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- ABSTRACT -

The experirnentation descrihed 1n this manuscript :ls part of a
project'which was i.nitiated 1n 1947 to stud& hovs} a sali'ne;sodie soﬂ |
could be rnanaged, to maintain maximum crop production, without the
addition of expensive c‘hen‘qiealsj.‘ -

An atternntlw'as made in this project to evaluate.the basie'so.il
and water. factor.s that Iaffect soil{j ohernieal changes; seedling plants, vand
crop yields on a‘saline-vs‘odio soil on the Univer.si;ty of Ar;‘.zona Agricul— |
tural Experlmental Statlon Farm between the 1954 to 1962 perlod

The study was accomphshed ﬁrst by deep plow1ng the experl- ;
mental f1eld and then applylng well water and river water of two different
qualltleslln s:lx oomb1nat1ons of leaclung and irrigation source to main-
tain maximurn:.erop stands and yields. 'jl'he wAateri qualit}-'r/ treatments
were arranged so thatpany. statistical ‘differences due to either the water
used for leachlng or J‘.r,r1gat1on practlees could be separat'ed and tested
by statlstloal methods. “

The well“and rrver vlrater used in the above experi;rnentation
were analyzed perlodJ.cally to detect any chern1cal }changes in eomposr-
tion. The results showed that even though the well water vaned it has
not changed inthe‘ arnount of salt it contains.f‘rom 1954 through 1962;

however, the sodium content in relation to other cations showed an

xi
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increase. The river water has increased both in the salt and sodium
content. In spite of these changes in both the well and river water
there is no statistical correlation between the total soluble sa.lt,v the
sodium -abeorption-;'atio, end the sedium pe;cenheée with respect te
time..' | - | |

.So;‘.l.sa.rh\;;lee analyeed fx;om the fiellvd.sh‘ojv;ze‘erthe followinhg 1:e-
sults; (1) the so:.l saturated paste pH velues we.re not ai"fected appre-
c:;.ably by any one weter qhahty treahment (2) the thtal salts aiccumh;
lated progressively undef all weter que.llt}h tx;eatmehts, espec1ally where
well water wa.e used excluel\;ely,. (3) Atheh e;cehengeeble sodium ‘IIJercentage
1ncreesed ﬁthe hlghestv1n the soil where 'well water was us ed'e’xclt‘l’s;vely,
and (4) the ri;r'er water lee.ching ahd irrigaﬁen vconr'lbination lappeatrs to
be the rhosh effecti‘ve as.compare'd bt.o the v;/elvl wate;* 1e>achirv1g~ and irriéa-
tion cohr;blnauen in heeﬁlhg the ealts flushed ohut-o4f the svo:Ll‘ pfoﬁle and
keeping the exehahgeable sodJ.un:) percentage down.

The crop y1elds produced on the f1e1d appea:r to be closely‘re-
leted to the initial seedling emergence. The river wate: leaching treat-
ment appeahs to be t.he‘ me:st effec-tixlze in keeping ‘the salts flqshed out of
the surfac_ve‘ so tha.t a .goo”d eeedlihg sfand ceh:he uproduced on this soil.
The cottohvli;h-t 'ﬁel.cis predhced on field,D“she’wed a progressive dec;ease
in the p.ohndsill)er border after three years of eontinual‘cropvp-ing. Any

significant difference in yields was due to the source of water used for

leaching. .The river water is preferred over the well water.




INTRODUCTION

- The Safford Valley Area lies along the Gila River, within
Gréharh Couvﬁty, 1n tilelsoﬁthveavsfevr.'n pa.r‘t4 of the .Stéte of .Avri.zonav. This
va'.lley‘i‘s‘ bounded or; th“e' 'nc‘arth by the Gila mountains, on the east by
the Pelonéillo mouﬁté;ins, and on the sbutﬁ;av;st by‘thé' Pinalefio and
Santa Teresa mountains. The basin is 50 miles ‘lohg‘ and from 15 to
20 miles wide. The cultivated lands lie>a1‘ong the Gila River and are
0.5 to 3.5 miles from the rivei‘. The land aréa survéyéd in 1933 had
a length of about 45 miléé, and ranged from about 1.5 to 4.5 miles in
width a;hd vcon»)p'rised a:'total acreage of 106 square miles or 67, 840
acres (48).- ‘The estimated crop acreage, in 1961, in Graham County
was 38,150 wh1ch is"appro:'tiina'tely 3.2 percent of the~ total écréage
cropbéd in the Stafé'of Arizona.

