


































































































































EXPERTIJIENTAL IlfillTHODS 

Methods of Analysis - The Beckman model N2 pH meter was 

used for the determination of pH value of the saturated soil 

paste, by method 21a of' the U.S .. Regional Salinity Laboratory 

Manual (108)0 

The Solubridge was used for the determination of elec­

trical conductivity of the saturation extracts and water 

samples according to method 46 of the same manual. 

As far as the is aware, no cation exchange 

stUdies had been made on Kuwait soils prior to this study. 
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The determination of cation exchange capacity and exchangeable 

Oa, Mg, Na, and K, were made on the same soil samples.. A 10-gm. 

air-dry soil sample was weighed into a medium porosity fritted 

glass filter funnel, with a circular filter paper at the bottomo 

Another filter paper was placed on top of the sample. The sol­

uble salts were washed out with 10 mI. portions of neutral 60% 

methanol, which was sucked dry between additions. A large test 

tube was placed inside the filtration flask to collect the re­

placed solution resulting from adding 5 ml.portions of nearly 

boiling neutral I N ammonium acetate solution, letting to stand 

a few minutes and sucking dry between additions. The sam.ple 

was then washed twice with 50% methanol and sucked dryo The re­

placed solution was transferred to a beaker and taken to dryness 

on the steam bath. After cooling, 20 ml. of 0.2 N EOI were 

added, the beaker covered with a watch glass and warmed gently 

over a low flame. When cool, the sample was transferred 

tltatlvely to a volumetric flask and made to volume.. The solu-



tion was used for the determination of the exchanaeable ca-
'--' 

tions by the following methods: Calcium and magnesium were 

determined by the Varsenate method 7 of the U. S. Regional 

Salini ty Laboratory Nfanual (108). Sodium and potassium were 

determined by a Coleman model 21 flame photometer. For the 

determination of cation exchange capacity, the sample in the 
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fri tted glass funnel was washed wi th 60% methanol to 'wash out 

the ammonium acetate. Then the sample was transferred quantit­

atively to a Kjeldahl flask and the cation-exchange-capacity de­

termined according to the amount of ammonia collected on distil-

lation. 

Total carbonate was determined by measurement of the C02 

gas liberated, using the standard procedure involving the Col­

lins Calcimeter. The CO2 volume was corrected to standard tem­

perature and pressure and the percentage of carbon dioxide com-

puted. The results were calculated in terms of per cent CaCO]" 

Method 22C of the U. S. Regional Salinity lv1anual (108) 

was used for the determination of gypsum 0 The determination 

of organic m.atter was conducted according to method 24 of the 

same manual. 

In the determination of soluble cations and anions in 

the sa tura tion extracts and the water samples used in thi s stucJy, 

the following methods were followed: Calcium and magnesitllll v,~ere 

determ.ined by the Versenate method 7 of the U.S. Regional Eialin­

ity l1'fanual (108). Carbonate and bicarbonate were determined by 

titration with 0005 N sulfuric acid, method 12, chloride by ti­

tration with 0.5 N silver nitrate, method I], and nitrate by the 

" , 
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pheno1disulfonic acid ~16thod" SodiuJ:l and :potassiUIfl 'iNere de-

termined by' the Co1emcm ~,Todel 21 flarlle ~Jhoto~leter. Pho Sl'.lhat e 

vvas detel' :ined by the modified arJIflOn:LuLl molybdate-stannous 

chloride method of Dic2Dllan and Bray (hO). Sulfate Vi;~\S cletern-

ined bJ- the T.H.'-i. (disodiuJil tetrahyd.roxyquinone) f,16t1l0d. (17)0 

Iron wa s d 13t sI'1.Jlined by the orthopl1enanthro1ine I,lathod (69 ) 9 

ane. r:1angane..:.2 was deterDlined according to the periodate Lletl1od, 

and boron, by the curculllin colorimetric method (39), usin0~ the 

Coleman Junior 2·:pectrophotometer. 

T'he ni tinate analysis of t~atch and soil sanples \·'W.S 

cal~ried out or;c:)rd.il1:: to Li.ethod C 144-i}7 of tIle ASTId (8). 

The Becha~ical analyses were carried out accordins to 

tl:.e Bouyoucos fl." rometer dethocL BeC8.1J.E',e of the coarse texture 

of the so iI, 100 ~:ra. sanples VIere used in the determination 2.nd 

dofium hexametaphos:pl1ate 'NBS used as the dispersinc agent. R:rdro -

meter readinss were ~ade after 40 seconds and one hour and t~~era-

tl1re corrections aJ.. li ed. From t he correct ed hydromet er reac.inr~E., 

the percentages of sand, silt and clay ware calcu12ted on the 

0.1':,." soil basis. 

On harvest dates, the leaves of the plants were rinsed 

in distilled water, air-6ried, then oven-Qried overnight at 65° Co 

Then, they were ground in an agate llortar and stored iil air-

ti:)l t cOLJ.tainers 0 

Total ni troe/en 'IN8.S deter.r:lined accordiw~ to the stancis.rd 

Kjeldahl method. 

The wet digestion nethod 54a of the V.S. ReGional Salin-



r- , 
:;>.L 

l)Q"vvder sarJples for the ue'cer;,lination of calciull1, ['l2~ne3iuc~, 

sodi"UIn aDC1 potassitUJl. The magnesiUDl nitrate ;lethod 5Li,b ViaS 

used in the lireparation of leaf powder samples for the determ-

ination of' sulfate and phosphate. 

Calcium and nagnesilun \',:ere Cleterrnined by method 7, 

chlorieie by ~;letllod 59, E.ulfu te by lletl~od 60 ana llflos]Jha te by 

{Jethod. 61 of tllS same manual. ,30a.iUJ.il and :potassiUIll VIers de-

tel'E:linsd by tlle Colenan I!lodel 21 flame photometer. Iron vms 

oeter[;lineo.. by the ortllOrhenanthl'oline nethod ( 69 ), Illan;:::aness 

by the ::.:,erioda t e ,[;lethoo, and boron by the curcUIuin method. (J 9) • 

III all colorimetric deterLlinatiolls, tr.Le Coleue<.l1 JUnior s})ectro-

photoLleter '\l,ras llsed. 

Gatch - The samples were processed to pass throu;h a 

6 Dlfcl. sieve, air-dried, and sC'cLlpled for mechanical analysiso 

For the ultimate analysis, ali~uot Jortions of catc~ TIere ~ow-

dered in all agate Bortar. 

Precij)i ta ti9...l1 Test - 'oR ~Gffect - In this study, 250 ale 

aliQuots 01' Solabeya saline vlater, 'vThich is ti1e :;18.in available 

water for irrigation, VTere put in a series of eight beakers. ~he 

pH value of this vrater YIas 7.80 BeBJ:er J.;lo. 1 '118.S l:e-pt as a con-

t1'ol.I.;!.".'-ile stil~rin,::; t1:8 ,\Jeter sal:nle in beaker Xo. 2 '/·;ith a 

I1agnetic stirrer o..:ld i2]sertinz tt.e:::l=.ss electrxles of t(~e Beclc~ 

nan pH [;leter i;]to the uater 3an::.;:,le, O.lN FaCG~~ "V8.S a~ded, dr'or by 

drop frOB 8. buret, until the pH value ~a3 5 0 0. It ~as noticed 

that 'with & Cl:18.Il~,e of p~-{ vc'clue :froLl 7.8 to G.O, &. I:reci~Jit8.te 

b "r, U· .0::1" _'[-1,:', +1""" !".':"'~ .. :~~ ~~'-~,-"-·ocod.ln·e, the :JE valL1 e of' '.·,1a.ter ecan -colol'H. _....: u~,-,_c.u. __ --,,-,- v ~ 
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samples in beakers No .. 3, 4 and 5 was raised to 805, 9.0 and 

9.5, respectively. For water samples No~ 6, 7 and 8, 2 N NaOH 

was used to raise the pH value to 10.0, 10.5 and 11.0, respective­

ly. It was noticed that a precipitate formed in all cases and 

was proportional to the pH value of the respective samples~ 

Plate 6. 

All beakers were covered with watch glasses and left to 

stand for two hours. Then the solutions were filtered and the 

filtrates collected in 500 mI. volumetric flasks and made to 

volume. The samples were analyzed and the precipitated constit­

uents computed. 

Precipitation Tests - Concentration ~ffect - In the lab­

oratory experiment, a one-liter aliquot of Solabeya saline water 

was put into each of three beakers. A mark was made at the 750 

mI., 500 ml~ and 250 ml. level on beakers No.1, 2 and 3. To 

simulate concentration of the soil solution under natural condi~ 

tions, the water in the beakers was left to evaporate under room 

tem.perature until the water level decreased to the preset marks. 

The water sam.ples were filtered, the filtrates collected in 1-

liter volumetric flasks, made to volume and analyzedo The val­

ues were compared with the analysis of the check sample and the 

preCipitated constituents computed. 

In the field experiment, a sample from the ground water 

of the saline perched local water table from plot No. 3 of the 

Experimental Farm was collected. The analysis of this srunple 

was comD8.red 'IIvi th that of Solabeya saline wa"ter used in irI"iga~ 
.l: 

tion and the precipitated constituents computed. 



Plate 6 . Effect of pH value on precipitation of 

carbonates and hydroxides of calcium 

and magnesium in Solabeya saline water. 
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Percolation Test - Eli and Salinity Effect - In this ex­

periment, the 120 - 150 Cill. horizon of the virgin sandy soil 

from the Experimental Farm Extension was used. The air-dry 

sample was processed to pass a 60 mesh sieve. A 200-gm. sample 

was transferred to each of five glass percolation tubes. A 

perforated porcelain disc was located at the bottom of each 

tube on which was placed a circular piece of Whatman Noo 40 

filter paper. Another circular filter paper was placed on top 

of the sample. Each percolation tube was tapped ten times from 

a one-inch height on the desk top, to give a uniform compaction 

to all samples. Each percolation tube was clamped to a stand 
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and a one-liter volumetric flask, containing the water sample, 

was inverted into the top of the tube. A constant head of water, 

one inch in height, vvas maintained throughout the experiment 0 

The apparatus for the percolation test is shown in Plate 7. 

The characteristics of the water samples used in this 

experiment are given in Table 1. In Table 2, the analysis of 

the tap water is given. 

The volumes of the percolates were recorded every 24 

hours and the percolates analyzed. The test extended over a 

period of 120 hours. At the end of the percolation test, the 

soil saJ:!l.ples in the percolation tubes were air-drIed, ground. ~ 11 

an agate mortar and tbe material analyzed • 

.;;:;E=f=f_e....;;..<?~ __ () __ f_g_atch an9."i:~.olabeya Hater on Soil Salination -

The five soil profile samples collected at each site of plot ;3 

of the virgin soil in the Lxperimental Farm Extension and from 

plot No.3, which had been under alfalfa cultivation during the 

. ; 



Plate 7. Percolation apparatus used in studying 

the mutual effect of pH value and level 

of salinity on percolation rate and pre­

cipitation of carbonates of calcium and 

magnesium and hydroxide of magnesium. 
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Table 1. Characteristics of 'Hater Samples used in Percolation 
Test. 

Sample "-Water Sample pH Solabeya ECXIO'-
No. Value Vfater 

% nn I I uaho s I em 

1 Fresh-Tap Vita ter 805 5 380 

2 5;0 Braeki sh 7.5 5 285 

3 5°1' fJ Brackish-CO 2 sat. 4.8 5 285 

4 lO07~' Brackish-CO2 sat. 5.5 100 5700 

5 100~? Brackish 7.8 100 5700 

Table 2. Analysis of ]'resh-tap ~Jater Sample used in Percola­
tion Test. 

Oations Anions 

m.e./L. m.e./L. 

Oa 1.15 C03 0.31 

l,ig 1.00 HOO
3 

0014 

Na 1.62 01 2.50 

K 0.03 3°4 0.87 

Total 3.80 Total 3.82 



past five years, in the Experimental Farm, were usedo 

The air-dry soils were processed to pass a 2 rum. sieve 

and sampled for analysis. The following determinations were 

made on each sample: mechanical analysis, calcium carbonate, 

organic. matter, gypsum, cation-exchange-capacity, exchangeable 

cations, total nitrogen, total phosphate, available phosphate, 

available potassium, iron, manganese, boron, pH value of the 

saturated soil paste, electrical conductivity, and complete 

analysis of the saturation extract. 

Two other soil samples, collected from around a dead 

Acacia tree in plot No. 6 in the Experimental Farm, were used 

for the following determinations: pH value of the saturated 

soil paste, electrical conductivity and complete analysis of 

the saturation extract, and mechanical analysis. 
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A portion of the white salt crust, collected from around 

the roots of the dead Acacia tree, was dissolved in water and 

the solution completely analyzed. 

Pot Culture - The sandy soil sample collected from the 

o - 60 cm. profile depth from the virgin soil of plot B in the 

Experimental Farm Extension was used in the pot culture ex­

periments of this study, Table 3. The air dry samples were 

screened through a 2 rom. sieve and 2 kgm. portions weighed in­

to plastiC pots. 

On January 5, 1958, twenty pots were planted with lettuce 

and one hundred and seventy pots with green beans. On January 

10, 1959, one hundred and forty pots were planted with petunia. 

The lettuce culture consisted of five treatments, each 



Table 3. 

Cations 

Ca 

Mg 

Na 

K 

The Oontent of Certain Soluble Salts in the Saturation Extract of the 
Virgin Soil Sample used in Pot Culture Study. 

Amount Anions Amount Nitrogen Phosphate Electrical 
N03-N : P04 Conducti3ity 

ECX10 

m. e./L. m.e./L. m. e./L. m.e./L. mi11imhos/cm. 

1.56 C03 0.05 Tr. Tr. 0.45 

0.40 HCO; 1.50 

2.35 Cl 0072 

0.16 804 2.21 

4.47 4.4$ 

pH 
Value 

8.30 

\)'1 
{)) 



replicated four times. Bean culture No. I consisted of five 

treatments each replicated ten times and each of the remaining 

three bean cultures consisted of four treatments each replicated 

ten times. Petunia culture No. I consisted of five treatments 

each replicated five times, and each of the remaining six 

petunia cultures consisted of four treatments each replicated 

five times. 

The lettuce culture will be referred to as L, the bean 

cultures as Bl, B2, B3 and B4, and the petunia cultures as PI, 

P2, P3, P4, P5, p6 and P7, respectively. 

In order to prevent the nutrient elements from becoming 

limiting factors in plant growth, basal nutrient solutions were 

applied to all cultures on date of planting. The composition 

of the nutrient solutions used is given in Table 5. Each let­

tuce and petunia pot received 25 mI. of nutrient solution No. 1 

and to each bean pot 25 mI. of nutrient solution No. 2 were 

added at time of plantingo 

To overcome the inhibiting effect of salinity on the 

germination of beans and initial growth of all other cultures, 

all pots were irrigated with 5% Solabeya water at the first 

three irrigations. All through the experimental period, every 

pot was irrigated with 250 mI. of the respective diluted Sola­

beya waters at the rate of one irrigation every third day. 

