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ABSTRACT

A field experiment was conducted in the experimental station, Fac. Agric., Mansoura Univ., Egypt, on
rice crop (Oryza sativa L.) to evaluate the ability of soil degradation resist as a result of low water quality and
farmyard manure application. The experiment involved nine treatments, three irrigation waters quality (tap water,
saline sodic water and saline water) and three rates of farmyard manure (0, 5 and 10 ton fed ™). The experiment
was designed in split plot design. The results illustrated that the highest fresh and dry weight was recorded with
the soil irrigated by tap water followed by saline water and amended with FYM rates 10 and 5 ton fed™. These
results may be attributed to the increase in soil physical properties i.e. saturated hydraulic conductivity (Ks), mean
pore diameter (MPD), bulk density (BD) and pore size distribution (PSD). Furthermore, the addition
of FYM increased the soil content of organic carbon (SOC) which considered the main reason in improving the
soil physical properties in combination with the good chemical composition of irrigation water (Ca™ more than
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INTRODUCTION

In irrigation areas of Egypt, inadequate rainfall and
limited surface water supply have led to use the low water
quality i.e. agriculture drainage water for irrigation to sustain
crop production and control the increasing salinity in deep
soils (Joseph et al., 2010). However, soil salinization is one of
the major threats to land desertification that frequently
appears in regions with drought climate that adversely affects
crop production and environmental health (Shokri-kuehni et
al., 2017 and Nachshon et al., 2018).

Soil porosity and hydraulic conductivity were the two
most important characters regulating water flow, deep
percolation (Walker, 1999) which affects the storage of water
and air available to plants. However, application of organic
matter is often recommended as an applicable choice to
maintain good soil structure by increasing soil organic carbon
and encourage soil flocculation and aggregation (Tisdall and
Oades 1982), which increases the macro porosity and then
improves water movement (Martens and Frankenberger,
1992).

On the other hand, rice is the essential source of food
for more than one third of the world’s population (Joseph et
al., 2010). Water is the major factor in rice production. Most
rice is grown where the soil is flooded during part or all of the
growing season. Several studies dealing with water in flooded
rice fields have focused on the different sides of water use
and little attention has been paid to the behavior of water in
the soil.

The objective of this study was to evaluate the soil
degradation resistant as affected by different water quality
and FYM applications under rice cultivation.

MATERIALS AND METHODS

1. Site description

A field experiment was conducted at the
experimental station, Fac. Agric., Mansoura Univ., Egypt
(31°04'N, 31° 35E), on rice crop (Oryza sativa L.).The initial
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physical and chemical properties of the soil sample (0-20) cm
were represented in Table (1).

The standard methods for soil and water analysis
were described by Piper (1950), U.S.S.L.S (1954), Black et
al., (1965), Hesse (1971), Hillel (1980) and Singh (1980).
The micronutrients and heavy metals in water samples were
estimated using Qtegra ISDS Data Processing Algorithms for
ICAP 7000 Series ICP-OES (Ammann, 2007).

Table 1. Initial values of some physical and chemical
properties of the experimental soil.

Physical properties Value Chemical properties

Particles size distribution: pH (in soil paste)

Value
8.54

Coarse sand % 345 EC.dSm?(insoil paste extract) 2.64
Fine sand % 7.74 CaCO;% 1.28
Silt % 38.07 Organic matter % 0.79
Clay % 50.74 Soluble cations* (cmol. kg?)

Texture class Clayey Na* 0.79
Soil order Entisols K* 0.05
Saturation percent % 66.58 Ca 0.52
Field capacity % 34.00 Mg" 0.32
Wilting point % 16.25 Soluble anions* (cmol . kg?)

Available water % 17.00 CO;” 0.

Hydraulic conductivity (nday®) 0.04 HCOy 042
Bulk density (Mgm®) 112 CI 0.70
Real density (Mg m?) 227 SO, 0.53
Total porosity % 50.66 Available macro nutrients (mg Kg*)
Void ratio 1.03 N 59.83
P 11.59
K 235.00

* Soluble cations and anions were measured in soil paste extract.

2. Experimental design

A spilt plot design involved nine treatments and
three replicates on a low saline sodic soil. The soil was
irrigated with three irrigation waters quality i.e. tap water
(ECyy = 047 dSm?* & SAR.; = 1.69), saline sodic water
(ECsow = 3.17 dsm™ & SAR.4 = 20.82) and saline water
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(ECsy = 4.61 dSm™ & SAR,; = 5.77) and three rates of
FYM (0, 5 and 10 ton fed™) were applied in (5.0x2.0 m?)
plot. The quantity of FYM per plot was 0, 12, 24 Kg.

