
AN ABSTRACT OF THE THESIS OF 

---------------- for 
(Nam) (Degree) (Major) 

Date Thesis 

Tit1e_$a1tQ1QQQ_QQD8 
- 

Abstract Approved:_Lï_QYQ)_ 
(Major Professor) 

A study was made to determine the tolerance of various forage 
crops for saline sa1t. Both water culture . nd soil culture were 
used for thie purpose, while sand culture ws employed for gerrnlna- 
t1ori trials. The indicator plants incluIe salt grass, alfalfa, 
sweet clover, strawberry clover, and Astragalus rubii. Mjcro- 
biological studies an3. chemical analyses of the soils were also 
made. 

ater culture studies reported show that salt graes will 
endure a considerable quentity of neutral si its, but is rather sen- 
sitive to sodium carbonate. The limit of tolerance of this olant 
for sodium carbonate found to be 700 oarts per million. Alfalfa has 
shown a fairly good growth at all concentrations of salts used. An 
increase in yields of both alfalfa and salt gra es were secured in 
the cold-house. 

The tolerance of strawberry clover for sea w ter at constant 
concentration will indicate that this plant will withstand a con- 
centraton of as high as 5000 parts per million. 

Results on germination tests indicate a rapid decrease in the 
percentage of germination with increase in temperature and salt 
concentration. At 900F. there were practically no germinations of 
seeds in the various treated cultures, while at 5°F. germination 
took place in all cases. The hii.est concentration of sea water 
which was toxic to germination at 70°F. resulted in a germThation 
of strawberry clover seeds of 1l7.7 per cent; and of alfalfa seeds 
of 33 per cent. Strawberry clover has been found to be more reels- 
tant to salinity than alfalfa. In pot culture experiments it has 
been found that the plants made better growth when the soils were 
treated with various materials. Sulfur with manure has proved 
to be the most effective. 

Stravberry clover «Tas found the most promising resistant legume 
for salinity, which is followed by sweet clover and alfalfa. Astra- 
galus rubli has failed to row in all treatments, with the exception 
of the pot which was treated with sulfur and manure. 

chemical analyses show a marked improvement of treated plats 
over the check. The treated plats do not show any carbonate through- 
out the profile; they are high in organic matter, total nitrogen 
and tendency to incre . se in base exchange capacity and a loss in 
soluble and sodium salts. The crop yields obtained under field 
conditions substantiate the chemical results. 



Microbologleal stutileg of a non-saline soil variously treated 
with salts indicate a depressive effect of soluble salts upon the 
microbial activities in the soils. Nitriflcation, carbon dioxide 
evolution was greatly reduced. Sodium chloride at concentration 
added has been found to exert the most depressive effect. 

A comparative microbial study of a natural saline soil and a 
partially reclaimed soil show , little difference between the two soils. The effect of various treatments on the two soils were quite 
similar. Only in the case of sulfur oxidation did a significant 
difference obtain, the sulfur oxidizing power of reclaimed soil 
being much greater than the virgin soil. Otherwise the activities 
of microorganisms in the reclaimed soil are essentially the same 
both in kind and degree as in the virgin soil. Hence reclamation 
has had little peianent influence on the native microflora and 
their activities as indicated br laboratory studiés. 

All the various treatments increased nitrate nitrogen and solubilities of water soluble phosphorous and some treatments 
materially lowered the pH. 
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SALT ToLRkNCE OF CERTAIN FORAGE CROPS 

INTROIXTCT ION 

Soil alkali presents a serious problem in agriculture at the 

present tine. It is particularly an inportant problem in irrigated 

districts of the semi-arid regions. In Oregon, alone, as reported 

by Dr. L L. Powers, the 'alka1i-affeoted" land* oonstitutes 

approximately one-fourth of a million acres. It appears practicable 

to reclaim some 50,000 acres of this area. In the United States, as 

stated by Harris (28), about 13 por cent of the irrigated land con- 

tains sufficient alkali to be seriously harmful to crop growth. 

Similar figures are available from other countries indicating the 

importance of the subject. The need of reclamation and the proven- 

tion of soils now in cultivation from becoming impregnated with 

alkali salts is very urgent. Together with the reclamation of alkali 

soils, the introduction or choice of salt tolerant crops is very 

important. 

For the past forty years many investigators have turned their 

attention to accurate determination of the "salt tolerance" of cer- 

tain plants for the coimaou alkali salts. It is a matter of vital 

importance to know the crop that is best suited for growing in a 

particular salino soil or in a particular percentage of salt. Salt 

tolerance, as related to crop production, is by far the most impor- 

tant problem economically, and so the attention of many investigators 

has been directed towards this problem. 

* "alkali land" is heroin used as the popular term to refer to soil 
naturally saline, or alkaline, or both. 



The lack of uniformity in the results of investigators of salt 

tolerance is very striking. This lack of correlation may be attrib- 

uted largely to two reasons: (a) too many variables, aiid (b) the 

divergent purposes for whioh the expernents were conducted. There 

are, undoubtedly, other factors that may have been overlooked. A 

few of the investigators, however, have thought alike upon oerain 

phases of the subject, but sonie factors have been overlooked in their 

method of approach. 

The work reported in this paper is an atteipt to throw rnore 

light on the subject of salt tolerance as related to so-called 

"alkali-land" reclamation and use with especial reference to the 

following points z 

1. To what degree do certain crops differ in salt tolerance? 

2. What part does the chemistry of alkaline soils play in 
relation to plant growth? 

3. What is the effect of various salts on the bacteriological 
activities in the soil? 

4. 1That other factors affect critical concentration? 



3 

HISTORICAL 

The presence of alkali deposits over the surface of soils was 

observed long before scientists were able to account for the origin 

of these salts The pioneer investigator of the salinity problem 

was Dr. E. W. Hilgard very early in the development of irrigation 

agriculture in this country. Dr. Hilgard has devoted his attention 

almost exclusively to salinity Investigations and made the outstand- 

ing early contributions -to this subject. As a result well 1cw1vn 

projects of alkaline land reclamation were established in all western 

states where salinity appears to be a problem in irrigation agri- 

oulture. 

Origin and Occurrence of Alkali 

The main factor which leads in the development of saline soils 

consists in the acoilation of water soluble salts in the soils in 

quantities greater than those which are considered normal. The chïef 

sources of these salts are the sea water and the products of the 

weathering of the rook materials during the course of soil formation. 

Hilgard (25) relates these into littoral and terrestrial. The former 

is limited only along the sea shores, bu-t more important is the latter 

one. The contributions of Hilgard (25), Glinka (17), and Sigmond (49) 

show that all forms of alkali are derived from rock weathering. Being 

soluble they tend to be washed out to lower levels. The main condition 

leading to the aocinulation of salts is a dry chinate with insufficient 
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drainage. There is also a movement of soluble salts in the air where 

they exist as very fine dust derived from playas or sea spray. The 

air borne salts are washed down by rains and accumulate in the soil. 

It is probable that this wind carried salts being responsible for the 

salinity of soils in certain areas. In some areas the alkali is 

definitely residual, resulting froni the evaporation of inland bodies 

of water due to change in chinato. 

Soils containing injurious quantities of alkali are found on 

every continent. These soils do not occur in ahi parts of the con- 

tinents, the distribution being confined to areas whore conditions 

are favorable to their formation. According to B.ilgard (25) and 

Harris (28) practically all countries receiving a low annual rainfall 

have sii alkali problem to a lesser 

to this subject como from the Central Europe, Africa, Asia, Australia 

and particularly America. The soluble materials normally accumulate 

in the soil in a layer at a distance below the surface, depending on 

the annual rainfall and the permeability of the soil. 

Nature of Alkali 

Any soluble salt that is present in the soil in quantity 

sufficient to injure crops may be called alkali. Hilgard (25) dis- 

tinguished two types of alkali: (a) "white alkali," which includes 

one or xire of such salts as sodium chloride, sodium sulfate, sodium 

nitrate, magnesium sulfato, magnesium chloride, calcium chloride, etc.; 

(b) "black alkali" which oonsjst of sodium carbonato. Black alkali 
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is more destructive to plants than white alkali. 

Evolution and Classification of Alkali Soils 

According to Gedroiz (13 , 16 ) the outstanding features of alkali 

soils are either a relatively high content of soluble salts or the 

presence of much sodium in exchangeable form. The alkali soils, as a 

group, may be more definitely distinguished from other groups by con- 

sidering both of these properties. The alkali soils iioh do not 

carry much more than a normal amount of soluble salts carry a larger 

amount of exchangeable sodium and vice versa. 

Gliika (17) classifies the whole of "alkali" soils into three 

following subgroups: (a) Solonohak, (b) Solonetz, and (o) Soloti. 

According -to Gedroiz (13) these three subgroups represent three 

consecutive stages of the process which may be called the "evolution 

of the alkali soil." 

Such an evolution consists of three consecutive transformations. 

Salinization, which transforms an original soil into Solonohak; 

Solonization, transforming Solorichak into Solonetz; and Solotization, 

which brings the Solonetz to the final product of the evolution-- 

So loth. 

Nikiforoff (46) has worked ou-t these processes into the follow- 

ing diagrammatic sketch: 



Soil Typo 

1. Neutral Soil-- 

High exchange oapaoity, 

saturated by divaleut cations, 

colloidal complex in a 

flocculated state. 

2. Solonohak-- 

High content of soluble 

salts, Ca and Mg partly substi- 

tuted by Na and K. Colloidal 

complex is protected by soluble 

cation from deflocoulation. 

3. Solonetz-- 

Exchange complex is largely 

saturated by Na and K, colloidal 

complex in deflocculated state, 

soluble salts washed out. 

Columnar structure usually in B 

horizon. 

4. Soloth (or solodi)- 

Exchange capacity reduced 

exchange cations partly substi- 

tuted by H-ions. Colloidal 

complex is markedly destroyed. 

Process Involved 

1. Salinization-- 

Accumulation of soluble 

salts, competition between 

divalent and monovalent cations. 

2. Solonization-- 

Desalinization, increased 

influence of monovalent exchange- 

able cation or the physical 

properties of soil-alicalinization. 

3. Solotization- 

Hydrolysis , disintegration 

of the colloidal complex, with 

washing out of the products of 

"disintegration. " Substitution 

of H for other cations. 

4. Reconstruction-- 
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The term "solonizationtt means the modification of the soi]. 

into Solonetz. This consists of an increase of alkalinity which is 

an immediate result of desalinization. Alkalinization and desalini- 

zation do not follow one &mother, but occur contemporaneously, while 

salinization, solonization and solotization actually represent 

distinct periods in the course of evolution. Between each pair of 

the principal types as stated by Gedroiz (13) it is possible to 

separate one or more intermediate subtypes. Particularly between 

Solonehak and Solonetz there may be distinguished at least two of 

these, such as "Solonets-Solonohak" and "Soloncbak-Solonetz," but 

there are only three principal types, all the rest being more or 

less subordinate. 

Alkali Indicators 

The native vegetation is one of the best indicators of the 

presence of alkali salts. Certain plants in arid regions are 

seldom found except when the soil contains alkali salts. Harris 

(28) states that there are at least 197 speolos natives of Cali- 

fornia which are restricted to alkali soils. Some of these grow 

only when some particular salt is present and others do well in the 

presence of any of the alkali salts. In any arid region some plants 

may be found which indicate extremely large qyantities of salts. 

Such plants are usually found alone. They indicate that so m.toh 

alkali is present in the soil that agriculture without reclamation 

is worthless. 



According to Hilgard (25), Harris (28), and Kearney (33) crop 

plants may be grouped as follows: 

(a) Senaitive plants--maize, ieat, yowig lucerne, bur 

o].overs, peaches, oranges, prunes, oto. 

(b) Resistant plants-oats, barley, Kafir corn, sorghtm, 

boats, etc. 

(o) Very resistant crops--saitbush (a triplex confertifolia) 

date palms, couch grass, oto. 

Native vegetation, coupled with the chemical analysis, make 

an excellent combination in determining the degree of contamination 

of saline land. In using nativo vegetation to indicate the salinity 

of a soil, it is essential to consider some important soil factors 

before judgment could be given. 

Nature Alkali ju 
.2. 

Plants 

Many of the general effects of excessive quantities of soluble 

salts in the soil are well known, as has been reported by Hilgard (25), 

Harris (28) and many others. Soluble salts may cause injury to crop 

by preventing them from absorbing moisture; by direct corrosive action; 

by toxicity due to excess of salts or its ions, or the product of 

hydrolysis; by inhibiting biological activities; by their effect upon 

germination and by rendering an abnormal physical condition in the soil. 

