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POT EXPERIMENT had been conducted in the greenhouse of

the WNational Research Centre in order to investigate the
suitability of gypsiferous soils for plant growth. The selected soils, for
this experiment, were different in their soil characteristics specially
gypsum, calcium carbonate and soluble salts contents. The experiment
design comprised control and leaching treatments. Maize and barley
were the crop indicators and the germination percentages as well as
dry weight of the harvested plants were the measurable parameters of
the current study.

The obtained results showed that the leaching of gypsiferous soils
improved their chemical characteristics. The maize germination
percentages of the control treatment varied between 43 and 90%, while
they ranged between 70 and 98% for the soils which were under the
leaching treatment. However, barley germination percentages ranged
between 50 and 93% for control treatment and between 70 and 1060%
for the leaching treatment.

The current study revealed clearly that the influence of the soluble
salts that associate with gypsum in most of the gypsiferous soils is
remarkabie on the plant growth. Moreover, the obtained results could
indicate that the continuous cultivation of the soil wouid iead to
improve its physicochemical properties.

Gypsiferous soils are soils that contain sufficient quantities of gypsum (calcium
sulphate) to interfere with plant growth. Soils with gypsum of pedogenic origin
are found in regions with ustic, xeric and aridic moisture regimes (Nettleton et a/.,
1982). They are well represented in dry areas where sources for the calcium sulphate
exist. They do not usually occur under wet climates. Moreover, most natural
oypsiferous soils are also saline therefore, leaching is necessary to keep the salt
content low. In most cases the gypsum is associated with other salts of calcium
and salts of sodium and magnesium.

Although, the impact of gypsum content on plant growth is well known, it has
been found that the associated soluble salts have a great influence on the plants
too. Aziz (2004), showed that the total soluble salts greatly inhibit germination in
the soil. Minashina (2005), explained that an increase in the soil water content
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leads to changes in the salt composition of the solution where the portion of
calcium sulphate increases due to gypsum dissolution. The further dilution of
solution, during the soil leaching procedures, may lead to the appearance of
tmagnesium sulphate as a result of the reaction between magnesium bicarbonate
and calcium sulphate with precipitation of calcium carbonate.

In order to investigate such influence, a pot experiment had.been conducted in
the greenhouse of the National Research Centre using different 8 soils. They
were collected from different localities in Egypt and they were different in soil
characteristics where they had various levels of gypsum, calcium carbonate and
soluble salts contents. A leaching process was carried out on all the selected soil
samples in the current experiment. The pots were sowed with maize followed by
barley. :

Material and Methods

Soil profiles

Five soils profiles were selected from various regions in Egypt. A soil profile
was dug at each location to the hard rock or water table. The soil profiles were
then thoroughly examined, morphologically described and the physiographic
features of the location were identified according to FAQ Guidelines for Sol
Description (2006).

Soil samples

Eight soil samples were chosen, air-dried, sieved throw 2mm sieve and
undergone various laboratorial analyses to determine some of their physic-
chemical properties as follows:

1) The soil reaction (pH) was measured according to Rhoades (1982).

2) Soil salinity was determined following Black et al. (1982).

3) Total carbonates were estimated using the Schreiber's calcimeter after Nelson
(1982). ‘ '

4) Gypsum content was determined.

5) Soluble cations and anions were determined according to Black et af. (1982).

Planting experiment

A number of 8 soil samples were collected from various localities in Egypt.
The collected samples are different in their soi!l characteristics special gypsum,
calcium carbonate and soluble salts contents. The experiment design comprised
the selected 8 soil samples in triplicates and two groups of pots. The first group
was used without any treatment as a control. The soil of the second group of pots
were undergone a leaching process which has carried out at six intervals over a
pertod of 45 days. Alf pots were sowed with maize followed by barley where
they grow for 40 days. Observations were recorded on germiination percentage
Fovpt J Soil. Sci 48, No.2 (2008)
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and dry weight of the grown plants. Obtained data were statistically analyzed
according to Snedecor & Cachran (1967) and the LSD at 0.01 level was used for
comparison between treatments.

