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tion was used for the determination of the exchangeable ca-
tions by the following methods: Calcilum and magnesium were
determined by the Varsenate method 7 of the U. S. Reglonal
Salinity Laboratory Manual (108). Sodium and potassium were
determined by a Coleman model 21 flame photometer. TFor the
determination of cation exchange capacity, the sample in the
fritted glass funnel was washed with 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 COp
gas liberated, using the standard procedure involving the Col-
lins Calcimeter. The CO, 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 CaCOB.

Method 22C of the U.S. Regional Salinity Manuval (1083)
was used for the determination of gypsum. The determination
of organic matter was conducted according to method 24 of the
same manual.,

In the determination of soluble cations and anions in
the saturation extracts and the water samples used in this study,
the following methods were followed: Calcium and magnesium vere
determined by the Versenate method 7 of the U.S. Regional Salin-
ity Manual (108). Carbonate and bicarbonate were determined by
titration with 0.05 N sulfuric acid, method 12, chloride by ti-

tration with 0.5 N silver nitrate, method 13, and nitrate by tne



A5
()

phenoldisulfonic acid method., Sodium and potassium were de-
r
termined by the Colemsn Ifodel 21 flame whotometer. Pho ate

was deterined by the modified ammoniun molybdate~stannous

ciiloride method of Dickman and Bray (40). Sulfate was detsrii-

s

ined by the T.H.¢. (disodiva tetrahydroxyquinone) method (17).
Iron was debtermined by the orthophenanthroline method (69 ),

andé manganece was determined according to the periodate method,

a

and boron, by the curcumin colorimetric method (39), using the

Coleman Junior Spectrophotometer.

Y

The vitinate anslysis of gatch and soll samples was

=

carried out asccordine to method C 1hLh-L7 of the ASTH (&).

The nmechanical analyses were carried out accordinz to
the Bouyoucos h, rometer method. Because of the coarse texture
of the soil, 100 =zm. sanples were used in the determination znd
dofium hexametaphosphate was used as the dispersins agent. Hydro-
meter readincrs were made after L0 seconds and one hour and tempera-
ture correcticns ai; lied. From the corrected hydrometer readlnzs,

Bal

the percentagss of gand, silt and clay were calculated on the

dry soll basis.
On harvest dates, the leaves of the plants were rinsed
s . . . R ) - . R - TET - C.‘,_t t 650 i
in distilled water, air-aried, then oven-aried OVeINight a Co
Then, they were ground in an agate nortar and stored in air- ’
ticht contalners,
Total nitroven was determined according to the stancard
Kjeldahl method.

The wet dizestlon method 54a of the U.S5. Reslonal Salin- g

H

.7 o I 3 e e T T o -~ T o
ity Laboratory lamual (108) was used in the Dreps etlion ol lea
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powder samples for the aeteramination of calecium, macnesiu.:,
sodium and »notassium, The magnesiun nitrate method 54b was
used in the vnreparation of leaf powder samples for the determ-
ination of sulfate and phosphate.

Calcium =znd nagnesium were determined by method 7,
chloride by nethod59, sulfats by nethod 00 and phosphate by
method 61 of the same manual. 3otiwm and potassium wvere de-
termnined by the Colenman model 21 flame photometer. TIron was
determined by the ortihophenanthroline wmethod ( 69 ), manzenese

by the =meriodate method, and boron by the curcumin method (39).
Iu all colorimetric determinations, the Coleman Junior spectro-
rhotometer was used.

Gatch ~ The samples were processed to pass Through a
6 m. sieve, air-dried, and sampled for mechanical analysis.
For the ultimate analysis, alicuot portions of gatch were HowW-

dered 1n an asza’

Frecipitation Test - »d Zffect - In this study, <50 al,

RS,

alicuots oF Solabeya saline water, which is tie maln availlable

water for irrigation, wvere pubt in a series of elight beakers. The

pH value or thils water was 7.6, Beaker ito. 1 was kept as a con=-
trol. Urile stirrins the weter saunle in beaker No. 2 with a

nagnetic stirrer aad insertinz the 2laoss electrodes of the Beck=
nan pl mneter into the water sanple, O.1N a0l wes acded, drop by

rov from a buret, until the pE value was 5.0, It was noticed

jar

i

N o . e - . e - . LN LRV N
with & chenze of pd value froa 7.6 to ©.0, a precisitate

(23

tiha

ra

S e By S R SR SIS
beran to Form. Uslnz the sairg procedure, LS Do value of wat
LS
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samples in beakers No. 3, 4 and 5 was raised to 8.5, 9.0 and

9.5, respectively. TFor water samples Noavé, 7 and 8, 2 N NaCH
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 ml, volumetric flasks and made to
volume, The samples were analyzed and the precipitated constit-
uents computed.

Precipitation Tests ~ Concentration Effect - 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
ml,, 500 ml., and 250 ml. level on beakers No. 1, 2 and 3. To
simulate concentration of the soil solution under natural condl-
tions, the water in the beakers was left to evaporate under room
temperature until the water level decreased to the odreset marks.
The water samples were Tiltered, the filtrates collected in 1~
liter volumetric flasks, made to volume and analyzed. 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 sample
was compared with that of Solabeya saline water used 1n irrigse-

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 - pH and 3Salinity Iffect - In this ex-

periment, the 120 - 150 cm. horizon of the virgin sandy soll
from the Experimental Farm Extension was used. The alir-dry
sample was proéessed 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 pilece of Whatman No, 4O
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. ZEach percolation tube was clamped to a stand

and a one-liter volumetric flask, containing the water sample,

ol

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

one inch in height, was maintained throughout the experiment.
The apparatus for the percolation test is shown in Plate 7.

The characteristices 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 percoclation test, the
s0il samples in the percolation tubes were alr-dried, ground In
an agate mortar and the material analyzed.

Effect of Gatch and Solabeya Water on Scoil Salination -

The five soil profile samples collected at each site of plot 2
of the virgin soil in the Zxperimental Farm Extension and Ifrom

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



Plate 7.
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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.



Table 1. Characteristics of Water Samples used in Percolation

Test.

Sample Water Sample pH Solabeya 507106

No. Value ater

' % milizmhos/cm

1 Fresh-Tap Water 8.5 5 380

2 % Brackish 745 5 285

3 59 Brackish-cbz sat. L.,8 5 285

L 100% Brackish-C0O, sat. 5.5 100 5700

5 100% Brackish 7.8 100 5700
Table 2. Analysis of Fresh-tap Water Sample used in Percola-

tion Test.

Cations Anions
m.e./L. m.e./L,
Ca 1.15 CO, 0.31
g 1.00 HCOB 0.14
Na 1.62 cl 2.50
K 0.03 50, 0.87
Total 3.80 Total 3.82
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past five years, in the Experimental Farm, were used.

The air-dry soils were processed to pass a 2 mm. sieve
and sampled for analysis. The following determinations were
made on each sample: mechanical gnalysis, calcium carbonate,
organic. matter, gypsum, cation~-exchange-capacity, exchangeable
cations, total nitrogen, total phosphate, available phosphate,
available potassium, iron, menganese, 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 valué of the saturated
soil paste, electrical conductivity and complete analysis of
the saturation extract, and mechanical analysis.

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

0 - 60 em., 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 alr dry samples were
screened through a 2 mm. 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 hundredvand forty pots were planted with petunia,.

The lettuce culture consisted of five treatments, each



Table 3.

The Content bf Certain Soluble Salts in the Saturation Extract of the

Virgin Soil Sample used in Pot Culture Study.

. Cations Amount Anions  Amount ! Nitrogen Phosphate Electriecal pH
o % NO3-N ‘POh_ Con%gg;égity Value
)
m.e./L. m.e./L. m.e./L. mee./L. millimhos/cm.

Ca 1,56 003 0.05 Tr. Tr. 0.45 8.30
Mg 0.40 H003 1.50
Na 2.35 Cl 0.72
K 0.16 so 2.21

L L7 Lol4t8

89
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replicated four times. Bean culture No. 1 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. 1 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 BL, and the petunia cultures as Pl,
P2, P3, P4, P5, P6 and P7, respectively.

In order to prevent’the nutrient elements from becoﬁing
limiting factors in plant growth, basal nutrient solutions were
applied %o all cultures on date of planting. The composition
of the nutrient solutions used is given in Table 5. Each letg
tuce and petunia pot received 25 ml. of nutrient solution No. 1
and to each bean pot 25 ml. of nutrient solution No. 2 were
added at time of planting.

To overcome the inhibiting effect of salinity on the
germination of beans amd 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 ml, 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 Wateré, 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



Table L.

Analysis of Irrigaticn Waters used in the Pot Culture Study,

Percentage Solabeya Viater

Luantity , : /
Determined 5¢) 25% 50¢ 75% 100%
pH Value 7.70 7,70 7.75 7,80 7.80

Elec. Cond.

1Cx100

micromhos/cm. micromhos/cm. micromhos/cm.

micromhos/cum.

micromhos/ca.

285 1425 2850 L300 5700
58P LO .4 LO oL LO .4 LO .4 404
S AR 1.27 Re8L L .02 L,92 5,68
RS C Wil Nil Nil Nil Nil
ppil pom DD pom pom
B 0.06 0.29 0.59 0.90 1.20
Cations m.e./L. m.e./L. n.e,/Le. meee/Ls fee./L.
Ca 0.97 L.85 9,70 1L4.55 19.40
Na 1.17 5.84 11.68 17.51 23.35
K 0.02 0.13 0.26 0,39 0.53
Totals 2.88 1ho Ll 28.87 L3,29 57473
Anions mn.e./L. mee./L. m.e./L. m.e./L. m.e./L.
003 0,02 0.08 0.16 Q.24 0,32
HC03 0.12 0.61 1.22 1.83 24,40
Cl 1.26 6.31 12.61 18,91 25,20
D‘O}_" luLlr9 7048 14096 22.48 29-9'{1
N03 Nil Nil Nil Nil Nil
POA Nil Nil Nil Nil Nil
Totals 2.89 14.48 28.95 L3.46 57 .89

09
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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 Sola-
beya waters, different nitrogen increments consisting of 10,
20, 30 and 40 ml. of nutrient solution No. 3 were applied with
each irrigation to treatments, 1 to 4 of bean culture No. 2,
and petunia culture No. 2. Similarly, increments of phosphorus,
from nutrient solution No. L were applied to treaﬁments of bean
culture No. 3 and petunia culture No. 3, and increments of
potassium from potassium nutrient sclution No. 5 were applied
to treatments of bean culture No. 4 and petunia culture Wo. 4.
Similar increments of calcium, magnesium 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 composition of the
nmutrient solutions is given in Table 5.

The experiments extended over a period of six weeks. On
harvest dates, the vegetative yield as green welght was recorded.
The leaves of the respective cultures were scaked in distilled
water to remove adhering dust particles, air dried, then oven-
dried at 65° 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 mm, screen and stored in glass containers, Both soil

and leaf powder samples were analyzed according to the methods

deseribed previously.



Table 5.

Composition of Nutrient Solutions.

Salts-Gm/L.
KH,PO),
KCL1
K2SOA
NHhNOB
NH) HzPO,,
Mn012
FeSOh.7H20
ZnSOh.éﬁgo
CuSOL.5H20
CaCly 6H0
NaCl
NHQSOh.lOHQO
MgSOh.7H20
MgClzo6H20

Solution
1 2 3 L 5 6 7 8
Culture
L,Pl Bl B2,P2 B3,P3 BL,PL P5 P6 P7
Nutrient Added
N P K Ca Mg Na
2979 26979 ¢.766
3.383  3.383 7,906
3.953 3.953
6,485 3,242 6,485
5.036
0.180 0.180
0.007 0,007
0.007 0,007
10.078
5.317
6,462
11.212
9.249

29
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RESULTS AND DISCUSSION

Gatch, Its Nature, Formation and Detrimental Jiffect ~

The results of mechanical and chemical analysis of the gatch
samples are given in Tables 6 and 7. The data in Table 6
show that gatech is Predominently sand, since over 85% 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 510, content varied be-
tween 55 and 68%, whereas the next abundant constituent, Cal,
varied between about 16 and 23%. Only relatively small amounts
of Fe203 and A1203 were found, less than one percent, present
either as the hydrated oxides or as alumino -~ or ferri -

silicates.

Texture and Some Chemical Characteristics of the Virgin

and Cultivated Solls ~ The results of the mechanical and chemical

analyses of the virgin solil profile A samples, collected from
the Experimental Parm Extension, are given in Table &, and the
analyses of the cultivated profile C samples, collected from the

Bid'a Nursery are given in Table 9. The data in Tablzs 8 show

Vo) .