Plants absorb water through the roots. If the concentration of soil 

solution is higher than the cell sap, the water will tend to pasa from 



the root to the soil. The result is plasmolyeis or the death of 

root cells and later the death of plants. Seeds planted in strong 

saliiie soils fail to germinate. Very often the seeds will geriithate 

in saline soils but the young seedlings are killed by the high con- 

centration of soil solution. In general the older plants are much 

more resistant than the young seedlings. Plants growing on alkali 

soil have the characteristic appearance similar to those found under 

desert conditions. They lack that bright green appearance of vigorous 

and healthy growth. 

Reclamation of Saline Soils 

The reclamation of natural saline soils chiefly depends upon 

either the removal of soluble salts or the conversion of sodium-clays 

into calcium-clays or both. The first nphasis In the reclamation 

of saline soils was on drainage and leaching out of the salts from 

the soils, Dorsey (9) reports the removal of 88 per cent of the 

soluble salts from the soil four feet deep, with the application of 

ton acre feet of water during a period of three years. This method 

bas been used for a long period of time and in some instances 

produced satisfactorily. 

Reclamation by later investigators with drainage and leaching 

often proved unsucoessfctl until chemical treatment was applied. 

Gedroiz (14, 15) was the pioneer vorker to seek the reason for the 

so-called "freezing-up" of leached saline soils. He contributed 

our present owledge of the base absorbing complex of the soil. 
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Scofield (52) has suggested a means of preventing the "freezing up" 

of saline soils when the soluble salts content is reduced by leach- 

ing. The application of largo amounts of alum is very effective. 

In a latter contribution (50) he states that the injurious effects 

are due to the Na-ions and not the CO3-ions in alkali soils. 

Reclamation must bring about a readjustment of the amount of sodium 

in comparison vith the other bases on the exchange complex. 

Most investigators agree that soil alkalinity is a phexomenon 

originating in the base exchange complex of the soil. With soils 

having a relatively high percentage of sodium, leaching alone is not 

satisfactory. The use of chemical substances such as gypsum, 

sulfur, alum, etc. acompamied by leaching is very successful in 

the reclamation of alkaline soils. Sulfur was perhaps fir8t used 

on alkali soils by the Oregon Agricultural Experiment Station in 

Kiamath Basin in 1917 (45). Lipinan (41) in his experiments on 

sulfofication suggested elemental sulfur as an effective measure of 

alkali land reclamation. Hubbard (27) published data which support 

the work of Lipman. 

Johnston and Powers (32) conclude that leaching, drainage and 

chnical treatnients are essential in reclaiming saline soils. They 

used gypsum, sulfur , alum and manure in various amounts and in all 

cases satisfactory results were obtained. In a later report Powers 

(47) states that sulfur is the most feasible and successful singlo 

chemical elament in reclaiming calcareous yet alkaline soils. 
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Fifteen hundred to three thousand pounds of sulfur were required 

per acre, but smaller quantities proved effective if used in oontbi- 

ration with manure. Sulfur and gypsum were more effective when used 

in combination. 

Kelley and Brown (36,37) state that a successful reclamation 

requires not only the reval of soluble salts, but the displacement 

of at least a major part of the replaceable sodium from the exchange 

complex. Kelley and Thomas (34) and Kelley and Arany (35) have shown 

that saline soils can be greatly inproved by the use of gypsum, 

sulfur, iron sulfate, or alum provided they are applied in sufficient 

amount. The effect of gypsum is prinarily due to its soluble calcium 

while others are effective because of the hydrogen ions formed which 

result in acids and bring calcium into solution. As a result the 

sodium content of the exchange complex decreases and calcium increases 

which makes the soils more favorable for plant grovth. 

Breazeale and Burgess (42) have stated that the application of 

gypsum, in many cases, is the only means for the reclamation of 

alkaline soils. They state that gypsum reacts with sodium carbonate 

and roves the source of sodium hydroxide. 

Scofield and Headly (51) report that soil may become saline 

by irrigating with water containing sodium salts. Irrigation water 

used in reclamation should contain more calcium and magnesium than 

sodium. Eaton (11,12) also emphasized the quality of water as an 

important factor in saline soils. 
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The essential features emphasized by various investigators 

concerning the reclamation of a saline soil may be summarized as 

follows: 

(1) Establish a deep and adequate drainage. 

(2) Determine the amount of soluble salts and calcium salts 

present. 

(3) Determine the amount of replaceable bases and the propor- 

tion of dl-valent and mozic-valent oations on the base 

exchange capacity of the soil complex. 

(4) Determine the supply, reaction, and composition of the 

irrigation water, making sure that the water used is of 

good quality. 

(5) Determine the chemical treatments and the estinated 

amounts which must be applied to the soil, by means of a 

titration curve. 

(6) Determine the climatic economic factors as to feasibility 

of reclamation. 

Toxic Linits of Salimitj 

The question often arises as to how much salt the soil may 

contain without causing injury to crops. It is very difficult to 

answer this question precisely for the reason that conditions other 

than the amount of salt greatly modify its effect. Numerous attempts 

have been made to determine the approximate quantity of the various 

salts which may be present in soils without being detrinental to 
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plants. Sonie of these results were confined directly to field 

observations, some to laboratory conditions, and others to water- 

oulture experiinents. There are certain advantages and disadvantages 

to all of these methods. Under a particular set of conditions the 

conclusion arrived at may be entirely correct; while under another 

set of conditions the results may be misleading. 

The linjts of tolerance for sodium carbonate, sodium chloride, 

and sodium sulfate, as reported by Hilgard (25) are, 0.1-0.25 per 

cent, 0.2-0.5 per cent and 0.5-1.0 por cent respectively. The 

results of Hibbard (27) show that much smaller amounts may be very 

injurious in some cases, and larger siounts niay cause little effect 

in other oases. Harris (28) states that more than 0.5 per cent 

soluble salts, where larger parts are chlorides, nitrates, and 

carbonates, and one per oerrt where sulfatos predominate are unsuita- 

ble for crop production without reclamation. 

Banoroft in his studies with beans found the following con- 

centration of salts killed the plants (6) Magnesium chloride, 

2640 parts per million; sodium carbonate, 2710 parts per million; 

sodium nitrate, 3700 parts per million; sodium chloride, 5660 parts 

por million; sodium sulfate, 6810 parts per million; and sodium 

bicarbonate, 12,300 parts per million. His results indicate 

magnesium chloride is the most toxic and sodium bicarbonate is the 

least toxic. This agrees with the results of Breazeale (2), who 

places magnesium chloride the most toxic iiong the salts occurring 

in alkali soil. 
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Breazeale (1) holds that toxicity of an alkali salts is a 

function of both the molecules and of the ions. In either case 

such toxicity iay be determined by the units of tine the plants 

have cone in contact with alkali in that form during their age of 

adaptation. Re also states that the Unit of endurance of a plant 

for an alkali is based on the composition of the soil solution at 

the wilting point of the plant ami not upon the percentage of dry 

soil. This would necessitate giving the wilting points. (hi the 

other hand, Kearney (33) believes that salines can be classified 

only on the basis of the percentages of salts referred to the dry 

weight of the soil. 

The effect of various salts upon the germination of seeds was 

well reviewed by Elilgard (25) and Harris (28). The Wyoming Agri- 

cultural Experinent Station (5), working with wheat, demonstrated 

that salts prevent the absorption of water by seeds so that germina- 

tian is markedly retarded. The results of many other investigators 

indicato that at the higherconcentration of salts germination is 

decidedly inhibited, but that smaller concentration of salts aids 

germination. 

The Tolerance of Various Crops for Salts 

Work dealing with the salt tolerance of certain plants has 

been carried on in many parts of the world where alkali reclamation 

has become a problem in agriculture. Hibbard (26) reports that the 

capacity of axr plants to endure alkali varies with the physical 
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character of soil, whether sand, clay, loam or peat; with the kind, 

amount and character of the alkali; with the fertility of the soil; 

with the moisture supply; with the climate; with the crops and other 

modifying factors. Obviously it is impossible to indicate the 

precise tolerance of any plant, except for a given condition. 

In an interesting article Breazeale (2) maintains that the salt 

tolerance of plants is largely a matter of adaptation. Throughout 

the ages certain plants become adapted to the conditions of their 

envirornnent. Thus saitbush ( Atriplex confertirolia) became adapted 

to the condition of low rainfall and high salinity. The marine 

plants flourish best in sea water. Wheat grows best in soil con- 

tainhug relatively small amounts of soluble salts. The characteristïc 

behavior and responses to the external forces of the various plants 

under various conditions may be attributed to their physiological 

differences. Plants adapted to conditions of high salinity usually 

develop a mechanism for lowering the rate of transpiration or loss of 

water through the leaves. re (10) found higher suberin content on 

roots of salt tolerant plants. 

The true criterion of tolerance of a plant for alkali as stated 

by Neidig and Iagnuson (44) is the capacity of that plant to grow to 

maturity and produce good yields , and not merely to germinate axd grow 

for a short tine and die. This statement is true in both laboratory 

and field. It emphasizes the study of tolerance purely in a practi- 

cal way. Some investigators, however, have based their results only 

on germination and a short period of growth. This may be of value 
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for the specific purpose of investigation, but may be misleading 

otherwise. 

Eaton (12) states that some crops are known to be moro tolerant 

to salts than others, and that plants will withstand higher salt 

concentration in cooler and more moist regions than in the hotter 

and drier regions. 

Kearney (33) reports that practically all useful plants are 

sensitive to sodium carbonate; and none of the important field crop 

plants can be profitably grown where the quantity of "white alkali" 

or neutral salts exceeds one por cent. Only a few of the most 

resistant may give good yields when the quantity of soluble salts 

exceeds 0.5 per cent. ±e classified salinity into seven grades 

depending on the per cent of salts. His recomraendations for the 

growing of crops is based on the various grades of salinity he 

designated. Such classification is most closely applicable where 

sulfates are dominant, and will not hold true at all where sodium 

chloride or sodium carbonate, especially the latter, are present in. 

appreciable quantity. Moreover, any classification of crops on the 

basis of their salt tolerance can be applied only in a very general 

way, owing to the varying nature of the conditions which determine 

the effect of salts in any particular soil or locality. 

hibbard (26) states that among the cultivated plants, grasses 

are more resistant to salts than other crops, though blue grass 

(Poa pratensis) and few others are rather sensitive. Bermuda grass 

(Cynadon. dactylon) and Phodes grass (Chions gayana) are exceptionally 
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tolerant to sodiwi carbonate. This in agreement with the conclusion 

drawn by Harris (29). 

Zobell and Stewart (54) have shovn that asparagus made satis- 

factory in soils containing about 10,000 parts per million of sodium 

sulfate. Barley and oats appeared to be the most tolerant among the 

cereals. Among the legumes, sweet clover vas more tolerant than 

alfalfa. 

As a general rule forage crops have proved more satisfactory 

in alkaline soil than most cultivated crops. Silice quantity is the 

chief object in forage, the crop serves its purpose when a good yield 

is obtained. Quality in fruit, vegetables, sugar, and grain crops 

is so impaired by alkali salts that the product obtained may be 

practically worthless. 

The leguminous plants as pointed by Hibbard (26) are rather 

sensitive to sodium carbonate. iilgard (25) states timt the 

presence of salts in quantities as small as 200 or 300 parts per 

million is generally harin±\il to legumes. Alfalfa and sweet clover, 

especially the latter, are generally recommended as being resistant 

to alkali, while beans and peas are easily injured. 

It has been reported (26,29) that alfalfa sometimes fails to 

give satisfactory results on saline land because ït is rather sensi- 

tive iii the seedling stage. Once the seedling has been well estab- 

lished the plant Will endure more salts. Hilgard (25) places the 

limit for unaffected growth at about 1650 parts per million of total 

salts, about 300 parts per million of sodium carbonato or about 1390 



parbs per million of sodiuiu sulfate. Kearney (33) places the highest 

amount for successful growth at 4000 parts per million of white 

alkali. Means and Gardner (43) state that 4000 parts per million of 

white alkali will oause a sickly growth of the young plant. Alfalfa 

is very sensitive to sodium carbonate in the seedling stage. 

According to the various authors, the limits for an old stand 

of alfalfa range between 2000 and 7100 parts per million of total 

salts, the lower limit being for the sandy soil of low buffer valuo. 

With sodium carbonate the limits vary between 300 and 900 parts per 

million. Where the salt was mostly sodium chloride, the variation 

designated by various authorities ranges from 200 parts per million 

on a sandy soil to 7100 parts per million on a loam soil well supplied 

with moisture. 

Sweet clover is widely recommended for alkali land. It is as 

resistant as alfalfa and sometimos preferred. Coo (7) states that 

it will withstand so much sodium carbonate that salt grass (Distiohlis 

spicata) is the only other crop that can compete. It succeeds 

better than alfalfa on alkali soils which are water-logged or have 

shallow water-table. 