Results and Discussion

Soil characterization

The studied soil samples were collected from different 5 soil profiles and
characterized by different contents of gypsum, calcium carbonate and total soluble
salt concentrations, (Table 1). The soils nos. 1, 2, 3, 7 and 8 had high gypsum content
varfed-from 17.2 to 86.0%, whereas the soils nos. 4, 5 and 6 had low gypsum content
between 2.8 and 5.5%. The soils nos. 1, 4, 7 and 8 were very saline where the EC of
the soil paste water extract ranged from 21.3 to 116.5 dS/m. The soils nos. 2, 3, 5 and
6 were moderately saline as the EC values fluctuated between 3.9 and 5.6 dS/m. Soil
no. 6 was the only one had high calcium carbonate content (14.8%). The soil texture
varted from loam to loamy sand.

TABLE 1. Some physicochemical properties of the studied soils.

EC Soluble cations Soluble anions

Sampl H CaCO,| G Text
mpﬁ Sp P dS/m megq/l meq/l atth) Lypsam xire
No. (i:1) N - - i % Yo class
Na" K" {Ca™ Mg |COy} CF {SO,”
Gypsic
1 200 84 |2131110.1}53}730(36.0) 03 ; 1i9 | 105 | 20 86.0 layer
— : -
Loamy
2 1751 85|56 (3622880 {13002 44 | 16 23 172
. sand
3 (26383 (s52{13s)19l90t110f03( 191 16 13 | 173 Loam
Loamy
4 150 83 |59.1420.7|8.3(353)138.0) 0.2 | 498 { 1041 0.8 2.8 sand
Loamy
5 1167 85139 11.8]1.5{ 8.0 |100] 0.1 ] 20 | Il 3.0 34
sand
I
Sandy
6 (21782143 (1061370195102 | 18] 1l 14.8 5.3
loam
Loamy
7 [6.7) 84 (116.5|892.1|19.1|125.0{ 202 | 0.2 | 10801 148 ; 2.5 241 <and
< ] Gypsic
8 1220] 82 |86.6(5952|7.8(143.012155| 0.1 | 740 ; 221 1.8 J 60.2
L layer

Following the keys to soil taxonomy (USDA, 2006), the selected soil profiles
were classified (Table 2) according to their morphological features and
laboratory analytical data as follows:

Profile no. 1 as Petrogypsic Haplosalids.
Profile nos. 2 and 5 as Gypsic Haplosalids.
Profile nos. 3 and 4 as Typic Haplosalids.
Legvpt J Soif Sci 48, No. 2 (2008)
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TABLE 2. Sail profile location and classification.

Soil profile Soil
I
No. Location Land use of Classification Layer saf:‘n ple
represented area No. .
1 El-lsmaillia |  Non cultivated Petrogypsic 1 !
Haplosalids
1 2
2 El-Ismaillia Cultivated -Gypsic Haplosalds 7 3
Wadi El . . .
3 Natroun Non cufpvmed _Typlc Haplosaiids 4
North of . . ) I 5
4 Tahrir Cultivated Typic Haplosalids 3 -
. i 7
5 El Fayoum Non cultivated Gypsic Haplosalids 3 ;

Leaching experiment

The results which are illustrated in Fig. 1, show that leaching removed most
of soluble salts out of the soils under investigation. However, they had responded
variably to leaching. Although soil no. 7 had initially bigher soluble salts
concentration (116.5 dS/cm) than soil no. 8 (86.6 dS/cm) and soil no. 4 had
higher soluble salts (59.1 dS/cm) than soil no. 1 (21.3 dS/cm), at the end of the
leaching process, the soils nos. 4 and 7 contained less soluble salts concentration
than soils nos. | and 8. The reason may be due to the higher gypsum contents of
the soils nos. | and 8 (86.0 and 60.2%, respectively), than soils nos. 4 and 7 (2.8
and 24.08%, respectively). The ratios between soluble univalent salts and
bivalent ones were narrow in the case of soils nos.-1 and 8 whereas, they were
wide in the case of soils nos. 4 and 7.

The linear regression equations, which represent the leaching process of the
soils, are as follows:

Soil 1: Y=22.12-2.34X (R*=0.979)
Soil 4: Y=60.10 - 7.86X (R* = 0.949)
Soil 7: Y=130.30-16.91X (R*=0.981)
Soil 8: Y=89.00 528X (R*=0.9735)

These equations revealed that soils nos.1 and 8 behaved similarly in the leaching
process (regression lines are nearly parallel), although soil no. 1 had higher
gypsum content {86%) and less soluble salts (21.3 dS/cm) than soil no. 8. The
slopes of the two linear equations of soils nos. | and 8 are low as compared with
the stopes for the soils nos. 4 and 7. The last two soils showed faster removal
action of the soluble salts through leaching than the first ones. These results
could be attributed to the different gypsum contents and crystal forms as well as
thetr distribution in the soil fabric.