/

a predominance of sand, which varied between about 90 and 95

o)

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

1

the silt content was about 6% in the surface 30 cm. and decreased

tn about 2% bevond this depth. The amonnt of caleium carbonate



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

» Sample™
Constituent Farm Exiension Fa?m Bid%gﬁursery
7 % %
Sand 87.6 88.2 85.8
Silt 6.0 5.8 8.2
Clay - 6.4 6.0 6.0
Total Carbonate 27.65 39.35 41,08

m,e,/100 gm. m.e./100 gm. m.e./100 gm.
Gypsun 3,56 5.75 6.90

* Air dry basis

6L



Table 7. Chemical Composition of Gatch Samples,

: Sampl e¥#
Constituent A "B c
' Farm Extension Farm Bidta Nursery

S10, 6840 57785 55708
A1,04 0.05 0.07 045
F6203 0.04 0.03 0.03
Mg0 0.88 0.89 0.95
cao | 16.12 22.32 23,45
Nen0 0.08 0.11 0.13
KZO 0.01 0.01 - 0,01
€O, - 12,15 17.15 18,05
‘SOB 0.15 0.20 0.21
Cl 0.01 0.01 0,02
H,0 0.65 0,67 0,64

Totals 98 .5 99.31 99.02

*¥ Air dry basis



Table 8.

A samples - Experimental Farm Extension.

Mechanical Analysis, Total Carbonate and Gypsum Content of Virgin Soil Profile

s 3 Depth-cm.,
Constituent 0=30 30 =50 50 = 90 50 =120 120 =150
7 7 7 7 7

Sand 89,8 93,0 93,8 CL.3 OL.L

Silt 506 lol{— 1.7 107 1014-

Clay bo6 5.6 L.5 4.0 L2
Total Carbonate 11023 7019 7091 3066 5029

m.e,/100 gm. m.e./100 gn. m.e./100 gm. m.e./100 gm. n.e./100 gm,

Gypswm 2elily 1.76 1.37 1.17 1.26

* Air dry basis

Table 9. Mechanical Analysis, Total Carbonate and Gypsum Content of Cultivated Soil
Profile C Samples -~ Bid'd Nursery.
Depth-cm,

Constituent™ ;

0-=30 30 - 60 60 - 90 90 - 120 120 - 150

%
Sand 75.0 68,3 715 87.0 85.8
8ilt 6.2 14.3 10.9 6.7 8.2
Clay 18.8 17.4 17.6 6.3 6.0
Total Carbonate 15.62 12,36 11,78 20,16 41,02

m.e,/100 gu., m.e./100 gmn. m.e,/100 gm, m.e./100 gm. m.e,/100 gu,

Gypsum 3,26 2.85 R:95 L.20 6.89

W

Air dry basis

99
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decreased downward in the profile and varied between 11 and 5%.
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 soil. 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.

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 magneéium carbonate., DTue to the low content
of alumina, iron oxide and gypsum, these constituents play a
minor role as cementing agents in the process of gatch formation,
under prevailling 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 orthosiliecic acid, HASiOhﬂ Crystal-
line forms of silica have lower solubilities, quartz least of all,
The solubility of cquartz at ordinary temperature is less than one-

tenth that of the amorphous form. The solublility increases as



Plate 8.

A representative sample
of consolidated gatch
from site A at a depth

of 150 cm.

68
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Plate 9.

General view representing thickness of
gatch stratum and rain water accumula-

tion due to gatch impermeability. In-

dustrial area - Shuwaikh.



Plate 10. Salt accumulation in low lying areas
due to gatch impermeability and sur-

face evaporation - Suleibekhat.

70



71
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 silica into
a gel or precipitate as a rlocculent mass which participates in
cemenﬁing the sandy soil matrix in the process of gateh formatioa,
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 silicates, as calcium and magnesium. The rate of poly-
merization is increased by a rise in temperature, by an increase
in pH value and in concentration of electrolytes,

The textural components of soll profiles 4 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 formation. Consequently, the writer is of the opinicn
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 drying. 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 subsoll horizon. If the cley fractlon
of the subsoill is moderate and the calcium and magnesium carbon-
ates and calcium sulfate are high the consolidated soil material

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 i1s 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.
HOG+ OH —> GO 4 Hy0
As a result of the increase in carbonate ion concentra-
tion, calecium and magnesium carbonates precipitate.
ca + ’cd; — CaCo,
Mg + 003 — 1igC0,
Through the activity of the hydroxyl ion, the least
soluble hydroxide-magnesium hydroxide precipitatés if there
are no carbonate ions to combine with the magnesiuan ions.
Mg+ 2 O —» Mg (OH),
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 OH —» Ca (0H),
For gypsum to form, the solubility product of calcium

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

imately 30m.e:;/L at ordinary temperature in distilled water and



Table 10. The pH Value Effect on Precipitation of Certain

Tons that may Act as Potential Cementing Agents
in Solabeya Saline Water.

Cations Anions
pH Value
Ca Mg S0y, CO3+ HCO4
mee./L. Me€./ Lo m.e./L. Mm.e./ L.
78 19.40 14,45 29.97 R.72
8.0 19.02 13.85 29.71 2.52
8.5 18.40 13.45 29.52 R.22
9.0 17.30 12.55 28.97 1.63
9.5 15.60 11.25 28.67 1.16
10.0 1L.40 8.65 28.37 0.52
10.5 13.10 6.45 27.97 0.32
11.0 12.00 2e45 27.77 0.08
Precipitate
Ca Mg 50y, C03
moeo/L. m'eo/Lc moea/Lo m-eo/Lo
8.0 0.38 0.50 0.20 0.20
8.5 1.00 1,00 O.45 0.50
9.0 2.10 1.80 1.00 1.10
9.5 3.80 3.20 1.30 1.56
10.0 5.00 5.80 1.60 2,20
10.5 6.30 8.00 2.00 2.40
11.0 740 12.00 2.20 2.64
Precipitate
CaC0s casoy, ~ Ca (OH)p, Mg (OH)2
mee./L. mee./Lo m.e./L. me.e./L.
8.0 0.20 0,20 . 0.50
8.5 0450 Os45 1.00
9.0 1.10 1.00 o 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
11.0 2.64 2.20 2.56 12,00




Th

Table ll. Analysis of Solebeya Saline Water-
'Check Sample

Cation m.e./L. Anion Me©,/La
Ca 19.40 COB : 0,32
Mg 1h o5 HCO, 2440
Ne. 23.35 Cl 25420
K 0.53 SOA 29,97

Total 5773 Total 57089

il
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about 50 mu.e./L 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

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
solution. The results of this experiment are graphically repre-
sented in Figure G.

The results of analysis and the calculatlions, pertain-
ing to the field experiment, are given in Tables 13 and 1k,
respectively., The data in Table 13 show a decrease in the
concentration of calcium, magnesium, bicarbonate and sulfate
jons 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

ijons can not be attributed mainly to plant uptake, there remains
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Table 12, Effect of Concentration of Solabeya Saline Water on Precipitation of
Potential Cementing Agents.

Magnitude ‘Cations Anions
Conorntration  Ca Mg Na K COytHCO, Gl 80,
] m.é./L. mees/Le Mme€s/L. Meee/L. mee./L. nm.6./L. 1m.e./L.
Blank 19.40 1445 23,36 0.53 2.72 25,20 29.97
1/3 25.86 19.26 31.13 0.70 3.62 33.59 39.96
Actual 22.26 18,14 30.95 0.70 1.80 31.17 39.29
Difference 3.60 1.12 0.18 0.00 1.82 .42 0.67
2 38.80 28,90 L6.71 1.06 544 50.40 59.95
Actual 32.65 26,05 37.11 0.85 Oobly 4740 43.13
Difference 6.15 2.85 9.60 0.21 5,00 3.00 10.82
L 58.20 57.80 93,42 2412 10.88 100.80 119.91
Actual 38.75 52,60 62,58 1,58 1.88 87.30 86,76
Difference 19.45 5.20 30.56 0.58 9.00 13.50 33.15
Precipitate
. CaCO3 MgCO4 CasS0y, : CaClo Na250, K250y,
m.e./L. m.e./Le m.e./L. mee./L. m.e./L. m.e./L.
1/3 0.70 1,12 0.48 242 0.18 0.00
2 2.15 2.85 1,02 3.00 9.59 0.20
L 3.80 5.20 2,05 13.50 30.56 0.54

LL
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Table 13, Comparison of Actual and Theoretical Ton Concentra-

tion in Ground Water of the Water Table from Plot

No. 3 - Experimental Farm.

Solabeya
Cations TIrrigation

Water Actual Theoretical Difference

mees/L. m.e./L. m.e./L. m.e./L.
Ca 19,40 34,20 73.60 19.40 (=~)
Mg 16,10 60,30 64,40 L.10 (-)
Na 20.14 126,38 80.56 45.82 (+)
K 0.5 2.10 2.16 0,06 (4)

56.18 222,98 220.72

Anions

m.e./L. m.e./L. m.e./L. m.e./L
003 Nil Nil Nil
HCOB 2060 2030 lOuL}O 8010 (")
c1 25.23 127.20 100,92 47.28 (+)
SOZ‘_ 27020 93020 108.80 15060 ("')
NO; 0.13 0.40 0.52 0.12 (-)
P04 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

Ca
Mg

m.e./L. Anions
19.40 CO3
23.50

mn.e./L

CaSOh 15.40
MgCOB 4.10
CaCQ4 L .00

23,50

m.e./L.

8.10
15.60

23.70
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the possibility of precipitation of these ions in the form of
insoluble compounds. Although the soil reaction is invari-
ably_more alkaline than that 6f irrigation water, being 8.1
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
lécal 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
pfesent as soluble constituents and to measure the percolation
rate, The apparatus used in this test is shown in Plate 7. The
analyseés and results of the percolation test are given in Table
15, 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 3 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. The lowest percolation rate was that of sample l.



Table 15 Analyses and Results of Percolation Test.

Percolate No.
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3 : A 3 s 5 |8 |2 |3k
e B4 EH
Me€e/Lie Me8o/Lie MoCo/Lie Me€o/Ls Moo/ Lo milllmhgﬁ/ ml/24 hr. ml/hr. ml, hr
1 29.12 18,30 3o lh 1.69 7.92. 7.75 6.00 109 LS 109
2 6,24 6ol 0.58 1.88 8.01 8,10 1,80 112.5 L.,68 112.5 2L
I3 3¢32 1.95 5.42 Nil 0.53 7.60 l.15 1155 L.81 115.5
L 25:58 13.00 33.31 1.50 1.13 7.85 5.40 108.5 Le52 108.5
5 3.53 2028 19 Nil 0.35 7.70 1.30 95.5 3.95 95.5
1 31.20 léoéh 30056 lc69 7035 7-65 5075 129 5037 238
2 7.69 6.4l 0.58 1.32 9.09 7.70 1,30 130 5.41 25245
3 1.35 1.15 0.58 Nil 0.36 7.65 0.40 115 L79 230,
& 22.36 12.73 29.14 1.13 0.95 7.90 5.00 108 L.50 21645 48
5 2,32 lells 2hl Nil 0.20 775 0.51 906 4,00 191.5
1 3047 1451 30415 1.50 10.75 7.60 5.76 152 6.33 390
2 6.214« 5-51 OeL!'5 1023 80[}-8 7¢60 1025 ll.pé 6008 38806
3 1.05 0.72 057 Nil 0415 7775 0.38 11l5.5 L.81 346 72
N 21.84 12.68 29.05 1.20 1.05 8,10 4.90 109 LeSh 32545
5 2.10 0.95 0.56 Nil 0.12 7.85 0.49 96,5 L.02 288
1 20,22 13.93 30,00 0,75 10.56 760 5.,65 181 Te5h 571
2 6.33 L.26 Oe&b 1l.13 7«26 7.60 1.10 172 7.16 56045
3 0.95 0.71 0442 Nil 0.11 '7.80 0.37 117 L. 87 463 96
L 19.44 12.35 28.73 0.76 0.96 8.15 L, 80 110 7.58 L35.5
5 0.95 0,93 O.41 Nil 0,10 785 0.48 98.5 L.11 386.5
1 2'7.97 13.00 29,99 0.56 9.61 7.60 5.50 221.5 9.22 792,.5
2 6.24 2.08 0442 0.13 6,50 7+55 1,00 205,5 Le56 766
3 0‘86 Oo7o go33 %Iil5 Oc:é-g gogo 0337 118 l&rtgl 581 120 )
18,82 11.2 28,31 o 0. « 20 « 80 1 .
po 5.8 43R5 mil” 388 488 4 83,5 kiR gk
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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-
eolation rate are related to the alkaline pH value of the medium.

Effect of Gatch and Solabeya Saline Irrigation Water om

Soil Salination - Due to 1ts impermeability, gatch hinders the

percolation of soil gravitational water to deeper horizons and
leads, eventually, to the forhation 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
vsalination 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 1l7. The

mechanical analysis, calcium carbonate, moisture, organic matter,
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Table 16. Analysis of Soil Samples After Percolation Test.