Starting from the tenth day after planting, five diluted 

Solabeya waters, representing 5%, 25%, 50%, 75% and 100% of 

Solabeya water were used for irrigation of the respective 

pot culture, Table 4. This plan of irrigation was followed 

59 



Table L~. Analysis of' Irrigation V{aters used in the Pot Culture study, 

!:::'uantity 
Determined 

Percentage Solabe~ya VJa ter 

55S ?5°~ ... , 50~'{ 

pH Value 7.70 7.70 7.75 

Elec. Cond. 
}l~Cxl06 

micromhos/cf!l. micromhos/cm. micromhos/cm. 
285 1425 2850 

is S P 40.4 40.4 40.4 

S A R 

R S C 

B 

1.27 
Nil 
ppm 
0.06 

Cations m.e./L. 
Ca 0.97 
Mg 0.72 
Na 1.17 
K 0.02 

Totals 2.88 
Anions m.e./Lo 

C03 
HC0 3 

C1 
,304 
NO) 
P04 

Totals 

0.02 
0.12 
1.26 
1.49 
Nil 
Nil 

2.89 

2.84 
Nil 
ppm 
0.29 

m.e./L. 
4.85 
3.62 
5.84 
0~13 

14.44 
m.e./L. 

0.08 
0.61 
6.31 
7c48 
Nil 
Nil 

14.48 

4.02 
Nil 
ppm 
0.59 

m.e./L. 
9.70 
7023 

11.68 
0.26 

28.87 
ill. e. /L. 

0.16 
1.22 

12.61 
14.96 
Nil 
Nil 

28.95 

75~G 

7.80 

illi cromho s/ C[Il. 

4300 

40.4 

4.92 
Nil 
ppm 
0090 

m. e ./L. 
14.55 
10.84 
17.51 

0039 
43029 
m.e./L. 

0.24 
1.83 

18.91 
22.48 
Nil 
Nil 

43.46 

100% 

7.80 

nli cromho s/ Cillo 

5700 

L~O. 4 

5.68 
Nil 
ppm 
1.20 

f:l. e ./L. 
19.40 
14.45 
23.35 
0.53 

57.73 
m. e./L. 

0 0 32 
2.40 

25.20 
29.9'7 
Nil 
Nil 

57.89 

(J'\ 
o 



until :February 23, 1958 for the lettuce and bean cultures, and 

until February 28, 1959 for the petunia cultures. 

Starting from date of application of the diluted 801a-

beya waters, different nitro2en increments consistinp of 10 
''''> 0 , 

20, 30 and 40 rul. of nutrient solution No. :3 vvere applied with 

each irrigation to treatments, 1 to 4 of bean culture No.2, 
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and petunia culture No.2. Similarly, increments of phosphorus, 

from nutrient solution No. 4 were applied to treatments of bean 

culture No. :3 and petunia culture No.3, and increments of 

potassium from potassium nutrient solution No. 5 were applied 

to treatments of bean culture No .. 4 and petunia culture No.4. 

Similar increments of calciUlIl, magnesiUIrl and sodium from nutri-

ent solutions No.5, 6 and 7 were applied to the petunia cult­

ures No.5, 6 and 7, respectively. The com:posi tiOll of the 

nutrient solutions is given in Table 5. 

The experiments extended over a period of six weeks. On 

harvest dates, the vegetative yield as green weight was recorded. 

T11e leaves of the respective cultures were soaked in distilled 

water to remove adhering dust lJarticles, air dried, then oven­

dried at 650 C. overnight, ground in an agate mortar and stored 

in air-tight plastic containers. The soil samples of the re­

spective replicated treatments were combined, air-dried, sieved 

through 2 Em. screen and stored in glass containers. Both soil 

and leaf powder samples were analyzed according to the methods 

described previously. 
, i 



Table 5. Composition of Nutrient Solutions. 

Solution 
1 Z 3 4 5 6 7 8 

Culture 

L2Pl Bl BZzPZ B3,P3 B4,P4 P5 p6 P7 
Nutrient Added 

Salts-Gm/L. N P K Ca Mg Na 

KHZP04 2.979 2.979 6.766 
KCl 3.383 3.383 7.906 
K2S04 3.953 3.953 

NH4N03 6.485 3.242 6.485 

NH4H2P04 5.036 
MnC12 0.093 0.093 

FeS04· 7H20 0.180 00180 

znS°4·6H20 0.007 0.007 

CuS04 05H2O 0.007 0.007 

CaC12·6H20 10.078 

NaCl 5.317 
W~-i:3O 4 .10H2O 6.462 
MgS04 07HZO 11.212 

MgC1 2·6H2O 9.249 

0'> 
1'0 



RESULTS }JIJD DISCUSSION 

Gatch, Its Nature, Forrnati on and Detrimental jEffect _ 

The results of mechanical and chemical analysis of the gatch 

samples are given in Tables 6 and 70 The data in Table 6 

show that gatch is predominantly sand, since over 85~b of the 

material was found in the sand fraction. Silt and clay are 

about equally distributed in the remaining material. 

The calcium carbonate content ranged between about 

28 and 41% in the three samples. 

It should be noted in Table 7, that the dominant 

chemical constituent is silica. The 8i02 content varied be­

tween 55 and 68~&, whereas the next abundant constituent, CaO, 

varied between about 16 and 235~'· Only relatively small amounts 

of Fe203 and A1203 were found, less than one percent, present 

either as the hydrated oxides or as almaino ~ or ferri -

silicates. 

Texture and Some Chemical Characteristics of the Virgin 

and Cultivated Soils - The results of the mechanical and chemical 

analyses of the virgin soil profile A samples, collected from 

the Experimental Farm Extension, are given in Table 8, and the 

analyses of the cultivated profile C samples, collected from. the 

Bidta Nursery are given in Table 9. The data in Table 8 show 

a predominance of sand, wh:tch varied bet'\Neen about 90 and 955;;. 

The clay content was about 5% all through the profile, whereas 

the silt content V.JaS about 6~S in the surface 30 em. and c,ecreased 

to about 20/; beyond this denth. The a!'1ount of' (;81 dum Carbni18te 



Table 6. Mechanical Analysis, Total Carbonate and Gypsum 
Content of Gatch Samples . 

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

Constituent 

Sand 

Silt 

Clay 

Total Carbonate 

Gypsum 

* Air dry basis 

A 
Farm Extension 

% 

87.6 

6.0 

6.4 

27.65 

Sample* 
B 

Farm 
~ 

Bid fa )Tursery 

% 
85.8 

8.2 

6.0 

39.35 41.08 
m.e./IOO gill. 

3056 

m.e./IOO gm. m.e./IOO gm. 

6.90 

64 



Table 7. Chemical Composition of Gatch Samples. 

Sample'* 
Constll::tuent A ·B C 

Farm Extension Farm Bid'a Nursery 

% % % Si02 68.40 57.85 55.08 

Al203 0.05 0.07 0.45 

Fe20
3 0.04 0.03 0.03 

MgO 0.88 0.89 0.95 

CaO 16.12 22032 23.45 

Na20 0.08 0011 0.13 

K20 0.01 0.01 0.01 

CO2 12.15 17.15 18 .. 05 

S03 0.15 0.20 0.21 

Cl 0.01 0.01 0.02 

H2O 0065 0.67 0064 

Totals 98.5,4 99·31 99.02 

* Air ,dry basis 



Table 8. Mechanical Analysis, Total Carbonate and Gypsum Content of Virgin Soil Profile 
A samples - Experimental Farm Extension. 

Consti tuent* 

Sand 
Silt 
Clay 
Total Carbonate 

Gypsum 

* Air dry basis 

Depth~cm. 

0-30 30 - 60 60 - 90 90 - 120 120 ~~150 

% % % % 
89.8 93.0 93.8 9403 

506 1.4 1.7 1.7 
406 5.6 4.5 4.0 

11.23 7019 7.91 3.66 

m.e./100 gm. 
2.44 

m.e./100 g.m. 
1 .. 76 

m.e./100 gm. 
1.37 

m.e./100 gm. 
1.17 

% 
94.4 

104 
4.2 
5.29 

moe./100 gmo 
1.26 

Table 9. Mechanical AnalYSis, Total Carbonate and Gypsum Content of Cultivated Soil 
Profile C Samples - Bid'S. Nursery. 

Constituent* 

Sand 
Silt 
Clay 
Total Carbonate 

Gypsum 

* Air dry basis 

0-30 
a! 
/0 

75.0 
6.2 

18.8 
15.62 

m.e./100 gill. 
3.26 

30 - 60 
0'; 
/0 

68 0 3 
14.3 
17.4 
12036 

m.eo/100 gm. 
2.85 

Depth-cm. 

60 - 90 90 - 120 120 - 150 

'is at/ % I /f..-

71.5 87.0 85.8 
10.9 6.7 8.2 
1706 6.3 6.0 
11.78 20.16 41.02 

moeo/100 gm. m.e./100 gm. m.eo/100 gill. 

2.95 4.20 6.89 

0" 
0" 



decreased downward in the profile and varied between 11 and 5'10. 

Only a slight amount of gypsum was found which ranged between 

1 and 3 m.e./100 gm., Table 8. 

The data in Table 9 show a predominance of sand in the 

cultivated soilo The sand fraction increased downward in the 

profile and varied between about 68 and 86%. The clay content 

decreased from 19 to 6% in the profile, whereas the silt content 

varied between 6 and 14%. The calcium carbonate and gypsum con­

tent increased with increase in profile depth and ranged between 

about 16 and 41% and 3 and 7%, respectively. 
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Visual examination and the mechanical and chemical analy­

ses of the profile samples from the virgin and cultivated soils 

revealed the fact that the cemented matrix in the consolidated 

material forming gatch is mainly sand as shown by the high per­

centage of silica, Plates 8, 9 and 10. The order of the cement­

ing agents, according to their magnitude, are: Silica, cal-

cium carbonate and magnesium carbonate. Due to the low content 

of al~tmina, iron oxide and gYPSUL1, these constituents playa 

minor role as cementing agents in the process of gatch formation, 

under prevailing conditions. 

According to Krauskopf (78), amorphous silica dissolves 

in either fresh or saline water to the extent of 100 - 140 ppm. 

at ordinary temperature forming a true solution in which most of 

the silica is in the form of orthosilicic acid, H4Si04 • Crystal­

line forms of silica have lower solubilities, quartz least of all o 

The solubility of quartz at ordinary tempera'Gure is less than one­

tenth that of the amorphous form. The solubility increases as 

'I 



Plate 8 . A representative sample 

of consolidated gatch 

f r om site A at a depth 

of 150 em , 
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Plate 9. General view representing thickness of 

gatch stratum and rain water accumula-

tion due to gatch impermeability. In-

dustrlal area - Shuwaikh . 



Plate 10. Salt accumulation in low lying areas 

due to gatch impermeability and sur­

race evaporation - SUleibekhat . 
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the temperature rises and is independent of pH for values be-

low 9, but rises abruptly at higher values. The leaching of 

soluble silica into subsoil horizons and the concentration of 

the solution by evaporation may eventually set the sili.ca into 

7l 

a gel or precipitate as a flocculent mass which participates in 

cementing the sandy soil matrix in the process of gatch formation. 

The rate of precipitation is notably increased by the presence 

of particles of silica gel, by a fall in temperature, by evapora­

tion and by the presence of any cation capable of forming very 

insoluble f:,ilicates, :.lS calcium and m.agnesium. The rate of poly­

merization is increased by a rise in temperature, by an increase 

in pH value and in concentration of electrolytes o 

The textural components of soil profiles A and C present 

further evidence supporting the opinion that a sandy subsoil 

horizon, being coarse in texture and rich in silica, is favorable 

for gatch forflatlon. Consequently, the writer is of the opinion 

that gatch formation is confined to sandy subsoil horizons. Clay, 

on the other hand, does not constitute the proper medium due to 

its property of water absorption, swelling when wet, and contrac­

tion on dryingo It appears that the simultaneous effect of these 

phenomena and the presence of water hulls around the cations ad~ 

sorbed by the clay micelles might be effective in counteracting 

the binding effect of the cementing agents and preventing forma­

tion of gatch in a clay subsoil horizon. If the clay fraction 

of the subsoil is moderate and the calcium and magnesium carbon­

ates and calcium sulfate are high the consolidated soil m.aterial 

might acquire the characteristics of marl. 

. \ 
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Effect of pH Value on the Precipitation of Salts - The 

results of the change in pH value of Solabeya water and its 

effect on the precipitation of certain compounds from ions 

present as soluble constituents are given in Table 10. In Table 

11 is given the analysis of this water. These data show a de-

crease in the amounts of calcium, magnesium, sulfate, carbonate 

and bicarbonate ions with an increase in alkalinity of the medium. 

In the following series of equations, it is attempted to 

represent the possible reactions taking place, under the influ­

ence of increased alkalinity of the medium. 

Under the effect of the alkaline reaction of the medium, 

the bicarbonates in solution are converted into carbonates. 
::: 

HCOy+ OH -. C03 ... H20 

As a result of the increase in carbonate ion concentra-

tion, calcium and magnesium carbonates precipitate. 
-H- :. 

Ca + C03 ~ CaC03 ..... ;;: 

Mg i" C03 .-,. MgC03 
Through the activity of the hydroxyl ion, the least 

soluble hydroxide-~agnesium hydroxide precipitates if there 

are no carbonate ions to combine with the magnesium ions. 

1';: .... 2 OR -+ Mg (OH) 2 

Similarly, calcium hydroxide, with a solubility twice 

as much as that of magnesium hydroxide, may form and precipitate 

when the concentration exceeds its solubility. 
++ 

Ca ... 2 OR ...... Ca (OR) 2 

For gypsum to form, the solubility product of calcium 

sulfate must be exceeded. As the solubility of gypsum is approx­

imately 30m.e,,,/1 at ordinary temperature in distilled water and 
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Table 10. The pH Value Effect on Precipitation of Certain 
Ions that may Act as Potential Cementing Agents 
in SOlabeza Saline iNa ter. 

pH Value 
Cations Anions 

Ca Mg S04 C03+.HC03 
:m.e./L. m. e. /Lo m. e./L. moe./L. 

7~8 19.40 14.4.5 29.97 2.72 
8.0 19.02 13.85 29.71 2 .. .52 
8 • .5 18.40 13.4.5 29.52 2.22 
9.0 17.30 12.5.5 28.97 1.63 
9 • .5 1.5.60 11.2.5 28.67 1.16 

10.0 14.40 8.65 28.37 0.52 
100.5 13.10 6.4.5 27 .. 97 0.32 

. , 

11.0 12.00 2.4.5 27.77 0.08 
Precipitate 

Ca Mg 8°4 c03 

m.eo/L. m.e./L. m. e./L. m. e. /L. 
8.0 0038 0.50 0.20 0.20 
8 • .5 1.00 1.00 0045 0.50 
9.0 2.10 1.80 1.00 1.10 
9.5 3.80 3.20 1.30 1.56 

1000 5.00 5.80 1.60 2020 
10.5 6.30 8.00 2.00 2.40 
11.0 7.40 12.00 2.20 2.64 

Precipitate 

CaC03 Ca804 Ca (OH)2 Mg (OH)2 

moe./L. m.e./Lo m.e./L. m.e./L. 