Emypr. J Soil 5¢i 48, No.2 (2008)
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Fig. 1. Leaching Experiment.

Planting experiment

It could be noticed that soil salinity levels were decreased at the end of the
cultivation period (40 days) as they compared with the corresponding ones of the
control treatment, (Tables 3 and 4). Maize was the first crop to be planted after
the soil leaching intervals were completed. Data in Table 3 show that maize
germination percentages were increased with the decrease of the soluble salts
concentration in the soils. While, the germination was nil in the soils nos. 4,7 and
8 under the control treatment, it reached to 97,70 and 0% under leaching,
respectively. The germination percentage of the control treatment varied between
43 and 90%, while it ranged between 70 and 98% for the soils which were under
the leaching treatment. The dry weight of the harvested plants was between 4.24
and 7.56 g/pot in the case of control treatment and it became between 6.90 and
12.39 g/pot under leaching treatment. The statistical analysis revealed that there
is highly significant negative correlation coefficient between the soluble salts
content and the germination percentage of maize (-0.83 for the control treatment
and -0.96 for the leaching treatment). The high values of germination percentages
of the control treatment could be due to that some of the selected samples were
taken from gypsiferous soils which were under cultivation long time ago.

Fgypt J. Soil. Sci. 48, No. 2 (2008)
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Barley was the following plant to be sowed in the experiment. Table 4
presents - the average values of the obtained data which manifested higher
germination percentages than those of maize experiment -where, it ranged
between 50 and 93% under control treatment and between 70 and 100% under
leaching treatment. Dry weight values were also increased as they compared with
maize dry weight values. They reached 4.2 to 6.77 g/pot for the control treatment
and 4.33 to 17.52 g/pot for leaching treatment. Highly significant negative
correlation coefficients between the soluble salts content and the germination
percentage were computed (-0.89 and -0.97 for the control and leaching
treatments, respectively) for barley experiment.

~—FABLE 3. Average values for maize experiment (First cultivated crop).

Germ.
Soil EC (dS/m) (%) Dw (gipot) Linear re ssion equation Correlation
No. near regression equaie Coefficient
C L C L C L
I 12060 405 | 43 | 73 | 424 | 690 | Controf treatment:
2 436 | 387 | 80 | 97 | 639 |10.89|Germ.% = 74.4071- 0.8504
ECH++* -0.8316
3 353 236 | 83 | 97 | 683 Il,OlJ Dw g/pot= 5.9312 - 00670
4 | 2750 ] 270 | 0 | 97 | 000 |11.87] EC*** -0.8307
5 | 246 | 130 | 87 | 98 | 570 [12.39| Leaching treatment:
6 | 1391 140 1 90 { 95 | 7.56 [10.45{ Germ.% =95.8324 — 1.9745
EC*** -0.9590 .
7 10820 | 555 0 70 { 0.00 j 848 ) Dw g/pot= 110139 — 02279
8 | 8255 | 4920 o | 000 |o000]j EC™* -0.9164
Germ. = Germination
Dw. = Dry weight
TABLE 4. Average values for Barley experiment (Second cultivated crop).
Germ.
Soit | EC(dS/m) (%) Dw (g/pot) Linear regression Correlation
No. equation Coeflicient
C L C L C L
1 15741 271 150192 {420} 11.64 | Control treatment:
2 1369 | 213 | 851100 ] 610 | 17.11 | Ocrm.% =83.6520 — 1.6282
3 | 3145 | 220 | 90195 ] 643 ] 1634 | EC*** -0.8789
— Dw g/pot= 6.0876-0.1174
4 25351 160 | O 96 GO0 | 1680 | prwss 08818
5 1.35 1.05 93 | 98 6.77 | 1692
— -
Leaching treatment:
6 1.30 074 (90 [ 100 { 639 17.52 Germ% = 989930-3.1797
EC *** -0.9662
7 166851 265 1 0 [ 70 1000 | 833 | o smor= 15,9677 - 0.5207
EC *** -0.8725
8 4280 1 31.25 0 0 0.00 0.00
|