Sample: No.*

Constituent
1 2 3 b > Check
% % % % % %
510, 88.85  89.05  90.08  89.90  88.00  88.79
Aly04. 2.62 2,62 2.63 2.63 .62 3.63
Fe,03 0.03 0,03 0.03 0.03 0.03 0.03
Me0 0.30 0.29 0.24 0.24 0.32 0.28
cao 3.87 3.70 2.99 2.91 3.89 3,67
Na,0 0.04 0.04 0.31 0.61 0.69 0.45
K0 0.03 0.02 0.01 0.01 0.02 0.01
o, 2.27 2.23 1.75 1.70 2.27 2.1k
505 0.08 0.08 0.02 0,02 0.21 0.0k
c1 | 0.0}. 0.01 0.0l 0.02.  0.03 0.01
H,0 0.89 0.90 0.91 0.91 0.91 0.91
Totals 98,99  98.97 98.98  98.98  98.99  99.96

* Air dry basis



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

Depth cm.
Determination
0 - 30 30 - 60 60 - 90 90 - 120 120 -~ 150
pH Value 8,30 8,30 8,30 8.30 8,30
ESP 207 302 309 4.6 5'8
millimhos/cm. millimhos/cm. millimhos/em. mnmillimhos/cm. millimhos/cm.
ECx103 0.34 0.54 0.50 0,50 1.49
mee./L, mee./Lo m.e./L. m.eo./Le n.e./Le

Cations

Ca 1.51 1.53 1.48 1.40 L.99

Mg 0.32 0.45 0.35 042 24,22

Na 1.27 3,22 3,02 2.97 743

K 0,16 0.16 0.15 0.16 0.25
Totals 3.26 5.36 5,00 495 14,89

mee./L, me€e/Ls Me€e/ L m.e./Le Me€o/ Lo

Anions
003 - Nil 0.10 04,20 Nil Nil
HCOB 1045 1065 loéo 1060 1.20
cl 0.55 0,70 0.72 0.45 0.75
50y, 1.34 2.91 249 2.91 12.95
NOB Nil Nil Nil Nil Nil
PO4 Tr. Tr. Tr. Tr, Tr,
Totals 334 5.36 5,01 L.96 144,90

¢8



gypsum, cation-exchange~capacity, exchangeable basis, total
nitrogen, total and available phosphate, available potassium,
iron, manganese, and boron are given in Table 18. The resvect-
ive results for the cultivated soil profile B samples are given
in Tables 19 and 20.

The data given in Tables 17-20 show the following
characteristics: (a) soll texture, in both sites, is sandy all
through the profile. This provides good drainage after irriga-
tion and carries the salts down within the soil profile. (b)
The presence of the impermeable gatch pan at a depth of 150 ci.
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 formation 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 cm., Figure 1l.

The relatively lower calcium carbonate content of the
respective profile samples of the cultivated soil as compared
with that of the virgin soil mizht be attributed to the downward
transport of the calcium carbonate particles by the irrigation
water. Eventually, the transported carbonate deposits over the
gatech pan, increasing its cementation and decreasing its permea-
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



Table 18, Determinations on Vir rgin Soil Profile A Samples from Experimental

Farm Extension.

Mechanical Analysis

Constituents Depth cm.
0 - 30 30 - 60 60 - 90 90 - 120 120 - 150
% % % % %
Sand 89.8 93,0 93.3 9L4e5 L.l
Silt 5.6 1.4 1.7 1.5 1.4
Clay L.6 5.6 L.5 4.0 L.2
a 7 /3 %
CaCo 11.23 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 19 0,11 Nil
m.e./100 gm. m.e./100 gn. Me€e /lOO gm., m.e./100 gn. m.e,/100 gm,
Gypsum nns 1.7 1.37 1.17 1.26
Cation Exchange Capacity and Exchangeable Cations
n.e./100 gm. m.e./100 gm. m.e./100 gm. m.e./100 gm. m.e./100 gm,
C.E.C. L.10 L,.92 4.00 3.02 3.72
Exch. Bases L.,08 5.01 3.88 3.48 3.61
" Ca 3¢50 L.22 3.29 2.93 3.27
T Mg 0.46 0.62 O.41 0.34 0,13
N Na 0.11 0.16 0.51 0.16 0.21
R X 0.02 0.02 0.02 0.02 0.01
o % % %o 7o
Exch. Ca 85.53 8L.12 85.03 8L .87 90,20
n Mg 11.30 12.31 10,62 9.94 3.53
" Na 2,68 3.18 3.86 L62 5.79
v K 0.46 0.37 0.46 0.54 0.46
Trace Elements
ppm ppm ppm ppm g
Iron 248.15 119.04 58.74 25.17 104.91
Manganese 18,00 12,00 13.00 7.00 9,00
Boron 0.70 0.10 0.35 0.10 0.35
Major Nutrient Llements
pp ppm ppm vpm ppm
Total Nitrogen L2 L9 38 L5 31
Total Phosphate 22.95 12.66 12.27 8.63 7.92
Avail.Phosphate 1.28 0.63 0.6 0.64 0.64
Avail.Potassium 6.17 2.99 3.91 3.91 L.,08

L8




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

Depth cm.
Determination 0 - 30 30 - 60 60 - 90 90 ~ 120 120 - 150
pH Value 775 8,05 8.25 8,17 8,10
BSP 6,2 11.7 12,8 0.2 9.8
millimhos/cm. millimhos/cm. millimhos/csi. millimhos/cm. millimhos/cm.

ECx107 5.8 3.7 6.8 9.7 5.3

Me€s/Lis mees/Lo Me€e/Lis Me€s/Lo mees/Ls
Cations
Ca 2he51 10.81 16.53 27,04 21,08
Mg 14,06 6.79 12.79 25.58 Rl bl
Na 19.27 19.40 386.35 L3.78 Lz, 47
K 0.72 0,70 0,48 - 1l.02 0,85

58056 37.70 68.18 97 L2 92,72

Mees/Le mees/Le Me€e/Lis m.e,/L, MNe€o/ L.
Anions
CO5 Nil Nil Wil Nil il
HCO4 1.45 1.09 1.59 1.54 1.69
Cl 17.95 17.00 30,75 56,26 51,00
50y, 3914 19.57 35.81 39.56 39.97
N0+ 0.01 0.03 0.03 0.06 0.06
POy, Tr. Tr. Tr. Tr. Tr.

58.55 37.69 68.18 9742 92.72
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Table 20. Determinations on the Cultivated Soil Profile B Samples from Ixperimental Farm.

Mechanical Analysis

Constituents Depth cm.
0 - 30 30 - 60 €0 - 90 S0 - 120 120 - 150
70 2 7 7o 7o
Sand 92.0 94,0 Ohs? 92.3 92.6
Silt L.,O 2.5 1.3 1.8 1.8
Clay 4.0 3 > Ll 5 9 5.6
% % %
caco 8.52 6. 97 2495 o 84 0.63
Moisture Oeh2 0.61 0.49 0.48 0.63
Organic Matter 0,28 0.13 0.09 O.11 0,05
me.e./100 gn. m.e,/100 gm. m.e.,/100 gm. m.e./100 gm. m.e./100 gm.
Gypsum 5.78 1.78 1,80 3el5 2,91
Cation Exchange Capacity and Ixchangeable Cations
mee./100 gm. m.e./100 gm, me.e,/100 gm, m.e./100 gm. mne.e,/100 gm,
C.E.C. 3.52 3.00 L .00 5.00 Le75
Exch. Bases 3.63 2.95 3.88 5.,01 L, 68
" Ca 2.78 2,26 3,00 L4.25 3,96
" Mg 0.59 0.36 0.31 0.28 0,23
" Na 0.22 0.35 0.50 0.46 0.46
" X 0.02 0.02 0.07 0.02 0.02
% % 7 T %
Exch. Ca 76,90 75,60 78,76 84 79 84L.79
" Mg 16.37 12.01 794 5.6L 4,96
" Na 6,22 11.67 12,85 9.18 9.83
n K 0.49 0,70 Ouh3 0.37 0,40
Trace Elements
ppu Dpm pprm bpm ppm
Iron 190.20 89.52 6l 34 39,16 30,77
Manganese 14.0 12.50 11.0 6.5 6,0
Boron 0.70 0.50 0.20 0440 0,25
Major Nutrient Ilements
bpm ppm ppm ppm ppu
Total Nitrogen 35 28 24 8 21
Total Phosphate 45.11 19.79 19.94 2,89 9,57
Availl.Phosphate 1.20 0.50 0.65 0.96 1,30
Avail.Potassium 10,72 5.00 795 20.50 21,59

68
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sandy soil. The acquired salinity of the cultivated sandy soil
linits 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. This is characteristic
of sandy soils having low content of organic matter, humus and
clay.

The exchangeable sodium percentage of the cultivated
solil 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
potassium is low in both soils and inadequate for plant growth.
The availability of both iron and menganese and 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 nresence of a gatch hardpan, at a depth of
60 cm,, underlying the roots of the tree, (R} abnormal horizontal
growth of the roots over the surface of the hardpan, and (3) the

presence of a white salt incrustation over the rcots of pulled
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out trees, Plates 11 - 14,

The analysis of the gatch hardpan is shown in column
1Bt of Table 6. The analysis of the soluble salts in the
saturation extracts is given in Table 21. The mechanical
analysis, calcium carbonate and gypsum content are shown 1in
Table 22. The analysis of the white salt crust 1s 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 soll extracts.
(2) Inadequate uptake of the major nutrient elements due

to low soll 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 sodiun 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.

(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.
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Dead five-year-old Acacia tree show-

ing the detrimental effect of gatch
pan and soil salinity. Plot No. 6 =

Experimental Farm.
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Plate 12, Pulled out five-year-old Acacia tree
showing lateral arrangement of root
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,



Plate 1l4. White salt incrustation from roots
of dead Acacia tree. Plot No. 6 =

Experimental Farm.
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Table 21. Analysis of Soluble Salts in the Saturation
fxtracts of Soil and Gatch Samples from Plot
No, 6 - Bxperimental Farm.
Determination Depth cm.
0 = 30 30 - 60 60 (Gatch])
pH Value __1e55 7.80 38.50
_ 3 millimhos/cm. nillimhos/cm. millimhos/cn.
ECx10 11.20 9,60 2430
Cations e€s/ Lo m.€./Ls Mee€./L.
Ca 51.80 38,40 &,20
Mg 24.90 22.70 3.50
Na 32.52 33.53 10,91
X 2.75 1.80 0,75
111.97 96,1473 23436
Anions Me€oe/Lis Me€e/Lo m.e./L.
Cco- Nil Nil Nil "
HC 3 1.70 1.40 1.30
Ccl 60,25 55.00 375
803 50.00 L0,00 18,30
NO3 Tr. Tr. Tr.
POh Nil Nil il
111.95 96 4,0 23,35
Table 22. UMechanical Analysis, Total Carbonate and Gypsun
Content of So0il and Gatch Samples from Plot No. 6-
Experimental Farm.
Determination Depth cm.
0 = 30 30 = 60 60 (Gatech)
7 7 7
Sand 83,8 85.2 87.6
Silt 6.6 Lol 6,0
Clay 56 104 0.4
Total o & o
Carbonate 10.72 9.1 LO . L3
fle€./L00 zm. m.e,/l00 g, m.e./100 g,
Gypsum 5.80 2. 80 3.75
Table 23. Analysis of Salt Crust from Roots of Dead acacia
Tree - FPlot No. 6 = xxperimental Farm.
Cations e€e/Ls Anions me.e./L.
Ca 12.20 CO, RER]
lig 2.01 HCO4 0.36
Na 5,05 cl 9,50
K 0,26 30), 9.65
19,52 ‘ 12,51




Table 24, Analysis of Soluble Salts in the Saturation Extracts of Soil Used in

Lettuce Culture.

Treatment Number

Determination 1 > 3 ), 5
Percentage Solabeya Water
5% _5% _50% 75% 100%
Paste pH
Talue 8.10 8,00 ” 8.00 7.95 7.95
Elec, Cond, millimhos/em. millimhos/cm. millimhos/cm. millimhos/cm. millimhos/cnm.
ECx103 1.30 3,15 5,85 8445 11.40
meé‘/Lo moe-/Le m.e./L. m.e./Lo m.e./L.
Cations
Ca 5.60 17.46 25448 28.14 33.90
Mg 2.20 8376 1606]4' 22073 27.88
Na L.56 3.98 14.90 30.82 49,92
K 0.64 0,99 1.53 1.87 2s55
13,00 31.19 58,55 83.56 114.25
Me€e/Lis me€o/L Me©o/Lio Me€s/Lia Moe€s/Le
Anions
003 Nil Nil Nil Nil Nil
HCGB 1.50 1.50 1.50 1.45 1.40
Ccl 6.30 24.10 L 53 66.67 97.65
SOh 5.21 5.60 12.60 16.76 15.36
N03 0.01 0.01 0.01 0.01 0.01
Poh Tr. Tr. Tr, Tr., Tr,
13,02 31.21 58.64 84,89 114.42
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Table 25. Analysis of Soluble

Bean Culture No. 1.

