%
-k

14

14
15

]

17
20

23
26

26

26

28

28
28



aF

4

[

_ Page
3-4. Chemical analysis of irrigation water used for reclamation ........... 29
3-3. Physical and chemical properties of tha soil of the experiment ..., 29
3-8 Stages of experimant ... e 3D

3-B8-1. Reclamation stage ... s 32

3-6-2, CUIVATION STAGE ... oo eee e eees e 32

. 3.7, Soil physical and chemical analyses .....cooovovvcvecvevevvievennenn,., 33
._RESULTSANDD!SCUEEIDN SRR -

4-1. Reclamatian lezching of scit and improvement in ss::nl salinity,

sodicity, and other chemical properties ... .......o.ivceieeeeneen, 48
4-1-1. Effecton soil salinity ... oo 48
4-1-2 EffectonsoilpH . ... ... e e e 50
'4-1-3. Effect on sodium adsormplion ratio (SAR) of soil water ... ... 52
4-1-4, Effect on exchangeaﬁle sodium percent (ESPY _.............. 54
4-1-5. Effecton soluble ions ... L 57

A- Effect on soluble calsium ... et 57
B Effect on soluble Magnesium ..............o..oooorore . 59
C- Effect on soluble sodium ..o FEPRTPRI B4
. O- Effect on soluble potassium ..o . e B3

E- Effect on soluble bicarbonale . ... ... B4
- Effect on saluble chloride ... &5

_ - Effect on soluble sulphate . ... 57
- 42, Cultivation of the reclaimed sofl and evaluating its productivity of

£ = v ]« R e e e e e e e 58

4-2-1. Ricegrainyield ... ... R - B8

4-2-2. Ricestrawyeld ........c...oo ..ol N erennen e rrn AT 89

4-2-3. Rice total (grain + Straw) yielt ......co.ooo oo e, BO
'GENERAL CONCLUSIONS AND PMCTIGAL IMPLICATIONS ... ... o 110
51, Qualily of water used in 18 SISy ..o 110

5-2, Reclamaticn by leaching with ef without amendment and salinity-

reduction ............ s PRI RS 110
5-3. Reclamation and soil sodicity reduction . ___........................... 111

5-3-1. Sail sodicity in relation to sodicity of the irrigation water usad
for leaching ............. e e 111



5-3-2. Soil sedicity in relation to the SAR of soifwater ................. 111

5-4. Comparative efficiency of amendaments ..................... s 112

5-4-1. Amendments and soil salinity e 112

5-4-2, Amendments and SOfl SOBIGHY ...............cooorrcrrmimsimsn s 142
5-4-3. thained ESP after leaching in comparison to the ESP; used

o calculate gypsum requirement ... 113

5-5. Performance of rice crop grown after reclamation _................... 113

5-6, The praciical implications ........ YOI ROTOPUT 114

SUMMARY ... e e e e e e 116

BEEERENCES oo oo oo et oo 118

ARABIC SUMMARY



Table
Mo.

10

LIST OF TABLES -

Chemical analysis of leaching water ...
Physical and chemical properties of the soll of the experiment _______ . .

Salinity {expressed as EC “dSm™") in topsoil (0-15 com) after
reclamation by leaching a saline sodic soil using different amendments
and methads of application ... ... e

Salinity (expressed as EC “dSm™") in subsoil (15-30 em} after
rectamation’ by leaching a saline sodic soil using different amendments
and methods of application ...

Sofl pH in topsoil (3-15 om) after reclamation by ieaching a saline sodic
soil using different amendments and metheds of application ...

Soil pH in subsoil (15-30 cm) after recfamation by leaching a saline

sodic soll using differant amendments and methods of application ...

Sedium adsorption ratio {SAR] in topsoil (0-15 cm) after reclamation by
leaching a saline sodic soil using different amendments and methods
of application . ___________ e e

Sadium adsarptiun ratic (SAR} in $ubs_oH (1530 ¢} after reclamation
by leaching a saline sodic soil using different amendments and
methods of appiication ....... e e e e et e n s e e

Exchangeable sodium p-ercéntage {ESP} in-topsoil {C-15 cm) after
reclamation by leaching a saling sodic soil using different amendments
and methods of application ...

Page

31

71

74

75
T

T8

g0

Exchangeable sodium percentage (ESP) in subsoil {15-30 cm) after .

reclamation by leaching a saline sodic soil using differant amandments

and methods of application ...

11
12
13

14

Soluble Ca™ (me L™)in .tnpsnil {(0-15 cmi) after reciamation by leaching
a saline szodic soll using different amendments and methods of
F-Futal 1o (1] P R

Soluble Ca™ {me L) in subscii (15:30 cm) after reciamation by
leaching a saline sodic soil using different amendments and methods
of application ........... TS

Soluble Mg_"* {me L“} in topsoil {0-15 cm) after reclamation Ey Ieaching'

a saline sodic soil using different amendments and methods of
APPHCAtION .......ccoiiier e e, TP ORUPORTOTRPO

Soluble Mg’ {me L} in subsoil {15-30 cm} after reclamation by
leaching a saline sodic sail using different amendments and methﬂds
of applicalion.......o e, e ateeieeean et b e et aneeet b meeitar ettt reeaes :

B1

83

&4

B&

- 87 .