Genm. = Germination

Dw. =

Egvpr J. Soil. Sci 48, No.2 (2008)
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LSD analysis

Although the variability of the soils under investigation, the LSD analysis,
(Tables 5-10) revealed that there was a clear distinction between two groups of
the soils. The first group comprised the soils nos. 1,4,7 and 8 which were
characterized by high soluble salts accumulation whereas the second group
contained the soils nos. 2, 3, 5 and 6 that had low soluble salts contents. This
distinction was reflected on the germination percentages of maize under the
contro! treatment where, the first group of soils showed no germination except
for the soil no. 1 that showed the lowest percentage (43%).

TABLE 5. LSD for EC of Control - Maize.

Ranking

Soil no.

Mean

Non-significant range

108.20

—

82.55

27.50

20.60

4.36

3.53

2.46

CO)~J| Ch LN da | W] b e

NN L N[ ] e GO =]

1.39

alol|o[a(fo|o7w

LSD 0.01=2.9075 Error sum square= 1.4863.

TABLE 6. LSD for germination of Control — Maize .

Ranking Soif no. Mean Non-significant range
1 6 90 a
2 3 87 ab |
3 3 83 ab o
4 2 80 b
5 l 43 c ]
6 4 0 d ]
7 7 0 d
8 8 0 d )
LSD 0.01=6.0801 Error sum square= 6.5

TABLE 7. LSD for dry weight of Control — Maize .

——
Ranking Seit no. Mean Non-significant range
T 1 6 7.56 a !
2 3 6.83 ab j
3 2 6.39 bc
4 3 572 c T
5 [ 424 d }
6 4 0.00 e
7 7 0.00 e T
8 8 0.00 e T
L.SD 0.01=0.8893 Error sum square= 0.1391

Egvpt. J. Soil Sci. 48, No. 2 (2008)
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TABLE 8. LSD for EC of Leaching — Maize,

Ranking

Soil no. Mean

Non-significant range

49.20

3.3

4.05

387

2.70

2.36

1.40

QO ~JE NG| | G | b | omee

LA SN B[ N =i~ 00

1.30

aloiaiBiejelo|e

LSD 0.01=1.2414 Error sum square= 0.2710.

TABLE 9. LSD for germination of Leaching — Maize.

Ranking

Seil no. Mean

Non-significant range

98

a

97

97

97

95

73

70

CO| w3 O\ LN | [ G| 1D | bt

QO] = = | O | | B

0

OO TR

LSD 0.01=3.3726 Error sum square=2.00

TABLE 10. LSD for dry weight of Leaching - Maize.

— ]
Ranking Soil no. Mean Non—significant range
1 5 12.39 a
B 2 4 11.87 ab
3 3 11.01 be
4 2 10.89 be
5 6 10.45 ¢ T
6 7 8.48 d
7 1 6.90 e )
T 8 8 0.00 f
LSD 0.01=1.0046 Error sum square= 01775 .

The germination percentages of the second group of soils varied between 80
and 97% under the control treatment.

Under leaching treatment, this distinction had been found between the soil no.
8 which showed no germination and all other soiis of the current experiment that
experienced germination percentages fluctuated between 70 and 98%. However,
the lowest values were recorded for the soils nos. 1 and 7 and could be attributed
to their high gypsum contents (86 and 24%, respectively). The germination

Egvpt. J. Soil. Sci.48, No.2 (2008)
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absence of so0il no. 8 could be due to its the high soluble salts concentration
which was still too high after leaching as well as its high gypsum content.
Consequently, the dry weight of the grown plants under the leaching treatment
recorded higher values than those of the control treatment. It could be noticed
that soils nos. 2 and 3 had relatively high gypsum contents of almost 17% and
that did not inhibit the plant growth, but even they showed high germination
percentages of the first cultivated crop under both control and leaching
treatments. The soil no. 6 showed high germination percentages under different
treatments, although it had high lime content which was determined to almost
15%.

These results prove an improvement of the soil properties, specially the soil
-salinity level.

The LSD analysis, (Tables 11-16), showed that the clear distinction between
the first group of soils nos. 1, 4, 7 and 8 and the second group of soils nos. 2, 3, 5
and 6, continued for the control treatment under barley cultivation. However, the
germination percentages were increased for both control and leaching treatments,
as they compared with those under maize cultivation. This result is evidently
attributed to the successive cultivation of the soil which could lead to
improvement of its physicochemical properties.