800 0.20 0.20 0.50 -"-' -
8 • .5 0 • .50 0.,4.5 1.00 
9.0 1.10 1000 1.80 

9.5 1 • .56 1.30 1.00 3.20 
10.0 2.20 1.60 1.20 5.80 
10.5 2.40 2.00 1.90 8.00 
1100 2.64 2.20 2 • .56 12.00 

j, 

~II 
" 
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'Table 11. Analysis of Solebeya Saline Water-
'Check Sample 

Cation m.e./L. Anion m.e./L. 

Ca 19.40 C03 0032 

Mg 14.45 HC03 2.40 

Na 23.35 Cl 25.20 

K 0.53 8°4 29097 

Total 57.73 Total 57 089 

III , 



about 50 !lil!.,-e'.jL or more in highly saline solutions, its precip­

itation is conditioned by its concentration and solubility at 

the relative salinity of the medium. The writer is of the 

opinion that this explains the relatively low gypsum content 

75 

of gatch as compared with the high content of calcium and mag­

nesium carbonates. The results of this experiment are graphic­

ally represented in Figure 8. 

Effect of Solution Concentration on Precipitation of 

Salts - The data in Table 12, pertaining to the laboratory ex­

periment, show that the main preCipitates, which may act as 

cementing agents, are the carbonates of calcium and magnesium. 

The amounts of these precipitates are conditioned by the rela-

tively low concentrations of the carbonate and bicarbonate ions 

in Solabeya water. Although calcium sulfate may form, yet its 

precipitation is conditioned by the excess in concentration 

over its solubility on the respective salinity level of the 

solutiono The results of this experiment are graphically repre-

sented in Figure 9. 

The results of analysis and the calculations, pertain-

ing to the field experiment, are given in Tables 13 and 14, 

respectively. The data in Table 13 show a decrease in the 

concentration of calcium, magnesium, bicarbonate and sulfate 

ions and a relative increase in the concentration of sodium, 

potaSSium, chloride and nitrate ions in the saline water of 

the saline perched local water table. As the decrease in the 

concentrations of calcium, magnesium, bicarbonate and sulfate 
" 

ions can not be attributed mainly to plant uptake, there remains 
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Table 12. Effeot of Conoentration of Solabeya Saline Water on Preoipitation of 
fotential Cementing Agents. 

Magnitude Cations Anions 
of 

Conoentration Ca ~rg Na K CO)+HC03 Cl SO 4 
m. e. IL. m.e./L. m.e./L. moe./L. m.e./Lt m. e./L. m. e./L. 

Blank 19.40 14.45 23.)$ 0 0 53 2.72 25.20 29.97 
1/3 25.86 19.26 31.13 0.70 3.62 33.59 39.96 

Aotual 22.26 18.14 30.95 0070 1.80 31.17 39.29 
Differenoe 3.60 1.12 0.18 0.00 1.82 2.42 0.67 

2 38.80 28.90 46.71 1.06 5.44 50.40 59.95 
Aotual 32.65 26.05 37.11 0.85 0.44 47.40 43.13 
Differenoe 6.15 2.85 9.60 0.21 5.00 3.00 10.82 

4 58.20 57.80 93.42 2.12 10088 100.80 119.91 
Aotual 38075 52.60 62.58 1.58 1.88 87.30 86.76 
Differenoe 19.45 5.20 )0056 0.58 9 0 00 13.50 33.15 

Preoipitate 

CaC0:2 MgC0;2 CasO!:!: CaC12 Na2S0!:!: K2S04 
m.e./L. m.e./L. m. e./Lt m.eo/Lo m. e. /Lo ill.e./L. 

1/) 0070 1.12 0.48 2042 0 0 18 0.00 
2 2.15 2.85 1.02 3.00 9.59 0.20 
4 3.80 5.20 2.05 13050 30.56 0.54 

--.J 
--.J 
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Table 13. Comparison of Actual and Theoretical Ion Concentra-
tion in Ground Water of the Water Table from Plot 

Cations 

Oa 
Mg 
Na 
K 

Anions 

e03 
HCO) 
01 

8°4 
NO 3 
P04 

No. 3 - Experimental Farm. 

Solabeya 
Irrigation 

Water Actual Theoretical Difference 

m.e./L. m.e./L. m. e./L. m.e./L. 
19.40 34.20 73.60 19.40 (-) 
16.10 60.30 64.40 4.10 (- ) 
20.14 126.38 80.56 45.82 (+ ) 
0.54 2.10 2.16 0.06 (+) 

56~18 222.98 220.72 

m. e./L. m. e./L. moe./L. m. e./L. 

Nil Nil Nil 
2.60 2030 10.40 8010 (- ) 

25.23 127.~0 100.92 47.28 (+) 

27020 93.20 108.80 15.60 (-) 
0.13 0.40 0.52 0.12 (-) 
0.01 0.03 0.04 0.01 (-) 

55.17 223.13 220.68 

Table 14. Theoretical Combination of Cations and 
Anions in Ground Water of Water Table 
From Plot No. 3 - Experimental Farm. 

Cations m. e./L. 

19.40 
4.10 

Anions ra. e ./L. 

8.10 
15.60 

Ca 
Mg 

23.50 

m.e./L 

CaS04 
MgC03 
CaC03 

15.40 
4.10 

4.00 

23 .. 50 

23.70 



the possibility of precipitation of these ions in the form of 

insoluble compounds. Although the soil reaction is invari­

ably more alkaline than that of irrigation water, being 8.1 

80 

and 7.8, respectively, yet as the difference in this particu­

lar case is small, pH has a minor effect on the precipitation 

of these ions. The major factor responsible for the precipita­

tion of these ions in comparatively large amounts is the con­

centration of salts in the saline ground water of the perched 

local water table, which is approximately four times the con­

centration of Solabeya irrigation water. The results of the 

field experiment are in close agreement with those of the lab­

oratory experiment. 

Effect of pH and Salinity on Percolation Rate - The aim 

of this test was to study the dual effect of' alkalinity and of 

salinity on the precipitation of the potential cementing agents 

present as soluble constituents and to measure the percolation 

rate. The apparatus used in this test is shown in Plate 7. The 

analyses and results of the percolation test are given in Table 

150 The characteristics of the diluted Solabeya water samples 

and the analysis of the tap water sample, used in the percola­

tion test, are given in Tables 1 and 2, respectively. 

The data in Table 15 show that the percolation rates 

were fairly equal at the start in all samples. However, with 

time, the rate increased in samples J and 4 as compared with 

the others. At the end of 120 hours, the percolation rate of 

these two samples was about twice as high as that of samples 

1, 2 and 5. 'rne lowest percolation rate was that of sample 10 
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29.12 18.30 34014 1.69 7092 7075 60008ni.o 109 4.54 109 94~37 
6 G 24 6044 0 0 58 1.88 8~01 8.10 1.80 11205 4.68 112.5 24 97040 
3.32 1.95 5-42 Nil 0.53 7.60 1.15 115.5 4.81 115.5 100 

25.58 13.00 33.31 1050 1013 7.85 5.40 108.5 4.52 108.5 93.93 
3.53_ 2028 7.'1 Nil 0035 7.70 1.30 ____ 95_~5 3.95 95.5 82Q88 

31.20 16.64 30.56 1.69 7.35 7.65 5.75 129 5037 238 98 014 
7.69 6.44 0.58 1.32 9.09 7.70 1030 130 5.41 252.5 100 
1.35 1.15 0.58 Nil 0.36 7.65 0.40 115 4.79 230.5 95.05 

22.36 12.73 29.14 1.13 0.95 7.90 5.00 108 4050 216.5 48 89.27 
4.32 ____ ~~J,.l~. ___ ~L41_~Jilj.A _____ 90_20_7.75 O.51_~_516 400_Q_ 191.0' 78.96 

30.47 14.51 30.15 1.50 10 0 75 7.60 5076 152 6.33 390 100 
6.24 5.51 0.45 1.23 8.48 7.60 1.25 146 6.08 388.6 99.61 
1.05 0.72 0 0 57 Nil 0.15 7075 0.38 115.5 4.81 346 72 88.71 

21.B4 12.68 29.05 1.20 1.05 B.I0 4.90 109 4.54 325.5 83.46 
2.10 0.95 0.56 Nil 0.12 7.85 0.49 96 05 4.02 288 73.84 

29.22 13.93 30.00 0075 10056 7.60 5.65 IBI 7.54 571 100 
6.33 4.26 0.45 1.13 7.26 7.60 1.10 172 7016 560.5 98059 
0.95 0.71 0.42 Nil 0.11 7.80 0.37 117 4.87 463 96 81.08 

19.44 12.35 28.73 0.76 0 096 8.15 4.80 110 7.58 435.5 76026 
0.95 0.93 0.41 Nil 0.10 7.85 0.48 9805 4.11 38605 67068 

27.97 13.00 29.99 0.56 9 0 61 7.60 5.50 221.5 9022 792.5 100 
6.24 2.08 0.42 0.13 6.50 7.55 1000 205.5 4056 766 96.66 
0.86 0 0 70 0.33 Nil 0.10 7.80 0.37 11805 4.91 581.5 120 73.37 

18.82 11.23 28.31 0.75 0 0 86 8.20
5 

4°4870 III 5 u.62 5~605 g~.9~ 
0.B3 0.92 0.33 Nil 0.09 7.9 o. 990 4014 486 ., 

"'l!! 
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Samples 2 and 5 had about equal percolation rates. The change 

in total volume of percolate with time is shown graphically in 

Figure 10. The results of analysis of the soil samples, after 

the percolation test_ was over, are given in Table 16. These 

data show that the soluble constituents of the Solabeya water 

were ineffective as cementing agents until the reaction of the 

medium had become alkaline, and the degree of precipitation of 

the carbonates of calcium and magnesium and the change in per­

colation rate are related to the alkaline pH value of the medium. 

Effect of Gatch and Solabeya Saline Irrigation Water on 

Soil Salination - Due to its impermeability, gatch hinders the 

percolation of soil gravitational water to deeper horizons and 

leads, eventually, to the formation of a local water table. The 

ill-effect is accentuated if the local water table is saline, 

which is a feature of natural occurrence under prevailing con­

ditions in Kuwait. Through the effect of high surface evapora­

tion, the salts are transported by capillary rise of the soil 

moisture and deposited on the soil surface. In cultivated areas, 

the level of the saline water table rises with time, and its sal­

inity increases. This leads, eventually, to an increase in soil 

salination and the development of unfavorable physical and chem­

ical soil properties, particularly if the soil is fine-textured. 

ThUS, salt accumulation may reach a level at which it becomes 

injurious to plant growth. 

Analyses of the soluble salts in the saturation extracts 

of the virgin soil profile A samples are given in Table 17. The 

mechanical analysis, calcium carbonate, moisture, organiC matter, 



700 

600 

500 

1-1001· BRACKISH WATER-CO e SAT. 

2 - 5"/· BRACKISH WATER-C02 SAT. 

3_ 5'/· BRACKISH WATER 

4-1001, BRACKISH WATER 

5- FRESH WATER 

: 

40 -

300 

200 

100 

24 48 72 96 120 

TIME IN HOURS 

FIG. IO-PH a. SALINITY EFFECT ON PERCOLATION RATE IN THE 

120-ISOc:m. HORIZON OF VIRGfN SANDY SOIL PROFILE A. 

83 



Table 16. Analysis 

Constituent 
1 

% 
8i02 88.85 

A12¢>3 2.62 

Fe203 0.03 

Mgo 0.30 

CaO 3.87 

Na20 0.04 

Ie 0 2 0.03 

CO2 2.27 

S03 0.08 

Cl O.O~. 

H2O 0.89 

Totals 98.99 

* Air dry basis 

of Soil Samples After Percolation Test. 

Sample, No.* 

2 3 4 5 

% % % % 
89.05 90.08 89.90 88.00 

2062 2.63 2.63 2.62 

0.03 ,0.03 0.03 0.03 

0.29 0.24 0.24 0.32 

3.70 2.99 2091 3.89 

0.04 0.31 0.61 0.69 

0.02 0.01 0.01 0.02 

2.23 1.75 1.70 2.27 

0.08 0.02 0.02 0.21 

0.01 0.01 0.02, 0.03 

0.90 0.91 0.91 0.91 

98.97 ',9$.98 98. 9'~ 98.99 
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6 
Check 
% 

88.79 

3.63 

0.03 

0.28 

3.67 

0.45 

0.01 

2.14 

0.04 

0.01 

0091 

99.96 
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Table 17. Analysis or Soluble Salts in the Saturation Extracts or the Virgin Soil Profile 
A samples from Experimental Farm Extension. 

Determ.ination 

pH Value 
ESP 

o - 30 

8030 
207 

30 - 60 

8.30 
3.2 

Depth cm. 

60 - 90 

8030 
3.9 

90 - 120 

8.30 
4.6 

ECxl03 
millimhos!cm. mil1imhos/cm. millimhos!cm. mil1imhos/cm. 

0.34 0.54 0.50 0050 
me eo/L. m.e./Lo m.e./L. m. e oiL. 

Cations 
.48 Ca 1.51 1053 1, 1.40 

Mg 0032 0.45 0, .35 0042 
Na 1.27 3.22 3. 02 2.97 
K 0.16 0.16 O . . 15 0.16 

Totals 3o~6 5.36 5. 00 4.95 

120 - 150 

8.30 
5.8 

mil1imhos/cm. 
1.49 

m.e./L. 

m.e./L. m.e./La m.e./L. m.e./Lo m.eQ/Lo 
Anions 
C03 
HC03 
Cl 
804 
NO) 

P04 

rrotals 

Nil 
1045 
0.55 
1.34 
Nil 
Tr. 

3.34 

0.10 0.20 
1065 1~60 

0.70 0072 
2.91 2.49 
Nil Nil 

Tr. Tr. 

5.36 5001 

Nil Nil 
1.60 1.20 
0.45 0 0 75 
2.91 12.95 
Nil Nil 

Tr. Tr. 

4.96 14.90 

0). 
\J1 



gypsum, cation-exchange-capacity, exchangeable basis, total 

nitrogen, total and available phosphate, available potassium, 

iron, manganese, and boron are given in Table 18. The respect­

ive results for the cultivated soil profile B samples are given 

in Tables 19 and 20. 

The data given in Tables 17-20 shov'! the following 

characteristics: (a) soil texture, in both sites, is sandy all 

through the profile. This provides good drainage after irriga­

tion and carries the salts down vdthin the soil profile. (b) 

86 

The presence of the impermeable gatch pan at a depth of 150 cr;}. 

in the virgin sandy soil and at 200 cm. in the cultivated sandy 

soil prevents further percolation of the gravitational water 

beyond the level of the gatch pan. This contributes effectively 

to the for.mation of a local perched water table and soil salina­

tion, as is actually the case in the cultivated sandy soil, where 

the level of the saline water table is at 120 CIll., Figure 11. 

The relatively lower calcium carbonate content of the 

respective profile samples of the cultivated soil as compared 

with that of the virgin soil might be attributed to the downward 

transport of the calcium carbonate particles by the irrigation 

water. Eventually, the transported carbonate deposits over the 

gatch pan, increasing its cementation and decreasing its perflea­

bility. 

According to the standards of the U.S. Regional Salinity 

Laboratory Manual (108) the salinity of the virgin sandy soil is 

negligible and the samples represent a non-saline calcareous 

" 



rrable 18 • Determinations on Vir~inSoj .. lu]>rofile A Sample_s __ from Experimental Farm. Extension. 