' T‘he"val'lekly lies in that p'ar.t 'of‘A‘fizona iﬁcludéa in thelavr.i.d
southwest regioﬁ, 'Whe‘ré clear, briéﬁt we-a'.bther’ é,nd ibnvtense .sun.li‘.ghtr
are predominant during the greater part of the year. The amount of
rainfall v#fiéé cohéiderably from year to year The ldvs}ésf recorded
rainfall is 2. 98 inches and fhe highest,' 17. 38 vi.ncvhes. The folléﬁing
afnounfs of precipitation were recorded in Saffor.d, Ar>iziona a:c'c'o'i' ding
to the annual réports }o.n érouﬁd water in Arizona by years:b"»l9v5:5,

1.




6.59 inc'hes;‘1957; '10. 28 inches; 1958, 12.09 inches; 1959, 7.63
inches; 1966, 1. 65 inches, and in 1961, 11.52 inches. Because most
of the precipitation becomes lost to high Aeva'.pora.tio'n, ‘the agriculture
in the area consequently is dependent entirely upon irrigation and
thus the démand for water is great.

' Like O£iiér ]va.lleys in other states in the arid southwest, as
- well afs in Arivzona.,i the Safford valléy has a problefn 'dii‘ectly arising
from an ina.deqﬁé;te supply of higﬁ quality water., Asa conSéquence,
farmeré have been forcé:d.’to déperid more and more on well water of
notoriouéiy poor quality.’ The increased use of well water has changed
ground water levels to a point where increasingly salfy water is being
pumped from farm wélls.

This problem is a prime example of the fact that although the
quéhtity of available water is the primary consideration in the develop-
ment of irrigatio.n égricuituré; »the q‘uality of water becomes a more
and more critical factor as the supplies of surface and ground waters
are depleted.

This is certainly true in thé United States where questionable
grouhd Water from pumped wells, in many areas, constitutes the
prin.cipal source of irrigation suppliés. These well waters in many
cases are cha.racterizéd by high salt contents. Some of these have
unfa.vofé.bié sodium to calcium ratio éompér‘ed with surface river -

waters., In addition, even surface irrigétibn supplies often will contain




varying amounts )o'f'_ salts and sodium depending on the sampling sites
along and within the same stream. The salt content gf most irriga- ...
tion water; . however, ranges from 0.1 to 5 tons .of salts per acre foot
of water (28, 64). . .

The adverse effects of salts and sodium in these waters, as .-
well as in the soils, are a problem in most arid lands. The expa.nsion
of supplemental irrigation, the use of co_n_ceAnt’tra.ted fertilizer, and even
the use of soft water has increased the intensity of such problems.

In.Arizona, the demand for water has exceeded the amount
available in streams.. The demand has been partially met by the
development of ground water resources and diverted irrigation water
supplies from outside (27). Since 1945, the ground water has made .
up at least half of the state's total annual water needs; from 1955 . .
through 1961, about two-thirds of the statels annual water needs were
supplied by ground water (66, 67). There is a growing concern about
our natural ground water resources. Harshbarger (27) has expressed
this concern as follows: ''Indeed, the annual use of water in Arizona
is more than three times that available.from the surface streams. .
The use of water from the ground water reservoirs has caused a
depletion of water resources and a continual mining of water may
gaventualiy cause exhaustion. "

Arizona farmers are faced with water shortage as well as the

deterioration in the quality of water in stream.and well waters (26, 27).