15

16

17

18

19

20

21

.22

23

24

25

26

27

Soluble Na® {me L") in topsoil (0-15 em) after reciamation by leathing
a saline sodic soil using different amendments and methods of
application e e, v

Soluble Na' (me L") in subscil {15-30 om) after reclamation by
leaching a saline sodic soil using different amendments and methods
af application .. e

Soluble K (me L'} in fopsoil {0-15 em) after reclamation by leaching a
saline sodic sl using different amandments and methads of
APPNHCALION e e e o

Soluble K™ {me L") in subsail {15-30 em) after reclamation by leaching
a saline sodic soil using different. amendments and methods of

APPIEBHDR oot e e e e

Soluple HCOy [me L) in topsoll (0-15 om) afier reclamation by
feaching a saline sodic soil using different amendments ang methods
of aPPRCAtION L. e s

Soluble HCQY (me L") in subsoil (15-30 ¢m) after reclamation by
leaching & saline sodic soil using different amendments and methods
of applicatlon ... ..o e

Soiuble CL" (me L) in topsoil (0-15 cm) after reclamation by teaching a
salne seodic soil using different amendments and methods of
ARPICAtION e

Soluble CL {me L} in subsoil {15-30 cm) sfter reclamation by leaching

- @ salfne sodic soil using different amendments and methads of
applicalion ... e e et it e eey e e

Soluble S0O.” (me L™ in topsail (0-15 cm} after reclarmation by leaching
a saline sodic scil using different amendments and methods of
application TP

Soluble 80,° (me L) in subsoll {15-30 cm) after reciamation by
leaching a saline sodic seil using different amendments and methods
of application ... . e

Grain yigld of rice {tnnffe-:i.] as effecled by feaching a saline sodi soil
using different amendments and methods of application .................

Straw yield of rice (tenffed.) as effecled by leaching a saline sodic soil

-using different amendmente and methods of application ..................

{Grains + straw)} yield of rice (ton/fed.) as effected by leaching a safine
sodic soll using diffsrent amendments and methods of application ... ...

Page

89

80 .

g2

493

g5

86

98

g9

101

102

104

138

108



Fig. No-

10
41

12
13

14

LIST OF FIGURES

Reclamation leaching of a saline sodic soil by applying gypsum.
sulphur, lime or manured lime: Effect on soil salinity (expressed as EC
of soil saturation extract) .................

Reclamation leaching of a saline sodic soi by applying gypsum,
sulphur, lime or manured lime: Effect on sall pH {of soi saturation
=34 =T §

Reclamaticn leaching of a saiine sodic sod by applying gypsum,
sulphur, lima or manured lime: Effect on sodium adsorption ratic {(SAR)

------------------------------------------------------------------------------------

Reclamation leaching of a saline sodic soil by applying gypsum,
sulphur, lime or rmenured lime: Effect on exchangeable sodium
PECEntage (ESP) .o s

Reclamation leaching of a saline sadic scil by appiying gypsum,
sulphur, lime or manured lime: Effect on soluble Ca™ (me L) of soil
saturation extract ... e e -

Reciamation leaching- of a saline sodic sofl by applying gypsum,
sulphur, lime or manured lime: Effect on solubla Mg** (me L™} of sail
saturation extract ...

Reclamation leaching of a saline sodic sol by applying gypsurmn,
sulphur, lime or manured lime: Effect on soluble Na™ {(me L") of coll
saturation extract .. . i

Reclamation leaching of a saline sodic sail hy applying gypsum
sulphur, time or mapured iime: Effect on suluble K (met” }afsn.
SAtUrEtOn EXAFACt .. . i e s

Reciamation leaching of 2 saline sodic sail by applying gyrpsum
sulphur, lime or manured lime: Effect on soluble HCOy (me L " of soii
saturation extract ... ... e e e rreeaens -

Rectamation leaching of a saline sodic soll by applying gypsum,
suiphur, fime or manured lime: Effact on sofubie Cf (me L) of soil
atUration 8xtract ... ... e

Reclamation leaching of a saline sodic soil by applying gypsum,
sulphur, lime or manured lime: Effect on soluble S04 (me L7} of soil
saturation extract . USRI

Reclamation leaching of a saline sodic soil by applying gypsum
su]phur iime or manured lime: Effect on grain yield ...

Reclamalioh leaching of a saiine sodic soil by appwmg gypsum
su\phur lime of manured lime: Effect on straw yield ..

Reclamation leaching of a saline sodic soil by appiymg gypsum,

-sulphur, lime or manured lime; Effect on grain and straw yield ............

Page
'r’3_
7E
79
82
85
g8
o1
04
o7
100

163
105°

107

- 108