Constituents 

Sand 
Silt 
Clay 

o - 30 
% 

89.8 
5.6 
4.6 

:KfechaiiIcaI Analysl§ _________ _ 

30 - 60 
% 

9300 
1.4 
5.6 

Depth cmo 
60 - 90 

% 
93.3 
1.7 
4.5 

90 - 120 120 - 150 
% % 

94.5 94.4 
1.5 1.4 
400 4.2 

% - --- _u % % %~-~--o;o 

CaCOj llQ23 7$19 7.91 3.66 5.29 
Moisture 0.46 0.32 0.59 1.11 0.78 
Organic Matter 0.20 0.16 0.19 0.11 Nil 

m.e./IOO gm. m.e./IOO gm. m.e./IOO gm. m.e./IOO gro. m.e./100 gillo 
G~UIl!._~ __ ~ ____ ~~~_ _ ___ _ _ __ ~1_ o7~ ._ _ 1.37 1.17 1.26 

Cation Exchange Capacity and Exchangeable Cations 
m.e./100 gill. m.e./IOO gill. ~.e./100 gm. m.e./100 gm. m.e./100 gill. 

C.E.C. 4.10 4.92 4.00 3.02 3072 
Exch. Bases 4.08 5.01 3.88 3.48 3.61 

n Ca 3050 4$22 3.29 2.93 3.27 
11 l\!lg 0 • 46 0 • 62 0 • 41 0 • 34 0 0 13 
II Na 0.11 0.16 0.51 0.16 0 • 21 
tt K 0.02 0.02 0.02 0.02 0.01 

Excho Ca 
ft Mg 
If Na 

It K 

Iron 
Manganese 
Boron 

Total Nitrogen 
Total Phosphate 
Avail.Phosphate 
Avail.potassium 

~h 
85053 
11.30 

2 0 68 
0.46 

ppm 
248.15 
18.00 

0.70 

ppm 
42 

22.95 
1.28 
6.17 

0/0 ~0 - - % -- -- ~o 

84.12 85.03 84.87 90.20 
12.31 10.62 9.94 3.53 

3.18 3.86 4.62 5.79 
0.37 0.46 0.54 0.46 

ppm 
119.04 

12.00 
0.10 

Trace Elements 
ppm 

58.74 
13.00 

0.35 
Major Nutrient Elements 

ppm 
25.17 

7.00 
0.10 

ppm 
104.91 

9.00 
0.35 

ppm ppm ppm ppm 
49 38 45 31 

12.66 12.27 8.63 7.92 
0.63 0.64 0.64 0.64 
2.99 3.91 3.91 4.08 

~ 
--J 



Table 19. Analysis of Soluble Salts in the Saturation Extracts of the Cultivated Soil 
Profile B Samples from Experimental Farm. 

Determination 

pH Value 

ESP 

ECxl03 

Cations 
Oa 
Mg 

Na 
K 

Anions 

003 
HOO) 
01 

S04 
NO) 

P04 

o - 30 

7.75 
602 

30 - 60 

8005 
11.7 

Depth cm. 

60 - 90 

8025 
12.8 

90 - 120 

8$17 
9.2 

mil1imhos/ om. millimhos/ om. millimhos/ Of;!.. millimhos/ om. 
5.8 3.7 6.8 g,7 

ill. e. 7r:- ill. e. n:;-:- m. e. /L. m-. e~/Lo 

120 - 150 

8~10 

9.8 
millimhos/om. 

9.3 
m. e. 7Lo 

24.51 10.81 16.53 27.04 2~.Q6 

14.06 6.79 12.79 25.58 24~44 

19.27 19.40 38.35 43.78 42.47 
0.72 0070 0.48 1.02 0.85 

58.56 37.7b 66.15 97.42 92.72 
Dl. e:7L-.-~- m. e./L" m. e./L. mo e. /L. m. e ./L. 

Nil Nil Nil Nil Nil 
1.45 1.09 1.59 1.54 1.69 

17.95 17.00 30.75 56.26 51.00 
39.14 19.57 35.81 39.56 39.97 
0.01 0.03 0.03 0.06 0.06 
Tr. Tr. Tr. Tr. Tr. 

58.55 37069 68.18 97.42 92.72 

0) 
00 
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Table 20. Determinations on the les from Ex erimental Farm. 

Constituents Depth cm. 
o - 30 30 - 60 60 - 90 90 - 120 120 - 150 

'Yo % % ~~ % 
Sand 92.0 94.0 94.7 92.3 92.6 
Silt 4.0 2.5 1.3 1.8 1.8 
Clay 4.0 ~.5 4.4 5.9 5.6 

% ~, % % % 
CaCO, 8.52 6.97 2.95 0.84 0.63 
Moisture 0.42 0 0 61 0.49 0.48 0.63 
Organic Matter 0.28 0.13 0.09 0.11 0.05 

m. e • /100 gm • m • e • /100 gm. m. e ./100 gm. m. e • /100 gIn. m. e • /100 gm. 
Gypsum 

C.E.C. 
Exch. Bases 

II Ca 
If 

If 

If 

Mg 
Na 
K 

Exch. Ca 
It Mg 
II Na 
11 K 

Iron 
Manganese 
Boron 

Total Nitrogen 

5.78 1.78 1080 3.45 2.91 

moe./IOO gm. 
3.52 
3.63 
2.78 
0.59 
0.22 
0.02 

Cation Exchange 
m.eo/IOO 

3.00 
2.95 
2.26 
0.36 
0.35 
0.02 

gm. m.e./J.OO gm. 
4.75 
4,68 
3.96 
0.23 
0.46 
0.02 

0[0----- ~; % r, 0/; 
76.90 75.60 78 0 76 84.79 84.79 
16.37 12.01 7094 5.64 4.96 

6.22 11.67 12.85 9.18 9.83 
0.49 0.70 0.43 0.37 0.40 

Trace Elements 
ppm ppm ppm ppm ppm 

190.20 89.52 64.34 39.16 30.77 
14.0 12.50 11.0 6.5 6.0 

0.70 0.50 0.20 __ __O_.A~_ 0.25 
Major Nutrient Elements 

ppm ppm ppm ppm ppm 
35 28 24 28 21 

Total Phosphate 45.11 19.79 19.94 9,89 9.57 
Avail.Phosphate 1.20 0050 0.65 0.96 1.30 
Avail.Potassium 10.72 5.00 7.95 20.50 21.59 00 

\0 
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sandy soil. The acquired salinity of the cultivated sandy soil 

limits the growth and yield of sensitive and semi-tolerant crops, 

particularly deep rooted sensitive trees. Under the present 

salinity status, the cultivated soil represents a saline sandy 

soil. 

The cation exchange capacity of the soil in the respec­

tive horizons at both sites is very low. r:Chis is characteristic 

of sandy soils having low content of organic matter, humus and. 

clay. 

The exchangeable sodium percentage of the cultivated 

soil profile horizons is about twice its value in the respective 

virgin soil horizons. This may be attributed to the unfavorable 

proportion of the sodium ion to the remaining cations in the 

saline ground water of the local perched water table. The con­

tent of the major nutrient elements nitrogen, phosphorus and 

potassiUJll is low in both soils and inadequa.te for plant growth. 

The availability of both iron and manganese a.nd similarly phos­

phate are reduced by the effect of the alkaline soil reaction 

and the carbonate content. 

Detrimental Effect of Gatch on Growth of Deep Rooted 

Trees - In a field diagnostic study to find out the causes of 

death of a number of five year old Acacia trees in plot No. 6 

of the Experimental Farm, the following abnormalities were en­

countered: (1) ·the -0resence of a gatch hardpan, at a depth of 

60 cm., underlying the roots of the tree, (2) abnormal horizont.al 

growth of the roots over the surface of the hardpan, and (3) the 

presence of a vi'hi te salt incrustation over the roots of pulled 



out trees, Plates 11 - 14. 

The analysis of the gatch hardpan is shown in column 

fBf of Table 6. The analysis of the soluble salts in the 

saturation extracts is given in Table 21. The mechanical 

analysis, calcium carbonate and gypewm content are shown in 

Table 22. The analysis of the white salt crust is given in 

Table 23. 

Consideration of the results of determinations shown 

in Tables 21 - 23 led to the conclusion that the death of the 

trees may be attributed to the detrimental effect of: 

(1) A high osmotic tension as indicated by the high elec­

trical conductivity readings of the saturation soil extracts. 

(2) Inadequate uptake of the major nutrient elements due 

to low soil fertility. 

(3) Possible interference with the uptake by plants of the 

major nutrient elements by the dominant ions in soil solution, 

particularly the chloride and sodium ions. 

(4) Possible toxic effect to plants of specific ions domin­

ant in soil solution, such as the chloride and sodium ions, 

causing leaf burn or leaf tip burn. 

(5) Detrimental effect of the high accumulation of salt 

around the roots which may affect the plant in a way as indi­

cated in one or more of the above listed conditions. 
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(6) Obstruction of normal root growth by the underlying gatch 

hardpan. 

(7} Possible limitation of normal root respiration due to 

saturation of the soil with irrigation water, caused by gatch 

, \ 



Plate 11. Dead five-year- old Acacia tree show-

1ng the detrimental effeot of gatch 

pan and s011 salinity. Plot No . 6 -

Experimental Farm. 
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Plate 12. Pulled out five -year old Acacia tree 

showing l ateral arrangement of r oot 

system caused by the underlying gatch 

pan . Plot No.6- Experimental Farm . 
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Plate 13. White incrustation of salts on roots 

of dead Acacia tree. Plot No. 6 -

Experimental Farm . 
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Plate 14. White salt incrustation from roots 

of dead Acacia tree. Plot No. 6 -

Experimental Farm. 



Table 21. Analysis of Soluble Salts in the Saturation 
Extracts of Soil and Gatch Sruaples from Plot 
No. 6 - Experimental Farm. 

Determination 

97 

--~0~-~3~0----------~~--~----------~~~~~--

pH Value 

ECxlOJ 
Cations 

7.55 

fil.~ e. L~ 

em. 
9.60 

m.e. L. rD.. e. L. 
Ca 51.80 38.40 8.20 
Mg 24.90 22.70 3.50 
Na 32.52 33.53 10.91 

em. 

=K _____ --:;-;. 2. 75 1080 0.75 
__ 1=1=-1~-.~9~7 __________ ~9b~.~4~3~ ______ ~2~3~.4.36~ __ ~ 

Anions ill.e./Lo m.e./Lo m.e.lt. 
00 3 Nil Nil Nil 
HC03 1 s 70 1.40 1.30 
01 60.25 55.00 3.75 
SOJ 50.00 40 0 00 18.30 
N03 Tr. Tr. Tr. 
PO 4 Nil Nil Nil 

111.95 96.40 23.35 

Table 22. Mechanical Analysis, Total Carbonate and Gypsum 
Content of Soil and Gatch Smnples from Plot No. 6-
Experimental Farm * 

Determination Depth em. 

Sand 
Silt 
Clal 
Total 
Carbonate 

GYPSD_lTI 

Table 23. 

Cations 
Ca 
Mg 
Na 
K 

0 - JO 30 - 60 60 (Gatch) 
~b 510 

IJI 
/0 

83.8 85.2 87.6 
6.6 4.ll- 6.0 
906 10.4- 6.4 

;!I~; DI_ lin ,. i-

10.72 9. 11 40. L~3 
Dl.e./1OO sm. Ill.eo/IOO [::nl. m.e./1OO gmQ 

5.80 2.80 3.75 

Analysis of Salt Orust from Roots of Dead Acacia 
Tree - Flot No. 6 - .i:'..xperimental Farm. 

fil. e. /1,,, 
12.20 

.2001 
5.05 
0.26 

19.52 

Anions 
CO') 
Hcd3 
C1 
8°4 

m.eo/L. 
lUI 
0.36 
9.50 
9.65 

19.51 



Table 24. Analysis of Soluble Salts in the Saturation Extracts of Soil Used in 
Lettuce Culture. 

Determination 

Paste pH 
Value 

E1ec. Condo 
ECx103 

Cations 

Treatment Number 

1 2 3 4 5 
Percentage Solabeya Water 

5~___ 25% ___ 501L 75% 100% 

8.10 

mi11imhos/cm. 
1.30 

8.00 

mil1imhos/cm. 
3.15 

8.00 

mi11imhos/cm. 
5.85 

7.95 
mi11imhos/cm. 

8.45 

7.95 
mi11imhos/cm. 

11.40 
moe./L. m.e./Lo m.ee/L. m.e./L.--m.e.}L. 

Ca 5.60 17046 25.48 28.14 33.90 
Mg 2.20 8 0 76 16.64 22.73 27.88 
Na 4.56 3.98 14.90 30.82 49.92 
K 0.64 0.99 _____ . Jo5l.. _ __:1. __ 82__ _ __ 2.55 

13 000 31019 58055 8).56 114.25 
m.e.TL.- m.e./L. moe./Lo m.e./L. m. e. !L. 

Anions 
C03 Nil Nil Nil Nil Nil 
HC03 1.50 1.50 1.50 1.45 1.40 
Cl 6.30 24.10 44.53 66.67 97.65 

S04 5.21 5.60 12.60 16.76 15.36 

N03 0.01 0.01 0.01 0.01 0.01 

P04 Tr. Tr. Tr. Tr. Tr. 
13.02 31.21 58.64 84089 114.42 

'-0 
()) 



Table 25. Analysis of Soluble Salts in the Saturation Extracts of Soil Used in 
Bean Culture No.1. 

Determination 

Paste pH 
Value 

Elect. Condo 
" ECxlO.J 

Cations 
Ca 
Mg 
Na 

Ie 

Anions 
C03 
}TeO; 
C1 
804 
N03 
1'°4. 

Treatment Number 

1 2 3 4 5 

Percentage Sol~beya Water 
5% 25% 50% 75% 100% 

8.10 8.00 8 0 00 7.95 7.95 

millimhos/cm. mi11imhos/crn. millimhos/cm. millimhos/c11l0 mi11imhos/ CD1. 

1.30 3.10 5.80 8.30 10.60 

m.e./L. m. e. /1,. m.e./Lo I'J.e./L. ill. e. /I.!. 

5.65 13.90 24.90 35.00 ~2.15 

2.10 L!-< 30 8.30 10.00 12.97 
Lh 57 11.94 23.06 36.37 48.58 
0.64 0.98 1.51 1. 85 2.26 

12.96 31.12 57077 83.22 105.96 
moe./L. m. e. /Lo m.e./Lo m. e. /Lo 1:l o e. /L 0 

Nil Nil Nil Nil Nil 
1.50 1.50 1.50 1.45 1.40 
6.25 15.00 37050 52.50 64.88 
5.20 14.60 18.75 29020 39.76 
0.01 0.01 0.01 0.01 0.01 
Tr. Tr. Tr. Tr. Tr. ,.. _u 

12096 31011 57.76 83.16 106 0 05 

\.0 
\.0 
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impermeability and lack of drainage through the gatch hardpan. 

Effect of Solabeya Water Salinity on Growth and 
Chemical Composition of Indicator Plants 

Effect of Water Salinity on Soil Salination - In order 

to determine the effect of Solabeya water salinity on growth 

and chemical composition of some indicator plants, various di­

lutions of Solabeya water were used for irrigation studies in 

pot cultures. The analysis of the differential irrigation 

waters used in this pot culture study is given in Table .4 •. 