The literature on the subject of salt tolerance reveals that 

the studies may be grouped into two categories, (a) the amount of 

various salts added, and (b) the amount of salt recoverable in the 

water extract of the soil. The early investigators based their 

studies on the addition of various salts to the soil with the assump- 

tion that the added amount represented the concentration actually 
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affecting the plants. In later studies the results indicate that 

only part of the added salts was recovered in water extract, hence 

the tolerance to total salts was not the saine as was concluded fron 

salt addition. 

Head].y, Curtis and Scofield (31) have found that sodium 

carbormte added to the soïl and allowed to remain several weeks is 

only partly recovered from the water extract of the soil. The mit 

of tolerance of crops to salt can be determined by the amount of 

salt recovered from the soil rather than by the quantity added. The 

proportion of recoverable salts which killed half of the vheat 

seedlings was for carbonates 0.04 per cent, chloride 0.16 per cent 

and sulfate 0.35 per cent. 

Harris and PittItISXi (30) have pointed out the discrepanoy between 

the amount of added alkali salts and that recovered in the water 

extract after such additions. They also found greater injury to 

plants grown in sand than to those grown in a loam soil after each 

received the same amount of sodium carbonate. 

Neidig and Magnuson (44,45) in their extensive alkali tolerance 

studies in Idaho soils have reached a similar conclusion. 

Effect 2: Various Salts on Bacteriological Activities 

The reclamation of natural saline soils and the salt tolerance 

studies of plants have led sozne investigators to the study of the 

effects of soluble salts on bacteriological activities in soils. 



Rather extensivo investigations have been nade in this phase of the 

problem. The work of Lipman (40) was the first to show effects of 

salts on bacterial activities, He found that sodium chloride was 

toxic to ainmonification by 13. subtilis, and that this toxicity was 

reduced by the addition of magnesium or potassium chloride. He later 

(39) studied the toxic effects of sodium chloride, sodium sulfate, 

and sodium carbonate on enmonia formation. Aminonjfioation in. soils 

was inhibited by the presence of various amounts of each of the salts 

used. The chloride was found to be the most toxic, the sulfate less 

toxic and the carbonate, except at high concentration, was only 

slightly toxic. The carbonate was found to stinulato in concentra- 

tien as high as 1.0 per cent, while 0.2 per cent sodium sulfate, 

reduced ainmonification nearly one-half, and 0.2 per cent sodium 

chloride reduced ammonification about two-thirds. In a later con- 

tribution (38) he observed a less harmf\il effect of these salts on 

ammonia formation, when used in the presence of one another than 

vthen used alone. Sodium carbonate and sodium chloride, together, 

were less toxic to ainmonification than sodium carbonate alone or 

sodium chloride alone. The same action was noted for all combina- 

tions of salts tested. The cause of such differences has been 

attributed to antagonistic action between the salts. 

The work of Brown and Hitchcock (4) shows that nitrification 

in normal soil is stimulated by small amounts of sodium chloride, 

sodium sulfate, magnesium sulfate, and a large amount of calcium 

carbonate. In alkali soils sodium bicarbonato and sodium carbonate 
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become toxic at 0.3 per cent and oaloiuin carbonate at 6 per cent. 

The experiments of GreaTes (24) indicate that the effect of 

sodium carbonate, sulfate and ohioride on ainmonification in a sa4r 

soil was more pronounced than in 1oau soil. Sodiwi chloride stiimi- 

lateci amonification in concentration as high as 0.0018 per cent, 

but was toxic at higher concentrations. The sulfate was used in 

concentrations ranging from 0.0011 to 1,55 per cent, and was toxic 

throughout. The carbozmte stimulated in concentrations of 0.00083 

to 0.532 per cent; concentrations of 0.637por cent and above were 

found toxic. In later contribution (23) he found that the relative 

toxicity of various salts to nitrification decreased as the anount 

of moisture increased. 

Brown and Johnson (3) found that 0.6 per cent of calcium 

carbonate was highly stimulating to emmonifiers, while 0.2 per cent 

of sodium carbonate, 0.]. per cent of sodium bicarbonate and 0.5 

per cent of sodium sulfate inhibited anmonifieation. 

Gibbs (18,19,20) and his co-workers have made a detailed study 

of the effects of various soluble salts on bacteriological activities 

in soils , during two successive crops of wheat in pot culture. iefr 

results aro based on the perceirtage recovery of the added salts. 

Sodium carbonate was found to stimulate ammonification and nitrifica- 

tiori, but was decidedly toxic to plant during the first period of 

growth. In the later period both sininonification and nitrification 

were stimulated at the concentration used, while crop yields showed 
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stimulation only at the two lowest concentrations. There was no 

crop yield at a concentration of 0.319 per cent of recoverable 
water- 

soluble salt, while at 0.202 per cent the yield was greatly 
reduced. 

Sodium chloride in the first was toxic to ammonia formation 
and 

slightly toxic to nitrate formation. Only the highest concentration, 

0.288 per cent, was toxic to plant growth. Th..ring the second period 

the salt was slightly toxic to onification and nitrification, but 

stimulated plant growth. Sodium sulfate during the first period 

was toxic to ainmonification but had little or no effect to 
nitrifica- 

tion or crop yields. In the second period it was slightly toxic to 

nitrifiers and amnionifiers but stimulated plant growth. 

Greaves (22) states that small quantities of salts, when 

added to a soil, increase the bacterial activities of that soil. 

This is indicated by au increased production of amiionia, nitrates 

and soluble nitrogen fixation. There was a close relation between 

the toxicity of the various salts and the osmotic pressure produced 

in the soil, thus showing that toxicity is partly due to osmotic 

disturbance. The change in chemical composition of protoplasm is 

suggested as another factor which prevents the bacteria from per- 

forming their normal functions. In a later coiftribution (21) the 

azofiers were reported more resistant to alkali and other salts 

than annuon.ifiers, nitrifiers and most higher plants. The common 

soil alkali before retarding nitrogen fixation would have to be 

present in quantities sufficient to greatly retard animonification, 

nitrification and plant growth. 
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EXPERIMENTAL WORK 

A Water Culture Method 

For tolerance studies a series of preliminary sea-water cul- 

tures experiments were conducted in the fall of 1935. The sea-water 

was used with the assumption that it would provide a uniform mixture 

of the various soluble salts that may be present in saline soils. 

A conductivity test of sea-water was made to determine total concen- 

tration and portions were diluted to the various desired strongthe. 

In addition sodium chloride and sodium carbonate culture solutions 

were also employed. Two-gallon jars were used in all oases. The 

seeds were germinated in a quartz sand and after reaehin a desired 

height, the seedlings were tra.nplanted. Each jar was provided 

with the same number of seedlings. With each series duplicate jars 

with so-called 'coxap1ete8 nutrient solutions, having total osmatic 

concentrations equal to one atmosphere were used as chocks. The 

other jars received nutrient solution diluted ten times. In two 

oases two sets of the sane concentrations of the solution culture 

plus checks were prepared. One set was placed in the cold house 

and the other along with the other series in the warm house. The 

difference in the temperatures of the two houses wore approximately 

150 F. The plants were allowed to grow until two crops were 

secured. Particular attention has been given to maintain a constant 

PH in all jars throughout the experiments . A very dilute solution 

of iron tartrate was added to supply the deficiency of iron as 

observed by the appearance of plants. The various dilutions of sea- 
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water and concentration of each salt culture are shown in tables 

under the experimental results. 

In connection with the water culture experiments, a eontant- 

flow apparatus was built, using sea water at various dilutions. 

Strawberry clover seedlings were used as indicator plants. Possi- 

bilities of contamination and algae growth have been prevented in 

every possible way. The apparatus was adjusted to deliver a flow 

of approximately two liters of the solutions from the stock bottles 

to the receiving jars per day. An outlet has been arranged to 

receive the waste. 

Sand Culture 

A series of germination tests in sand culture using sea water 

at various dilutions were made in different ranges of temperatures. 

A germination bath was built with a thermostat in it, so as to 

maintain the desired temperatures. Every precaution was made to 

keep the temperature constant during the germition period. Three 

ranges of temperatures were chosen for these tests and strawberry 

clover and alfalfa seeds were used. 

Soil Culture 

In June, 1936, supplies of surface soil were secured from plats 

i , B and adjacent native alkaline land at the Vale alkali experimental 

field. Another lot sample was obtained from near Klaniath Falls. T1se 

soils were brought into the greenhouse, mixed thoroughly and weighed 

quantities were placed in one-gallon jars. All jars received the 
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sanze quantity of soil. Duplicate jars of each series were treated 

with chemicals. Also two check jars were provided for each series, 

which received xo treatments. Sufficient water applied to maintain 

the moisture content of the soil in the jars at approxiinately 15 

to 20 per cent. After three days, strawberry clover seeds were 

planted and allowed to grow. 

The soil culture experinents were repeated in the fall of 

1936. At this tine more surface soils troia plots A, B and nativo 

alkaline land at the Vale alkali experimental field were brought 

into the greenhouse. The experiments were arraiged into three sets 

of four series each. Each series consists of ten jars with various 

treatments, including two check jars which received ro treatment. 

The treatments for various series were the some. Care has boon 

taken to maintain the moisture content of the various jars the same 

throughout the experinonts. The jars of each series were seeded 

with various legumes. The details of the different treatments and 

various crops employed are shown in tables under experinental results. 

Chemical Analysis 

The soils that were used in the greenhouse for pot culture 

experiments were sampled in the field by horizons O to 5, 5 to 20, 

and 20 to 40 inches in depth. These samples were brought into the 

laboratory and subjected to chemical analysis. Determinations of 

base exchange capacity, replaceable bases, water soluble salts, 

organic matter, available nutrients and pli were made. 
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Biological Studies 

In connection with the greenhouse experbnents and the chemical 

analysis of the soil saiDples, another series of experiments were 

carried on conoerming the biological activities of the alkaline soils. 

Two soil samples were brought from Vale alkali experimental field. 

One sample was taken from plot N, which is partially reclaimed 

alkaline laud. The other veas from the native alkali land. Those 

samples were brought into the laboratory, mixed thoroughly, passed 

through a two-millimeter screen and one kilogran portion of water 

free soil placed in two-liter bottles. The samples were treated 

with various materials and water was added to 60 por cent saturation. 

Saturation capacity of the virgin soil amounted to 50 per cent and 

of the reclaimed soil, 78 per cent. The bottles were connected to 

the carbon dioxide absorption apparatus and incubated for a period 

of some 200 days at room temperature. The carbon dioxide elved 

was absorbed in a test tube containing approximately i N sodium 

hydroxide solution, The sodium hydroxide solution was renewed at 

intervals and the absorbed carbon dioxide titrated With 10 Th. 

normal acid, using the double titration method with phenolphthalein 

and broia purple blue as indicators. Carbon dioxide evol'ved was cal- 

culated and reported in terns of milligrsuiis of carbon. 

The soils in the bottisa were sampled at the end of 100-dai 

intervals for determinations of oounbs of microorganïsms, soluble 

salts, and pli. Since the total carbon dioxide evolved represents 

changes in carbonates as well as organic matter, biological carbon 
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evolved as carbon dioxide from organic matter decomposition was 

calculated by subtracting changes in soluble carbonates from total 

carbon dioxide evolved. 

Kilogram portions of Willaanette silty clay loan taken from 

West College Farm in Corvallis were variously treated with salts, 

straw and nitrate. They were placed in the soil respiration appa- 

ratus. Carbon dioxide production was followed for a period of some 

lOu days, after which the samples were analyzea. for soluble salts, 

pli and microorganisme. 
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EERITAL RESULTS 

In an attempt to determine the tolerance of various forage 

crops for saline salts, a series of water culture expernents wore 

carried on. In some oases sea water was used to provide the salts, 

while in other cases single salt solutions of sodium chloride, 

sodium carbonate and sodium sulfate were employed. The average 

salt content of sea water tested was 3.06 per cent or 30,600 parts 

per millïon. In addition sand culture experinents for germination 

trials and soil culture oxperinents with and without treatments were 

also conducted. Determinations of soluble salts, reaction, replace- 

able bases, total nitrogen, and organic matter of the samples of the 

soils used in greenhouse were made. 

Water Culture Experiints Distichlis (Salt Grass) 

In Table I are presented the data secured by growing salt grass 

in various concentrations of sea water. The table also shows very 

distinctly the differences in the results obtained under the tvo sets 

of conditions. Under each condition a significant difference in the 

total weight of dry matter of the crop will be noticed in the various 

concentrations of sea water used. It will be very interesting to note 

that in. the cold-house the total weight of dry matter obtained in 

the highest concentration of sea water is more than three tines as 

much as that in the warm-house. In other words, the most toxic 

concentration in the warm-house exerted much less toxic effect in the 

cold-house. 