Salts in the Saturation Extracts of Soil Used in

Treatment Number

Determination 1 2 3 L 5
Percentage Solabeya Vater
5% 25 50% 75% T00%
Paste pH
Tolne. 8.10 8.00 8,00 7.95 7.95
Tlect, Cond. millimhos/em. wmillimhos/cm. millimhos/cm. millimhos/cm. millimhos/cam.
ECx10” 1.30 3,10 5.80 8.30 10,60
moeo/Lo m.e./L. m.e./La moeo/Ll moe./]:fo
Cations
Ca 5.65 13.90 R4 .90 35,00 L2.15
Mg 2,10 L, 30 8.30 10,00 12.67
1\—]'8. L}'«» 57 110914» 23906 36.37 48. 58
K 0.64 0,98 1.51 1.85 2.26
12.96 31.12 5777 83.22 105,96
mees/Le meeo/L, ie€s/Lo m.e./Lo .e. /L,
inions
003 Nil Nil Nil Nil Nil
}ICOB 1950 1.50 1950 l.}-}5 lo‘uvo
Cl 6.25 15.00 37.50 52.50 64,38
BOh 5.20 14,60 18.75 29,20 32.76
N03 0.01 0,01 0,01 0.01 0,01
PO, Tr. Tr. Tr, Tr. Tr,
12.96 31.11 57.76 83.16 106,05
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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
ahd 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
s0il 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 10,5 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 wvarious 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.

N-Nutrient Solution No.3-ml/Irrigation

10 ml 20 ml 30 ml LO nml
Deternination Treatment Number
1 2 3 L
Percentage Solabeya Water
25% 50% 75% 100%
Paste pH
Value 8.00 8,00 7.95 7.90

FElec. Cond.

millimhos/cm. millinmhos/cm. millimhos/cm.nillimhgg/

ECx103 3.10 5,90 8430 10.90
m.e./Lo m.e./Le m.e./L. g.e./L.
Cations
Ca 13.82 24,95 33.00 42,56
Mg L.30 8430 9.10 11,90
Na 11.93 2L .19 39.36 51,85
X 0.98 1.51 1.70 2,20
31.03 58.95 83.16 108.51
m.e./Lo m.e./Lo n.e./L, m.e./L.
Cations
003 Nil Nil Nil Nil
HCOB 1.50 1.50 1.50 1.40
Cl 15.00 37.80 52,40 66.83
SOh 14.50 19.61 29.15 40.23
N°3 0,02 0.03 0.04 0.05
Poh Tr. Tr. Tr. Tr,
31.02 58.94 83.09 108.61
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Table 27. Analysis of Soluble Salts in the Saturation IZxtracts
of Soll Used in Bean Culture Wo. 3.

P-Nutrient Solution Wo.k-ml/Irrigation

) . 10 ml 20 ml 30 nl LO ml
Determination Treatment Number
1 2 3 &
Percentage Solabeya ‘Viater
25% 50% 75% 100%

Faste o §.00 8.00 7.90 7.90
ﬁlec.BCond. millimhos/cm. millimhos/em. millimhos/cm.millimhgﬁ.
ECx10 3,00 5.70 8.00 10,50

m.e./Lo m.e./L. m.e./Ls m.e./L,
Cations
Ca 13.15 2L L2 31.50 39.64
Mg L,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

29,89 57,00 79.98 104.94

mee./L. m.e./L. n.e./L Me€e/Lo
Anions
CO3 Nil Nil Nil Nil
HCO3 1.00 1,00 0,90 0.85
cl 14.95 37.68 52420 65.93
SOA 14,30 18,29 26,82 38.23
NO3 0.01 0,01 0,01 0.01
POA 0.01 0.01 0.02 0,03

30.27 56.99 79.99 105,05
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Table 28, Analysis of Soluble Salts in the Saturation Extracts
of S0il Used in Bean Culture No. L.

K-Nutrient Solution No,5-ml/Trrigation

10 ml 20 ml 50 mi 4O ml
] . Treatment Number
Determination ] > 3 L
Percentage Solabeya later
25% 506 75% 100%

Faste pi 8.00 £.00 7.9 7.9
Flec, Cond. millimhos/cm. millimhos/cm. millimhos/cm.millimhgﬁ.
£Cx107 3.40 6.50 8.90 11,00

mee./L. m,e./L. m.e./L. m.e./L.
Cations
Ca 14.04 25.35 371 41.66
Mg L.37 9.00 11.85 12.31
Na 12,12 25.20 35.15 L6,86
K 3.00 5.46 Ay D,.00

3443 65,01 89,01 109,87

m.e./L. m.e./Lo wee./Le m.e./L.
Anions
CO3 Nil il Nil Mil
HCO3 1.50 1.50 1.50 1.45
Cl 17.00 39.93 55.12 68,32
SOLP 15.90 23.55 32,20 L0.17
NO3 0,01 0,01 0.01 0.01
POA Tr. Tr. Tr. Tr.

34,41 64,99 56,83 109,95




Table 29. Analysis of Soluble Salts in the Saturatlon Extracts of Soil Used in

Petunla Culture No. 1.
Treatment Number
1 2 3 L 5
Determination Percentage Solabeysa Water
5% 25% 50% 75% 100%
Pasgste pH .

Value 8.20 8.10 8.00 7095 7090
Elec. Cond, millimhos/em. millimhos/cm, millimhos.cm. millimhos/cm. millimhos.cm.
ECx103 1.25 3.10 5.70 8.20 10.60

m.e,./L. n.e./L, m.e./L. m.e./L, m.e./L.
Cations
Ca 5.32 13,70 24,65 33.95 L2.50
Na L.33 12.90 22,90 35.35 L8.96
K 0.54 1.00 1.45 1.65 2,16
11.28 31.03 57.12 81.65 106,20
n.e./L. m.e./L, m.e./Le m.e./L. m.e./L.
Anions

003 Nil Nil Nil Nil Nil
H003 1.45 1.45 1.40 1.40 1.40
cl L.56 15.25 36,50 51.64 64,76
SOA 5.30 14,50 19.24 29.13 LO.14
N03 0.01 0.01 0.01 0,01 0.01
POh Tr0 TI'. Tro Tro TI' °

11.32 31,21 57.15 82.18 106,31

10T



Table 30. Analysis of Soluble Salts in the Saturation Extracts
of Soil Used in Petunia Culture No. 2.

N-Nutrient Solution No,3-ml/Irrigation

10 ml 20 ml 30 ml 40 ml
Determination Treatment Number
1 2 3 I3
Percentage Solabeya Water
R5% 50% 75% 100%

Paste Bl 8.10 8.00 8.00 7.90
Flec., Gond., mnillimhos/cm. millimhos/cm. millimhos/cm. millimhos/ca.
ECx107 3.30 6.00 8.40 11.90

m.e,/L,. n.e./L. m.e./L. m.e./L.
Cations
Ca 14.05 25450 33.54 4L .80
Mg L.61 8.37 Seli5 12,37
Na 13.48 2L .66 39.46 52.49
X 0.98 1.60 1.75 2.25

33.12 60.13 8ly. 20 111.91

m.e./L. m.e./L. m.e./L. mee./Le
Anions
003 Nil Nil Nil Nil
HCOB 1.50 1.50 1.50 1.40
. Cl 15.96 38.10 52.95 068,19
804 15,68 20.56 29.71 L2.13
NO3 0,03 0.03 0,05 0.06
POA Tp, Tr. Tr. Tr.

33.17 60.19 84,21 111.78




Table 31.
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Analysis of Soluble Salts in the Saturation

Extracts of Soil Used in Petunia Culture No. 3.

P-Nutrient Solution No.4-ml/Irrigation

10 ml 20 ml 30 ml 40 ml
Determination Treatment Number
1 2 3 b
Percentage Solabeya Water
25% 50% 7 5% 100%
Paste pH
Value 8,00 8.00 7.95 7.90

Elec; Cond,

millimhos/em, millimhos/cm. millimhos/cm.millimhgs

ECx103 3.10 5.70 8.10 10.90
: n.e./L. m.e./L. m.e./L. m.e./L.
Cations .
Ca 13.21 24,28 31.70 38.73
Mg L.16 8.20 8.98 13.93
Na 12.88 23.10 38.79 54,28
K 0.87 1.55 1.65 2.19
31.12 57.13 81.12 109.13
m.e./L. .m.e./Le m.e./L. m.e./L,
Anions
coé Nil Nil Nil Nil
HCO;4 1.10 1.00 1.00 0.95
Ccl 15.00 37.59 53.17 72.09
so#’ 15.08 18.42 26,95 36.14
NO4 0.01 0.01 0.01 0.01
o, 0.01 0.02 0.02 0.03
31.20 57.04 8L.15 109,22
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Table 32. Analysis of Soluble Salts in the Saturation

fxtracts of Soil Used in Petunia Culture Wo. L.
K-Mutrient Solution No.5-ml/Irrigation

10 ml 20 ml 30 ml L0 ml
Determination Treatment Number
1 2 3 b
- Percentage Solabeya Water
25% 50% 7 5% 100%
Paste pH
Value 2,10 8,05 8,00 7.95
Blec., Cond. millimhos/em. millimhos/cm. millimhos/cmvmillimhogé
ECx10° 3,25 5,80 8.60 11.00 "
m.e,/L. m.e./L. n.e. /L, m.e./L.
Cations
Ca 11,91 16.20 26,40 33.09
Mg 3.65 5.20 7,10 G.56
Na 11.85 22,65 29.60 37.66
K 6.75 14.20 22450 29,48
34,16 58,25 85,60 109,76
m.e./L, m.e./L. w.e./L. n.e./L.
Anions
CO3 Nil Nil Nil Nil
HCO3 1.10 1.00 0.95 0,90
cl 16,86 37.86 55.76 72.68
SOA 16,08 19.28 2943 36.16
NO3 0,01 0.01 0.01 0,01
PO4 Tr, Tr. Tr. Tr.
34,05 58.15 86.15 109.75
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Table 33. Analysis of Soluble Salts in the Saturation
Txtracts of Soil Used in FPetunia Culture No.D.

Ca-Nutrient Solution No.6-ml/Trrigation

10 ml 20 nml . 30 ml LO ml

] . Treatment Number
Determination

1 < > 4

Percentage Solabeya VWater

25% 50% 75% 100%
Paste pH
Value 8.10 8,10 8.15 8,20
Elec. Cond. millimhos/cm, millimhos.cm. millimhos/cm.rillin
ECx107 3.10 5.60 &.00 10,40
Mae./L, m.e./L. n.e./L. m.e./L
Cations
Ca 13.34 23.94 51,31 40,03
Mg .02 g.18 8.65 11.56
Na 12.95 22.50 38,46 51.64
I{ 0082-',‘ 1058' 1073 2'1/;
31.15 56,20 80,15 105,38
n.e./L. Go.e./L. n.e./L. m.e. /L
Anions
CD3 Nil Nil Nil Wil
HC03 0.95 0.95 0.50 0.80
Cl 15.54 37.59 53427 654
504 1h.65 17.63 25.96 35,11
NO. 0.01 0.01 0.04 0.01
POA Tr. Tr1< Tr, T,
31.15 56.18 80,14 105,46
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Analysis of Soluble Salts in the Saturation
ixtracts of Scil Used in Petunia Culture No.G.

Lg-lutrient Solution Mo.l-ml/Irrigation

Table 3.

10 ml1 20 nl 50 ml LO ral
Determination Treatment Number
1 2 g L
Fercentage Solabeya ‘‘eter
25% 50% 75% 100%
Paste pH . , )
Valugp 5.10 2,10 2,05 8.00

Elec. Cond.

millimhos/cm. millimhos/cam. millimhos/cm.milljmhogA

ECx107 3.20 5,70 2.10 8.65
m.e./L. m,e./L. mn.e./Lo m.e.,/ L.
Cations
Ca 12.59 23.28 27.51 Jha 54
Ve 6.50 10.40 14,10 18,22
Na 12.40 22.11 38,00 L2,02
X 0.86 1.57 LTJ74 2.11
32.35 57.36 &1, 35 104.19
m.e./Lo m.e.,/L. m.e./L. m.e./L.
Anions
CO3 Wil Fil Nil NMil
HCO3 1,10 0.95 0.90 0.80
Cl 15.61 37.58 52.31 65.28
S0, 15,50 18,71 28,08 38,16
N03 0.01 0,01 0.01 0,01
13()1+ Tr. Tr, Tr. I,
32.26 57.25 £1. 30 104.25

R
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Table 35. Analysis of Soluble Zalts in the Saturetion
Extracts in Soil Used in Petunia Culture No.7.

Na-Nutrient Solution Mo.8-ml/TIrrigation

10 ml 20 ml 30 ml 40 ml
Determination Treatment Number
1 2 3 L
Percentage Solabeya Water
25% 50% 7 5% 100%
Faste pH
Value 8.15 8.15 &8.10 2.00

®lec, Cond,
ECx10°

millimhos/cm. millimhos/cm. millimhos/cm.millimhgﬁ/
2l

3.30 5.90 8.20 10.85
m.e./Lo n.e./L. mee./L. fe€o/Lo
Cations
Ca 11.17 16.09 19.49 29.58
Mg 355 5.10 6,60 10,17
Na 17.61 29,50 50,26 67.58
X ’0.85 1.57 1.73 2617
33.1¢8 52.26 78,08 109,50
m.e./Ls m.e./L, m.e./L. m.e./L.
Anions
CO3 Nil Wil il Nl
HCO3 1.00 0.95 0.95 0.90
Cl 16.01 37.81 51,00 67,05
80, 16.13 20,45 26,16 L1.67
N03 0.01 0.01 0.01 0,01
POA Tr. Tr., Tr, Tr.
33.15 59422 7;°f4 LO9 6T
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dominent in soil solution, due to unfavorable ion proportions,
night reduce plant growth by conditioning its mineral uptake.