Analyses of the soluble salts in the soil saturation extracts 

of the respective treatments of the indicator plants culture 

are given in Tables 24 - 35. It is evident from the data in 

these tables that the degree of salinity of the diluted Sola­

beya waters resulted in an increase in the salinity of the 

soil culture medium. The electrical conductivity of the soil 

saturation extracts of the respective treatments of lettuce, 

bean, and petunia cultures No.1, resulting from the use of 

irrigation waters representing 5 percent, 25 percent, 50 per­

cent, 75 percent and 100 percent of Solabeya water, were 1.3, 

3.1, 5.8, 8.5 and 10 0 5 millimhos/cm., respectively. 

Under saline conditions, plants are subjected to high 

salt concentrations and the soluble ions might not be in the 

most favorable ratios for plant growth. The increased osmotic 

pressure of soil solution results in an accompanying decrease 

in the physiological availability of water to plants, and the 

accumulation of toxic quantities of various ions within the 

plant. The antagonistic effect exhibited by specific ions 
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Table 26. Analysis of Soluble Salts in the Saturation 
Extracts of the Soil Used in Bean Culture No.2. 

Determination 

Paste pH 
Value 

N-Nutrient Solution Ho.3-ml/Irrigation 
10 ml 20 ml 30 ml 40 1'11 

Treatment Number 

1 2 3 4 

Percentage Solabeya Water 

25% 100% 

8.00 7.90 

Elee. Cond. mil1imhos/ cm. millirahos/ cm. mil1imhos/ cm.m.illimhSM[ 
ECxl03 3.10 5.90 8.30 10.90 

Cations 

Ca 
Mg 

Na 

K 

Cations 
COJ 
HC0

3 
Cl 

3°4 
N03 
P04 

IJ.82 
4.JO 

11.9J 

0.98 

m.e./Lo 

Nil 

1.50 

15.00 

14.50 

0002 

Tr. 

31.02 

m.e./Lo 

24095 
8.JO 

24019 

1.51 
58.95 

m.e./Lo 

Nil 

1.50 

J7.80 

19.61 

O.OJ 

Tr. 

58.94 

m.e./L. ijl. eo /L. 

33.00 42.56 
9.10 11090 

39.36 51.85. 
1070 2.20 ----------------83.16 108.51 

m.e./Lo moe./L. 

Nil 

1.50 

52.40 

29.15 

0.04 

Tr. 

83.09 

Nil 

1.40 

66.83 

40.3J 

0.05 

Tr. 
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Table 27. Analysis of Soluble Salts in the Saturation Extracts 
of Soil Used in Bean Culture No.3. 

l')-Nutrient Solution No. 4-rnl/lrrie.:a tion 

10 ml 20 ml 30 Ell 40 ml 
Determination 

Treatment Number 

1 2 3 4 
Percentage Sola beya ;i.fa ter 

25% 50% 75% 1000~ 
I __ 7«=r ____ ~ .... 

Paste pH 8'.00 8.00 7.90 7.90 Value 
Elee. Condo millimhos/cm. mil1imhos/cm. millimhos/cm.millimhgs 
ECxl03 3.00 5.70 8.00 10.50 ill. 

m. e. /L 0 m.e./L. m.e./Lo Iil. e. /Lo 
Cations 
Ca 13.15 24.42 31.50 39.64 
Mg 4.12 6.16 8.95 11.49 
Na 11.75 24.92 37.88 51.68 
K 0.87 1.50 1.65 2.13 

29 089 57000 79.98 104.94 

ill.e./L. ill.e./L~ m. eo/L m.e./L. 
Anions 
C03 Nil Nil Nil Nil 

HC0
3 1000 1000 0.90 0.85 

Cl 14.95 37.68 52.24 65.93 

S04 14.30 18.29 26.82 38023 

N0
3 

0.01 0001 0.01 0.01 

P04 0.01 0.01 0.02 0 0 03 

30.27 56.99 79.99 105.05 
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Table 28. Analysis of Sol1..l.ble Salts in the Saturation Extracts 
of Soil Used in Bean Culture No.4. 

Determination 

Paste pH 
Value 

Elec. Condo 
ECxl0) 

Cations 

Ca 
Mg 

Na 
K 

Anions 

C0
3 

HCO) 

Cl 

S04 

NO) 

P04 

K-Nutrient Sol1..l_tion No.5-ml/Irrigation 

10 ml 20 ml 30 ml 40 ml 

Treatment Number 

1 2 3 4 

Percentage Solabeya i."'ater 

25ro 

8.00 8.00 

nillimhos/cffi. mil1imhos/ eEl. millimhos/ cm .rnil1imh8rd 
3.40 6.50 8 • 90 11 0 00' . 

m.e./L. m.e./L. m. e ./L. moe./L. 

14.04 25.35 34.71 41.66 
4.37 9000 11.95 12.31 

12.12 25.20 35.15 46086 

3~90 5.46 7 r,,~ 
• ,;.:. I) C! n I. 

~ U< ",!..-

34.43 65.01 89.01 109.87 

m.e./Lo ill. e. /J.J 0 m.e./L. m~e./L. 

Nil I'Til lJil Eil 

1.50 1.50 1$50 1.45 

17 0 00 39.93 55.12 68.32 
15~90 23.55 32,,20 40.17 

0001 0.01 0.01 0.01 

Tr. Tr. Tr. Tr. ---
3L}-.41 64.99 880 83 109095 



Table 290 Analysis of Soluble Salts in the Saturation Extracts of Soil Used in 
Petunia Culture No.1. 

Treatment Number 
1 2 3 4 5 

Determination Percentage Solabeya Water 

5% 25% 50% 75% 100% 

Paste pH 
Value 8.20 8.10 8.00 7.95 7.90 

E1ec. Condo mi11imhos/cm. mi11imhos/cm. mi11imhos.cm. mi11imhos/cm. mi11imhos.cm. 
ECx103 1.25 3.10 5.70 8.20 10.60 

m.e./L. m.e./Lo m.e./L. m.e./Lo m.e./L. 
cations 
Ca 5.32 13.70 24.65 33.95 42.50 
Mg 1.09 3.43 8.12 10.70 12.58 
Na 4.33 12.90 22.90 35.35 48.96 
K 0.54 1000 1.45 1.65 2.16 

11.28 31.03 57.12 81065 ~. --106.20 

m.e./L. m.e./L. m. e./Lo m.e./L. m.e./Lo 
Anions 
C03 Nil Nil Nil Nil Nil 
HC03 1.45 1.45 1.40 1.40 1040 
01 4.56 15.25 36.50 51.64 64.76 

S04 5.30 14 0 50 19.24 29.13 40.14 
N03 0.01 0.01 0.01 0.01 0.01 
P04 Tr. Tr. Tro Tr. Tr. 

11.32 31.21 57.15 82.18 106.31 I-' 
0 
.(::-
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Table jO. Analysis of Soluble Salts in the Saturation Extracts 
of Soil Used in Petunia Culture No. ~. 

N-Nutrient Solution No.3-ml/Irrigation 

10 ml 20 ml 30 ml 40 ml 
Determination Treatment Number 

1 2 3 4 
Percentage Solabeya 'Water 

25% 50% 75% 100% 

Paste pH 
8.10 8.00 8.00 7.90 Value 

Elee. eond. millimhos/cm. millimhos/cm. millimhos/cm. millimhos/cm.. 
ECxl03 3.30 6.00 8.40 11.90 

m. e./L. m.e./L. m.e./L. m. e./L. 
Cations 
Ca 14.05 25.50 33.54 44.80 
Mg 4.61 8.37 9.45 12.37 
Na 13.48 24.66 39.46 52,,49 
K 0.98 1.60 1.75 2.25 

:33.12 60.13 84.20 111.91 

m.e./L. m.e./L. m. e. /L. m.e./Lo 
Anions 
C03 Nil Nil Nil Nil 

HC03 1.50 1.50 1.50 1.40 

Cl 15.96 38.10 52.95 68.19 
804 15.68 20.56 29071 42.13 
N03 0.03 0.03 0.05 0.06 
PO 4 ·Tr. Tr. Tr. Tr. 

33.17 60.19 84.21 111.78 
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Table 31. Analysis of Soluble Salts in the saturation 
Extracts of Soil Used in Petunia Oulture No.3. 

Determination 

P~ste pH 
Value 

Elec. Oond. 
ECxl03 

Cations. 
Ca 
Mg 

Na 
K 

Anions 

0°3 
HC03 
01 

8°4 
N03 
pb 
./} 

P-Nutrient Solution No.4-ml/Irrigation 

10 ml 20 ml 30 ml 40 ml 

Treatment Number 

1 2 3 4 

Percentage Solabeya Water 

25% 75% 100% 

8.00 7.95 7.90 

millimhos/cm. mil1imhos/cm. mi11imhos/cm.mi11imhos emo 
3.10 5.70 8~10 10.90 

m.e./L. 

13.21 
4.16 

12.88 
0.87 

31.12 

m.e./Lo 

Nil 

1.10 

15.00 

15.08 

0.01 
0.01 

31.20 

m.e./L. 

24.28 
8.20 

23.10 
1.55 

57013 

. m. e./Lo 

Nil 

1.00 

37.59 
18.42 

0.01 
0.02 

m.e./L. 

31.70 
8.98 

38.79 
1.65 

81012 

Nil 

1.00 

53.17 
26095 

0.01 
0.02 

81 .. 15 

m. e./L. 

38.73 
13.93 
54.28 
2.19 

109.13 

m.e./Lo 

Nil 

0.95 

72.09 

36.14 

0.01 
0.03 

109.22 
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Table 320 Analysis of Soluble Salts in the saturation 
Extracts of Soil Used in Petunia Culture No.4. 

K-Nutrtent Solution No.5-ml/Irrigation 

10 ml 20 ml 30 ml L,O ml 

Determinat.ion Treatment Number 

1 2 4 

Percentage Solabeya 1i'fater 

251~ 50~1c~ 757; 10O~0 

Paste pH 
Value ij .10 8.05 8.00 7.95 

Elec. Condo m.il1imhos/ em. millimhos/em. millimhos/em millimho@6. 
ECxl0 3 3.25 5.80 8.60 11. 00 

m.e./1. m.e./1. m.e./1. !ll.e./L. 
Cations 
Oa 11.91 16.20 26.40 J3 0 09 
Mg 3.65 5.20 7.10 9.56 

Na 11.85 22.65 29.60 37.66 

K 6.75 14.20 22.50 29.48 

34.16 58 0 25 85.60 109.79 

111.e./L. m.e./L. /--
Ul.oe'f L • n.e./L. 

. Anions 

C0
3 

Nil Nil Nil l\fil 

RCO 
3 

l~lO 1.00 0.95 0.90 

01 16.86 37.86 55.76 72.68 

8°4 16.08 19.28 29.43 36.16 

N03 
OJ)l 0.01 0,01 0.01 

P04 Tr. T~" 
-- . Tr. Tr. 

34.05 58.15 86.15 109.75 
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Table 33. Analysis of Soluble Salts in the Saturation 
Extracts of Soil Used in Fetunia Culture No.5. 

Ca-Nutrient Sol1).tion No.6-ml/Irrigation 

10 wI 20 m.l 30 ml hO m1 

Determination 
Treatment NU.Dlber 

1 2 ) 4 

Percentage Solabeya Hater-

257~ 5010 7 5~';} lOO;:~ 

Paste pH 
Value 8.10 8.10 8.15 8.20 

Elee. Condo millimhos/cm. mil1imhos.cI'l. millimho s/ e~ll. '-·j.ll i[1h08/ 
ECxlO) 3.10 5.60 

c.:-~ • 
8.00 10.40 

ill. eo /1.Jo m. e. /L. m.e./L. m.e./L. 
Cations 

Ca 13.34 23.94 31031 40.03 
Mg 4.02 8.18 8.65 11.56 
Na 12.95 22.50 38. lJ..6 51.64 
Ie 0.81+ 1.58 1.73 2.15 

31.15 56.20 80.15 105.38 

m.e./L. Illoe./L. m.e./Lo 1.1. e. /L. 
~ . 
~-.nlons 

CO) Nil Nil Nil iTil 

RCO) 0.95 0.95 0.90 0.80 

C1 15.54 37059 5:-).27 hS, • 54 

3°4 14.65 17.63 25.96 35,11 

NO.3 0.01 o oCn 0,(11 0.C1 

P0
4 Tr. Tr. TT. 'Ilr~ 0 

31.15 56.18 80.14 105,46 
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~~n3.lys-i;,:: ()f Soluble 88.lt.s in tf1e :3aturs.tion , 
Extracts of Soil Used in Petunia Culture No.6. 

Determination 

Paste pH 
Value 

Elee. Condo 

ECxl03 

Cations 
Ca 

Na 

K 

Anions 

CO') 
.) 

HCO] 

C1 

8°4 
N03 

P04 

--- .. -.~-.-.-.----~--~~.~--- - .. - ~ --~ 
LI[.-Nutri ent Solution 1,:ro .1-1I11/11'1'iga tion 

10 ml 20 ral ::;0 ml L.O ral 
----------------.-----------~-~. -~-

rrreatment Number 

1 2 

Percentage ,solabe;ya ".'ater 

lOOq, I 

8.10 8.10 8.rjO 

mil1imhos/cm. millimhos/cm. Hil1imho s/ ca.Dlil1 j mho s~ 
C!l. 

3.20 5.70 8.10 8.65 
m.e./L. m..e./L. IL r1.e./ • m e IL 

... ..... 0 • / • 

12.59 23.28 27.51 34.r34 
6.50 10.40 14.10 18.22 

12.40 22.11 3<'3.00 Lt~9 • 02 

0.86 1.57 1.74 2.11 

32.35 57.3b 81.35 104.19 

111. e. /L .. /L Ia.e· 1 • ru. e . /L. [:1. e, /L. 

Nil Eil Nil Nil 

1.10 0.95 0.90 0.80 

15.61 37.58 52.31 65.28 

15.54 18.71 28.08 32..16 
0.01 0.01 0.01 0.01 

Tr. Tr. Tr. 11'-(' -- . 
=~-~-' 

32.26 57.25 81.30 lO~-.25 

-=-:;:-.-='--~'= 
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Table 35. Analysis of Soluble Salts in the Satur2tion 
Extracts in Soil Used in Petunia Culture No.7. 

Na-Nutrient Solution No.8-ml/lrrigation 

10 ml 20 ml 30 ml 40 m1 

Determination Treatment Number 

1 2 .3 4 

Percentage Solabeya 'iTa ter 

257~ 505~ 755S 100)(. 

Paste pH 
Value 8.15 8.15 8.10 8.00 

wv.o~. __ 

Elee. Condo millimhos/cm. mil1imhos/emo mil1imhos/cffioui11imhos! 
ECx103 OIJ1. 

3.30 5.90 8.20 10.85 

m.e./Lo m.e./L. m.e./L. m.eolLo 
Cations 

Ca 11.17 16.09 19.49 29.58 

Mg 3.55 5.10 6.60 10.1? 