Rice variety Sakha 104 was cultivated after adding
the FYM rates, calcium super phosphate (15% P,Os) at 100
Kg fed™, one third quantity of N dose and the traditional field
preparation. Dry seeds were cultivated by broadcast method
on the soil surface at 50 Kg fed™ on May 6" in 2017, and then
incorporated either by ploughing while the soil is still dry.
After planting, the plots were irrigated until the surface soil
was saturated (without flooding). The harvest dates were on
October 2™in 2017. The total growing period was 146 days.

The quantity of irrigation water was measured using
mechanical water meter at inlets, and during the cultivation
season, 16 irrigations (each 5-7 cm) were applied, resulting in
total water depths of 40 cm. The quantity of irrigation water
was approximately 63 m? for the studied area for each once.
The rice fields were dried for about 10 days during the season
to control rice weeds and insects as a result of long flooding
and anaerobic conditions. At each growth stage, the rice plant
has received chemical fertilizers as the recommended doses
given by Ministry of Agriculture 150 Kg fed® (NH,),SO,
(75% from RD) and 50 Kg fed™ K,SO, (100% from RD).

The initial analysis of FYM showed that ECy5, pHy:s,
organic carbon, total N, P, K were 2.82, 7.38, 26.5%, 1.16%,

RESULTS AND DISCUSSION

1. Fresh, Dry weight of rice

The low irrigation waters quality and FYM
applications significantly affected the most fresh and dry
weight of rice crop during the season (Table 3).

Table 3. Analysis of variance for fresh, dry weight of rice
crop as affected by applying FYM and different
water qualities.

1% Stage 2" Stage 3" Stage
Treat Fw Dy Fy Dy Fy Dy
Irrigation (1) NS 235* NS 29.9* NS 34.3*
FYM (F) 30.2* NS 31.4* NS NS 30.7*
| xF 29.1** 21.8* NS 322** NS  284*

*,** = Significant at P<0.05 and 0.01, respectively and NS= Not-Significant

The irrigation with saline sodic and saline waters (I,
and Is) resulted an increase in rice fresh weight at most
growth stages (Fig. 1) especially when adding any rate of
FYM. On the other hand, tap water (I;) was the most
effective water in increasing rice fresh and dry weight with
or without adding FYM followed by saline water (lI3) only
with FYM. Rao, (1998) and Choudhary et al., (2010)
reported that organic materials particularly FYM can help in
restoring soil physical quality and increased nutrient
availability of the degraded soils i.e. sodic soil.

0.78% and 0.43%, respectively. - 811 @12 @13

The two agricultural drainage waters were collected .
every five days from drainage near Mit Khames Village B
Mansoura District. The analysis of water samples were listed 5’ T 500
in Table (2). LI
Table 2. Analysis of irrigation water types. ‘g‘ ¥ 100

Mean Values of irrigation water* Recommended £
Parameter Tap Saline Saline Sodic Max. Conc.** B3 %0
pH 714 7134 948 6584 0=
EC (dSm-l) 0.47 461 3.17 0-3 Fwl Dw1 Fw2 Dw2 Fw3 Dw3
RSC 160 -23.83 252 1.25-250 st Indst ardst
SAR: 169 577 20.82 6-24 i " "
SO, (mmol L™) 0.40 14.44 8.49 0-20 @1 ED B3
Cli(mmol L™ 2.50 7.31 13.96 4-10 350
NH,™ 000 661 291 05 300 4
NOs 0.00 11.00 347 0-30 ~| 250 4
B 0.00 0.53 0.46 0.7-3 1y 4
Fe 0.02 453 1.23 5.00 < | E200
Cu ma L 0.00 0.18 0.07 0.20 E B 150 -
Zn 9" 001 134 0.82 20 =i
Mn 001 017 0.09 0.20 S
Cd 0.00 0.01 0.00 0.01 w0
Pb 001 216 157 5.00 01
Ni 0.00 0.06 0.10 0.20
Severe  Severe salty 15t Stage 2nd Stage 3rd Stage