Symptoms of High Salinity on Plants - The sequence of

appeerance of visual symptoms of salinity injury on the in-
dicator piaﬁts was as follows: retardation of growth, necro-
sis, yellowing of the basal leaves and interveinal chlorosis
of terminal ieéﬁes. The development and severity of symptoms
showed direet 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 Ton Uptake -

Under the influence of increased salinity of the medium, the
accumulation of the various ions in plant tissues might reach
& 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, specific
effects of an ion and ion antagonism may be of predominant im-
portance in conditioning plant uptake and limiting growth.

As the leaves represent tThe 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
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Plate 15. 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,

115

4

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,
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Plate 19,

Effect of various dilutions of

Solabeya saline water and of potassium

at various levels 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 calecium,
magnesium, potassium and
sodium at various levels
on size and color of
petunia leaves, Inc,= ml.

increments added.
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Plate 22.

Effect of various dilutions of

Solabeya saline water and of nitrogen
at various levels on size and color of

bean leaves,



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
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Plate 24, Effect of various dilu-
tions 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,
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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 1k, and the results of determinations conducted on
the soll saturation extracts of these cultures, shown in Tables
2L, 25 and 29, indicate, in all cases, the following relation-
ships:; With 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
gIroups. The Tirst group includes calcium, potassium, 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:

{1) Under saline conditions, plants are subjected to high
concentrations of salts and to salts that aré not in the most
favorable ratios for plant growth.

() 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

relatite amounts of different ions that may be absorbed from



Table 36. Foliar Mineral Nutrient Element Content of Lettuce Cultuse.

Treatment Number

1 2 3 b 5
Percentage Solabeya Water
5% 25% 50% 75% 100%
Determinations m.e./100 gm. nm.e./100 gn. m.e./100 gn. m.e./100 gm. m.e./100 gnm,

Ca 96.22 94.78 90.51 86,24 81.97
Mg 28,01 29.30 33.18 37.05 40.9%4
Na 89.38 104.08 131.63 148,98 165.31
K 54.08 L3.37 L2.04L 38,87 33.57
cl 62.51 100,02 151.50 184.51 220,00
N 150,00 122.50 117.60 110.50 101.30
804 35,98 L2.,31 46,90 50.68 55.45
POLP 24,25 23.79 22.40 21,00 19.65

bpm ppm bpm ppm ppn
Fe 15.46 15,12 14,08 13.04 11.99
Mn 16,10 15.80 14.70 13.60 12.60
B 5.40 5.60 6.60 7.50 8. 40

12T



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

Treatment Number

1 2 -3 S 5

Percentage Solabeya Water

5% 25% 50% 75% 100%

Determinations m.e./100 gm. m.e./100 gm. m.e./100 gm. m.e./100 gm. m.e./100 gm.

Ca 210.27 208,00 201.23 194 .46 187.69
Mg 36.20 37.02 3947 . 41.92 Ly 39
Na 7653 89.28 lb2.h0 114.79 127.55
K 102.40 89,28 76.53 63.77 51.02
Cl 51.00 65.50 125.50 198,51 215.50
N 323.00 300,20 275,30 255,50 225.50
Soh L8.50 50,62 57.00 63.40 69.75
POA 12.40 11.50 10,05 Q.24 8,05
Ppm Ppny ppm bpm bpm
Fe 12.79 12.71 12447 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

AN



Table 380

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

Treatment Number

1 2 3 4L 5
Percentage Solabeya Water
5% 25% 50% 75% 100%
Determination m.e./100 gm. m.e./100 gm. m.e./100 gm. m.e./100 gm. m.e./100 gm,

Ca 190.07 188.76 186.1L4 182.20 177.00
Mg 27.79 28,80 31.83 34.86 37.90
Na 67.38 69.42 7147 91.89 102,10
K 87,50 83.50 78.00 73450 69.30
Ccl 79.83 Q2. 42 105,62 136.21 156.81
N RL5.50 236,68 225,36 210,30 195,20
SOh 45,90 52,68 57°20, 61.73 66,25
POh 28.18 25.98 24,98 23.46 22,40

ppn .PPm Dbpm bpa bpm
Fe 25633 2&538 21.38 l8eh2 15.46
Mn 26440 25,40 24,30 23,20 22,00
B 8.80 8.90 9,30 9.60 10.00

9T



NUTRIENT ELEMENT CONTENT, M.E./100 GM.

200

150

100

S0

ECx!0 3

127

1-c}

T e O e — e A Qe g T
o+~ o ”__'______._---——8'- ’F‘+~+\*\ﬂ
a 7

O—- — A — 4O —. A O e — e O e . 0 §

| I [ ! |

5 25 50 75 100

PER CENT SOLABEYA WATER
F1G.12 — EFFECT OF WATER  SALINITY  ON FOLIAR

NUTRIENT ELEMENT CONTENT — LETTUCE CULTURE.



NUTRIENT ELEMENT CONTENT, M.E. /100 GM.

ECx 103 128

3.1 5.8 8.3 10.6
] T - T
t-cy
2-N
3-Ca
4-Na
5-50a
6-K
-Mg
320 8-P04 7
240 ]
160 /s 7
7
S
' oo
y R
/s e TS
o_ om0
\+\\ _ ——
- 7
so- .- P s .
o~ i e . —-05
.0~ B _:_t,‘o~+<f+ .
/,/ [ — QT \\'I-\\_,_
g T — - o~ _ ~_+__gg
p e O -
O e e— O 44— Ot
o —— —— - — O e —— s —— O — — - —— 8
| | | I ?
5 25 50 75 100

PER CENT SOLABEYA WATER
FIGI3-EFFECT OF WATER  SALINITY  ON FOLIAR NUTRIENT

ELEMENT CONTENT - BEAN CULTURE NO. 1.




ECxIO?3

129

. 200 .
P
0
e
- 1-N ———
I 2-Ca -
ul 3-ch
2 4-Na
iy 5-50 4 ;
-
Z 6~ K ‘ "/0 i
w 150 -Mg Y
E 8-PO4 o
O .
v ///
g P
4 e
W |00 // L
,o/'
z N o4
w L U
E °/0 _____ y_X.)«'
% 4 _‘““—“"'0"-~-)(-z.f(.'~____ . e——- <5
L X o L
04_-—4—-~4—‘—-4—-4o~—-+'—+—-—-‘-'j:_':,',ig—/-"‘" ------ 6
s ___-— T N
el N
+—’ﬂ+_-__o+‘____’+_,,_|———0—*+’
ok =T T T el o
] l ! l !
S 25 50 75 100

PER CENT SOLABEYA WATER

FIG.14 —EFFECT OF WATER SALINITY ON FOLIAR
NUTRIENT ELEMENT CONTENT—PETUNIA CULTURE NO.1.



130

solution.

(4] 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.

(5) The phenomenon of antagonism, cationic and anioniec,
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:

Calcium - The foliar nutrient element content, in
m.e./100 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 tneSe 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/100 gm. in lettuce, 210 to 188 m.e.Ca/
100 gm. in bean, and 190 to 177 m.e.Ca/100 gm. in petunia.

The decrease in calcium content in the leaves of these
cultures ma& be attributed to the combined effect of the follow-
ing factors:

A low nitrogen uptake due to low nitrogen level and
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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
the chloride ion on the‘uptake of nitrate nitrogen is antagon-
istie in nature, as has been reported by Vliadimirov (134),
Barbier (10), Bear (14}, Gauch and Wadleigh {51) and Baslavskaya
(12).

The foliar nutrient element content and the character-
istics of saturation soll 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 calecium content of alfalfa.

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

N-Nutrient Solution No.3-ml/Irrigation
10 ml 20 ml 30 ml L0 ml

Treatment Number

1 2 3 b4

Percentage Solabeya Water

25% 50% . 75% 100%
Determination m.e./100 &Zm. m.e./100 gm. m.e./100 gm. m.e./100gn

Ca 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
X 89.28 81.63 70.87 63.77
cl 56.50 87.00 97.51 102.50
N 310.20 305,60 300.00 295.10
50,, L1.55 49.10 56,68 6L4.26
PO, 15,65 14451 13.38 12.25
| Dpm ppum Ppm Pom
Fe 13.10 12,80 12.54 12.30

i

Mn- 14.60 13.80 12.90 11.90
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Table 40. Foliar Mineral Nutrient Element Content of Petunia

in Culture No. 2.

N-Nutrient Solution No.3-ml/Irrigation

10 ml 20 ml 30 ml 4O ml

Treatment Number v

1 2 ' 3 L

Percentage Solabeya Water

25% 50% | 75% 100%

Determination m.e./100 gm. m.e./100 gm. m.e./100 gm.m.e./logm.

Ca 1 217.39 215.41 213.43 211.45
Mg 34.26 35.76 37.27  38.78
Na 69.42 77 77.59 Iy o 5
X 88. 50 84.00 80.50 71.50
Cl L6,81 52.21 86.62 94,00
N 635.50 628,62 6107 599,85
SOh 62.72 58,62 53.41 L7.36
PO, 39.98 Lly s 5L 49.11 53.69

bpm ppm ppm Ppm
Fe 24,50 21.63 18.74 15.86
Mn 29.00 26,40 23.60 21.50
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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 (9%4).

The foliar nutrient element content and the character-
igtic of saturatien soil extracts of petunia cultures No. 5,
6 and 7, which received calecium, magnesium and sodium inere-~
ments, respectively, are given in Tables 41-43.and 33-35. The
application of calecium increments resulted in a relatively grad-
ual increase in the calcium content of leaves of petunia eulture
No. 5. But the level of calcium content of the leaves of this
culture, as compared with the respective treatments of culture
No. 1, still showed a gradual decrease with increase in salin-
ity of the medium. DProbably, this is due to the antagonistic
effect of sodium 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. 1 and 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
antagonistic effect of magnesium on caleium uptake as reported
by Barbier (1l}. 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 (110), Lucas and Searseth (83)
and Cooil (32). |

The data in Tables 41-43 present addltional 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. ?oliar Mineral Nutrient Element Content of Petunia
in Culture No. 5.

Ca~Nutrient Solution No.b-ml/Irrigation

10 ml 20 ml 30 ml LO ml

Treatment Number

Percentage Solabeya Water

25% 50% 75% 100%

Determination m.e./100 gm. m.e./100 gm. m.e./100 gm., m.e,/100 gm.

Ca 212,64 201,95 191.26 180.56
Mg , 31.46 33.11 34,76 36.41
Na L5.9k 76.57 Olyo bly 109. 24
K 68,50 67.00 66.00 blo 51
cL 76.81 101.41 140,60 178.62
N 490,10 380,30 370.50 360. 80
80, 51.68 52,63 53.59 5lyy 5k
PO, 80,00 78 .80 76 .60 7h.2L

ppm ppIm ppn ppm
Te 23.50 20.60 17.50 11420

Mn 24,60 23.90 22,10 20,80
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Table 42, Foliar Mineral Nutrient Element Content of Petunia
"~ in Culture No. 6,

Mg-Nutrient Solution No. 7-ml/Irrigation

10 ml 20 ml 30 ml LO nl

Treatment Number

1 < 3 [

Percentage Solabeya Water

25% 50% 75% 100%

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

ca 189,90 185.12 180.41 168.68
Mg 31.46 34,82 38.20 41.58
Na 51,05 76.57 114.35 124.56
K 8L .00 82.50 80. 50 78.00
cl 127.41 161.21 188,60 210.22
N 410,10 370,40 360,20 320.60
80, 53454 58,16 62.78 67.39
PO, 644 40 63.10 60.80 57.60
ppm - ppm ppm ppm
Fe 19.70 18,30 16,90 15.50

Mn 25,00 23.20 22.30 19.20
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Table 43, TFoliar Mineral Nutrient Element Content of Petunia
in Culture No. 7.

Na-Nutrient Solution No.8-ml/Irrigation

10 ml1 20 ml 30 ml LO ml

Treatment Number

1 2 3 L

Percentage Sclabeya Water

25% . 50% 75% 100%

Determination m.e./100 gm. m.e./100 gm. m.e./100 gm. m.e./100 gu.

Ca 187.38 184,38 178,66 172.81
Mg 27.79 27.38 26,96 27,54,
Na 91.89 93.93 96.97 107.20
K 85.00 83.50 79.00 77.00
cl 124,60 14,0.80 159,62 177,40
N 390.20  373.50 356, 80 34,0.10
S0, 54,69 60.25 65,82 71.39
PO, 22.40 21.30 19.80 17.92

ppm ppm poOm ppm
Fe 20.20 18.80 17.60 14.80

CMn . 22.10 21.20 20 .20 19.30
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magnesium and sodium resulted in a decrease in the uptake of

calcium,

Potassium - 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, respectively. The range of foliar potassium content
of treatments No. 1 and 5 varied between about 54 to 33 m.e.K/
100 gm. in lettuce, 102 to 51 m.e.K/100 gm. in bean, and 87 to
69 m.e.K/100 gm. in petunia.