TABLE I TOLERANCE OF SALT GRASS FOR SEA WATER 

- . - Weight of dr Weight of dry : 

; matter, average t matter, average 2 

2 of 2 cultures Z of 2 oultures 2 

:(firat cutting) 2 (second cutting) 2 Total weight 

Coneentration of 2 Cold- s Warm- s Cold- z Warm- z Cold- 2 Warm- 

sea water : house z house z house : house i house : house 

gins gins gins gins gins gins 

Complete nutrient solution 47.0 21.2 49.0 25.3 96.0 46.5 

306 p.pm. plus dilute nutrient solution 14.4 8.3 21.2 12.5 35.6 20.9 

612 p.p.m. ft ft lt 14.3 7.7 20.0 11.1 24.3 18.9 

1224 p.p.in. ft tI It 12.7 7.7 13.1 9.5 25.8 17.2 

2448 p.p_ U 11.3 3.4 10.5 3.6 21.8 7.0 

(0 
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The data, under the conditions, will indicate the 
critical 

concentration of saline salts for salt grass, which in this case is 

2,448 parts per million of total salts. 

In another series of water culture experlinents the tolerance 

of salt grass for sodiuxi chloride, sodium carbonate and sodiuni 

sulfate was tried. The results are well shown in Tables II, III, 

and IV inclusive. It is obvious that among the salts used sodium 

carbonate exerted the most toxic effect, sodium chloride less 
toxic 

and sodium sulfate the least toxic. A reduction of the dry natter 

produced occurred iii all concentrations of the various salts used as 

compared to those o± checks. At the lowest concentration this 

reduction is for sodium chlorïde, 69 per cent; for sodiuia carbonate, 

50 per cent; and for sodium sulfate, 12 per cent. At highest con- 

centration the decrease is for sodium chloride, 86 per cent; for 

sodium carbonate, 99 per cent; and for sodium sulfates 85 
per ceiTt. 

The chloride at the lowest concentration showed more toxic effect 

than both carbonate and sulfate. The effects of chloride and sulfate 

at the highest concentration are practically the sane. 

The results presented above indicate very distinctly that salt 

grass, a typical alkali plant, reacts differently with various 

soluble salts and concentrations of each salt. 

The data show that it will withstand a considerable quantity 

of neutral salts, but is rather sensitive to sodium carbonate. 
Harris 

(28) reports that salt grass will withstand as much as 24,000 parts 

per million of total salts in the soil. 



TABLE I TOLERANCE OF SALT GRASS FOR SODIUM OHLORHE 
Weight of dry t Weight of dry t 

Concentration of t matter, average matter, average t 

sodiuii,. chloride s of 2 cultures s of 2 cultures t 

solution (first outting)* t (second cutting) z Total weight 

s 5 t 

gms. gnìs. gma. 

Complete nutrient solution 16.1 17.B 33.6 

350 p.p.m. plus dilute nutrient solution 4.8 5.8 10.6 

700 p.p.m. " " H 3.6 5.0 8.6 

1400 p.p.in. " " " 9 1.9 3.7 5.6 

2800 " 
9 9 1.9 2.3 4.5 

* Une-gallon jars were used in this series of experinents. 

S.J 



TABLE III. TOLERANCE OF SALT GRASS FOR SODIUM CARBONATE 

s Weight of dry z Weight of dry z 

Concentration of * matter, average z matter, average z 

sodium carbonate z 2 cultures, z 2 cultures, z 

solution z (first cutting) z (second cutting) z Total weight 

gins. gins, gins. 

Complete nutrient solution 29.4 30.8 60.2 

350 p.p.m. plus dilute nutrient solution 14.7 16.3 31.0 

700 p.p.m. U ft it 4.2 5.5 9.7 

1400 p.p.m. fi u u 1.1 1.4 2.5 

2800 p.p.in. U 0.5 0.0 0.5 

t', 



TABLE IV. TOIERAiJCE OF SALT GRASS FOR SODIUM SULFATE 

z Weight of dry z Weight of dry 

Concentration of z matter, average z matter, average 

sodiun sulfate z 2 cultures, z 2 cultures, z 

solution z (first cutting) z (second cutting) z Total weight 

gins, gins. gins. 

Complete nutrient solution 30.6 31.3 61.9 

350 p.p.m. plus dilute nutrient solution 25.8 28.4 54.2 

700 p.p.m. " 18.2 19.3 37.5 

1400 p.p.m. " " " " 9.7 11.6 21.3 

2800 p.p.m. " 4.9 5.1 10.0 
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lie also states that the plant grew in the presence of 8,517 

parts per million of sodium carbonate, 4,398 parts per million of 

sodium chloride and 2,750 parts per million of sodium sulfate. These 

value-s, especially in the case of sodium carbonate, are very high. 

It is possible that under natural conditions this plant may endure 

and make a good growth in the presence of much higher total salts 

than what we found in our experiments. The thick growth of this 

plant in the tide-land near the coast, which is heavily saturated 

with sea water, will substantiate the fact On the other hand, our 

results indicato that the concentration of sodium carbonate at which 

the salt grass may tolerate is 700 parts per million. Further 

evidence to support the above statement is the fact that salt grass 

usually grows well in coast regions where there is little sodium 

carbonate. Lt may be possible that under field conditions this 

plant would do well at a higher concentration than our results 

indicate, but it seems unsafe to place the limit above about 1000 

parts per million of sodium carbonate. 

Another point of interest which may be nphasized is the 

effect of temperature upon the growth of salt grass in various con- 

centrations of sea water. As has been pointed out, an increase in 

the dry matter has resulted in the cold-house. Plate I Will 

dennstrate the differences in the growth of the ple.n under the two 

different conditions. iNhether such differences is duo to tiperature 

or some other factor will be discussed later. 
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Cold-liou3e 

J / 

%rm-hous s 

1. Check 4. 1224 p.p.m. of sea water 

2. 306 p.p.ni. of sea water 5. 2448 p.p.rn. of sea water 

3. 612 p.p.m. of sea water 

PLA.TE I SALT GRASS GROWING AT VARIOUS CONCETRAT IONS OF SEA WATER 
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Alfalfa (idioa&o saliva) 

Table V shows the result obtained at the various concentra- 

tions of sea miter using alfalfa as an indicator plant. In all 

concentrations there resulted a decrease in the dry matter as 

compared to that of the check. The reductions of the dry matter at 

the two lower concentrations are very slight and practically insig- 

nifioent. On the other hand, at the highest concentration a reduc- 

tian of approximately 60 per cent occurred, vthich is very significant. 

From this result it is safe to stato that i 400 parts per million 

of total salts, which in this case is in forni of sea water, is the 

critical concentration that alfalfa plant may tolerate for the 

conditi one. 

Table VI reports the tolerance of alfalfa for sodium chloride. 

Here again a difference of results obtained under the two sets of 

conditions that the experintents were conducted. At all concentra- 

tions of the salt used there was an increase in the total weight of 

dry matter in the cold-house as compared to the warm-house. Since 

in two different series of experiments with two different indloator 

plants higher yields were obtained in the cold-house, it is possible 

to state that temperature may have marked influence upon the toxicity 

of the salts. 



TABLE V. TOlERANCE OF ALFALFA FOR SEA WATER 

t Weight of dry : Weight of dry t 

matter, average t matter, average s 

2 cultures z 2 oultures, 

Concentration of sea water s (first outtin) t (second outtiig) z Total weight 

gins, gins, gins. 

Complete nutrient solution 

350 p.p.m. plus dilute ntthrient solution 

700 p.p.m. - 

tt ti ti ti 

13.4 18.3 31.7 

13.1 16.]. 29.2 

13.8 11.3 25.1 

1400 p.p.m. 
" fl li Ii 7.2 5.5 12.7 



TABLE VI. TQLERA10E UF ALFALFA FOR SOÀ)IUM LOEI 

Weight of dry Weight of dry 

matter, average matter, average 

2 cultures a 2 cultures 

Concentration of * (first cutting) (second cutting) a Total weight 

sodium chloride z Cold- Wenn- Cold- : Warm- z Cold- s Warm- 

solution s house : house * house a house z house a house 

gins gana gins gma. gins, gins. 

Complete nutrient solution 15.8 13.0 15.8 13.6 31.6 26.8 

350 p.p.m. plus dilute nutrient solution 13.5 11.9 14.7 11.1 28.2 23.0 

700 p.p.m. " " 11.8 8.4 13.4 10.6 25.2 19.0 

1400 p.p.m. 
" 4.0 2.6 8.9 5.7 12.9 8.3 

co 
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In two trials of alfalfa plants with sea water and a single 

salt solution of sodiun chloride, the results are very satisfactory. 

Although alfalfa is sensitive to salinity at seedling stage, it 

showed a fairly good growth at the various conoentrations of salts 

employed. Indications are th&t the plant grows better under cool 

and moist conditions. Under conditions of our investigations the 

limit of tolerance of alfalfa for sodium chloride was 1400 parts 

per million. It may withstand and make a good growbh in the 

presence of 2,800 parts por million of total salts in the soil 

under field conditions. 

Strawberr3r clover (Trifolium fregiforum) 

.mong the more promising, resistant legumes for alkali land 

is strawberry clover. Recently this legume has been included in 

field trials on the Oregon Agricultural Eperimont Stations and 

has shown hardiness either on alkaline or on distinctly acid soils. 

It was, therefore, chosen as one of the indicator crops for our salt 

tolerance investigations. The toleranoe of this plant for sea water at 

constant concentration is well shown in Table VII. The relative 

weight of dry- matter obtained at the various concentrations of sea 

water is much lowor than that of the check. The percentage redue- 

tion varies from less than 50 in the lowest concentration up to 90 

in the highest concentration. The toxicity is very marked in the 

last two concentrations. The critical concentration of salts which 

this plant may tolerate, under the condition of the experiments, is 

2800 parts per million of total salts. 



TABLI VII TOLERANCE OF STRAVBERRY CLOVER FOR SEA WATER AT CONSTAT CONCENTRATION 

: Weight of dry : Weight of dry 
: matter, average mattsr, average 

t 3 eulturos* 3 cultures 

- 
Concentration of sea water : (firstoutti) z (seoondeuttin) t Total weight 

gins. gma. gins. 

Complete nutrient solution 4.0 6.50 10.50 

700 p.p.tri. plus dilute nutrient solution 2.67 2.95 5.62 

1400 p.p.in. « " 
H 3.00 3,50 6.50 

2800 p.p.m. " " " 
It 1.00 2.10 3.10 

5600 p.p.in. " 'I 

U I 0.75 1.50 2.25 

11200 
It 11 II 0.50 0.50 1.00 

* only- fine 8oedlings were planted in each jar. 

o 
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Sinne under groexthouse conditions conte other factors might 

have been responsible for the reduction of the growth of this 

plant, it is possible that this plant may endure a much higher 

concentration. ore detailed discussion of this pla± Will be 

given later. 

Results with Sand Culturo Experiments 

In vater culture experiments with salt grass and alfalfa an 

increase in the total dry weight of both crops was procured in the 

cold-house. Front those results and with a difference of temperatures 

of only 15°F., it is assumed that temperature factor might have a 

dominant influenoe upon the germination and growth of plants under 

alkaline or saline conditions. To elucidate this assumption and 

to arrive at a definite conclusion, a series of germination teats 

were conducted, using sand cultures at three different temperatures. 

In order to obtain constant temperature for germination of the 

seeds , a temperature bath with a thermostat was provided. Strawberry 

olover and alfalfa seeds were selected for this investigation. The 

seeds were placed in the bath and allowed to germinate for a period 

of 17 days. Water added daily to keep the culturo moist for germina- 

tien. At the end of the period the seedlings were counted and 

percentages of germination were calculated. 

The effect of temperature upon. the germination of seeds at 

various concentrations of sea water is shown in Table VIII. Thïs 

effect is well illustrated in plates II and III, where the relation- 

ship is more apparent than in the table. 



TABLE Ø THE EFFECT OF TE?AERÂTURE ON GERMINATION OF SEELE 

AT VARIOUS CONCENTRATIONS OF SEA WATER 

: Stravberry clover z Alfalfa seeds 
Concentration : seeds germinated : germinated 

sea water : 55°F. s 70°F. : 90°F. s 55°F. : 70°F. : 90°F. __________.f 
per cent per cent per cent per cent per cent per cent 

No sea water 89.5 85.0 20.0 94.0 90.0 18.3 

700 p.p.ìn. of sea water 95.0 87.0 5.0 93.0 82.2 3.0 

1400 p.p.m. " " 
' 98.0 87.0 0.0 90.0 69.8 0.0 

2800 p.p.ni. " " 85.3 79.0 0.0 90.0 38.5 0.0 

5600 p.p.m. " 63.5 40.0 0.0 76.0 15.3 0.0 

11200 p.p.m. ____ " 47.7 0.0 0.0 0.0 

t'3 
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The effsct of temperature is very s-triking. There Is a rapid 

decrease in the percentage of germination with increase in tempera- 

turs and salt concentration. This decrease occurs very rapidly at 

high temperatures, but relatively slowly at low temperatures. At 

O°F. there was practically no germination of seeds in the various 

treated cultures, while at 550F. germination took place in all cases. 