Na 17.61 29.50 50.26 (;7.~[:~ 

K 0.85 1.57 1.73 2.17 

33018 52.26 72;.08 lO?50 

m"e./Lo m.e./L. m.e./L. m.c./Lo 
Anions 

C0
3 Nil Nil Nil Nil 

RC0
3 

1.00 0.95 0095 O.C)O 

Cl 16.01 37.81 51.00 (-:.\7.0,(; 

8°4 16.13 20. L~5 26.18 41.6? 
N03 (J.01 0.01 o. ()] O. ()1 

P04 Tr. Tr. Tro '1'.1'" 

---_. 
3.3.15 59.22 7'~_:O .l4 L(l'l. (,1 
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dominant in soil solution, due to unfavorable ion proportions, 

might reduce plant growth by conditioning its mineral uptake. 

Sy!ptoms of High Salinity on Plants - The sequence of 

appearance of visual symptoms of salinity injury on the in­

dicator plants was as follows: retardation of growth, necro­

sis, yellowing of the basal leaves and interveinal chlorosis 

III 

of terminal leaves. The development and severity of symptoms 

showed direct correlation with salt sensitivity of the indicator 

plant and the degree of salinity of the water and the result­

ant salinity of the medium. In all cases, the symptoms were 

earlier and more severe in the treatments of beans, followed 

by lettuce and last by petunia, Plates 15 - 25. 

Effect of Solabeya Water Salinity on Plant Ion Uptake -

Under the influence of increased salinity of the medium, the 

accumulation of the various ions in plant tissues might reach 

a level which becomes injurious to plant growth. Besides the 

general salinity effect, another equally effective factor in 

the retardation and reduction of plant growth is the unfavor­

able ratio of ions in saline soil solutions to which plants 

are subjected in their growth. In certain instances, speciflc 

effects of an ion and ion antagonism may be of predominant im­

portance in conditioning plant uptake and limiting growth. 

As the leaves represent the central laboratory of 

plant nutrition, the foliar nutrient element content may be 

taken as an index of the effect of Solabeya water on ion up­

take by the indicator plants. 

Careful consideration of the foliar nutrient element 



Plate 1 5. Effect of various dilutions of 

Solabeya saline water on growth and 

development of symptoms of malnutri ­

tion on lettuce plants - Lactuca sativa, 

var. Great Lakes. 
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Plate 16. Detrimental effect of Solabeya saline 

water on growth and development of 

necrosis and yellowing on leaves of 

the lettuce plant - Lactuca sativa, 

var. Great Lakes. 
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Plate 17. Effect of various dilutions of 

Solabeya saline water on growth of 

bean plants - Phasoleus vulgaris, 

var. Black Valentine. 
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Plate 18. Effect of Solabeya saline water on 

color of bean leaves. Right leaf from 

plant irrigated with 5% Solabeya 

water. Left leaf from plant irrigated 

with the undiluted Solabeya water. 

115 



Plate 19 . E~fect of various dilutions of 

Solabeya saline water and of potassium 

at various l evels on size and color of 

bean leaves . 
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Plate 20. Effect of various dilutions of 

Solabeya saline water and of calcium, 

magnesium , potassium and sodium at 

various levels on growth of petunia 

plants - Petunia hybrida . 
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Plate 21. Effect of various dilu-

tions of Solabeya saline 

water and of calcium, 

magnesium, potassium and 

sodium at various levels 

on size and color of 

petunia leaves. Inc.= ml. 

increments added. 



Plate 22 . Errect or various dilutions of 

Solabeya sal ine water and of nitrogen 

at various l evels on size and color of 

bean leaves . 
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Plate 23. Effect of various dilutions of 

Solabeya water and nitrogen, phosphorus 

and potassium at various levels on growth 

of petunia plants-Petunia hybrida. 

120 



" '" " I:: INC,- '0 '0 '0 

IEATM[1'IT 

N 'M • 

Plate 24. Effect of various di1u-

tiona of Solabeya saline 

water and nitrogen, phos­

phorus and potassium at 

various levels on size 

and color of petunia 

leaves. Inc.: ml. Incre-

ments added. 
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Plate 25 . Effect of various dilutions of Solabeya 

saline water and phosphorus at various 

levels on size and color of bean leaves. 

122 



123 

content of culture No. 1 of lettuce, bean and petunia, given 

in Tables 36, 37 and 38 and graphically represented in Figures 

12, 13 and 14, and the results of determinations conducted on 

the soil saturation extracts of these cultures, shown in Tables 

24, 25 and 29, indicate, in all cases, the following relation­

ships. Wi"t;h an increase in salinity of the medium, there is a 

resultant gradual increase in the total foliar mineral element 

content. On the basis of trend of specific nutrient element 

accumulation in the leaves, the nutrient elements fall in two 

groups. The first group includes calcium, P9tassium, total 

nitrogen, phosphate, iron and manganese. With an increase in 

the salinity of the medium, these elements are decreased in 

the leaf. The second group includes sodium, magnesium, chlor­

ide, sulfate and boron. With an increase in the salinity of 

the medium, the leaf content of these elements show a definite 

, increase. 

Before attempting any interpretation of these results, 

the following factors are worthy of consideration: 

{I} Under saline conditions, plants are subjected to high 

concentrations of salts and to salts that are not in the most 

favorable ratios for plant growth. 

(2) Plant growth is reduced by an unfavorable proportion 

of ions and, in some instances, the specific effect of an ion 

may be of predominant importance in limiting plant growth. 

{3} The genetic characteristics of plants as well as the 

physico-chemical characteristics of the ions determine the 

relative amounts of different ions that may be absorbed from 



Table 36. Foliar Mineral Nutrient Element Content of Lettuoe G.ultll~e~ 

Treatment Number 

1 2 3 4 5 

Peroentage Solabeya Water 

5% 25% 50% 75% 100% 
Determinations mtet/IOO gmt m.e./IOO gm. m.e./IOO gmt moe./IOO gmt m.e./IOO gmt 

Ca 96022 94.78 90051 86.24 81.97 

Mg 28.01 29.30 33.18 37.05 40.94 

Na 89.38 104.08 131.63 148098 165.31 

K 54.08 43.37 42.04 38.87 33.57 

01 62.51 100.02 151.50 184.51 220.00 

N 150.00 122.50 117.60 110.50 101.30 

S04 35.98 42.31 46.90 50.68 55.45 

P04 24.28 23.79 22.40 21.00 19.65 

ppm ppm ppm ppm ppm 
Fe 15.46 15012 14.08 13.04 11.99 

Mn 16.10 15 0 80 14.70 13.60 12.60 

B 5.40 5.60 6.60 7.50 8.40 

I-' 
l\) 
-t=-



Table 37. Foliar Mineral Nutrient Element Content of Bean in Culture No.1. 

Treatment Number 

1 2 3 4 5 

Percentage Solabeya Water 

5% 25% 50% 75% 100% 

Determinations m.e./100 gmt m.e./100 gmt m.~./100 gmt moe./100 gmt m.e./100 gm. 

Oa 210.27 208.00 201.23 194.46 187.69 

Mg 36.20 37~02 39.47 41.92 44.39 

Na 76.53 89.28 102.40 114.79 127.55 

K 102.40 89.28 76.53 63.77 51.02 

01 51.00 65.50 125.50 198.51 215.50 

N 323.00 300.20 275.30 255.50 225.50 

so 4 48.50 50.62 57.00 63.40 69.75 

P04 12.40 11.50 10.05 9.24 8.05 

ppm pp~ ppm ppm ppm 

Fe 12.79 12.71 12.47 12.23 11.90 

Mn 13.40 13.20 12.80 12.30 11.80 

B 20.50 21.00 22.50 23.60 25.00 
I-' 
l\) 
\.1't 



Table 38. Foliar Mineral Nutrient Element Content of Petunia in Culture No.1. 

Treatment Number 
1 2 3 4 5 

Percentage Solabeya Water 

5% 25% 50% 75% 100% 

Determination m.e./100 gill. m.e./100 gm. m.e./l00 gmo ~oe./100 gm. m.e./100 gm. 

Ca 190.07 188.76 186.14 182.20 177.00 
Mg 27079 28.80 31.83 34.86 37.90 
Na 67.38 69042 71.47 91.89 102.10 
K 87050 83050 78.00 73.50 69.30 
01 79.83 92.42 105062 136.21 156 081 
N 245050 236.68 225036 210.30 195020 

S04 45090 52.68 57020 61073 66.25 

P04 28.18 25.98 24.98 23.46 22.40 

ppm ppm ppm ppm ppm 

Fe 25.33 24038 21.38 18.42 15.46 

Mn 26.40 25040 24030 23.20 22.00 

B 8.80 8.90 9030 9.60 10.00 

I-' 
l\) 

0' 
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NUTRIENT ELEMENT CONTENT - LETTUCE CULTURE. 
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FIG.l3- EFFECT OF WATER SALINITY ON FOLIAR NUTRIENT 

ELEMENT CONTENT - BEAN CULTURE NO. I. 
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solution. 

(41 Excessive accumulation of a given ion in the plant 

may be the result of conditions other than high concentration 

of that ion in the soil solution, as for example, potassium 

deficiency may result in greater accumulation of calcium, mag­

nesium or sodium than in normal plants. 

($} The phenomenon of antagonism, cationic and anioniC, 

presupposes an interaction between the various cations and be­

tween the various anions. 

Effect of Solabeya Water Salinity on Chemical Composi­

tion of Indicator Plants with Respect to Certain Elements: 
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Calcium - The foliar nutrient element content, in 

m.e./IOO gm., of cultures No.1 of lettuce, bean and petunia is 

given in Tables 36, 37, and 38, and graphically represented in 

Figures 12, 13 and 14, respectively. The determinations con­

ducted on the soil saturation extracts of the respective cult­

ures are shown in Tables 24, 25 and 29. 

The data in these tables show a decrease in foliar cal­

cium content with an increase in salinity of the irrigation 

water and a resultant increase in salinity of the medium. The 

foliar calcium content of treatments No. 1 and 5 ranged between 

about 96 to 82 m.e.Ca/lOO gm. in lettuce, 210 to 188 m.e.Cal 

100 gm. in bean, and 190 to 177 m.e.Ca/lOO gm. in petunia o 

The decrease in calcium content in the leaves of these 

cultures may be attributed to the combined effect of the follow­

ing factors: 

A low nitrogen uptake due to low nitrogen level and 



relatively high chloride level in the medium. A decrease in 

nitrogen uptake with a resultant decrease in metabolism and 

growth that conditions the uptake of calcium. The effect of 
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the chloride ion on the uptake of nitrate nitrogen is antagon­

istic in nature, as has been reported by Vladimirov (134), 

Barbier (10), Bear (14), Gauch and Vfadleigh (51) and Baslavskaya 

(12) 0 

The foliar nutrient element content and the character-

istics of saturation soil extracts of culture No. 2 of bean 

and petunia, which received nitrogen increments, are given in 

Tables 39, 40, 26 and 30, respectively. The data in these 

tables provide additional evidence of the antagonism between 

the chloride ion and nitrogen and the indirect effect condition­

ing calcium uptake. The application of nitrogen increments 

resulted in an increase in nitrogen and calcium and a decrease 

in chloride content of the leaves. 

The second factor conditioning calcium uptake is the 

high sulfate content of the medium. Reed and Haas (107) re­

ported that the sensitivity of certain plants to high sulfate 

concentrations appears to be related to the tendency of high 

sulfate concentrations to limit the uptake of calcium by plants, 

resulting in increased absorption of sodium or potassium, which 

may be related to the disturbance in the cationic balance in 

the plant. Other supporting evidence was reported by Neller (99) 

and Ligon (82) who found that fertilization with sulfur decreased 

the calcium content of alfalfa. 

The third factor conditioning calcium uptake by the 
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Table 39. Foliar Mineral Nutrient Element Content of Bean in 
Culture No. 2 

N-Nutrient Solution No.J-m1LIrri~ation 
10 ml 20 ml 30 ml 40 ml 

Treatment Number 

1 2 3 4 

Percentage Solabeya Water 

25% 50% 75% 100% 

Determination m.e./100 gm.. m.e./l00 gm. m.e./l00 gm. m.e./l00gr:J. 

Oa 235.50 233.20 230.95 228.65 

Mg 38.56 40.92 43.29 45.67 

Na 76.53 89.28 92.04 102.04 

K 89.28 81.63 70.87 63.77 

01 56.50 87.00 97.51 102.50 

N 310.20 305.60 300.00 295.10 

S04 41.55 49.10 56.68 64.26 

P04 15.65 14.51 13.38 12.25 

ppm ppm ppm ppm 

Fe 13.10 12.80 12.54 12.30 

Mn 14.60 13.80 12.90 11.90 



1.3.3 

Table 40. Foliar Mineral Nutrient Element Content of Petunia 
in Culture No.2. 

N-Nutrient Solution No • .3-ml/lrrigation 

10 ml 20 ml 30 ml 40 ml 

Treatment Number 

1 2 .3 4 

Percentage Solabeya Water 

25% 50% 75% 

Determination m.e./IOO gill. m.e./IOO gm. m.e./IOO gm.m.e./lO~. 

Ca 

Mg 

Na 

Fe 

Mn 

217039 

.34.26 

69.42 

88.50 

46 0 81 

6.35.50 

62.72 

.39.98 

ppm 

24.50 

29.00 

215.41 

.35.76 

71.47 

84.00 

52.21 

628.62 

58.62 

44.54 

ppm 

21.63 

26.40 

213.43 

37.27 

77059 

80.50 

86.62 

610.74 

5.3.41 

49.11 

ppm 

211.45 

38.78 

94.45 

71.50 

94.00 

599.85 

47 • .36 

53.69 

ppm 

15.86 

21.50 



indicator plants is the antagonistic effect of sodium and 

magnesium ions, as reported by Lundegardh (85), Gauch (50), 

Collander (31), Osterhout (103, 104) and Mollard (94). 

The foliar nutrient element content and the character­

istic of saturation soil extracts of petunia cultures No.5, 

6 and 7, which received calcium, magnesium and sodium incre-
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ments, respectively, are given in Tables 41-41.and 33-35. The 

application of calcium increments resulted in a relatively grad­

ual increase in the calcium content of leaves of petunia culture 

No.5. But the level of calcium content of the leaves of this 

culture, as compared with the respective treatments of culture 

No.1, st,ill showed a gradual decrease with increase in salin-

ity of the medium. Probably, this is due to the antagonistic 

effect of sodiu~ ion which showed an increase in content in the 

leaves in all treatments of this culture. The level of magnesium 

in the leaf also showed a slight increase in treatments No. land 2 

of this culture and only a slight decrease was indicated in treat­

ments No. 3 and 4. This could be due to the relatively higher 

antagonist.ic effect of magnesium on calcium uptake as reported 

by Barbier (11). The level of potassium showed a gradual decrease 

since the antagonistic effect of calcium toward potassium is great­

er the lower the potassium level in the growth medium. This 

effect also is reported by Russell (llO), Lucas and Searseth (83) 

and Cooil (32). 

The data in Tables 41-43 present additional evidence 

concerning the antagonistic effect of magnesium and sodium on 

calcium uptake by plants. The application of increments of 
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Table 41. Foliar Mineral Nutrient Element Content of Petunia 
in Culture No. 5. 