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 unfavorablé ion ratio of potassium to
sodium, magnesium and possibly calecium. 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 caleium 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 (10l1) 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
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studied by Breazeale (25) who found that the uptake of potas-

sium wes strikingly decreased by sodium. Harmer and Benne (58)
concluded, from a survey of investigations made in Furope and
America regarding the effect of sodium on plant growth that the
gsodium content of highly sensitive crops is greatly increased
in the presence of an ample amount of sodiwm 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 calcium and magnesium in the
form of dolomite and water soluble magnesium showing that these
two elements repressed the uptake of potassiun. |

The foliar nutrient element content and the character-
isties of the saturation soil extracts of bean and petunia cul-
ture No. L, to which differential potassium increments were
applied, are given in Tables Lk, 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 regpective 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 element and the character-

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

bean and petunia, are given in Tables 36-38, 2L, 25 and 29,
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Table L44. Toliar Mineral Nutrient FElement Content of Bean
in Culture No. L. '

K-Nutrient Solution No.5-ml/Irrigation

10 ml 20 ml 30 ml L0 ml

Treatment Number

1 .2 3 L

Percentage Solabeya Water

25% 50% 75% 100%

Determination m.e./100 gm. m.e./100 gm, m.e./100 gm. m.e./lgg.

ca 182,65 169.70 156.78 143.85
g 37.56 39.25 10.97 42.68
Na, 50,00 63.30 80.00 105.00
K 89.00 110,00 137.00 177.00
cl 66,00 127.50 200.60 217.50
N 295,00 272,50 256.60  248.60
50, 51,96 58.80 65.66 72.55
PO, . 11.90 11.15 10.25 ©9.50
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, @oliar Mineral Nutrient Element Content of Petunia
’ in Culture No. 4.

K~Nutrient Solution No.5-ml/Irrigation

10 ml 20 ml 30 ml L0 ml

Treatment Number

1 2 3 L

Percentage Solabeya Water

25% 50% 75% 100%
Determination m.e./100 gm. m.e./100 gm. m.e./100 gm. m.e./100 gm.

ce 172.25 154.00 135.81 117.60
g 3340 32,53 31.67 30,81
Na 40 . 8L, 83.72 91.89 98.10
K 86,00 87.50 105,00 117.40
c1 169.40 207.80 232.60 27142
N 355.50 334,60 280.30 210.60
SOA 56.54 67.58 78.63 89.67
PO, 19.20 18.30 17.10 15.36

ppm ppm ppm ppm
Fe 19.20 18.30 17.43 14.53

. Mmn | 22.00 21,00 20,10 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/100 gm.
in lettuce, 323 and 225 m.e. N/100 gm. in bean and 245 ana 195
m.e. N/100 gm. in petunia.

The decrease of total foliar nitrogen may be attributed
mainly to the antagonistic effeet 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, 1s 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 (107). Shestakov and Shoyndenkov (117) found, in sand
cultures of flax, sunflower, and potatoes, that an increase in
chloride concentration of the medium decreased the yleld more
than an inerease in sulfate concentration. Blagvershchenskii
and Baslavskaya (21) conclude, from thelr 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 cases studied the effect is

to cause poisoning of the chloroplasts with a resultant de-
crease in the energy of photosynthesis., Shestakov and Shoyn-
denkov (117) conclude, from their study of the significance 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 content is lower with chlorides than with
sulfates. Gauch and Wadleigh (52) found, in their study of the
effect of high concentrations of chlorides and sulfates on ionic
absorption by bean plants, that the nitrogen content of leaves
was lower in chloride treatments than in sulfate.

The results of field experiments with potatoes and sand
culture experiments with flax and potatoes, conducted by Baslava-
kaya (12} showed that, with an increase of the chloride ion in
the medium, the chloride content of the plant as a whole increasel
and the nitrogen content decreased. The increase of nitrogen in
the medium resulted in a decrease of the chloride uptake by the
plant.

It has been noted by Barbier (10} that in oats the effect
of NOB on the absorption of Cl is analogous but is not reciprocal.

The foliar nmutrient element content and the characteris-
ties of the soil saturation extracts of bean and petunia cul-
tures No. 2, to which nitrogen jnerements 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 compared with the respective treatments where
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nitrogen was not added, yet the nitrogen in the leaf showed a
gradual decrease with inecrease in salinity of the medium,
Plates 22 - 24,

Accompanying the gradual inerease in leaf nitrogen con-
tent of both cultures, there was =a relatively'small increase in
the calecium 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. Poh/lOO gm. in lettuce,
12.4 and 8.1 m.e,,POA/lOO gm. in bean and 28.2 and 22.4 m.e.
Poh/lOO gm. in petunia.

Probably the main factor limiting phosphate uptake by
plants and decreasing its contént 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 (10) reports that as more chloride 1s absorbed
by plants, their content of nitrogen, phosphorus and sulfate
tends to decrease, The same effect was exhibited by nitrogen
and phosphorus in cultures No. 1 of lettuce, bean and petunia.
The chloride as well as sulfate ion concentrations in the leaves
of these plants increased directly as the concentration of these
ions inereased 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 {118) and Scharrer and
Schreiber (111) who found that in the presence of chloride the
phosphate content of the plant decreaées.

The foliar nutrient element content and the character-
isties of the saturation soll 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
ma jor nutrient elements, namely nitrogen and potassium, the phos-
phate content of the leaves of both cultures gradually decreased
with increase in salinity of irrigation water and the resultant
saelinity 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
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Table 46, TFoliar Mineral Nutrieat Hlement Content of bean in
Culture No. 3.

P-lMutrient Solution No.h-ml/Trrigation

10 nnd 20 ml 30 ml LO ml

Treatment Number

Percentage Solabeya Water

25% 50% 75% 100%

‘

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

Cca 215,65 210,00 204, 38 198.75
Mg 38.54 L0 ,82 43,13 L5.46
Na 65.50 83.40 92,00 112.50
K 85,00 79.00 70.50 62,00
c1 65.20 86.90 97 L5 102,00
N 365.50 362,50 359,28 355,69
504 41.98 L9.14 56.35 63.79
PO, 28,65 27.26 25.86 24,50

ppm ppm ppo prm
Fe 15.20 13450 12,90 12.20

Mn 17.00 16,10 15.40 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 4O ml

Treatment Number

1 2 3 L

Percentage Solabeya Water

25% 50% 75% 100%

Determination m.e./100 gm, m.e./100 gm. m.e./100 gm. m.e./100 gm.

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 9o bly
K 131.00 120,00 104.00 99.00
cl 125.61 138.41 146,61 161.10
N 295.50  320.50 405,50 600.20
s0, 39.12 13.31 4750 51,69
PO, 98.56 97.26 95,05 92,16

ppm ppm ppm ppim

Fe 25,20 - 22,20 18,90 16.10

Mn 30,10 27.50 24 . 1O 22.10
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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 p@m. 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.

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 antégonistic 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 conecluded 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 induecing potassium deficiency in plants growing in
a2 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



149

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 folier boron con-
tent with an increase in salinity of irrigation water and the re-
sultant salinity of the mediun. The range of foliar boron content
of treatments No. 1 and 5 varied between about 5.4 to 8.5 ppm. B
in lettuce, 20,5 to 25.0 ppi. B in bean, and 8.8 to 10.0 ppm. B
in petunia. According to Wilcox (143) with the exception of
leaves from the stone and pome fruit trees, mature normal leaves
contain from 40 to 100 ppm. B. Values below 20 ppm. are in the
deficiency range and values above 250 ppm. are in the toxicity

range.,

Magnegium - The foliar mineral nutrient element and the
characteristics of saturation extracts of culture No. 1 of lettuce,
bean and petunia, are shown in Tables 36-38, 24, 25 and 29, respect-
ively. These data show an increase in magnesium with an increase
in salinity of irrigation water and the resultant salinity of
the mediun. The range of foliar magnesium content of treatments
No. 1 and 5 was from 28 to 41 m.e.Mg/100 gn. in lettuce, 36 to Lk

n.e.g/100 gm. in bean and 28 to 38 m.e.Mg/100 zm. in petunia.

The relatively high concentration of magnesium ion in the
irrigation water and the increase in plant uptake of this element
with an increase in salinity may antagonistically limit nlant up-
take of such elements as potassium, calcium, iron and menganese.

The increase in follar 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 respect.

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 date show an increase in foliar sodium content
with an inerease in the salt content and particularly the sodium
concentration of the water of different quglity. 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 m.e.Na/100 gm. in bean
and 67 to 102 m.e.Na/100 gm. in petunia. The relatively high con-
centration of sodium lon 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, caleium, 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 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 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.C1/100 gm, in
lettuce, 51 to 216 m.e.C1/100 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
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limiting plant nitrogen and phosphate uptake through anion
antagonism.

Sulfate - The foliar mineral nutrient element and the
characterlstics 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 inerease in sulfate
foliar content with an increase in irrigation water brackishness
and the salinity of the medium. The foliar sulfate content in
treatmgnts No. 1 and 5 ranged between 36 and‘56 m.e.SOh/lOO gnm.,
in lettuce, 49 and 70 m.e.SOh/loo gm. in bean and 46 and 66
m.e.SOh/loo 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 upteke 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 of sodium or mag-

nesiunm,
Effect of Solabeya Water Salinity on Plant Growth - The

total nutrient element content in m.e./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 L8, Green Yield of Lettuce, Bean and Pebunia Cultures.
Percent Solabeya Vater

7 o7 . al, 27 é

Treatment 2 250 007 7 5% 1009
Ci/Treatment C/Treatment Gyl /Treatment  (11/Treatment  (I/Treatment

Lettuce 1342.93 1286.53 1121.35 9LL .08 770.84
Bean 1 102.73 113.33 98.92 22,80 66,24
Bean 2 12442 109.55 95.18 75.68
Bean 3 121.85 106.59 01,30 71.82
Bean 4 106.94 92.75 78.10 62.8L
Petunia 1 204,00 182.65 162.38 13847 129.86
Petunia 2 321.50 229.54 210,L8 200,56
Petunia 3 350.65 340443 290.42 280,32
FPetunia L 174.57 132.28 39.36 30,65
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 10345 100.36

Table 4L9. Total Foliar Minéral Nutrient Zlement Content of Lettuce, Bean and Petunia

Cultures.
Dercent Solabeya “Jater
5%, 557 505 75, 100%
m.e./100 gzu. mee./100 gme. m.e,/100 . m.e./100 gm. m.e./100 g,
Lettuce 504.43 566,55 635.76 677.83 718.19
Bean 1 860,30 851 .40 887,48 9L1.59 QZC L5
Bean 2 863,77 901.26 90L,72 Q1L .24
Bean 3 906,02 973.02 1020, 32 107L.62
Bean L 784,07 852,20 947,76 1016.68
Petunia 1 772.15 77524 780,60 814,15 526,66
Petunia 2 119,58 1190,63 1208,07 1211.08
Petunia 3 954,09 1028.39 1068, 44 1283.50
Petunla L 933,13 Q86,03 Q73,00 ¢50,87
Petunia 5 ©R7.63 281.97 1037.5% 1188,22
Petunia 6 978,36 1056,68 1106.,05 1158,13
Fetunia 7 9. 96 996.05 097,65 1007.37

A
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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 bj fresh water irrigation in a field experiment
conducted at the Experimental Farm in 1958.

Plates 30-31 show tﬁe effect of Solabeya Water on the
development of ehlorosié?aﬁé'ﬁecrosis in citrus and Acacia

on the Experimental Farm,
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Plate 26. Effect of Solabeya saline water on
Yield of radish., Crop on the right
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 roots are from

field plots of eqgual 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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%l&te 28.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 30, Effect of Solabeya saline water on
development of chlorosis and necrosis

in citrus - Experimental Farm.
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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 teble and soil salination, under the preveiling arid clim-
atic conditions and the use of the saline Solabeya brackish
water for irrigation. Furthermore, gatch is detrimental %o
deep rooted plants by obstructing normal root growth.

Gatch is predominantly sand with a high calcium and
magnesium carbonate content. 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
siiica, calcium and magnesium carbonates, magnesium hydroxide,
gypsun, 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 and concentration
of salts in the soil sclution, ﬁhe main cementing agents precip-
itated are the carbonates and hydroxides of calcium and magne-
sium. The amount of precipitated carbonate is determined by
the relatively low concentrations of the carbonate and bicarbon-
ate lons in saline Solabeya water. 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 salihity of
the medium there is a resulting increase in the accumulation of
selts 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, potassium, total nitrogen, phosphate, iron and
manganese. The levels of these elements in the leaves show a
decrease with increase in salinity of the wedium. The second
group includes sodium, megnesium, chloride, sulfate and boron.
The levels of these elements in the leaves increase with in-

ecrease in salinity of the medium.
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As a result of cationic and anionic antagonism, plant
upteke of the major nutrient elements I, 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 magnesium, 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 necrosis. 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 medium, 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



10.