The highest concentration of sea water which was toxic to germination 

at 70°F. resulted in a germination of strawberry clover seeds of 

47.7 per cent; and of alfalfa seeds of 38 per cent. The lower two 

concentrations of sea water were stiraulative to strawberry clover 

but slightly retarded the germination of alfalfa. 

In. comparing the two legumes, it will be noted that in general 

straborry clover seeds germinate more satisfactorily than. alfalfa 

seeds. The presence of 2,800 parts per million of total salts at 

ordinary normal growth temperature, a germination of 79 per cent 

resulted in strawberry clover seeds as compared to 38.5 per cent of 

alfalfa seeds. The data shows clearly that strawberry clover is 

much more resistant than alfalfa under alkaline conditions. It 

will germinate fairly well in. the presence of as high as 5,600 

pares per million of total salts. Under cool and moist conditions 

it may germinate in the presence of much higher salt concentrations. 

Results 
2.2. 

SOil Culture Investigations 

A series of soil culture experiments were conducted in the 

spring of 1936 using strawberry clover as indicator plants. Two 

soil sanpies were tried in these investigations, one of which was 
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brought from the Vale Exper5menta1 Field and the other was taken 

from Klamath Falls. Both soils are alkaline and loemy texture. 

The chemIstry and the initial reactions of these soils are presented 

in Tables XII, XIII and XIV-A inclusive. These soils have been 

treated with various materials before planting the seeds. The details 

of various treatments, the fumi soil reactions, and the results 

obtained are shown in Tables IX and X. Obviously the application 

of sulfur and sulÍ\r with maiiure resulted in a greater yield of dry 

matter obtained. This increase in the dry matter was higher in the 

second cutting of the crop than the first. The effect of sulfur 

in combination with manure as more pronounced than that of sulfur 

alone. The increase of dry matter due to the application of sulfur 

and sulfur with manure in the Yakima loam soils was moderate, while 

the effect was very marked on the Vale soil. In the Vale soil the 

total dry matter produced in the sulfur and manure treated culturo 

was approximately three times as much as that of the check, while 

on the Yakima soil the difference was only 3.75 grains. A similar 

result was secured when sulfur was used alone. These differences 

of the treated pots may be attributed to the response of the tw 

soils to the materials added. The data, also, shows that the plant 

in the pots which received no treatment, mnadea better growtth on the 

Yakima soils as compared to that of the Vale soil. Such difference 

may be related to the physical abnormality of the soils. The sodium 

chloride and sodium carbonate treatments were detrimental to the 

growth of plants lit both soils, although 1000 parts per million of 
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sodiui chloride caused a slight increase in the total dry weight of 

Vale soils. Proni these results it may be øonoluded that strawberry 

clover will make a better growth in alkaline, or saline soils, pro- 

vided the soil is well supplied with sulfur and manure accompanied 

by leaching. The action of sulfur is acidic in nature, which brings 

calcium into solution. Consequently, the exchangeable sodium 

decreases and exchangeable caloitim increases. The effects of manure 

are to harbor in the soils the desirable microorganism in order to 

speed up the biological activities and to supply the available 

nutrients. 



TABLE IX. TOLERANCE OF STRAWBERRY CLOVER IN AIXALINE YAKIMA LOAM POT CULTURE 

s Weight of dj : Weight of dry s 

matter, average matter, average s 

s 2 cultures, s 2 cultures, s Total dry s Final soil 

Treatment s (first cutting) s (second cutting) s weig s reaction 
gnis. gills. grns. pli 

No treabnent 5.50 6.00 11.50 8.63 

Sulfur - i T.* 6.00 7.00 13.00 7.61 

Sulfur - 1 T.; Manure - 20 T. 6.75 8.50 15.25 7.32 

NaC1 - 1000 p.p.m. 0.50 2.50 3.00 9.35 

NaC1 - 2000 p.p.m. 0.00 0.70 0.70 9.56 

Ia2CO3- 500 p.p.m. 0.00 1,20 1.20 9.48 

Na2CO3 - 1000 p.p.m. 0.00 0.40 0.40 9.79 

* Tons per 2,000,000 lbs. soils. 



TABLE X. TOLERANCE OF STRATYBERRY CLOVER IN LOAM SOIL FROM PlAT N - VALE EXPERIMENT FIELD 

z Weight of dry * Weight of dry 
matter, average t matter, average t t 

2 cultures z 2 cultures t Total dry z Final soil 
Treatment z (first cutting) z (second cutting) t weight reaction 

gma. gma. gras. pli 

No treatment 2.60 4.25 6.85 8.50 

Sulfur - i T.* 5.10 6.75 11.85 7.39 

Sulfur - i T.; Manure 20 T. 7.00 8.50 15.50 7.10 

NaC1 - 1000 p.p.m. 4.80 5.00 9.80 8.73 

Na2003- 500 p.p.m. 3.10 2.50 5.60 8.82 

* Tons per 2,000,000 lbs. soil. 



PL.ATE IV. THE EFFECT 

OF VARIOUS TREATNTS 

UPON THE GROWTH OF 

ALFALFA AND STRAWBERRY 

CLOVER IN VIRGIN 

ALKALINE SOILS FROM 

VALE, OREGON 

1. Check 

2. Sand - 200% 

3. Gypsum - 12 T. 

4. Su1fur - 2 T. 

5. Sulfur- 2T. 

Mgi-e - 20 T. 

(above) Sweet c].cvor 
(below) Strawberry clover 

C) 
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TABLE XI TITh RESPONSE OF VARIOUS LEGUMES IN AMALINE SOILS 

WITH OR WITHOUT TRETivENTS 

Dry weight: Dry weight: Dry weight: Dry weight 

2 : of : of : of : of 

alfalfa, : strawberl7; sweet ¡ Astragalu5 

average 2 : clover : clover : Rubii 

cul- : average 2 Average 2 : average 2 

Soil : Treatment tures : cultures : cultures : cultures 
gnis. gins . gins. gins. 

No treatment 0,25 2.25 1.40 0 
,j 

« r-t 

4 - 

- 
; , 

Sand 20O 3.35 3.98 3.70 0 

Gypsum 12 T.* 5.20 5.05 5.50 0 - 
rl 

1 r-1 r 
Sulftir 2 T. 5,50 5.87 6.95 0 

ft 
Sulfur 2 T. 7.90 8.86 12.90 4.10 

Manure20T. 

No treatment 6.00 6.70 6.35 0 

. 

rl 

. 
Sand 200% 6.30 7.15 6.20 0 

I ci4 

Gypsum 12 T. 6.40 8.15 6.90 0 

. 

- 

Sulfur 2 T. 6.70 8.10 6.40 1.25 

' 
Sulfur 2 T. 

Manure 20 T. 6.75 8.90 7.70 5.20 

No treatment 2.90 3.20 2.10 0 

'-4 

. Sand 20 3.30 3.67 3.15 0 

Gypsuml2 T. 95 5.00 3.40 0 

ç:i1 

Sulfur 2 T. 5.00 5.17 3.70 0 

r Sulfur 2T. 
Manure 20 T. 5.50 5.90 4.20 4.60 

* Tons per 2,000,000 lbs. soil. 
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The soil culture experiments were repeated in the fall of 

1936. A supply of surface soils from plats A, B and virgin 

alkaline soils ofthe Vale alkali experimental field were brought 

for this series of investigations. Four legume plants have been 

chosen and their tolerance to these alkaline soils with or with- 

out treatment were tried. The results secured in pot culture 

experiments are shown in Table XI. From the results obtained 

the following points are noted: 

(a) The degree of tolerance of various legumes used to 

alkaline soils 

(b) The progress of reclamation, by comparing the yields 

obtained from plat A soils to those of plat 

(o) The comparative value of the various materials 

applied 

The data shows that strawberry clover is more resistant to 

alkalinity and salinity than the other legumes employed. With 

the exception of only two cases in the treated pots, a greater 

yield of strawberry clover was obtained as compared to the 

others. 

In the check pots this increase in yields is very sig- 

nificant. The yield of stravberry clover in the check pots of 

the virgin soil was nine times as much as that of alfalfa and 

twice as much as sweet clover. The results obtained in these 

series of investigations substantiate the results of the water 

culture experiments previously described, indicating the 
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superiority of strawberry clover over other legumes under 

aLkaline conditions. 

Following strawberry clover, indications are that sweet 

clover tolerates niore salinity and alkalinity than alfalfa. In 

virgin soil swoet clover showed more resistant to alkaline soils 

than alfalfa, while in plat B the contrary is true. In plat Â 

soils the differences are slight. Astragalus rubli completely 

failed to grow in any of the soils, with the exception of the 

pots which have been treated with sulfur and manure. 

In general, it may be stated that of the various plants 

used strawberry clover is the most resistant legume for alkaline 

soils. Taking the virgin soil as an index of salt 

sweet clover follows very closely to strawberry clover in its 

tolerance to salinity or alkalinity. 

The yields obtained on plat A soils are much higher than 

those on plat B which is a check plat. These two plats have 

been treated in the field identically the same with the excep- 

tion of the sulfur and manure applied to plat A. Flat A soils 

produced good yields of alfalfa, sweet clover and strawberry 

clover, while the yields on plat B soils are very low and 

little different from those of virgin soil. This indicates 

clearly the progress of reclamation and that the alkaline soil 
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can be restored toward a normal fertile state by chemical 

treatments. There is a good correlation between the crop yields 

secured and the chemical analysis of soils. 

Of the rious materials applied, sulfur in combination 

with manure has been the most effective. In all cases the 

sulfur and manure treated pots gave the largest yields, even 

in case of Astragalus rubli vthich failed to grow in other treat- 

ments. This shows that in alkaline soils, rich in calcium 

carborate, sulfur is the most effective single element in the 

reclamation of alkaline soils. Sulfur, when applied in the 

soil, undergoes oxidation with the final formation of sulfuric 

acid. The ultimate result is the neutralization of alkaline 

conditions by converting the soluble carboimte into sulfate 

and bicarbonate or the sodium-clay into calcium-clay. Sulfur, 

when used with manure, is most effective, because manure supplies 

to the soils the desirable microorganism and available nutrients. 



HATh VIII 

Plat B Plat A 

VALE ALKALI EXPERIMENTAL FIELD 



PlATE V 

The Effect of Sulfur and 

Manure on the Growth of 

Various Legumes in 

Virgin Alkaline Soils, 

Vale, Oregon 

The Effect of Sulfur and 

Manure on the Growth of 

Various Legumes in Soils 

from Plat A, Vale, 

Oregon 

Alfalfa Sweet Clover Strawberry Clover Aspe rgillus 
Rubi i 

cil 

c,1 



PLATE VI 

Effect of Various 

Treatments on the Growth 

of Strawberry Clover in 

Soils from Plat A, Vale, 

Or.gon 

Effect of Various 

Treatment s on the Growth 

of Sweet Ciöver in. 

Virgin Alkaline Soil, 

Vale, Oregon 

Check Sand Gypsum T. 

200% 12T. 2T. Manuro-20T. 

01 



RESULTS ON ChEMICAL 
MALYSIS 

The soils that were 
used in the greenhouse 

were sampled in 
the 

field by horizons 0-5, 
5-20 and 20-40 inches 

depth. Determinations 

of replaceable bases, 
soluble salts, reactions, 

total nitrogen, 

organic matter, 
etc., were made. 

In addition the 
relationship of 

exchangeable sodium 
and exchangeable 

calcium were calculated 
and 

reported. The objects of this 
investigation are 

of two-fold: (a) 

to determine the 
extent of alkalinity 

or progress of 
reclamation and 

(b) to correlate the 
result with the general 

grovth of plants 
in 

such soils. 

Replaceable bases. 

The amount and kind 
of absorbed bases 

is one of the important 

properties indicating 
the extent of alkalinity 

or progress of 
recia- 

ination. Table XII shows the 
content of replaceable 

bases and the 

proportion of monovalent 
cation (Na) and 

divalent cations 
(Ca Mg) 

to the total exchange 
in all soil profiles. 