Ca-Nutrient Solution No.6-ml/Irrigation 

10 ml 20 ml 30 ml 40 ml 

Treatment Number 

1 2 3 4 

Percentage Solabeya Vfater 

25% 50% 75% 100% 

Determination m.e./IOO gm. m.e./l00 gm. m.e./IOO gm. m.e./IOO gm. 

Oa 212.64 201095 191.26 180.56 

],ifg 31.46 33.11 34.76 36.41 

Na 45094 76.57 94044 109.24 

K 68.50 67000 66.00 64.51 

01 76.81 101041 140 0 60 178.62 

N 490.10 380030 370.50 360.80 

SO 51.68 52.63 53.59 54.54 
4 

P04 80 0 00 78.80 76.60 74.24 

ppm ppm ppm ppm 

Fe 23.50 20.60 17.50 14.20 

Mn 24.60 23.90 22.10 20080 
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~ab1e 42. Foliar Mineral Nutrient Element Content of Petunia 
in Culture No.6. 

~g-Nutrient Solution No. 7-ml/Irrigation 

10 m1 20 ml 30 ml 40 ml 

Treatment Number 

1 2 :3 4 

Percentage Solabeya Water 

25% 50% 75% 100% 

Determination m.e./100 gm. m.e./100 gm.. m.e./100 gm. m.e./l00 gm. 

Oa 

Mg 

Na 

K 

01 

N 

Fe 

Mn 

189.90 

31046 

51.05 

84.00 

127.41 

410.10 

53.54 

64.40 

ppm 

19070 

25.00 

185.12 

34 .. 82 

76.57 

82.50 

161.21 

370.40 

58.16 

63.10 

ppm 

18030 

23.20 

180.41 168.68 

38.20 41.58 

114.35 124.56 

80.50 78'.00 

188.60 210.22 

360.20 320.60 

62.78 67.39 

60.80 57.60 

ppm ppm 

16090 15.50 

22.30 19.20 
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Table 43. Foliar Mineral Nutrient Element Content of Petunia 
in Culture No.7. 

Na-Nutrient Solution No.8-ml/Irrigation 

10 ml 20 m1 30 ml 40 ml 

Treatment Number 

1 2 3 4 

Percentage Solabeya Water 

25% 50% 75% 100% 

Determination m.e./l00 gm. m.e./l00 gill 0 m.e./l00 gme m.e./l00 gm. 

Ca 187.38 184.38 178.66 172.81 

Mg 27.79 27.38 26096 27054 

Na 91.89 93093 96 0 97 107.20 

K 85000 83.50 79.00 77.00 

01 124.60 140.80 159062 177040 

N 390.20 373.50 356.80 340.10 

S04 54.69 60.25 65.82 71.39 

P04 22.40 21.30 19.80 17.92 

ppm ppm ppm ppm 

Fe 20.20 18.80 17.60 14.80 

,Mn , 22.10 21.20 20.20 19.30 
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magnesium and sodium resulted in a decrease in the uptake of 

calcium. 

Potassi~ - The foliar nutrient element and the char­

acteristics of saturation soil extracts of culture No. 1 of 

lettuce, bean and petunia, are given in Tables 36-38, 24, 25 

and 29, respectivelyo The range of foliar potassium content 

of treatments No.1 and 5 varied between about 54 to 33 m.eoK/ 

100 gm. in lettuce, 102 to 51 m.e.K/IOO gm. in bean, and 87 to 

69 m.e.K/lOO gm. in petunia o 

Probably, the main factor responsible for the decrease 

of potassium content in the leaves of the three indicator plants 

with an increase in the salinity of the medium, is cationic 

antagonism due to the unfavorable ion ratio of potassium to 

sodium, magnesium and possibly calcium. It has been shown by 

Russell (110), Lucas and Scarseth (83), Cooil (32) and Bradfield 

and Peech (24} that high amounts of calcium and magnesium in 

the medium depressed the potassium content of the plant, and 

that the depressing effect of calcium is greater at low potassium 

levels than at higher potassium levels. Similar results were 

obtained by Bower and Pierre (23} who found that potassium up­

take by corn, sorghum, flax, soybean, sweet clover and buckwheat, 

grown on high lime soils, was decreased. Olsen (101) concluded 

from water culture experiments on the significance of concen­

tration for the rate of ion absorption by higher plants, that 

magnesium has a repressive effect on potassium uptake. The 

effect of sodium on potassium in soil and water cultures was 



studied by Breazeale (25) who found that the uptake of potas­

sium was strikingly decreased by sodium. Harmer and Benne (58) 

concluded, from a survey of investigations made in Europe and 

America regarding the effect of sodium on plant growth that the 

sodium content of highly sensitive crops is greatly increased 
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in the presence of an ample anount of sodima in the medium, 

whereas potassium is considerably decreased and magnesium and 

calcium are decreased slightly. Similar results were reported 

by Hoagland and Martin (67) who found that when sodium decreases 

the uptake of calcium, magnesium and potassium. Fudge (49) re-

ports an effect of application of calci~ and magnesium in the 

form of dolomite and water soluble magnesium showing that these 

two elements repressed the uptake of potassium. 

The foliar nutrient element content and the character-

istics of the saturation soil extracts of bean and petunia cul­

ture No.4, to which differential potassium increments were 

applied, are given in Tables 44, 45, 28 and 32, respectively. 

The data in these tables show that the application of potassium 

increments raised the level of potassium in the leaf as compared 

with the amount of potassium absorbed in the respective treat­

ments where potassium was not added. Yet the content of potas­

sium in the leaves showed a gradual decrease with increase in 

salinity of the medium, in salinity culture where potassium was 

not added,Tables 37 to 38. 

Nitrogen - The foliar nutrient elem.ent and the character-

istics of saturation soil extracts of culture No. 1 of lettuce, 

bean and petunia, are given in Tables 36-38, 24, 25 and 29, 
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Table 44. Foliar Mineral Nutrient Element Content of Bean 
in Culture No.4. 

K-Nutrient Solution No.5-ml/Irrigation 

10 ml 20 ml 30 ml 40 ml 

Treatment Number 

1 2 3 4 

Percentage Solabeya Water 

25% 50% 75% 100% 

Det-ermination m. e./100 gm. m.e./IOO gill 0 m.e./IOO gm. m.e./l2B. 

Ca 182.65 169070 156078 143.85 

Mg 37.56 39.25 40.97 42.68 

Na 50 0 00 63.30 80.00 105.00 

K 89 000 110000 137.00 177000 

C1 66.00 127.50 200.60 217.50 

N 295 000 272050 256.60 248.60 

SO ·4 51096 58.80 65 0 66 72.55 

P04 -' 11090 11.15 10.25 9050 

ppm ppm ppm ppm 

Fe 7.80 7.00 6.10 5.30 

Mn 10.00 8.90 7.60 6.50 
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Table 45. Foliar Mineral Nutrient Element Content of Petunia 
in Culture No.4. 

K-Nutrient Solution No.5-m1/rrrigation 

10 m1 20 ml 30 ml 40 ml 

Treatment Number 

1 2 3 4 

Percentage Solabeya Water 

25% 50% 75% 100% 

Determination m.e./IOO gm. m.e./IOO gm. m.eo/IOO gm. illoeo/IOO gm. 

Oa 

Mg 

Na 

K 

01 

N 

Fe 

Mn 

172.25 

33.40 

40.84 

86000 

169.40 

355.50 

56.54 

19.20 

ppm 

19.20 

22.00 

154.00 

32.53 

83.72 

87.50 

207.80 

334.60 

67.58 

18.30 

ppm 

18.30 

21 0 00 

135.81 

31.67 

91.89 

105.00 

232.60 

280.30 

78.63 

17.10 

ppm 

17.43 

20 0 10 

117.60 

30081 

98.10 

117.40 

271.42 

210.60 

89067 

15.36 

ppm 

14.53 

19.20 
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respectively. The range of total foliar nitrogen content of 

treatments No. 1 and 5 varied between 150 and 101 m.e. N/lOO Gm. 

in lettuce, 323 and 225 me e. N/IOO gm. in bean and ~45 s.nc:. 195 

m.e. N/IOO gm. in petunia. 

The decrease of total foliar nitrogen may be attributed 

mainly to the antagonistic effect of the high chloride ion con­

centration in the irrigation water and the resultant salinity 

of the medium. Probably, the high sulfate ion concentration 

played a minor role in limiting nitrogen uptake through the 

phenomenon of antagonism. 

According to Bear {14), the chloride in plant tissues, 

like that in soils, is largely water soluble. Generally, plants 

have a tendency to absorb large amounts of this element whenever 

it is available to them. Relatively, as more chloride is ab­

sorbed by plants, their content of nitrogen,phosphorus and sul­

fur will tend to be lowered. Regarding anions, Russell (110) 

reports that peach trees are injured by chlorides in the soil 

solution at osmotic pressures at which sulfates are harmless to 

them. Similar results of chloride injury on pecan and other trees 

in Oklahoma are reported by Harper (60} and on citrus by Reed 

and Haas (10?). Shestakov and Shoyndenkov (ll?) found, in sand 

cultures of flax, sunflower, and potatoes, that an increase in 

chloride concentration of the medium decreased the yield more 

than an increase in sulfate concentrationo Blagvershchenskii 

and Baslavskaya (2l) conclude, from their study of the effect 

of the chloride ion on the chlorophyll content and photosynthesis 
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of the potato plant, that in all oases studied the effeot is 

to oause poisoning of the ohloroplasts with a resultant de­

crease in the energy of photosynthesis. Shestakov and Shoyn­

denkov (117) conolude, from their study of the significanoe of 

sulfate and chlorides for the assimilation of nutrients and de­

velopment of potatoes, flax and tomatoes in pot and field tests, 

that the chlorophyll oontent is lower with chlorides than with 

sulfates. Gauoh and Wadleigh (52) found, in their study of the 

effect of high ooncentrations of chlorides and sulfates on ionio 

absorption by bean plants, that the nitrogen oontent of leaves 

was lower in ohloride treatments than in sulfate. 

The results of field experiments with potatoes and sand 

culture experiments with flax and potatoes, conduoted by Baslava­

kaya (12) showed that, with an inorease of the ohloride ion in 

the medium, the ohloride oontent of the plant as a whole increasec 

and the nitrogen content deoreased. The increase of nitrogen in 

the medium resulted in a deorease of the chloride uptake by the 

plant. 

It has been noted by Barbier (10) that in oats the effect 

of N0
3 

on the absorption of 01 is analogous but is not reciprooal. 

The foliar nutrient element content and the oharaoteris­

tics of the soil saturation extraots of bean and petunia cul­

tures No.2, to whioh nitrogen inorements had been applied, are 

given in Tables 39, 40, 26 and 30 respectively. The data in thesE 

tables show that although the application of nitrogen increments 

raised the level of nitrogen in the leaf and decreased the level 

of chloride, as oompared with the respective treatments where 



nitrogen was not added, yet the nitrogen in the leaf showed a 

gradual decrease with increase in salinity of the medium, 

Plates 22 - 24. 

Accompanying the gradual increase in leaf nitrogen con­

tent of both cultures, there was a relatively small increase in 

the calcium and phosphate content and a decrease in the sulfate 

content in the leaves. 

Phosphate - The foliar nutrient element and the character 

istics of saturation soil extracts of culture No. 1 of lettuce, 

bean and petunia, are given in Tables 36-38, 24, 25 and 29, re­

spectively. The phosphate content of treatments No.1 and 5 

varied between about 24.2 and 19.6 m.e. P0
4

/lOO gm. in lettuce, 

12.4 and 8.1 moe o P0
4
/100 gm. in bean and 28.2 and 22.4 m.e. 

P04/100 gmo in petunia o 

Probably the main factor limiting phosphate uptake by 

plants and decreaSing its content in the leaves as the salinity 

of the medium is increased is the antagonistic effect of chloride 

and sulfate ions in the irrigation water and the resultant 

salinity of the medium. 

Barbier {lO} reports that as more chloride is absorbed 

by plants, their content of nitrogen, phosphorus and sulfate 

tends to decreaseo The same effect was exhibited by nitrogen 

and phosphorus in cultures No. 1 of lettuce, bean and petuniao 

The chloride as well as sulfate ion concentrations in the leaves 

of these plants increased directly as the concentration of these 

ions increased in the irrigation waters of different quality. 

Other evidences of the repressive effect of high chloride 
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ion concentration on the uptake of phosphate by plants were 

reported by Shestakov and Shoyndenkov {lIS} and Scharrer and 

Schreiber (Ill) who found that in the presence of chloride the 

phosphate content of the plant decreases. 

The foliar nutrient element content and the character­

istics of the saturation ~oil extracts of cultures No. 4 of bean 

and petunia, to which phosphate increments had been applied, are 

given in Tables 46, 49, 28 and 32, respectively. The data in 

these tables show that the addition of phosphate increments re­

sulted in an increase in the phosphate and nitrogen in the 

leaves, as compared with salinity cultures where phosphate was 

not added, Tables 37-38. In the bean cultures, both chloride 

and sulfate content of the leaves showed a decrease whereas, 

in petunia there was a decrease in sulfate and an increase in 

chloride content of the leaves. The increase in chloride con­

tent of the leaves of petunia may be due to vigorous growth in 

response to the application of phosphate. It was observed, that 

although treatments of both bean and petunia cultures showed an 

uptake response to application of phosphate and the level of 

phosphate in the leaves increased, yet similar to the other two 

major nutrient elements, namely nitrogen and potassium, the phos­

phate content of the leave's of both cultures gradually decreased 

with increase in salinity of irrigation water and the resultant 

salinity of the medium. 

Iron and Manganese - The content of both iron and mang­

anese in leaves of culture No.1 of lettuce, bean and petunia 

are given in Tables 36-38, respectively. The data in these 

tables show a slight decrease of both elements with an increase 



Table 46. Foliar Mineral Nutrient Element Content of bean in 
Culture No.3. 

P-Nutrient Solution No.4-m1/Irrigation 

10 r:ll 20 ml 30 illl 40 ml 

rrreatment Number 

1 2 :3 4 

Percentage Solabeya 1Nater 

25% 50~0 75:h 100% 
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Determination m.e./IOO gm. m.e./100 gm. m.e./100 gmaID.e./100 gm. 

Ca 

Na 

K 

Cl 

N 

Fe 

Mn 

215 0 65 

38.54 

65.50 

85 0 00 

65.20 

365.50 

41098 

28065 

:ppm 

15.20 

17000 

210.00 

40.82 

83.40 

79.00 

86.90 

362050 

49.14 

27.26 

ppm 

13.50 

16.10 

204.38 198.75 

43.13 45.46 

92.00 112.50 

70.50 62.00 

97.45 102.00 

359028 355069 

56.35 63.79 

25.86 2LI-.50 

ppm prill 

12090 12.20 

15. LI-O 14.60 
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'Table 47. Foliar Mineral Nutrient Element Content of Petunia 
in Culture No. 3. 