11.

12.

13.

6L
BIBLIOGRAPEY

.Abg Fakhr, I7.2,A. Dispersion and permeability of arid
301}s as affected by salt concentration and exchangeable
cations. Il.5. Thesis, University of Arizona, 1956.

Albert, W. B. An abnormal condition of oats and cowpeas
Qauseg by insufficient manganese in the soil. 3S. Car.
48r. Expt. Sta., 4A4Ath Ann. Rpt. L6-7, 1931.

Albreght, We A, Physiology of root nodulse bacteria in
Telation to fertility levels of the soil. Soil 3Sei. Soc.
&, Proc. 2:315-327, 1937.

Albrecht, V. A., and Smith, N. C. Calcium in relation to
phosphorus utilization by some legumes and non-legumes.
Soll Sei. Soc. Am. Proc. 4:260-265, 1936.

Allyn, W. P, The relation of lime to the absorption of
iron by plants. Indiana Acad. Sci. Proc., 37:405-409, 1927.

Almedia, L. A. V. The effect of magnesium fertilizers on
the composition of foods. Rev. Agron. Lisbon 26:321-33, 1938.

Alten, F., and Orth, H. Water culture experiments relating
to ghe question of antagonism between calcium and potassiunm.
Trnahr der Pflanze 36:13-16, 1940.

ASTM Standards. American Society for Testing liaterials,
LeX 1hb~47, 1955.

Arnon, D, I, Effect of ammonium and nitrate nitrogen on
the mineral composition and sap characteristics of barley.
Soil Sci. 4&:295-307, 1939.

Barbier, G. Action des chlorures et des sulfates sur la
nutrition minerale de la plante. Academie d'Agriculture,
Paris, 10:699-706, 1939.

Barbier, G. Potassium, calcium and magnesium nutrients of
plants. Compt. rend. acad. agr. France 21:417-12, 1935,

Baslavskaya, S. S. The intake and distribution of the
chloride ion in plants. Trans. Sci. Inst. Fertilizers
Insectofungicides (U.S.8.R.) No. 130, 38-48, 1936.

paver, L, L., and Harper, W. G. The aggregation of desert
goils. Amer. Soil Surv. 4ssoc. Bull. 16:5L, 1935,




165

14, Bear, F. E. Soils and fertilizers. John Wiley and Sons,
Inc. New York, pp. 344, 1951,

15. Bear, F. E., Prince, A. L., Toth, S. J., and Purvis, E. R.
Magnesium in plants and soils. N. J. Agr. Expt. Sta. Bull.
760: pp. 24, 1951,

16. Beeson, K. C., Gray, L., and Pamner, K. The absorption of
mineral elements by forage plants. II. The effect of
fgrtilizer elements and liming materials on the content of
mineral nutrients in soybean leaves. J. Am. Soc. Agron.
I+O:553‘562’ 1914»8a -

17. §epz Handbook of Industrial Watér Conditioning. TFifth
Edition, 254 pp., 1957.

18. Biddulph, 0. The translocation of minerals in plants.
Truog, E. (Editor). Mineral nutrition of plants. Univ.
of Wisc. Press, Madison, Wise., 261-275, 1951,

19. Blair, T. A. Climatology. DNew York. Prentice-Hall, Inc.,
XVI: 484 pp. 1942,

20, Blair, A, W,, and Prince, A. L. The influence of magnesium
treatment on the calcium and magnesium content of the crop.
Abs. in Commercial Fertilizers 55, No. 4, pp. 16-18, 1937,

21. Blagvershchenskii H., and Baslavskaya, S. S. The effect of
chloride ion on the chlorophyll content and photosynthesis
of the potato plant. Bull. Soc. Naturalistes Moscow, Sect.
Biol. 45, 410-18 (English Summary L18) 1936.

22, Bonner, J., and Galston, A. W. Principles of Plant Physi-~
ology. ¥W. H. Freeman and Company, San Francisco, pp. 50,
1952.

23, Bower, C. A., and Pierre, W. H. DPotassium response of
various crops on high-limed soil in relation to their
contents of K, Ca, Mg and Na. J. Am. Soc. Agron. 36, 608-1k,
1944,

24, Bradfield, R., and Peech, M. The effect of lime and
magnesium on absorption of potassium. Am. Fert. 97:20,
1942, -

25, DBreazeale, J. F. The relation of sodium to potassium in
goll and solution cultures. J. Amer. Chem. Soc., 28:
1013-1025, 1906,

26, Breazeale, J, F, Effect of sodium salts in water cultures
on the absorption of plant food by wheat seedlings. J.
Agr. Res., 7:407-416, 1916,



27.

R8.

29.

30.

31.

32.

33.

34,

- 35,

360

37.

380

39.

L}Oo

166

Butkevich, V. S., and Maruashvili, L. V. ©Plant uptake
of potassium and yield as induced by sodium chloride.
Compt. rend. acad. seci. U.S.S.R. 22, 127-30 (In English)

1939.

Carolus, R. L. The relation of potassium, calcium,
sodium and magnesium deficiency. Proc. Amer. Soc. Hort,
Seci. 33:595-599, 1935. :

Chapman, E. D., and Brown, S. M. Potash in relation to
citrus nutrition. Soil Sci. 55:87-100, 1943.

Chapman, H. D., Liebig, G. F., and Vanselow, A. P. Sonme
nutritional relationships as revealed by & study of
mineral deficiency and excess symptoms on citrus. Soil
Sci. Am. Proc. 4:196-200, 1939.

Collander, R. Selective absorption of cations by higher
plants. Plant Physiol., 16:691-720, 1941,

Cooil, B. J. Potassium deficiency and excess in gﬁayule.I.
Growth response and mineral content. Plant Physiol.
23:286-308, 1948,

Cooper, W, C., and Edwards; C. 8alt tolerance of various
citrus root stocks. Rio Grande Valley Hort. Inst. Proc.
5:46-52, 1951, ‘

Cooper, W. C., anéd Gorton, B. S. Relation of leaf composi~-
tion to leaf burn of avocado and other subtropical fruits.
Tex. Avocado Soc. Year Book 1950.

Cooper, W. C., Gorton, B, S., and Olson, E. 0. Ionic
accumulation in citrus as influenced by root stock and
scion and concentration of salts and boron in substrata.
Plant Physiol. 27:191-203, 1952.

Demolon, B. Principes d'Agronomie., Tome IT, Croissance
des vegetaux, Paris Dunod, 4 eme edition, pp. 471, 1952,

Demolon, B, Principes dtAgronomie. Tome I, Dynamique du
sol. Parlis, Dunod, 5 eme edition, pp. 520, 1950.

De Sigmond, A. A. J. The principles of soil science. Thomas
Murley, London, pp. 362, 1938.

Dible, W. T., Truog, E., and Berger, K. C. Boron determina-
tion 1n soils and plants. Anal. Chem., 26:418, 1954.

Dickman, S. R., and Bray, R. H., Chlorostannous-reduced
molybdo~-phosphoric blue color method. Ind. Chem. Anal. Zd.,
12:665, 1940.




L1,

L2,

L3.

LPLI-.

L5

46.

L7.

l}8.

L9.

50.

51.

52,

53.

oks

55

167

Doughty, J. L., and Wadleigh, C. H. A statistical study
of the relation between pH and the exchangeable~sodium
percentage of Western soils. Soil Seci. 71:273-85, 1951.

Eaton, F. M. Boron in soils and irrigation watefs and
its effects on plants. U,S8. Dept. Agr. Tech. Bull.No. 488,
1935. ' ‘ ,

Eaton, F. M. Deficiency toxicity and accumulation of boron
in plants. J. Agr. Res. 69:237-277, 194L4.

Eaton, F. M. Irrigation agriculture along the Nile and
Euphretes. Sci. Mo. 69:34=42, 1949.

Eaton, F. M. Toxieity and accumulation of chloride and
sulfate salts in plants. J. Agr. Res. 64:357-399, 1942,

Eaton, F. M., and Wilecox, L. V. The behavior of boron
in soils. U.S. Dept. Agr. Tech. Bull. No. 696, 1930.

‘Eremin, G. G. Salinity of soils of the Siravath region.

Trans. Int. Soc. Soil Sci. Soviet Sect. 4th Comm., 117-119,

Evans, H. J., and Purvis, E. R. An instance of manganese
deficiency of alfalfa and red clover in New Jersey. J.
An. Soc. Agron. 40:1046-1047, 1948,

Fudge, B. R. Effect of application of calcium and
magnesium upon absorption of potassium by citrus. Citrus
Ind. 27, No. 8, 5-9 (1946).

Gauch, H. G, Responses of the hean plant to calcium
deficiency. Plant Physiol., 15:1-21, 1940

Gauch, H. G., and Wadleigh, E. H. The influence of saline

~substrate upon the absorption of nutrients by bean plants.

Proc. Amer. Soc. Hort. Sei. 14:365-9, 1942,

Geuch, H, G., and Wadleigh, C. H., Effect of high concentra-
tions of sodium, caleium, chloride and sulfate on ionic
absorption by bean plants. Soil Sci. 59:139-53, 1945.

Gedroiz, K. K. Ultrachemical composition of the soil,
Zhur, Opit. Agron, 22:29, 1932,

Geraldson, C. M. TFactors affecting calcium nutrition by
celery, tomato and pepper. Florida Agr. Exp. Sta. Journal
Series, No. 572, 623, 1957,

Gilbert, B. E., McLean, ¥, T., and Hardin, L. J. The
relation of manganese and iron to lime-induced chlorosis.
Soil Sei. 22, No. 6, pp. 437-4L46, 1926,




56.

57.

584

59.

60,

610

62,

63.

6L,

65,

66,

67,

68.

168

Halstead, R. L., MacLean, A. J., and Nielson, XK. F.
Ca:llg ratios in soil and the yield and composition of
alfalfa, J. Soil Sci. 38:85-93, 1958,

Hanna, A. B, The nature of the saline Sabakh soils of
iraq and their desalination. M. S. Thesis, University
of Arizona, 1956. - -

Harmer, P. M., and Benne, E. J. Sodium as a crop nutrient.
Soil Sei. 60:137-8L4, 1945.

Harley, C. P., and Linder, R. C. Observed responses of
apple and pear trees to some irrigation waters of north
central Washington, Proc. Amer. Soc. Sci. 46:3L-4L, 1945,

Harper, H. J. ZEffect of chloride on physical appearance
and chemical composition of leaves of pecan and other

native Oklahoma trees. Okla. Agr, Expt. Sta. Tech. Bull.
23, pp. 30, 1946.

Hayward, H. E., and Wadleigh, C. H. Plant growth on
saline and alkall soils. Advances in Agronomy, New York,
Academic Press, Inc., I:1-38, 19L9.

Hewitt, E. J. The role of the mineral elements in plant
nutrition. Ann. Rev. Plant Physiol. 2:25-52, 1951.

Hissink, D. J. DBase exchange in soils. Trans. Far. Soc.
20:551-66, 1925,

Hoagland, D. R. Lectures on the inorganic nutrition of
plants. Chronica Botanica Co., Walthem, Mass. 226 pp.,
1944,

Hoagland, D. R., Davis, A. R., and Hibbard, P. H. Influence
of one ion on the accumulation of another by plant cells
with special reference to experiments with Nitella. Plant
Physiol. 3:473-486, 1928,

Hoagland, D. R., and Martin, J. C. Absorption of potassium
by plants in relation to replaceable, non-replaceable, and
soil solution potassium. Soil. Sei. 36:1-33, 1933.

Hoagland, D. R., and Martin, J. C. Effect of salts on
the intake of inorganic elements and on the buffer system
of the plant. Calif. Agr. IExp. Sta. Tech. Papsr 8, pp.26,
1923.

Hoffer, G. N. Testing corn stalks chemically to ald in
determining their plant food needs. Purdue Univ. fgr.
EXEZto Stao Bullo 298: 3.1, pp., 19260




69.

70,

71.

72,

73

Th.

75,

76.

e

78.

79

80.

g1.

169

Jackson, M. L. Soil chemical analysis, Prentice-Hall, Inc.,
p. 389, 1958.

Jennings, D. S., Gardner, W. and Israelsen, 0. W. Seepage
of ground water and its relation to alkali accumulation.
Utah Agr. Expt. Sta. Circ. 106. 11 pp. 193k4.

Jenny, H. Factors of soil formation. MeGraw-Hill Book
Co., New York, N. Y. pp. 281, 1941.