Plat A which was treated 

with sulfur and manure 
is now largely saturated 

with calcium, while 

plat B is still mostly 
saturated with sodium. 

The proportion of 

divalent cations 
throughout the 40-inch 

profile is much 
higher in 

plat A than that of 
plat 8. The replaceable 

sodium shows a reverse 

relationship, indicating 
little difference 

with the virgin soils. 

The exchange of calcium 
for sodium is most 

nearly complete in 
plat A 

which received both 
sulfur and manure. 

A similar relationship 
exists 

in plat N indicating 
that alkaline soils 

could be effectively 
reclaimed. 



TABLE XII REPLACEABLE BASES IN VALE ALKALI EXPERIMSNT PLATS, SAMPLED IN FALL 1936 

: : : Base ex- : : : : : Na as 

: : : change z Exchange : Exohange : Exchange : Ca as : parl of 

: : Depth t capacity : Ca Mg : Na t K t part of t exchange 

: : in i per t per : per : por : exchange s capaci- 

Plat s Treatment :inohes z 100 gmns z 100 raana z 100 grams z 100 grams t capacity 2 ty 
M.E. M.E. N.E. M.E. per cent per cent 

Virgin o - 5 24.25 2.48 20.26 151 10.23 83.13 

alkali 5 - 20 28.60 0.65 26.76 1.19 2.27 93.56 

soil 20 - 4O 22.61 2.05 19.60 0.96 9.06 86.68 

Manure - 10 T. O - 5 20.75 15.95 4.10 0.70 76.87 19.76 

6 yrs.- 60 T. 5 - 20 22.26 16.84 4.72 0.70 75.bb 21.20 

bulfur 40 20.78 3.02 0.39 85.90 12.49 

o - 5 27.49 4.75 21.09 1.65 17.28 76.72 

5 - 20 32.34 5.93 24.15 2.26 18.3t 77.77 

Plat B. Untreated 20 - 40 32.34 12.84 18.19 1.33. 39.69 56.25 

o - 5 12.94 9.78 2.73 0.43 75.50 21.10 

5 - 20 18.33 13.74 3.14 1.45 74.90 17.10 

Plat N* Sulfur 500 lbs.20-40 24.02 21.00 2.90 0.1687.50 12.50 

Yakiia loaxn** O - 6 19.94 5.80 12.51 1.63 29.10 62.74 

from 6 - 18 17.79 8,60 8.05 1.14 48.31 45.23 

Klainath Falls 18 - 28 17.25 8.33 7.98 0.94 48.28 46.51 

* Sanp1ed in April, 1936. 
** Sexapled in June, 1936. 
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The treated plats show good exchange capacity, although lower th&n 

those of check and virgin alkaline samples. The high content of 

replaceable sodiuni in virgin soils and ohecic plat will explain the 

high alkalinity of the soil. The Yakiiria loam soils front Kiamath 

Falls contain sufficient replaceable sodiunt to account for the un- 

productivity of the soil. 

Water Soluble Salts 

The amounts of soluble salts in the various horizons of 

different profiles are shown in Table XIII. There is a nmrked dif- 

ference between the check plat and treated plat. Check plat contains 

more than five times as much ter soluble salts in the surface layer 

as that in plat A. There is slight difference in the total salt 

content between the check plat and virgin soil. Plat N, although 

the salt content is much lamer as compared to the check plat, con- 

tains sufficient soluble salts to be a factor in. the abnoiinality of 

the soil. In both treated plats the alkaline carbonate have dis- 

appeared throughout the whole profile studied. There is little 

change in alkaline carbonate of check plat as coispared to the virgin 

soils. Sulfate and chloride are markedly diniinished in the treated 

plats. In almost every case both sulfate and chloride are conoen- 

trated in the 5-20 layer of the soil profiles. The relative amount 

of soluble sodiunt removed from the check plat has been very slight. 

Only with chamba]. treatment is there a marked elinination of 

soluble sodiunt. The Yekina loan soil shows a higher salt conbent 

than the treated plats front Vale. 



TABLE XIII. WATER SOLUBLE SALTS IN VALE ALKALI EXPERIIiENT PLATS, SftIñPLED FALL, 1936 

----- 

* Depth : Total : Bicar- a : 

: iii z 801Ub10 : Carbonates bonate : Sulfate : Chloride : Sodium 

Plat : inches : salts ¡ (COj z (H Coz) : (SO4) : (cl) : (Na) 

p.p.m. p.p.m. p.p.ni. p.pan. p.p.ni. p.p.m. 

Virgin O - 5 3,150 1,019 - 78 108 1,200 

alkali 5 - 20 4,700 81]. - 1,197 427 1,509 

soil 20 - 40 3,450 8].]. - 607 238 1,345 

o - 5 560 0 82 78 55 396 

5 - 20 960 0 82 66 56 387 

P1t A 20 - 40 880 0 41 102 47 453 

o - 5 2,950 811 1,237 210 95 1,057 

5 - 20 3,500 76]. 1,016 535 273 1,369 

Flat B 20- 40 2,020 406 412 197 148 2,121 

O - 5 1,310 0 330 82 76 969 

5 - 20 930 0 491 87 52 1,485 

Plat N* 20 - 40 1,320 0 742 107 57 280 
- 

Yakaa loain** O - 6 4,010 0 2,474 119 109 1,294 

from 6 - 18 1,950 Trace 1,649 99 58 948 

Kiamath Falls 16 - 28 1.710 1,237 99 37 671 

* Sampled in April, 1936. 
** Sampled in June, 1936. 

o) 
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The salt content of the surface layer is even higher than that 

of the virgin alkaline soils. It appears that the Ya.ma loam soil 

is of a saline type as compared to the alkaline soil of Vale. 

Available itrients 

The available nutrients in saline or alkaline soils are almost 

invariably low and the reaction is too alkaline for plant growth. 

The low oontenb of nitrogen is the natural result of sparse vegeta- 

tive cover which the soil supports and the unfavorable conditions 

for free nitrogen fixation. In order to maintain the nitrogen con- 

tent and niake the conditions favorable for biological activities such 

soils must be treated with certain chemical substances. The effect 

of tre&mient on available nutrients is well illustrated in Table 

XIV-A. It will be noticed that reaction of the soil of plat A is 

approaching neutrality. The reaction of the tw treated plats, in 

general, is within the growth range. There is a relative increase 

of total nitrogen in treated plats as compared to that of check. 

This increase in total nitrogen is due to the corresponding increase 

in organic matter. The soluble phosphorous is higher in. the virgin 

soils than the other plats. This is due to the fact that phosphorous 

nìay be present in the form of sodium phosphate and also by the fact 

that treated plats the crops may have raovod the phosphorous from 

the soils. The effect of treatment is further indicated by the 

amouirb of soluble calcium. In all layers the treated plats contain 

approximately twice as much soluble calcium as that of the check plat. 



TABLE XIV-A. ÄVAILAJ3LE 1JTRIENTS IN VALE ALKALI EXPERIMENT LA, SAMPLED FALL 1936 

: Depth : z Total : z Water Water 
z in : i s Organic z soluble : soluble 

Plat : inches : Reaction : nitrogen : matter : PO4 s calcium 
pli per cent per cent p.p.rn. p.p.m. 

Virgin o - 5 9.87 0.054 1.31 13.9 76 
alkali 5 - 20 9.89 0.028 1,17 32.3 82 

soi1s 20 - 40 9.80 0.024 1.02 27.8 82 

o - 5 7.60 0.093 2.39 6.1 122 
5 - 20 8.50 0.056 1.32 5.0 90 

Plat A 20 - 40_ 8.77 0.028 0.91 15.1 111 

o - 5 9.40 0.046 1.08 18.9 56 

5 - 20 9.92 0.044 1.08 1.1 68 
Plat B 20 - 40 9.32 0.028 1.01 5.0 62 

o - 5 8.75 0.123 1.84 10.4 125 

5 - 20 8.15 0.079 1.46 3.0 105 
Plat N* 20 - 40 8.18 0.082 1.25 8.9 119 

Yak:Lma Loem** O - 6 9.45 0.107 2.48 8.9 12]. 

from 6 - 18 9.10 0.076 1.70 18.9 88 

Klainath Falls 18 - 28 9.05 0.044 0.82 12.3 64 

* Sampled in April, 1936. 

** Sempled in June, 1936. 

O) 



This shows that there is a tendency for the added material to bring 

calcium into solution. 

The effect of reclamation is well denionstrated in plate VII 

and VIII, This relationship is more apparent in Table XIV-H, where 

the yields of hay in pounds per acre obtained froni plat A and B 

for the past six years ars presented. It will be noticed that in 

each the yield obtained fron plat A is muoli higher th&n that of plat 

B. Du.o to sone seasonal variation and water shorbago which retard 

reclamation, still the treated plat produced good yields each year 

for the locality. General indications are very promising as to the 

success of the reclamation. Sulfur and manure when used together 

have shown very effective in the reclamation of alkaline soils. Other 

materials such as gypsum, etc., are also effective. 



TABLE XIV-B YIELDS OF HAY SECURED 

ON VALE ALNALI EXPERIMENT PLtTS 

FROM 193]. TO 1936 

Pounds per Aore 

z Year 
z : z z z z z 

Plat : Treatnent z 1931 z 1932 z 1933 z 1934 z 1935 z 1936 

lbs. lbs. lbs. lbs. lbs. lbs. 

A Manure 10 T. 
6 yrs. 60 T. 
Sulfur 1.5 T. 

B Untreated 

3720 3180 5480 7112 4902 4860 

0 220 680 610 780 1256 

C Manuro8T. 
5 yrs. 40 T. 

Sulfur 1500 lbs. 2020 4600 3060 3220 3790 5292 



Plat B, Untreated. 
Vale, Oregon. 

Plat A. Treated with Sulfur and Manure. 
V&lo, Oregon. 
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RESULTS ON MICROBIAL STUDIES 

Excessive aiiiounts of soluble salts in the soil injure the higher 

plants and prevent their grovth. Equally as importent is the effect 

oÍ these salts upon the activities of the desirable soil ìnioroorganisins. 

The activities of these organisms are highly essential for the produc- 

tivity of the soil. If fertility is to be maintained the conditions 

favoring the nicrobial activities should be provided. These organisms 

thrive best in soil rich in organic matter, well-aerated and with 

about the same moisture content as is optrnm for most crops. Ythen 

the soil is impervious, puddled, or contains injurious materials the 

desirable organisms are inhibited and their activities reduced. 

One of the most important microbological activities in the soil 

is the decomposition of incorporated organic matter. The rate of 

decomposition as determined by the production of carbon dioxide is 

closely parallel to the activity of soil microorganisms. Under strong 

alkaline conditions the soil carbon dioxide is invariably low. This 

may be due in part to the effect of soluble salts upon microorganisms 

bringing about decomposition. To study this phase of the problem a 

series of investigations were carried out to observe the influence of 

soluble salts upon the microbological activities in the soil. 

The first experiment was with Willemette silty clay loam 

variously treated with salts, straw and nitrate. The purpose of using 

this soil was to determine the effect of added salts on the microbial 

population and its activities. 
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The effect of various treatments on the production of carbon 

dioxide is illustrated in Figure I, the check being taken as zero. 

The results are very striking, indicating that the activity of the 

soil microorganism is disturbed by the presence of the salts used. 

Some materials exerted a marked depression of the total carbon dioxide 

production, 'while others were favorable. 

Referring to the check as zero, of the salts used sodium chloride 

caused the most depressive effect, followed by sodium sulfate and 

magnesium sulfate. A depression was obtained even with straw and straw 

plus nitrate when sodium chloride was used in combination. Sodium 

sulfateand magnesium sulfate decreased the rate of decomposition of 

straw and straw plus nitrate but did not cause depression beloiz the 

check. The carbonate treatment caused a marked increase of carbon 

dioxide production, the greatest amount and most rapid evolution being 

obtained from carbonate plus straw. This marked increase of carbon 

dioxide may be attributed chiefly to inter-action of the carbonate with 

the acid soil and not to decomposition of organic matter. 

It 'will be noted that straw alone caused an increase of 

approximately 800 milligrams of carbon over the check, while straw 

plus carbonate resulted in an increase of only 600 milligrams over 

the carbonate alone. 

Thus the sodium carbonate addition retarded the rate of straw 

decomposition. This is further substantiated by the decrease in 

microbial numbers in the carbonate treated soil, as shown in Table XVI. 