P-Nutrient Solution No.4-ml/Irrigation 

10 ml 20 ml 30 ml 40 ml 

Treatment Number 

1 2 3 4 

Percentage 80labeya Water 

25% 50% 75% 100% 

Determination m.e./IOO gm. m.e./IOO gmo m.eo/IOO gmo m.e./IOO gill 0 

Ca 175.81 165.53 155.23 144.93 

Mg 33.83 35.90 37.98 40.08 

Na 56.66 67.38 76.57 94.44 

K 131.00 120 000 104.00 99.00 

Cl 125.61 138.41 146.61 161.10 

N 295.50 320.50 405.50 600020 

8°4 39.12 43.31 47~50 51069 

P04 98.56 97.26 95.05 92.16 

ppm ppm ppm ppm 

Fe 25.20 22 0 2,0 18.90 16010 

Mn 30.10 27050 24.40 22.10 



in salinity of the irrigation water and the accumulated salin­

ity of the medium. The content of iron in leaves of treatment 

No. 1 and 5 varied between 14 to 12 ppm. Fe in lettuce, 13 to 

12 ppm. in bean, and 25 to 16 ppm. in petunia. The values for 

manganese content in the leaves were: 16 to 13 ppm. Mn in 

lettuce, 13.4 to 12 ppm. Mn in bean and 26.4 to 22 ppm. Mn in 

petunia. 
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Since the main variable in all the treatments of these 

cultures was the degree of salinity of the irrigation water and 

the resultant salinity of the medium, it seems probable that 

the antagonistic effect of high calcium, magnesium and sodium 

concentrations in the medium limits the uptake of these elements 

by plants. 

The interrelationship between manganese, calcium and 

potassium was studied by SWanback (129) who concluded that high 

levels of calcium reduced the absorption and utilization of 

manganese, and that the appearance of manganese deficiency in 

tobacco plants is influenced by the concentration of calcium 

and potassium in the medium. Besides the probable antagonistic 

effect of calcium, magnesium and sodium in limiting the uptake 

of iron by plants, the antagonistic effect of these cations on 

limiting and inducing potassium deficiency in plants growing in 

a medium containing a relatively low potassium, would indirectly 

reduce the mobility and utilization of iron within the plant, as 

reported by Hoffer (68) who found an accumulation of iron in the 

nodes of corn plants suffering from potaSSium deficiency. 

Boron - The foliar mineral nutrient element and the 
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characteristics of saturation extracts of culture No. 1 of let­

tuce, bean and petunia, are given in Tables 36-38, 24, 25 and 29, 

respectively. These data show an increase in foliar boron con­

tent with an increase in salinity of irrigation water and the re­

sultant salinity of the medium.. The range of foliar boron content 

of treatments No.1 and 5 varied between about 5.4 to 8.5 ppm. B 

in lettuce, 2005 to 25.0 ppm. B in bean, and 8.8 to 10.0 ppm 0 B 

in petunia. According to Wilcox (143) with the exception of 

leaves from the stone and porne fruit trees, mature normal leaves 

contain from 40 to 100 ppm. B. Values belovv 20 ppm. are in the 

deficiency ranee and values above 250 ppm. are in the toxicity 

range. 

}ragnesiQ~ - The foliar mineral nutrient elenent and the 

characteristics of saturation extracts of culture No. I of lettuce, 

bean and petunia, are shown in Tables 36-38, 24, 25 and 29, respect­

i vely. These data shOif.J an increase in magnesium with an increase 

in salinity of irrigation water and the resultant salinity of 

the mediuuo The range of foliar magnesium content of treatments 

No.1 and 5 was from 28 to 41 m.e.Mg/IOO gm. in lettuce, 36 to 44 

m.eoMg/IOO gm. in bean and 28 to 38 m.e.Hg/IOO .;:.r\1. in petunia. 

The relatively high concentration of magnesium ion in the 

irrigation water and the increase in plant uptake of this el~lent 

with an increase in salinity may antagonistically limit nlant up­

take of such elements as potassium, calciu.m, iron and manc,anese. 

The increase in foliar magnesium. content and the accomp­

anying decrease in the calcium, potassium, iron and manGanese 

content of the leaf is suggestive of probable limitation of 

plant uptake of these elements by the antagonistic effect of 
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may mask the antagonistic effect of magnesium in this respecto 

Sodium - The foliar mineral element and the character­

istics of saturation extracts of culture No. 1 of lettuce, bean 

and petunia, are shown in Tables 36-38, 24, 25 and 29, respec­

tively. These data show an increase in foliar sodium content 

with an increase in the salt content and particularly the sodiUm 

concentration of the water of different quqlity. The range of 

foliar sodium content of treatments No. 1 and 5 was from 89 to 

165 m.e.Na/100 gm. in lettuce, 76 to 127 moe.Na/100 gm. in bean 

and 67 to 102 m.e.Na/100 gm. in petunia. The relatively high con­

centration of sodium ion in the irrigation water and the increase 

in uptake of this element with an increase in irrigation water 

salinity may have a combined effect with magnesium in limiting 

plant uptake of such elements as potassium, caloium, iron and man­

ganese, through the phenomenon of antagonism. The data presented 

here are highly suggestive of such an antagonism. 

Chloride - The foliar mineral element and the character­

istics of saturation extraots of culture No. 1 of lettuce, bean 

and petunia, are shown in Tables 36-38, 24, 25 and 29, respec­

tivelyo These data show an inorease in foliar chloride content 

with an increase in irrigation water brackishness and the salinity 

of the medium. The range of foliar chloride content of treatments 

No.1 and 5 varied between about 63 and 220 m.e.Cl/100 gm. in 

lettuoe, 51 to 216 m.e.Cl/100 gm. in bean and 80 to 157 m.e.Cl/ 

100 gm. in petunia. The relatively high chloride ion concentra­

tion in irrigation water and the resultant salinity of the medium, 

and the increase in plant uptake of this element with an increase 

in irrigation water salinity is detrimental to plant growth by 



limiting plant nitrogen and phosphate uptake through anion 

antagonism. 
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Sulfate - The foliar mineral nutrient element and the 

characteristics of saturation extracts of culture No. 1 of lettuce, 

bean and petunia, are given in Tables 36-38, 24, 25, and 29 re­

spectively. These data show that there is an increase in sulfate 

foliar content with an increase in irrigation water brackishness 

and the salinity of the medium. The foliar sulfate content in 

treatments No.1 and 5 ranged between 36 and 56 m.e.S0
4
/100 gm. 

in lettuce, 49 and 70 m.e.S04/100 gm. in bean and 46 and 66 

m.e.S04/100 gm. in petunia. The relatively high sulfate ion con­

centration in irrigation water and the resultant salinity of the 

medium, and the increase in plant uptake of this element with 

increase in salinity may limit plant uptake of notrogen and phos­

phate through anion antagonism and indirectly may condition cal­

cium uptake resulting in increased absorption o~ sodium or mag-

nesium. 

Effect of Solabeya Water Salinity on Plant Growth - The 

total nutrient element content in m.eo/100 gm. of the respective 

treatments of lettuce, bean and petunia cultures and the respec­

tive yields are given in Tables 48 and 49. The effect of the de­

gree of Solabeya water salinity on foliar nutrient element content 

and green weight yield of cultures No. 1 of lettuce, bean and 

petunia is graphically represented in Figure 15. 

The detrimental effect of Solabeya water in retarding growth 

of the indicator plants is shown in Plates 15-25. These data show 

an increase in nutrient element content and a decrease in growth 

and yield of the plants, with an increase in salinity of the medium. 

Plates 26-29 show the detrimental effect of Solabeya 



Table 48. Green Yield of Lettuce l Bean and Petunia Cultures. 
Percent Solabeya Water 

Treatment 5/~ 25?G 501b 7 57'~' 100% 

m,iJ:jTrea tment Gi'iJ:j'l'rea tmen t GM/Treatment GrI/Trea tmen t GIT/Treatment 

Lettuce 1342.93 1286.53 1121.35 944.08 770.84 
Bean 1 102.73 113.33 98.92 82.80 66.24 
Bean 2 12~-.42 109.55 95.18 75.68 
Bean .3 121.85 106.59 91.30 71.82 
Bean 4 106.94 92.75 78.10 62.84 
Petunia 1 204.00 182.65 162.38 138.47 129.86 
Petunia 2 321.50 229.54 210.48 200.56 
Petunia 3 350.65 340.43 290.42 280.32 
Petunia 4 174.57 132.28 99.36 90.65 
Petunia 5 135.49 122.46 108.49 104.56 
Petunia 6 128.36 120.37 105.68 100.74 
Petunia 7 130.48 120.46 103.45 100.36 

Table 49. Total Foliar Mineral Nutrient Element Content of Lettuce, Bean and Petunia 
Cultures. 

Lettt~ce 
Bean 1 
Bean 2 
Bean 3 
Bean 4 
Petunia 1 
Petunia 2 
::?etl~ni3. :) 
Petunia 4 
Petunia 5 
Petunia 6 
Petunia 7 

5c:-
,II} 

ill.ee7100 gu. 

504.43 
860.30 

772.15 

25';j 
Percent Solabela ~ater 

50SS 
m.e. 100 em. m.e./l00 Gfll. 

566.55 635.76 
851040 887.48 
863.77 901026 
906.02 973.02 
78h.07 852.20 
776.24 7E;0.60 

119h.58 1190.63 
95L~.09 1028.39 
933.13 ~)c;6.03 
C:?7 (11 
,/ ,...." j .0 ....... 981.97 
978.36 1050.68 
)'94.96 996.05 

75(;, 
DI.e. 100 gm. m.e./luu g~-l. 

677.83 718.19 
941.59 929.45 
904.72 914.24 

1020.32 1074.62 
947.76 1016.68 
814.15 826.96 

1208.07 1211.08 
1068.44 1 ?8" 50 -~ ). 

973.00 950.87 
1037.55 1188.22 
1106.0:=; 1158.13 
~)O7.65 1007.37 I-' 

\Jl 
N 
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water in reducing growth and yield of radish, table beet, 

turnip and celery, as compared with the growth and yield 

obtained by fresh water irrigation in a field experiment 

conducted at the Experimental Farm in 1958. 
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Plates 30-31 show the effect of Solabeya Water on the 

development of chlorosis"and necrosis in citrus and Acacia 

on the Experimental Farm. 
"", .-;. 

·f. 
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Plate 26. Effect of Solabeya saline water OD 

Yield of radish. Crop on the r ight 

from plants irrigated with Solabeya 

water. Crops on the left from plants 

irrigated with 5% Solabeya water. 

Field experiment at the Experimental 

Farm. Both piles of r oots are from 

field plots of equal size. 
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Plate 27. Effect of Solabeya saline water on 

Yield of table beet. Crop on the right 

from plants irrigated with Solabeya 

water . Crop on the left from plants 

irrigated with 5% Solabeya water -

Field experiment at the Experimental 

Farm. Both piles of roots are from 

field plots of equal size. 
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Plate 2B.Effect of Solabeya saline water on 

yield of turnips. Crop on the right 

from plants irrigated with Solabeya 

water. Crop on the left from plants 

irrigated with 5% Solabeya water- Field 

experiment at the Experimental Farm. 
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Plate 29 . Effect of Solabeya saline Hater on 

yield of celery . Cror on the rt'l'.t 

f r o!'] plants irrir,u ted \:1 th Solabeya 

water . Crop on the left froe plants 

irrigated \'.'ith 5", Sol&beya water -

Field experinent at the Expericental 

Farn . 
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Plate 30. Effect of Solabeya saline water on 

development of chlorosis and necrosis 

in c1 trus - Experimental Farm .. 
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Flate 31. Eff"ect of Solabeya saline water on 

developIlent of chlorosis and necrosis 

in Acacia - Fxperimental Far."1 . 

1/,0 
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SUMMARY 

This investigation was concerned with the effect of 

water salinity on soil properties and plant nutrition in Kuwait. 

Sand constituted the predominant textural fraction of the virgin 

and cultivated soils used, whereas silt and clay were about 

equally distributed in the remaining fraction. The cation ex­

change capacity was low, which is characteristic of desert 

sandy soils having low content of clay organic matter and humus. 

Although the coarse texture of the sandy soil provides 

good drainage, the presence of an impermeable gatch pan pre­

vents further. percolation beyond the level of gatch pan and 

contributes effectively to formation of a saline perched local 

water table and soil salination, under the prevailing arid clim­

atic conditions and the use of the saline Solabeya brackish 

water for irrigation. Furthermore, gatch is detrimental to 

deep rooted plants by obstructing normal root growth. 

Gatch is predominantly sand with a high calcium and 

magnesium carbonate contento A coarse sandy subsoil horizon 

is found to be a proper medium for gatch formation. The order 

of cementing agents, according to their concentration, are 

silica, calcium and magnesium carbonates, magnesium hydroxide, 

gypsum, alumina and iron oxide. The last three constituents 

play a minor role as cementing agents in the process of gatch 

formation. 

An increase in alkalinity of the medium and the concen­

tration of salts in the soil solution by surface evaporation 
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favor the precipitation of these potential cementing agents 

which are present as soluble constituents in the medium. Under 

the combined effect of increase in alkalinity ana concentration 

of salts in the soil solution, the main cementing agents precip­

itated are the carbonates and hydroxides of calcium and magne­

SiUL1. The amount of precipitated carbonate is determined by 

the relatively low concentrations of the carbonate and bicarbon­

ate ions in saline Solabeya watero The precipitation of calcium 

sulfate is reduced by the high salinity of soil solution. 

Gatch is defined as a consolidated calcareous sandy 

matrix of high silica content, which is slightly gypsiferous. 

Besides the ill-effect of Solabeya saline water on 

soil properties and salination, its high salinity, and the un­

favorable ion ratios are detrimental to the normal growth of 

plants. The results of the analytical data on pot culture ex­

periments with lettuce, bean and petunia show in all cases the 

following relationships: with an increase in the salinity of 

the medium there is a res~lting increase in the accumUlation of 

salts in the leaves and a reduction of growth and yield. On 

the basis of the specific nutrient element accumUlation in the 

leaves, the nutrient elements fall into two groups. The first group 

includes calcium, potassiwTI, total nitrogen,phosphate, iron and 

manganese. The levels of these elements in the leaves show a 

decrease with increase in salinity of the mediumo The second 

groUp includes sodium, magnesium, chloride, sulfate and boron. 

The levels of these elements in t he leaves increase with in-

crease in salinity of the medium. 
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As a result of cationic and anionic antagonism, plant 

uptake of the major nutrient elements N, P and K and the trace 

elements Fe and Mn is reduced, which leads to a reduction in 

normal growth and yield of plants. The increase in plant up­

take and accumulation of magnesiurQ, sodium, chloride, sulfate 

and boron, with an increase in salinity of the medium is detri­

mental to plant development and results in reduction of plant 

growth and yield and the development of symptoms of malnutri­

tion and toxicity. 

The sequence of appearance of visual symptoms of gener­

al salinity effect on the indicator plants was as follows: Re­

tardation of growth, yellowing of the basal leaves and inter­

venal chlorosis of the terminal leaves, and necrosiss The de­

velopment and severity of the symptoms Showed direct correla­

tion with salt sensitivity of the indicator plant and the de­

gree of salinity of the mediums In all cases, the symptoms 

were earlier and more severe in bean, followed by lettuce and 

lastly by petunia. 

The application of nitrogen, phosphorus and potassium 

in increments to the respective treatments of the indicator 

plant cultures resulted in a relative increase in the level of 

these elements in the leaves and a relative decrease in the 

level of the antagonistic elements. But, due to the effect of 

the increase in salinity of the medium of the respective treat­

ments, the level of these elements gradually decreased in the 

leaves. 
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