This is particularly true in areas such as the lower and upper Salt
River valley and the lower and upper Gila River valley where the chief
source of irrigation water is well water. In many cases these waters
are characterized by high salts with very unfavorable sodium to calcium
ratios as compared to river water (26, 39, 40). The use of such water
on soils has been observed to disperse the soil badly causing the infil-
tration and penetration of-waters to be greatly reduced. Crop emer-
gence and establishment often are seriously hindered by surface crust-
ing and salt accumulation. Because of these effects of poor quality
well waters, the production of crops in some irrigated valleys has not
reached a maximum.

During several dry years, 1940-1950, in the Safford Valley,
for example, the reactions between the irrigation water and the soil
caused a serious deterioration in soil structures (39, 40). Iticr'ea.sé’d '
use of well waters during this period lowered the ground water levels
and increasingly salty waters were being pumped from farm wells
throughout the Safford Valley. This was particularly evident in 1947
when the soil of the University of Arizona Safford Experiment Station
"turned bad' (40). Analyses of the soil and pump v;ater at the station
showed that the total salt content of the water ha.d increased approxi-
mately 100 percent during these dry years, and that during the passage
of this water through the soil, "an excessive ‘amount of sodium ions had

been left behind on the soil complex. There is little likelihood that
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this situation will change much. It appeared’to observers at that time
that there would be no improvement in the quality of water, rather the
reverse seems more inévitable in spite of the current emphasis on
water economy. -

Research on thé Safford Station has been seriously handi-
capped by the lack of a solutién to the problems of soil and irrigation
n’ianager‘né'nt.“ 'Many experiménts in field and vegetable crop produc-
tion have been abandoned because of the failure to secure adequate
stands. = For éxa.mplé,' dui'ing the course of experimentation in 1959,
two cotton crop seedling failures were experienced because of poor
germination,

Satisfactory crop production has been obtained by investiga-
tors of the United States Salinity Laboratory (Riverside, California)
under greenhouse and small plot conditions of equal or greater salinity
than exist in the Safford Valley. Such findings give hope to the possi-
ble solution of the soil and irrigation rrianagement problem on'a field
basis such as exists on the University of Arizona Safford farm. How-
ever, the results from one experimental area, while .sﬁ.g'gestive, are
not always wholly applicable to other areas since fundamental differ-
ences exist in the quality of water used for irrigation and reclamation
purposes., In addition, the broad valleys differ from the more narrow
valleys it‘;. their soil characteristics such as texture, productivity',“ -

genesis and morphology, and the conservation practices used there. -




Do. Since the Safford Area is representative of problem areas
having poor quality waters, and the difficulty in obtaining crop stands
is also encountered here, this area represents an excellent site for
salinity experimentatio_n. In addition, the __Gila River, a pereqnial, .
good quality stream, can be used in ce:;t_a::m combinations with well
water. This offers ideal cquitq’.qns for the study of wide variations
of water quality on soil characteristics.

Because of these advantages, the University of Arizona
Agricultural Experimental Station Farm which has a salinefsodic; soil
problem. was selected as an experimental area for the water quality
studies reported in this manuscript. Furthermore, the farm has an
advantage of being equipped with adequate farm machinery which
~makes it possible to carry out controlled water and soil management
practices. - =

Past work on soil and water management on the Safford Farm
as well as in other areas of the state, has demonstrated the great
importance. of tillage practices in relation to the use of both well and_
river water (39, 40). Results show that the adverse influence of the
continued use of poor quality well water on soil properties and crop
production may be overcome in part by the proper use of river water
and rough tillage. b

- In order to more fully gxplo;g_.the_rela_t:ion_ship betyv_een till-

age, water and soil management and their effects on crop production,
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the Department of Agricultural-Chemistry and Soils, in 1954, planned
and undertook the following experiment on Field D, at .the Safford.
Experimental Farm.

The over -all procedure in this project involved deep plowing
to promote water penetration into the soil, the use of well and river
water combinations for leaching and irrigation source, and the proper
soil mana.gement practices in an attempt to maintain a maximum crop

production.