TABLE XV. EFFECT OF TREATLENTS QN COOSITION 0F WATER EXTRACT FROM WILLA1TTE SILTY CLAY LOAM 

(After 160 days incubation) 

z Nas : 

z MJ3 : 

Nas:Fas 
No2 

: 4 

z 

z Cl 

:Sas 
: 

¡Cas 
003 

:Cas: 
: 3 : P 

p.p.nhl. p.p.in.p.p.n. p.p.fllu Pss1fl PPfll PPflls 

Original s8mple 30.0 0.1 2.0 Trace 2 0 3 6.2 

O. No treatment 75.0 0.3 3.3 " 30 0 5 6.33 

1. Straw - 5 T.* 75.0 0.4 3.3 " 29 0 10 6.54 

2. Straw 5 T.; NaNO3 125 p.p.m. 60.0 0.3 2.5 " 29 O 7 6.72 

3. a2CO3 - 2% 2.5 0.7 1.5 " 30 180 702 5.43 

4. Na2003 - 2%; Straw 5 T. 2.0 0.9 1.5 " 30 180 670 5.52 

5. Na2CO3 - 2%; Straw 5 T.; Na NO3 125 p.p.in. 2.0 0.6 1.6 " 30 190 670 8.52 

6. NaC]. - 2% 2.5 0.6 1.7 10600 30 0 7 7.32 

7. i'aC1 - /; Straw 5 T. 2.5 2.5 2.0 10500 30 0 12 7.43 

8. NaC1 - 2%; Straw 5 T.; NaNO3 - 125 p.p.m. 2.5 1.8 2.0 10800 30 0 10 7.43 

9. Na2SO4 - 2% 10.0 0.5 2.5 Trace 4890 0 12 7.31 

10. - 2%; Straw 5 T. 25.0 0.8 2.5 " 3930 0 12 7.33 

11. Na2SO4 - 2%; Straw 5 T.; Na NO3 - 125 p.p.m. 10.0 0.8 2.5 " 4740 0 10 7.33 

12. Mg SO4 - 2% 5.0 0.5 2.0 4825 0 12 7.41 

13. Mg 304 - 2%; Straw - 5 T. 5.0 0.5 2.() 4740 0 12 7.41 

14. Mg 304 - 2T; Straw - 5 T.; Na NO3 - 125 p.p.m. 5.0 0.6 2.0 " 4580 0 12 7.41 

* Tone per 2,000,000 pounds soil. 

o 
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TABLE XVI. EFFECT OF TREATIVIENTS ON MICI)BIAL OPIJLT ION 
IN WILLATTE S ILTY CLPY LQAM 

(after 160 days incubation) 

Treatment Bacteria Aotinoncetes 
(Millions) (Millions) 

Original semples 3.4 2.5 

0. No treatment 1.8 0.3 

1. Straw - 5 T.* 2.3 0.2 

2. Straw - 5 T.; NaI«j3 - 125 p.p.m. 1.7 0.2 

3. Na2CO3 - 2% 0.9 0.2 

4. .Na2CO3 - 2%; Straw - 5 T. 1.]. 0.3 

5. Na2CO3 - 2%j Strat - 5 T.; NaNO3 
- I25p.p.m. 0.8 0.4 

6. NaC1 - 2% 2.6 0.3 

7. NaC1 - 2%; Straw - 5 T. 2.0 0.1 

8. NaC1 - 2%; Straw - 5 T.; Nallo3 - 

125 p.p.m. 4.6 0.3 

9. Na2804 - 3.1 0.2 

10. Na2804 - 2%; Straw S T. 3.3 0.3 

U. Na2504 - 2%; Straw S T.; NaNO3 - 

125 p.p.m. 4.6 0.1 

12. Mg504 - 2% 1.6 0.2 

13. MS04 - 2%; Straw - 5 T. 1.2 0.3 

14. MgSO4 - 2%; Straw - 5T.; NaNO3 - 

125 ì.p.m. 1.7 0.2 

* Tons per 2,000,000 pounds soil. 



FIGURE I 
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Ythile addition of sodium nitrate slightly increased the 

decomposition of straw in absence of other added salts, in combina- 

tion with sodiun carbonate it materially reduced decomposition. 

This can be attributed to increase in sodium ion resulting from 

assimilation of the nitrate radical (Table XV). 

In Table XV are presented the analy-tical data of the water 

ex±ract of the sample at the close of the experiment. It Will be 

noted that in every salt treated sample there is a marked redue- 

tien of nitrate nitrogen as compared to the check. This redue- 

tion was more pronounced in the case of carbonate and chloride. 

The results also show a significant change in the reaction of the 

variously treated samples. In every case, with the exception of 

straw and straw with nitrate, the pii is abcve neutrality. Sodii 

carbonate treatment gave a high pH, an increase of more than 2 pH 

as compared to no treatment. In the case of chloride treated 

samples, the chloride recovered in the ter extract is 1166 parts 

per million less than the amount added. A similar result obtained 

in the case of carbonate treated sample, while the sulfate recovered 

in the sulfato treated soils is higher than the added amount. 

Some sulfr might have been released in the decomposition of 

organic matter, but the loss of both chloride and carbonate is 

moredifficult to explain. In part these discrepancies may be 

accounted for bythe high dilutions required in analysis. 

The data on microbial counts, reported in Table XVI, show 

no marked changes in the number of microorganïsins in the various 

treated soils, with the exception that sodium carbonate greatly 



decreased the number of bacteria. Vhule the neutral salts moro or 

less markedly depress general microbial action in the soil, the 

numbers of microorganisms developing on sodium albunitmte agar 

were little altered, or even increased. 

Microbial activities in a natural saline soil and a partially 

reclaimed saline soil were studied in another series of experiments. 

Portions of the soil were treated with various materials and water 

added to 60 per cent saturation. These samples were incubated 

for 200 days at room temperature and sampled at the end of 100-day 

intervals for chemical analysis and microbial counts. 

ffeot of the various treatments on oarbon dioxide production 

is shown in Figures II and III, the check being taken as zero. The 

results with the two soils were quite similar. Only with glucose 

did the reclaimed soi]. give a siiificant increase over the virgin 

soil. In general the trend of carbon dioxide formation, as affected 

by various treatments, in the tw soils is in the sanie order. It 

will be noted that in the virgin soi]. one ton of suiftir had slight 

depressing effect, vthile two tons gave a slight increase. 

nmonium sulfate exerted essentially no influence. On the other 

hand, in the reclaimed soil two tons of su11r caused depression, 

vhile one ton gave a slight increase. Ammonium sulfate again had 

little effect. Sulfur and straw when used together were more 

effective than wtien su1fir was used alone, this effect being more 

pronounced in the reclaimed soil. The effects of straw and straw 

plus nitrate in the two soils are conflicting. 
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In the virgin soil straw alone caused a higher carbon dioxide 

production as coiupared to straw plus nitrate. On the other hand, 

the results were reversed in the reclained soil. The difference, 

however, as m.y be seen fron Table XXI, is due to interaction 

between carbon dioxide and carbonates rather than to differences 

in biological carbon evolution, 

It is evident that carbon dioxide evolution carries additional 

significance in the case of carbonate bearing soils, since carbon 

dioxide liberated in decomposition of organic matter may react 

reversibly according to the following equation: 

Na2 CU3 + CO2 li20 2 Na li CO3 

fiance, during rapid decomposition corresponding to a high biologi- 

cal pressure, apparent carbon dioxide evolution would be reduced 

in proportion to bicarbonate formed; conversely, during later stages, 

under diinished biological pressure, the action is reversed. 

F\rthemiore, carbonates may be decomposed by the various inorganic 

and organic acids of microbial origin, thus giving rise to 

apparent increase in soil respiration. This is well illustrated 

in Table XXI. 
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TABLE XVIII e EFFECT OF TREAT1ENTS ON MICROBIAL POPULATION II VIRGIN SALINE SOIL 

From Vale Experiment Station 

: 

: 

Incubation period, days : 

Bacteria 
(Millions) ; 

115 : 211 : 

Actinomyoetes 
(Millions) 

115 : 21]. 

: Molds 
: (Thousands) : Azotobactcr** 
z 115 211 115 : 21]. 

Treatment 

O. No treatment 2.0 1.9 0.6 0.3 20 22 0 X 

1. Sulfur - i T.* 2.2 2.9 0.3 0.1 29 25 0 X 

2. Sulfur - i T.; traw - 5 T. 3.5 3.9 0.3 0.1 33 30 0 X 

3. Sulfur - 2 T. 5.5 5.7 0.2 0.1 33 29 0 X 

4. Sulí\r - 2 T.; Straw - 5 T. 7.0 6.8 0.3 0.1 24 20 0 X 

5. Glucose - i % 4.0 3.5 0.5 0.2 29 52 0 X 

6. ('t)2 504 300 p.p.m. 2.8 3.2 0.1 0.1 25 23 0 

7. Dried blood - 2500 p.p.rn. 3.8 1,9 0.7 0.2 23 24 0 XX 

8. Straw -5 T. 3.0 2.0 0.1 0.1 20 21 0 XX 

9. Straw - 5 T.; 1ai'O3 - 125 p.p.m. 2.7 1.9 0.2 0.1 23 20 0 X 

Original sample 1.4 0.2 10 0 0 

* Tons per 2,000,000 pounds soil. ** O = no development 
X moderate development 
XX heavy development 
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4.Sulfur 2 T.-btraw 5 T. O O 41 18 41 18 25 48 928 1283 903 1235 

5. Glucose 1% 0 0 53 24 53 24 13 42 1271 l58 1258 1526 

Q. (ioi4)so4 300 p.p.in. O O 41 33 41 33 25 33 u44 902 619 869 

7. Lined blood-2500 p.p.ni. O O 41 34 41 34 25 32 795 1054 770 1022 

8. Straw 5 T. O O 53 31 53 31 13 35 i18 1236 905 1201 

9. Straw 5 T.-Na03 25C p.p.rn. O O 53 31 53 31 13 35 977 124 964 1229 

Uriina1 Sarp1e O 6 6 _______ ________ ________ ________ 

'4' 

Tons per 2,000,000 pOunds soil. 
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TABLE XX. EFFECT OF TREATiENTS ON MICROBIAL POPULATION Th RECLAIMED SALThÏE SOIL 

From Plat N, Vale Experiment Station 

: Bacteria : Actinoi,rcetes : Molds : Azotobacter** 

: (Millions) : (Millions) : (Thousands) : 

- Incubation period : 115 : 215 : 115 : 215 : 115 : 21_ : 115 : 215 - 
Treatment 

O. No treatment 5.0 4.8 0.7 0.5 20 23 X X 

1. Sulfur i T.* 4 5.2 0.5 0.4 28 33 X X 

2. Sulfur i T. - Straw 5 T. 5,7 5.9 0.8 0.6 20 15 XX X 

3. Sulfur 2 T. 5.6 6.0 0.6 0.5 19 14 XX X 

4. bulfur 2 T. - Straw 5 T. 5.8 5.5 0.5 0.3 24 27 XX X 

5. Glucose 1% 5.4 5.6 0.6 0.7 22 26 X X 

6. (Nh,)2 SO4 300 p.p.m. 5.4 4.8 0.6 0.4 28 26 X X 

7. Dried blood 2500 p.p.m. 6.8 5.1 0.4 0.2 21 17 X XX 

8. Straw 5 T. 5.4 5.2 0.4 0.4 30 24 XX 

9. 1'a NO3 125 p.p.ni. 5.4 5.2 0.4 0.5 21 25 XX XX 

Or4ginal sample 4.6 0.5 9 X 

* Tons per 2,000,000 lbs. soil. ** X moderate development 
XX heavy 
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Table XVII reports the change in mineral and biological 

carbon in virgin saline soil as affected by the treatments. The 

shift in mineral carbon in the untreated soil shows a striking 

microbological pressure effect. Approximately two-thirds of the 

total biological carbon dioxide was produced during the first 

period. This was instrumental in lowering the carbonate content 

to approximately 60 per cent of the original. Only a small frac- 

tion of the loss was due to the formation of bicarbonates, most 

of the loss occurring as evolved carbon dioxide. Due to decreased 

microbial activity in the final period carbon dioxide tension was 

materially reduced and bicarboxiate increased 66 parts per million, 

more biological carbon being absorbed and converted to mineral 

combination. This absorption is accounted for only in part by the 

20 parts per million decrease in normal carbonate. The remaining 

46 parts per million must h&ve been absorbed by the bases from the 

exchange complex. In line with these changes the pH increased 

during the second period. 

A less marked conversion of biological carbon to mineral 

occurred in the glucose treatment. Although approximately 40 per 

cent more carbon dioxide was produced than in the untreated soil, 

mineral absorption was only half as great. This can be attributed 

to the part played by the stronger organic acids formed in the 

fermentation of glucose. Action of these acids is also reflected 

by the materially lowered pli. 