Under leaching treatment, this distinction was found as that under maize
cultivation between the soil no. 8 and alf other soils that recorded germination
percentages of 70 to 100%. The lowest values were also found for the soils nos. 1
and 7 and could be due to their high gypsum contents. However, the nil
germination for soil no. § may be attributed to the high contents of soluble salt
and gypsum. The dry weight as well showed an increase for barley cultivation
under leaching treatment. The results of the current experiment revealed that the
soil conditions had been improved by leaching.

It can be concluded, according to the results of the current study, that the
soluble salts that associate with gypsum have remarkable effect on the plant
growth either as using the seedling rate percentage or the dry weight of the plants
as indicators for soil properties tmprovement. Accordingly, leaching of the
gvpsiferous soils has improving impact on the soi} properties depending on the
soil conditions such as, texture, structure, gypsum content and crystal forms.
soluble salts content and {ype as well as lime content.

The obtained results showed that the impact of soil gypsum on leaching
process as well as plant growth depends not only on its content but also on its
form. Similar results were attributed by Aziz (2004), to the gypsum form. She
explained that the soil with high gypsum content (3i%) could support high
germination percentage (90%) due to the intercalary gypsum crystal form and
very small granules besides some intergrowth grains. These forms of gypsum
besides porphyric fabric of soils permit small roots to penetrate in the soil and
absorb water and nutrients as well which enable convenient conditions for plant

Eaqvpr. J. Soil. Sci. 48, No. 2(2008)
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growth. On contrary, the soil with low gypsum content (3%) gave lower
germination than the one that had high gypsum content due to the influence of
smali crystallites of gypsum scattered in the groundmass forming the chitonic
related distribution. This may, also, explain the different effect of leaching on the
studied soils. Moreover, the calcium carbonate content had no significant effect

on the plant growth.

TABLE 11. LSD for EC of Control - Barley.

Ranking_ Soil no. Mean Non-significant range |
1 7 66.85 a
2 8 42 .80 b
3 4 25.35 c
4 | 15.74 d
5 2 3.65 e
6 3 3.15 5
7 5 1.35 e
8 6 1.30 €
LSD 0.01=3.9989 Error sum square=3.8117

TABLE 12. LSD for germination of Control — Barley.

Ranking Soil no. Mean Non-significant range
1 5 93 a
2 3 90 a
3 6 90 a
4 2 85 b
5 i 50 c
6 4 0 d
7 7 0 d
- 8 8 0 d
LSD 0.01=4.1306 Error sum square= 3.000

TABLE 13. LSD for dry weight of Control — Barley.

Ranking Soil no. Mean Non-significant range
1 5 6.77 a
2 3 6.43 ab
B 3 6 6.39 ab
4 2 6.10 b
5 1 4.20 c
6 4 0.00 d
T 7 0.00 d
8 8 0.00 d
LSD 0.01= 0.3928 Error sum square= (1.0271

Fevpt J Soil Sci 48, No.2 (2008)
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TABLE 14.LSD for EC of Leaching — Barley.

Ranking Soil no. Mean Non-significant range
1 8 31.25 a R
2 ] 2.71 b
3 7 2.65 b
4 3 2.20 b B
5 2 2.13 b
6 4 1.60 b
7 5 1.05 b
8 6 0.74 b |
LSD 0.01=1.564 Error sum square=li3_»

TABLE 15. LSD for germination of Leaching — Barley.

i Ranking Soil no. Mean Non-significant range
1 2 100 a
2 6 100 a
3 5 98 ab ,
4 4 96 ab i
5 3 95 bc
6 1 92 c
7 7 70 d
8 8 0 e
LSD0.01=3.2655  Error sum square= 1.875 |

TABLE 16. L.SD for dry weight of Leaching — Barley.

F. Ranking Soil no. Mean Non-significant range
1 6 e 1152 a
2 2 e 17.11 ab
3 w5 16.92 1 abc .
4 4 16.80 be 1
5 3. 16.43 ¢
] 6 P 11.64 d '
] 7 7 833 1 e
! 8 T8 ] 0.00 r ]
[_JSD 0.01=0 220 ol sum square= (.0485
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