Samples of well water and river water were taken periodically
for analysis to determine their total soluble salts, sodium percentage,
sodium-absorption ratio, and other inorganic constituents, The amount
of irrigation water delivered to each border in the field was controlled
as much as possible,

The Soil Conservation Service surveyed the farm for soil
variations and such variations were characterized. Key soil samples
were taken in designated spots and analysis for such chemical proper -
ties as the total soluble salts, the total and exchangeable sodium con-
tent, the soil pH, and other inorganic constitueniés were made. Such
properties were evaluated in relation to the soil and water management
practices,

~An attempt was also made to evaluate the basic soil and water
factors which control seeding emergence, stand, and crop yield. The

indicator crops were cotton planted from 1955 to 1959, The field was




then plowed and planted with barley and alfalfa, From 1960 to 1962,

alfalfa remained as the main crop until the field was plowed in the

5

late fall of 1962,



REVIEW OF LITERATURE

Roughly one—ha.if of.-th.e dry la.;ldléf't‘he‘ earth 1s ‘in én arid énd :
semi-arid climatic zone (23). A c:ha'ract‘eris’tic f(eatllir;, aitﬁough not
limitel;i 'to‘ such areas,‘ is the accumulation of éxcessive amounts of
soluble salts. 'Rainfali in Ifhese éoneé is in.a.dequ.ate‘fo rémo;é salts
reléasedv by thé; wéathering of rocks, or the salts initially present in
the soil-forming matefial;

The ways in ‘whibch Soil.s beédme s;.lt énd sodium a.ffec.tédb can
occuf through a nu}hbéf of proceséés. Kovda (32) disfingui‘sehéls“the
following 'cycle‘s of salt ac;:cumu;lation’: (1) ébntinént.é'l‘cyc.lés', con-
nected with the movéméht: ~rédist:l'ibt.xtion and aéCIJ:m‘&ia;ti-()n of salézs in
inland regions th;t have no run”o'ff, (2) Marine cycles, éonrie&ed with
the accumulation of ﬁa;iné salts on the coasi:éd piains of dry lanfi and
al'o‘n;:g ﬁie shores of shalléw bays; (3) Delta cycles,. v;/idely distfib‘uted
in né.tux;'e and of great irﬁportance for f;‘makaind, if-lébfaf as Varéa:s' of
river delta;s have been extensivély used for irfigation since ancient
times, (4) Arteéiaﬁ cycles, coﬁneéfed with the evapofa.tior; of ideep>
undérgfound watéré and their thinniné out oﬂ the "surf;a(':e:thr'ough teu-’
tonic fractures and deétroyed structures or in deep Coniéiﬁéntai de-
Iﬁfés'siSns, .Aé.'nd (5) Anthropogenic cycvlve's,:-‘res:ulti:ng- from errors in the
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gcor_mmic activities of man, or a lack of knowledge of the laws of s_g}t
-accumulation, . It is interesting to note the extent to which salinity can
occur, Eo? example, McCall, et al. (38) and McNaught and Houston
-(41) in their studies used high levels of fertilizers on greenhouse crops;
and Doxtator (18), Grogan and Zink (25) used high levels of fertilizers
in intimate contact with seeds, both showing that high levels of ferti-
lizers can cause.salt injury no less damaging than that resulting from
natural soil salinity.

The process of salt accumulation in soil (salinization) and the
process whereby the exchangeable sodium content of a soil is increased
(sodicization) and their chemical and physical effects on soil and.. -
plants, have been known for a considerable time. . Yet it has only ,been
within the last decade that the world has witnessed remarkable ad-
vances in the various phases of salt-affected soil reclamation. Among
these are such developments as the prevention of lowering of surface
evaporation, the éﬁltivafion é.nd matnaget.'nenf :of salt-affected lands,
the cultivation and breeding of salt enduring plants, the use of chemi-

cals, and the desalting of poor quality irrigation waters.