Water Class*** Normal salty and sodic
* The mean values of the number of irrigation during the season. B EL B3
** Adapted from National Academy of Sciences (1972) and Pratt (1972). 400
*** According to Ayers and Westcot (1985). 350 -
3. Experimental Measurements 3 300 4

The depth of flooding water was recorded every two 3| % 2
days at several points in the field. The surface soil and plant 8 aigg |
samples were collected at vegetative (65" DAT), tillering 5|,
(95" DAT) and harvest (146" DAT). ol -

The soil saturated hydraulic conductivity was 0
measured according to Singh, (1980) by irrigation water
types. The desorption curve was determined by soil water- 15t Stage 2nd Stage Ird Stage

vapor pressure relationships according to (Danielson, 1980
and Schofield and Dacosta, 1935). Also, soil mean pores
diameter (um) was calculated by Dielman and De Ridder,
(1972).

Fig. 1. Effect of irrigation water qualities and FYM
application on fresh and dry weight of rice crop
at different growth stages.
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2. Soil properties
The irrigation water qualities and FYM rates have a
significant effect on soil by improving the most estimated

parameters i.e. saturated hydraulic conductivity (Ks), bulk
density (BD), mean pore diameter (MPD) and porosity as
shown in Table (4).

Table 4. Analysis of variance for some soil properties as affected by applying FYM and different water qualities.

Treat 1% Stage 2" Stage 3" Stage

) Ks BD E MPD SOC Ks BD E SOC MPD Ks BD E SOC MPD
Irri. (1) 0.10* 0.04* 154* 0.32* 0.04** 0.12** NS NS 0.11* 048** 0.20** 0.08* 3.15* 0.09** 0.83*
FYM(F) 0.14** 0.01** 0.21** 0.45* 0.06* 0.08** NS NS NS 0.39** 0.08** 0.05** 222** 0.06** 0.24**
| xF 0.09* 0.02** 05** 047 NS 017* NS NS 0.14** 051* 013** 0.11* 25* NS 0.57**

* ** = Significant at P<0.05 and 0.01, respectively and NS= Not-Significant

Water flow and mean pore diameter

The saline irrigation water with a high rate of FYM
(10 ton fed™), increased the saturated hydraulic conductivity
(Ks) as a result of increase the mean pore diameter (MPD)
compared with the other irrigation water (Fig. 2). The I;F,
was the most perfect treatment in increasing the rate of water
flow by 160, 131% at 2™ and 3" growth stage, respectively
compared with control (I,F,). At 2™ growth stage, IsF,
treatment increased the rate of water flow by 69% comparing
with (I,F,) treatment.

On the contrary, using of saline-sodic water recorded
the lowest mean values for water flow. In general, the water
flow and MPD at the 2™ growth stage (tillering) of rice
growth take a decreasing trend for all the treatments. A
number of researchers reported that irrigation with sodic
water high in HCO;3; leads to increase soil pH and

exchangeable Na®, decrease soil permeability and aeration
due to crusting, clay dispersion and migration leading to
clogging of pores (Grattan and Oster, 2003 and Oster, 2004)
thereby adversely affecting crop  productivity
(Choudhary et al., 2006 and Minhas et al., 2007).
Bulk density and porosity

Soil bulk density and porosity were significantly
affected by water qualities and FYM applications especially
at the vegetative and harvest stages of rice growth (Table 4
and Fig. 2). The I;F, treatment was recorded as the meanest
values of bulk density by a rate of 20%, meanwhile the soil
porosity was decreased by 22% compared with control
(I4Fo). These results agree with Enas, (2018) who reported
that the poor quality water had a harmful effect on soil
porosity and structure.
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Fig. 2. Effect of irrigation water qualities and FYM applications on some physical properties of the studied soil.

Pore size distribution

Description of the pore system provides a realistic
foundation for understanding the retention and flow of water
in the soil. Furthermore, knowing how pores participate in the
overall fabric of the soil and its capability to transmit solutes.
The combination effect of water quality and FYM was very
obvious in changing the pore size distribution. Table (5)
shows that irrigation by tap and saline water increased the
pore size as increasing the FYM rates at most moisture

degrees. Whereas the larger pore more than 500 pm
decreased by applying FYM with tap water as compared with
control (loFo). The impact of FYM (with tap water) in
increasing the pore size was found at bonding pore (less than
0.005 um), on the other hand the effect of FYM (with saline
water) was more effectiveness at pore more than 0.5 pm as
compared with tap water. These results are agree with
Greenland, (1981), who reported that the storage pores (0.5-
50 pm), as well as transmission pores (50-500 pum), are
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necessary for soil water movement and plant growth. Pores
larger than 500 pm can have some useful effects on water
movement (drainage) and root penetration, especially in
clayey soils.