Carbonate was decreased approxthiately 85 per oent by all 

sulfur treatments in the first period. At the close of the experi- 

monts 70 per cenb of the carbonate carbon had been evolved as carbon 

dioxide and 30 per cent remained as bicarbonate. hile the larger 

application of sulfur was much more effective in lowering the pli, 

the effect on carbonate was practically the same. Addition of 

straw with sulfur caused additional lowering of pff, probably due 

to increased carbon dioxide production, although here again the 

carbonate relations were not further altered. The course of 

sulfur oxidation is indicated both by increase in sulfate and 

decrease in pff (Table XXI) 

Comparing straw alone with straw plus sulfur, it is evident 

that sulfur retarded decomposition (Figure II). This may well be 

because the decomposing microorganisms require a relatively long 

period to become acclimated to a lower pli. There ïs some 

evidence that acclimatization is incomplete in the reclaimed soil. 

By referring to Table XIX it will be noted that in the re- 

claimed soil the changes in mineral and biological carbon were jiite 

similar to those of virgin soil. The only difference is the 

absence of normal carbonate in the reclaLned soil, and mineral 

carbon being present entirely in the form of bicarbonate. Here 

again the inìcrobological pressure was more effective during the 

first period. 
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The application of various materials to the virgin soil 

resulted in ari increase in the n'miber of bacteria and molds, as 

indicated in Table XVIII. There was slight reduction in the 

rnnber of actinoizycetes. With few exceptions the results show a 

tendency of decrease in the number of microorganisms in the second 

period as oonipared to the first period. The contrary is true as 

far as Azotobacter is concerned, no development occurring in the 

first period, while in the second period moderate to heavy 

development occurred. In general the various treathents were 

effective in increasing the number of nücroorganisms. A similar 

result obtained in the reclaimed soil, with the exception that in 

most cases moderate development of Azotobaot9r occurred in the 

second period as compared to the heavy development in the first 

period. This may be partly due to the change in reaction. 



The response of virgin and reolaned soil to the various 

treatments is presented in Table XXI. Comparison of the data 

shows timt on the basis of biological carbon dioxide evolution 

the two soils respond essentially alike in all cases. Ythile all 

treatments had a marked effect in lowering carbonate content of 

virgin samples, sulfur was most effective and completely elininated 

normal carbonate by the close of the experiment. At the saiue time 

bicarbonate increased and pif decreased. n the other hand in the 

reclaimed soil bicarbonate decreased since no normal carbonate was 

present. The decrease was most pronounced with the sulfur 

treatments. 

There was a significant difference in the sulfur oxidizing 

power of the soils. At the close of the experiments 100 per cent 

of the sulfur added in the reclaimed soil was oxidized vhile only 

20 to 30 per cent of the sulfur was oxidized in the virgin soil. 

Sulfur oxidation in both soils was most extensive in the first 

period. In the case of other treatments, there was no change in 

sulfates, except where actual addition was made in the case of 

aimnoniuzn sulfate. All treatments increased the amount of water 

soluble phosphorus, sulfur being the most effective. 

iitrates were more abundant in the reclaimed soil under all 

treatments except dried blood, hich was more completely nitrified 

in the virgin soil. Vthere straw was added nitrates decreased in the 

reclaimed but not in the virgin soil; there were no significant 
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changes in carbon dioxide evolution to correlate with this. 

.Anmonium sulfate was more completely nitrified in reclaimed soil. 

Because of carbonates present, decrease in nitrification and 

sulfur oxidation as well as lowered microbial activities in general 

during the second period contributed to the decreased carbon 

dioxide evolution. 



GENERAL DIS CUSS ION 

From the results obtained with the salt tolerance studies 

temperature and other factors have been shown to be of vite.l 

importance. Results are of practical application in selections 

of soils and in providing conditions favorable for plant growth. 

The results with water culture experiments indicate very 

distinctly that salt grass, a typical alkali plant, reacts dif- 

ferently with various soluble salts and concentrations of each 

salt. It will endure a considerable quantity of neutral salts, 

but is rather sonitive to sodium carbonate. For the conditions 

of the experiment the concentration of sodium carbonate at which 

grass may per million. It may be 

possible that under field conditions the mature plants would do 

well at higher concentrations than results herein indicate, but it 

seems unsafe to place the limit above 1000 parts per million of 

sodium carbonate. The limit of tolerance of salt grass has been 

found to be 1400 parts per million for sodium chloride and 2800 parts 

per million for sodium sulfate. 

In two trials of alfalfa plants with sea water and a single 

salt solution of sodium chloride, the results are very satisfactory. 

Although alfalfa is sensitive to salinity at seedling stage, it 

showed a fairly good growth at the various concentration of salt 

used. Indications are that the plant grows better under cool and 

moist conditions. 



The results of sand cultures oxpernents Will present the two 

following hiporbant poiits: (a) that strawberry clover is superior 

under alkaline or saline conditions to alfalfa and (b) that tempera- 

ture plays an important part upon the germination and growth of 

plants in saline soils. In the former case the superiority of 

strawberry clover over alfalfa under saline conditions is evident, 

for the reason that this plant is a native of the arid region. The 

results obtained substantiate the statement of Kearney (33) whioh 

places it as an outstanding legume in its tolerance to salinity. 

Further evidences are the result with constant concentration expon- 

monts using sea 'water reported heroin, repetition of which is still 
in progress, demonstrate that this plant grows at a concentration of 

as high as 5600 parts per million of total salts. In the latter 

caso, however, the problem is rather complicated and requires a more 

detailed expisnation. The effect of temperature, as shown in Table 

VIII and Plates II and III, is very- clear. There is a rapid decrease 

in the pereentage of gennination with increase in temperature. It 

seems sufficient here to present conclusive evidence that there 

occurred changes with the change in temperature. Water culture expon- 

monts with salt grass and alfalfa (Tables I and VI) present írther 
confonrnatory evidences. These results Will leave no doubt that 

temperature is an important factor in the germination and growth of 

plants under salino conditions. 

The question may arise as to why there is such a variation in 

plant tolerance with change in temperature. This question is 

difficult to answer precisely, but the following explanation 18 



offered. The effect of temperature may be due to the action of one 

or the combined activities of three or more factors. In the first 

place it may be attributed to the "heat" factor only, since there is 

a reduction in seed germination even in the check. This factor may 

be active only at the temperature of 900F., because at 70°F., 'which 

is the normal growth temperature, there is no detrimental effect 

due to heat. Since a reduction of approximately 80 per cent of 

germination occurred in the check at 90°F. it is safe to state that 

heat is a factor. 

In the second place this relationship of temperature to 

germination may be due to the function of both the molecules and 

the ions. Previous evidence by Breazeale (1) confirms the above 

statement. It is well understood that arise of temperature will 

increase the activity of ions due to the higher degree of dissoc- 

iation of salts. The sea water is largely composed of easily 

ionizable salts and an increase of 20°F. should increase the number 

of ions present. This greater concentration of ions may cause 

greater toxicity, hence a complete retardation of germination. 

Finally, the prevention of germination at 90°F. may be due 

to the rate of mobility or diffusion of the salts. An increase in 

temperature results in an increase in the rate of diffu.sion 'which 

may ultimately cause a complete inhibition of germination. In all 

probability the increased activity of ions may be the only logioal 

explanation of the temperature upon the germination of seeds. 
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The results of chemical analyses and those on salt tolerance 

studies are not in full agreement. In the one case, the data ob- 

tamed show a marked improvexìent of treated plats over the check 

plat. The treated plats show higher organic matter, total 

nitrogen, tendency to increase base exchange capacity and soluble 

oaloiuxa and a loss of soluble and sodiu.rri salts. The crop yields 

obtained under field conditions (Table xflT-13) substantiate the 

chemical results. On the other hand, the same crops failed to make 

good growith under greoithouse conditions on soils from a better plat, 

without being further treated. This may be due to the following 

factors: 

(a) The physical abnorma1iy of the soil. V4hen a comparative 

trial was made on the sane soil diluted with sand, the crop made a 

better growth. 

(b) The lack of desirable microorganisms or their activities 

in the soil. This is indicated by the best growbh of crops in pots 

treated sulfur and manure (Plates W and V). As stated before, an. 

important effect of manure is to harbor microorganisms in the soil 

which in turn speeds up the desirable microbological activities. 

(2.) 
eable sodium. 1ven in the better plat replaceable 

sodium is still present in moderate amount. 

(d) Under greenhouse conditions soil, light, relative humidity 

and other modified factors. Unless all these conditions are uni- 

formly adjusted a consistent result may not be secured in the green- 

house. 
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From the results obtained under inicrobological studies it can 

be stated that notwithstanding salinity and a]kaliníty deleterious 

to higher plants, the virgin soi]. harbored an active and versatile 

microbial population, and that the usual functions significant to 

soil fertility are not lacking or significantly restricted. More- 

over, reclamation can be regarded as desirable iore from the stand- 

point of direct influence on crop plants than from benefits occurring 

indirectly through effects on soil microorganisms. There is, however, 

a significant difference in the oxidizing power of the soils. The 

sulfur oxidation power of reclaimed soil is much greater than the 

virgin soil. 

The results obtained with Willamette silty clay loam will 

indicate the depressive effect of various soluble salts upon the 

microbological activities in the soils. All the salts used exerted 

an inhibiting effect on numbers and activities of microorganisms, 

sodium chloride being the most depressive. 
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CONCLUS IONS 

In conclusion the following points are especially worthy of 

emphasis: 

1. Temperature is a dominant factor in the germination and 

growth of plant or plants under saline or alkaline conditions. 

Temperature relation should be considered before recommending 

certain crops for saline soils. 

2. Carbon. dioxide evolution in saline soils must be corrected 

for mineral carbon contributed or withdran by carbonates before it 

can serve as an index of organic natter mineralization. hen so 

corrected it is equal in importance to ammonification, nitrification, 

and other specific soll microbial activities in evaluating effects of 

salinity on functions significant to soil fertility. 



SWAMY 

A study was made to determine the tolerance of various 

forage crops for saline salts. ±3oth water culture and soil ou].- 

ture were used for this purpose, while sand culture was employed 

for gernthiation trials. The indicator plants include sait grass, 

alfalfa, sweet clover, strawberry clover, and Astragalus rubli. 

ilicrobological studies and chemical analyses of the soils were 

also made. 

Water culture studies reported show that salt grass will 

endure a considerable quantity of neutral salts, but is rather 

sensitive to sodium carbonate. The limit of tolerance of this 

plant for sodium carbonate found to be 700 parts per million. 

Alfalfa has shoi a fairly good growth at all concentrations of 

salts used. An increase in yields of both alfalfa and salt grass 

were secured in the cold-house. 

The tolerance of strawberry clover for sea water at constant 

concentration will indicate that this plant will withstand a con- 

centration of as high as 5600 parts per million. 

Results on germination tests indicate a rapid decrease in 

the percentage of germination with increase in temperature and 

salt concentration. At 90°F. there were practically no germina- 

tions of seeds in the various treated cultures, while at 55°F. 

ger!nination took place in all cases. The highest concentration of 

sea water which was toxic to germination at 700F. resulted in a 

germination of strawberry clover seeds of 47.7 per cent; and of 



alfalfa seeds of 38 per cent. Straberry clover has been found 

to be more resistant to salinity than alfalfa. In pot culture 

experiments it has been found that the plants made better growth. 

when the soils were treated with various materials. Sulfur with 

manure has proved to be the most effective. 

Strawberry clover was found the most promising resistant 

legume for salinity, which is followed by sweet clover and alfalfa. 

Aspergillus rubli has failed to grow in all treanents, with the 

exception of the pot which was treated with sulfur and manure. 

Chnical analyses show a marked inrovement of treated plats 

over the check. The treated plats do not show any carbonate through- 

out the profile; they are high in organic matter, total nitrogen 

and tendency to increase in baso exchange capacity and a loss in 

soluble and sodium salts. The crop yields obtained under field con- 

ditions substantiate the chemical results. 

Microbological studies of a non-saline soil variously treated 

with salts indicate a depressive effect of soluble salts upon the 

microbial activities in the soils. Nitrification, carbon dioxide 

evolution was greatly reduced. Sodium chloride at concentration 

added has been found to exert the most depressive effect. 

A comparative microbial study of a natural saline soil and 

a partlally reclained soil show little difference between the two 

soils. The effect of various treatments on the two soils were ite 

similar. Only in the case of sulfur oxidation did a significant 



difference obtain, the sulñtr oxidizing power of reclaimed soil 

being much greater than the virgin soil. Otherwise the activities 

of microorganisms in the reclaimed soil are essentially the sanie 

both in kind and degree as in the virgin soil. Hence reclarnation 

has had little perrnanent influence on the native microflora and 

their activities as indicated by laboratory studies. 

All the various treatments increased nitrate nulrogon and 

solubilities of 'water soluble phosphorous and some treatments 

materially lowered the pH. 
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