Regardless of these advances, a quick glance at the present
state of the world immediately reveals agonizing problems of misery,
hunger, poverty, and ignorance which need a remedy without delay
(2, 65). For a long time it was thought that it was unnecessary to pay

much attention to these problems, because they could readily be solved
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by certain improvements in production or adjustments in distribution; -
but more recently the world population has increased at an alarming
rate. Today it exceeds 2,500 million and this figure is likely.to double
in less than 50 years (65).

The increasing demands of the world population necessitates :
the development and exploitation of our natural resources in areas
which man formerly neglected because he had discovered more favor -
able conditions elsewhere, Apart from the oceans, these-areas are
chiefly situated in-the Tropical Zones, in the Frozen Zones, and in the
Arid and Semi-Arid Zones, Since the Tropical and Frozen Zones at
the present are not known to be favorable for agricultural crops, this
leaves the Arid and Semi-Arid regions for development. - The increase
in crop acreage in the world can be done by reclamation of arid wastes,

marginal, and salt-affected lands in the Arid and Semi-Arid regions,
Occurrence of Salt-Affected Soils

-In the United States, salt-affected soils occur mainly in the 17
western states west of the,100th meridian(58). - Sandoval, et al. (51)
have described the solodized slick spots soils of southwestern Idaho.
Spots range in size from a few inches to 50 feet or more in diameter.
The soils in these areas show solodized features with characteristic .
solonetz morphology of the B horizon which also contains high concen-

trations of soluble salts, Under the solonetzic horizon is a zone of a
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heavy calcium carbonate accumulation which forms a bowl-shaped layer.
In North Dakota, calcium carbonate solonchaks occur on slightly ele-
vated positions in re‘la.‘tion toAthe surronnding hu{\rnic’ gley or chernozem
soils (49). It 1s Ebe-lieee.cll t}:rat 1irvnve a\nd ss:].ts a.'ccumnts.te in the wa.ter
ta.ole perched oxter the frozen sub—so'ilz 1n the sori'n‘g a'.nd’move into end
a.ccumuiate in the ca.lciurn os,rbonate :sol:onchaks.“. The Umted States
Sahmty Staff (64) in 1958 reported that more than one-fourth of the “
irrigated farmla.nd in the Unlted States is salt-affected Fuller (23)
states' that one’-ﬁfth of the 1rr1gated lands in 14 of our western sta.tes
is aszected.by -excesswe accnmula.tions of' sa.lts‘. |

The‘s‘alt-affected soils of the nortnwestern United lSta‘tes are
similar to those in the arid region of western Canade. : Ehrlicn and‘
Smith (22) examined 11 halomorpnic‘ pryoﬁl.e-s in their stndres near
Manitoba. Ekchanéegole calcium and magnesium donﬁinateci the ex-
change complex; Tne.anthors conoluctett tha.t the hlgh _l:er/el of‘es:change-
able sodium is not ‘essentia.l for the'developvn'qent of charaeteristie
solonetzic features s.nd that excha.ngeable imsgnesiurn ms.v}'r. function rn ;
similar wa.}‘r to ex‘chs.ngeal;le sooium 1n soils’ Wh.ioh ar‘e lo;zv 1n sodiurn.

Salt-affected soils ocour also in the arid high‘ pla.ins of Meﬁco,
and on the western pacific -slop;es of South America.. Otner.areas with
extensive sait nroblems occur in conntries of North‘ and South western
Africa, in Asia, Australia, and onl.y small areas in Europe, princios;lly

in Hungary and parts of countries bordering the Mediterranean (58).
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Properties of Salt-Affected Soils

Salt-affected soils are classified according to either c‘he;'nAical
or morpﬁological systems (4, 56). Of the two, the chemical system is
simpler to define and so it will be defined first. Saline soils contain
high concentrations of soluble salts which depress plant growth (61,