On the contrary, the irrigation by saline-sodic water
with addition of FYM at 5 ton fed™ (F,) was better than 10
ton fed™ (F,), generally, the additions of FYM had a reverse
effect on pore size as a result of increasing the sodium content
in water consequently in soil. The pore size decreased with
FYM additions; moreover, the problem of water flow will
increase especially at high moisture degree as compared with
control (I,F).

In addition, negative high correlations -(0.96-0.91)
have been found between pore size distribution and soil
porosity until moisture degree 50% and pore size less than 8
um which responsible for holding and storage water and
there are negative moderate correlations -(0.70-0.67) between
pore size distribution and hydraulic conductivity at the same
moisture degree and pore diameter.

Table 5. Effect of irrigation water qualities and FYM
applications on pore size distribution of the
studied soil after harvest stage.

r (um) at different water moisture degrees (0,,)%0

Treat =9 20 30 40 50 60 70 80
Tap Water (1)

Fo 0.00032 0.0036 0.0405 0.453 506 56 631 7042

Fy 0.00057 0.0057 0.0574 0.576 5.79 58 585 5872

F, 0.00099 0.0091 0.0833 0.765 7.03 65 593 5442

Saline Sodic water (1,)

Fo 0.00023 0.0025 0.0271 0.297 325 36 389 4251

Fy 0.00031 0.0030 0.0302 0.299 297 29 291 2885

F, 0.00030 0.0027 0.0238 0.214 1.92 17 155 1387
Saline water (15)

Fo 0.00035 0.0037 0.0392 0415 440 47 493 5226

Fy 0.00048 0.0049 0.0512 0.530 548 57 587 6080

F, 0.00087 0.0086 0.0840 0.825 8.10 79 780 7659

It is concluded that the organic matter applications can
improve most soil physical properties through increased soil
aggregation (Zhang and Fang, 2007), increase in the volume
of macro-pores while decreasing micro-pores (Hati et al.,
2006) increased saturated hydraulic conductivity (Ndiaye et
al.,2007), consequently improved soil water-holding capacity
at both field capacity and wilting point (Rasool et al.,2007).
Soil organic carbon (SOC)

The amendment of soil by FYM resulted in higher
soil organic carbon (SOC) at all the treatments during the
plant season compared with control (Fig. 3). Also, it is found
that SOC increased at harvest stage. The highest mean value
was recorded after harvest especially when soils irrigated by
saline (1.32%) then tap water (1.30%). These increases may
be attributed to the following reasons: (1) many of nano-sized
pores connected and could receive quantities of SOC from
micro and meso-pores in both micro and macro-aggregates as
suggested by Marschner and Kalbitz, (2003), (2) formation of
stable aggregates (particularly in soil irrigated by saline and
tap water) enhanced physical protection of SOC against
microbial decomposition (Six et al., 1998). Moreover,
Mansour, (2012) showed that SOC content was found to
increase with increasing stages of plant growth at FYM rate
of 12 ton fed™.

Increasing of pore size considers an indicator to
forming new aggregates. These results confirmed by Kaiser

and Guggenberger, (2003), they found that the majority of
soil sorptive surfaces are located among the meso and micro-
pores of aggregate interiors. Also, the expanding of intra-
aggregate pore connectivities and associated pore networks
will help the greater quantities of carbon to be retained by the
best managed soils. Besides, greater SOC within aggregates
also stabilizes aggregate pore structures, hydraulic
conductivity and improving internal porosity (Park and
Smucker, 2005). Therefore, the high content of organic
matter increases resistance of the soil to degradation by using
poor quality water through improving soil physical and
hydraulic properties.

B 1ststage [ 2ndstage B 3rd stage

14 -
12 -
1.0 -
0.8
06
0.4
02 1 H
0.0 =L

SOC (%)

Fig. 3. Effect of irrigation water qualities and FYM
applications on soil organic carbon in the studied
soil.