Johnson, M. O. Manganese chlorosis of pineapples; its
cause and control. Hawaii Agr. Expt. Sta. Bull. 52, 38
Pp., 1924, \

qoseph, A, F. and Whitefield, B. W. The organic matter
in heavy alkaline soils. The Jour. of Agr. Sci. Cambridge.
fggiUniversitV Press., Cambridge, vol. 17, Part I. pp. 1-11,

Kgmegai, S. Copper:iron ratio in plant tissues. J.
Biochem. Tokyo, 30:33-4h; 54-53 (1939)

Kawaguchi, K. and Hattori, T. ZEffect of sodium chloride
on the physical and chemical properties of soils. Inst.
Food Sei. Bull. R.S. 14:62-8, (Chem. Abst. L8:104L67Y 1925,

Kelley, W. P., and Brown, S. M. Base exchange in relation
to alkali soils. Soil Seci.-20:477-95, 1925,

Kelley, W. P., Laurance, B. I., and Chapman, H. D. Soil
salinity in relation to irrigation. Hilgardia 18:6355655,
1949,

Krauskopf, K. B. The geochemistry of silica in sedimentary
environments. A symposium on silica 1in sediments. Society
of economic paleontologists and mineralogists, special
publication No. 7, pp. 185, Tulsa, Oklahoma, U.S.A., 1959,

Leeper, G. W. TFactors affecting availability of inorganic
nutrients in soils with special reference to micronutrient
metals. Ann. Rev. Plant Physiol. 3:1-16, 1952,

Leonard, 0. A., Anderson, W. S., and Geiger, M., Mineral
nutrition of sweet potato. Plant Physiol. 22:223-237, 1948,

Liebich, H. A. Quantitative chemical investigation of
iron in the chloroplasts and other cell components of
Spinacia oberacea., Z. Boton. 37:129-157 (1942).(0riginal
not seen), - ]




82.

83.

8L|'o

85.
86.
87.
88.
89.
90.
91.
g2.

93.

9L

95.

96.

170

Ligon, W. S. The solubility of applied nutrients in
muck soils and the composition and quality of certain
nuck erops as influenced by soil reaction changes and
moisture conditions. Mich. Agr. Expt. Sta. Tech. Bull.
147, 51 pp. 1935.

Iucas, R. E,, and Scarseth, G, P, Potassium calcium,
magnesium balance, and reciprocal relationships in plants,
J. Amer. Soc. Agron. 39:887-896, 1947.

Lundegardh, H. Investigations as to the absorption and
accumulation of inorganic ions. Landban-Hogsk Ann,
Sweden, 8:pp. 234-404, 1940.

Lundegardh, H. Leaf analysis as a guide to soil fértility.
Nature 151:310-11, 1943.

Iundegardh, H. Leaf analysis, translated by R. L.
Mitchell. Hilger and Watts, Ltd., London, pp. 15-22, 1951,

Magistad, 0. C. Plant growth relations on saline and
alkali soils. Bot. Rev., 181-230, 1945,

Magistad, O. C., and Christiansen, J. F. .Saline soils,
their nature and management, U.S. Dept. Agr. Cir.
No. 707, 194k,

Marks, J. B. Vegetation and soil relations in the lower
Colorado desert. ZEcology, 31:176-193, 1950,

Maximov, N. A. The plant in relation to water. George
Allen Upwin, Ltd., London. 451, pp. 1929.

Meze, P. The chlorosis of plants. Compt. Rend. Soc.
Biol. (Paris), 77:No. 31, 539-541, 191L.

McGeorge, W. T. The chlorosis of pineapple plants grown
in menganiferous soils. Soil Sci. 16:269-27L4, 1923.

Millikan, C. R. Relation between nitrogen sources and
the effects of flax on an excess of manganese or molyb-~
denum in the nutrient solution. Austral., Jour. Sci. Res.
B. 3:450-473, 1950.

Mollard, M. Nutrition de la plante. Tome I, Exhange
d'eau et de substances minerales, ZEdition Doin, Paris,
373, pp. 1921,

Morozov, S. S. The relation of physical and mechanical
properties of solls to the composition of exchangeable
cations. Lenin Acad. Agr. Sci., Gedroiz Inst. Fertilizers
Agro-Soil Sei.: k,211-21L, I935.

Mulder, E. C., Mineral nutrition of plants. Ann. Rev. Plant
Physiol. 1:1-24, 1950,




171

97. Muldey, E. G., and Gerretsen, F. G. Soil manganese in
ig%gtlon to plant growth. Advances in Agron. 4:221-277,

‘98. Naftel, J. A. Soil-liming investigations. IV.. The in-
Tluence of lime on yields and on the chemical composition
of plants. J. Amer. Soc. Agron. 29:537-547, 1937.

99. Neller, J. R. The influence of sulfur and gypsum upon
the composition and yield of legumes. Wash. Agr. ZExpt.
Stal B’U.ll. 190, 47 pp’ ] 1925'

100. Olsen, C. Iron absorption and chlorosis in green plants.
ggggt. rend. trav. Lab. Carlsberg ser. Chem. 21:15-32,

101, Olsen, C. The significance of concentration and the
rate of ion absorption by higher plants in water cultures.
ggﬁpt. rend. du lab. de Carlsberg ser. Chem. 26:25-30,
0,

102. Olson, R. V. Iron solubility in soils as affected by pH
and free iron oxide content. Soil Seci. Soc. Amer. Proc.
12:153-157, 19L48.

103, Osterhout, W. J. V. The permeability of protoplasm to
ions and the theory of antagonism. Science, 35:156-7,
1921. _

104, Osterhout, W. J. V. The nature of balanced solutions,
Bot. Gaz. 47:148-9, 1909. ‘

105. Palladin, V. I. Plant physiology. Zng. Trans. Livingston
P. Blakiston's Son and Company, Philadelphia, 86 pp., 1927.

106, Parbery, N. H. Mineral constituents in relation to
chlorosis of orange leaves. Soil Sci. 39:35-45 (1935).

107. Reed, H. S., and Haas, A. R. C. Nutrient and toxic effect
of certain ions on citrus and walnut trees with speecial
reference to concentration pH of the medium. Calif.

Agr. Expt. Sta. Tech. Paper 17, 75 pp., 1942,

108, Regional Salinity Laboratory. Diagnosis and improvement
of saline and alkaline soils. U.S. Dept. Agr. Handbook
No. 60, 160 pp., 1954.

109. Rohdg, G. Significance of potassium in chlorophyll pro-
duction in plants. Z. Planaenkrankh. u. Planzenschutz
L5, L499-510, 1935,




172

110. Russell, =. J. Soil conditions and plamt growth. Loncmans,
Green and Co., London, 606 pp. 1952.

111, Scharrer, K., and Schreiber, R. Ixploratory trials of
th@ effect of the chloride ion on the uptake of phogphoric
acid by seedlings. Z. Sodenk. rflernahr, 34:310-21, 194kL.

112. Scharrer, I. and sSchrop, w. Further invegtigations of
potassium~-iron antegonism in plants., Ernahr Pflanze

32:396-410 (1936).

113. Scofield, C. S. Salt balance in irrigated areas. J.
Agr. Res. 61:17-40, 1640

114. Seofield, C. S., and Feadley, F. B. GCuality of irrigation
water in relation to land reclamation. J. 4gr. Res.
21:265-278, 1921.

115. Scofield, C. S., and Wilcox, L. V. Boron in irrigation
waters. U.S. Dept. Agr. Bull. No. 264, 1931

116. Sheets, 0. A, Effect of fertilizer, soil composition,
and certain climatological conditions on the calcium
and phosphorus content of turnip greens. J. Agr. Res.

117. Shestakov, A. G. and Shoyndenkov, V. G. The influence of
various cations of the chlorides and sulfates in a nutrient
solution on the growth of plants. Lenin Acad. Agr. Sci.
Gedroiz. Inst., Fertilizers Agro-Soil Sci. No. 3, LO-67

(193L]).

118, Shestakov, 4. G., and Shoyndenkov, V. The significance of
sulfates and chlorides for the assimilation of nutrients
and for the development of plants. Trans. Int. Soc. Soil
Sci. ?oviet Sect. Lth Comm., 216-220, 1933. {I.B.S.Sc. 53,
P. 12;.

119, Shibuya, K., and Takashi Torrii. The antagonistic action
between potash and alkaline earths for plant growth. J.
Scl. Soil and Manure (Japan) 9, 411-24, 1935.

120, ©Sideris, C. P. Manganese interference in the absorption
and translocation of radioactive iron Fe59 in Ananas
comosus (L.) Merr. Plant Physiol. 25:307-321, 1950.

121. Sideris, C. P., and Krauss, B. E. The effect of sulfur
and phosphorus on the avallability of iron to pineapple
and malze plants. Soil Sci. 37:85-97, 1934,



122,

123.

124,

125,

126,

127.

128,

129,

130.

131,

132.

133.

173

Sideris, C. P., and Young, N. Y. Growth and chemical
composition of Ananas comosus (L.} Merr. in solution
cultures with different iron manganese ratios. Plant

Physiol. 24:416-LLO, 19L9.

Sidorin, M. I. On the assimilation of iron by plants.
Iz Rezult Veget. Opytov Lab. Rabot. (Rec. Trav. Lab.
Agron.) Moskov, Selsk. Khoz. Inst., 10:241-257, 191k,

Sins, G. T., and Volk, G. M. Composition of Florida-
grown vegetables. I. Mineral composition of commercially
grown vegetables in Florida as affected by treatment,

soil type and locality. Univ. of Fla. Agr. Expt. Sta.
Bull. 438, 31 pp. 1947. —

Skeen, J. R. ZExperiments with Trianes on antagonism
and absorption. Plant Physiol. 5:105-118, 1930.

Smith, J. C., Capp, L. C., and Potts, R. C. The effects
of fertilizer treatment upon yield and composition of
wheat forage. Soil Sci. Soc. Amer. Proc., LL:241-245, 1949.

Southwick, L. IMagnesium deficiency in Massachusetts
apple orchards. Proc. Amer. Soc. Hort. Sci. L4R2:85=94,
1943.

Speirs, M., Anderson, W. S., Geiger, M., McWhorter, L.,
Sheets, 0. A., Reder, R., Edmond, J. M., Lease, B, J.,
Mitchel, J. H., Frasps, G. S., Whitacre, J., Yarnell,
S. H., Elbert, W. B., Moore, R. C., Zimmerly, H. H.,
Ascham, L., Cochran, H. L. Effect of fertiligzer and
environment on the iron content of turnip greens. 3.
Coop. Ser. Bull. 2:24, 1949,

Swanback, T. R. Studies on antagonistic phenomena and
absorption in tobacco in presence and absence of manganese
and boron. Plant Physiol. 14:423-44L6, 1939,

Thomas, M. D. Replaceable bases and dispersion of the
soil in mechanicsl analysis. Soll Sci. 25:409-18, 1928,

Thorne, J. P., and Thorne, D. W. Irrigation waters of
Utah, Utah Agr. Expt. Sta. Bull. No. 346, 1951.

Trealease, S. F. and Trealease, H. M. Magnesium injury
of wheat, Torrey Botan. Club Bull. 58:127-48, 1931.

Twyman, E. 5. The iron and manganese requirements of
plants. New Physiologist 50:210-220, 1931,




134.

135,

136,

137.

138,

139.

140,

141,

142,

143,

ik,

174

Vladimirov, A. V. The effect of ammonia and nitrates on
the yield of sugar beets in relation to anion components
and reaction of the medium. Lenin Acad. Agr. Sci.,

Gedroiz Inst. Fertilizers Agro-Soil Soi. 3, 10L4-29, 193L.

Wadleigh, C. H., and Gauch, H. G. The influence of high
concenprations of sodium sulfate, sodium chloride and
magnesium chloride on the growth of guayule in sand
culture. Soil Sci. 58:399-403, 194L.

Wallace, A., and Bear, F. E. Influence of potassium and
boron on nutrient - element balance in the growth or
range alfalfa. Plant Physiol. 2L:644-680, 1949,

Walsh, T., and O'Donohoe, T. F. Magnesium deficiency
in some crop plants in relation to the level of potassium
nutrition. J. Agr. Sci. 35:254-263, 1945.

Wheeler, H. J., and Hartwell, B. L. Plant peculiarities
as shown by the influence of sodium salts. R. I. Agr.
Exp. Sta. Bull., 104, 1905.

Weinstein, L. H., and Robbins, W. R. The effect of
different iron and manganese nutrient levels on the
catalase and cytochome oxidase activities of green and
albino sunflower leaf tissues. Plant Physiol. 30:27-32,
1951,

Wiegner, G. Method of preparation of soll suspensions
and degree of dispersion as measured by the Wiegner-
Gessner dispersion apparatus. Soil Sci. 27:377-90, 1927.

Wiegner, G. Some physico~-chemical properties of clays. I.
Base exchange or lonic exchange. J. Soc. Chem. Ind. 50:

65-7L, 1931.

Wilecox, L. V. The quality of water for irrigation use.
U.S. Dept. Agr. Tech. Bull. No. 962, 1948,

Wilcox, L. V. Boron injury to plants. U.S. Dept Agr.
Bull., No. 211, 1960,

Wilgus, Jr., H. 8., Norris, L. C., and Heuser, G. F.
Role of certain inorganic elements in the cause and pre-
vention of perosis. Sclence, 84:252-3, 1936,