CONCLUSION

The results indicate that the incorporation of organic
manure with low-quality water had a beneficial effects on soil
physical properties. Hence, it increased soil organic carbon
content, helped regenerate soil structure and improved soil
physical and hydraulic properties. These are important for
sustaining production in rice crop irrigated by poor quality
water. Thus, the use of these poor quality waters for irrigation
without proper amendments should be discouraged and
special management.

REFERENCES

Ammann, A.A. (2007). Inductively coupled plasma mass
spectrometry (ICP MS): a versatile tool. J. Mass
Spectrom., 42(4):419-427.

Ayers, R.S. and D.W. Westcot (1985). "Water Quality for
Agriculture”. FAO Irrigation and Drainage Papers
No. 29. FAO, Rome, Italy.

Black, C.A.; D.D. Evans; L.E. Ensminger; J.L. White and
F.E. Clark (1965). "Methods of Soil Analysis". Part 1
and 2. Amer. Soc. Agron. Inc. Pub., Madison, USA.

Choudhary, O.P., B.S. Ghuman, A.S. Josan and M.S. Bajwa
(2006). Effect of alternating irrigation with sodic and
non-sodic waters on soil properties and sunflower
yield. Agric. Water Manage. 85(1):151-156.

Choudhary, O.P.; S.R. Grattan and P.S. Minhas (2010).
Sustaining crop production using saline and sodic
waters. Sust. Agri. Rev. Vol. 6.

Danielson, R.E. (1980). "Soil Physics Laboratory Manual”.
Dept. Agron., Colorado State Univ., Fort Collins.

Dielman, P.J and N.A. De Ridder (1972). Elementary ground
water hydraulic. Drainage Principle and Application
Pub. 16, 1-153 LLRI, Wageningen, The Netherlands.

Enas, M.S. (2018). Changes of water retention in rice soil
amended with organic manures under irrigation by
saline and sodic water. J. Soil Sci. & Agric. Eng.
Mansoura Univ., 9(12):847-857.

790



J. of Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 10 (12), December, 2019

Grattan, S.R. and J.D. Oster (2003). Use and reuse of saline-
sodic waters for irrigation of crops. J. Crop Prod., 7(1-
2):131-162.

Greenland, D.J. (1981). Soil management and soil
degradation. Eur. J. Soil Sci., 32(3):301-322.

Hati, K.M., A. Swarup, D. Singh, AK. Misra and P.K.
Ghosh (2006). Long-term continuous cropping,
fertilisation, and manuring effects on physical
properties and organic carbon content of a sandy
loam soil. Aust. J. Soil Res., 44(5):487-495.

Hesse, P.R. (1971). "A Textbook of Soil Chemical Analysis".
John Murry Ltd., 50 Albermarle St., London, UK.

Hillel, D. (1980). "Introduction of Soil Physics". Academic
Press, Orlando, Florida, USA.

Joseph, B., D. Jini and S. Sujatha (2010). Biological and
physiological perspectives of specificity in abiotic salt
stress response from various rice plants. Asian J.
Agric. Sci., 2(3):99-105.

Kaiser, K. and G. Guggenberger (2003). Mineral surfaces
and soil organic matter. Eur. J. Soil Sci., 54(2):219-
236.

Mansour, M. M. (2012). Standardization of micronutrient
enrichment technique in organic manures and its
impact on soil and crop. Ph.D. Thesis, Dept. Soil Sci.
& Agric. Chem., TNAU, Coimbatore, Tamil Nadu,
India.

Marschner, B. and K. Kalbitz (2003). Controls of
bioavailability and biodegradability of dissolved
organic matter in soils. Geoderma 113(3-4):211-235.

Martens, D.A. and W.T. Frankenberger (1992). Modification
of infiltration rates in an organic-amended irrigated.
Agron. J., 84(4):707-717.

Minhas, P.S., S.K. Dubey and D.R. Sharma (2007). Effects
on soil and paddy-wheat crops irrigated with waters
containing residual alkalinity. Soil Use Manage.,
23(3):254-261.

Nachshon, U. (2018). Cropland soil salinization and
associated hydrology: Trends, processes and
examples. Water 10(8):1030-1050.

National Academy of Sciences and National Academy of
Engineering (1972). Water quality criteria report. US
Environmental Protection Agency, Washington D.C.

Ndiaye, B., J. Molénat, V. Hallaire, C. Gascuel and Y.
Hamon (2007). Effects of agricultural practices on
hydraulic properties and water movement in soils in
Brittany (France). Soil Tillage Res., 93(2):251-263.

Oster, J.D. (2004). Amendments used to mitigate the adverse
effects of alkali irrigation water. In: Extended
Summaries, Int. Conf. on Sustainable Management of
Sodic Lands, Feb. 9-14 (Ed. Pandey, R.N.), pp. 89-
91. Lucknow, India: UP Council of Agric. Research.

Park, E. and A.J.M. Smucker (2005). Saturated hydraulic
conductivity and porosity within macroaggregates
modified by tillage. Soil Sci. Soc. Am. J., 69(1):38-
45.

Piper, C.S. (1950). "Soil and Plant Analysis". Interscience
Publisher Inc., New York, USA.

Pratt, P.F. (1972). "Quality Criteria for Trace Elements in
Irrigation  Waters". California Agri., Experiment
Station. Univ., California, USA.

Rao, D.L.N. (1998). Microbiogical processes. In: Tyagi,
N.K., P.S. Minhas (Eds.), Agricultural Salinity
Management in India. CSSRI, Karnal, pp. 125-144.

Rasool, R., S.S. Kukal and G.S. Hira (2007). Soil physical
fertility and crop performance as affected by long
term application of FYM and inorganic fertilizers in
rice-wheat system. Soil Tillage Res., 96(1):64-72.

Schofield, R.K. and J.V. Botelho Da Costa )1935). The
determination of the pF at permanent wilting and at
the moisture equivalent by the freezing point method.
Trans. 3% Int. Congr. Soil Sci., 6-10 p. 30 July -
7 Aug., Oxford, England.

Shokri-Kuehni, S.M.S., M. Norouzi Rad, C. Webb and N.
Shokri (2017). Impact of type of salt and ambient
conditions on saline water evaporation from porous
media. Adv. Water Resour., 105:154-161.

Singh, R.A. (1980). "Soil Physical Analysis". Kalyani
Publishers, New Delhi, India.

Six, J., E.T. Elliott, K. Paustian and J.W. Doran (1998).
Aggregation and soil organic matter accumulation in
cultivated and native grassland soils. Soil Sci. Soc.
Am. J., 62(5):1367-1377.

Tisdall, J.M. and J.M. Oades (1982). Organic matter and
water-stable aggregates in soils. J. Soil Sci.,
33(2):141-163.

US Salinity Laboratory Staff (1954). "Diagnosis and
Improvement of Saline and Alkali Soils". US
Dept., Agric. Handbook 60, Washington DC, USA.

Walker, S.H. (1999). Causes of high water losses from
irrigated rice fields: field measurements and results
from analogue and digital models. Agric. Water
Manage., 40(1):123-127.

Zhang, M. and L. Fang (2007). Effect of tillage, fertilizer
and green manure cropping on soil quality at an
abandoned brick making site. Soil Tillage Res.,
93(1):87-93.

3 garall 3 pdal b elall AS o g 33 g duadidia olsal)

W.Umusba\guugluushmwu)
- b gaiall - 3 ) galall dada - Ao N A4S - il ) and

blﬁ.ar,bs:u\g_G;u\Jﬁﬁ\aﬂ,&g\c&)ﬂ\s)ﬁﬁﬂjﬂ\ay&c‘EJ}@A\-zJ,@A\@g_k\)jlgﬁh)}g@&&#qﬁi

(Banla slaa s A gom Gl slia s ogaball elall) (55l obin (s )l D 18 CDre psi o Ay el il (galdl dlad) Als) e 53 ol it 5
L) ilaall g el olal) s (goball elaly 4y gyl Ay 531 (o i) o ff At e aanai 8 (M 5l 105,55, jia) (sald) sl (o Va0 EDl
L gia g qaiial) (S0 gyl (a1 2 L Al (ol ) 28505 () bl o3 s g s i A e T 55 610 el s Sl

Candl iy 5 (5 gumall 050 S Ay ) (5 gimn 85 I (o) Sland) i) il D e 5 dle alsall anall gy sl 5 ey paUl AR 5 s
(psmseall (o el ol (5 5ina) (g slaal 2l Al S il e Jalii SV & 5l Al 3l ol 580 (i pansi )

791


https://scholar.google.com/scholar_lookup?title=Extended+Summaries+International+Conference+on+Sustainable+Management+of+Sodic+Lands+Feb.+9%E2%80%9314+2004&publication+year=2004&author=Oster+J.+D.&author=Pandey+R.+N.&pages=89-91