62, 63). ForApurpose‘s of distinction, the lower limit”fo‘r isaline s.oill
has been set!:. ‘at-4 millimhos per centiﬁgter (electricai q.ondu‘ctivity of
the saturation extracf at 25° C ), and for sodic;. soils, ;t 15 percent
ex;hgng;able sodium, ‘The me;ning ‘of the cpmbine»d terms sodium.-
sodic and nonsaline-sodic, is self explanatory. According to the |
morphological classification of soils, the saline soils are Solonchaks,
and thé sodic soils are ggnerally Solonetz (4). In the latter case, the
high level of exchangeéble sodium is associated with consider‘able‘
m,o.dification of Fhe soil profiLe with respect to pliysica_l as well as
chemical properties. | A decrease in exchangeable sodiu;'nv and other\
Aassociat‘ed chemical changes iﬁ the s1;rfa.ce horizon 6f a Solonetzic soil
due to leaching, leads to the formation of a Solod soil (4). Aé with any
system ,Of classifiic#i;iop, marginal cases are known and it is well to '
keep in mind‘tha‘,t the t;umerical limits fo:; salinity and sbd.icity are not
intended t§ be rigj.d. The final arbite? 1s t?xe plant involved. If it is
adversely a..ffec:t‘:gcll by the ‘conc.entra_tion of ;étuble sait% present, then

the soil is saline as far as this species is concerned. The United
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States Salinity Laboratory has recognized that severe salinity effects - *
may occur at salinities as low as 2 millimhos per centimeter with such

salt sensitive species as.beéans and strawberries (63).
Irrigation

Although salt-affected soils occur naturally in many arid and
semi-arid parts of the world, they frequently occur as the result of
man's use of the land, particularly under irrigation agriculture. For
instance, in the United States one-fifth of the irrigated lands in 14 of

our western states is affected by excessive accumulation of salts.(23).

Ancient Irrigated Agriculture

No one knows for sure when man began to irrigate; but we do
know for sure that the task of finding, developing,.diverting, and dis-
tributing suitable water for crop production was recorded in the early
records of Assyria, Babylonia, Egypt, Persia, India, and China (58).
Remains of ancient water conveyance structures-and-irrigation systems
are evidence that large civilizations have been based upon applying
stored, diverted, and transported water to soil to aid in crop production
in arid and semi-arid regions of the world (43, 58). -

There is no general agreement on the cause of the. decline of
many of these ancient civilizations discussed above (58). Evidences from

the available historical sources today tend to favor the theory that the
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failure is due to the destruction of the central government and the poor
methods of soil and water management.: : -:

.- There is archaeological evidence that shows that at one time a
large area in the Salt River.Valley, Arizona, was irrigated, . In some
areas there still exist portions of ancient canals and ditches (43).
According to Dr. S. A. TaLylorl several remains of these ancient °
canals on both sides of the Salt River in the vicinity of Mesa, Arizona,
are still evident, The course of many of these ancient distributing
ditches can still be-féllowed through the fields that are now being
cultivated. These ditches can be traced through fields of alfalfa,
cotton, and sorghum.

Dr, Taylor observed that plant growth remains inferior along
the courses of the ancient distribution systems, even after many years
of tillage under modern irrigation farming, which includes leveling,
frequent tillage operation-and heavy fertilizer programs. . The water
infiltration into the soils along the ancient ditches was greatly retarded
with respect to adjacent soils. Dr. Taylor also pointed out the fact
that Dr.. T. W, Barrett, soil scientist at Arizona State University at .
Tempe, has found that the percent exchangeable sodium and the pH
are slightly higher in soil that is located along the ancient distribution

channels. -

1pr. Sterling A. Taylor, (Soil Physicist) Professor of Agronomy, ‘Utah
State University, Logan, Utah.
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These ancient evidences from the Salt River Valley point out
some of the important problems resulting from poor management of
soil and problen?:é of a sustainec’lﬁagfiéuilt‘ure based 6n irrigation.
These problemsfare: (1) salt accu_.mula.tion in the soil, (2) reduction‘
of the water infiitra.tion rate into viv:h.e‘ soil because of silt and salt thag
the water deposits in the sqil, and (3) the. deterioration and loss of

desirable soil structure as a result of irrigation practices,

Arizona ILrrigated Agriculture

The development of irrigated ééricultﬁfe.in the State of
Arizona has‘been influenced by the following J‘;'actors: fﬁyéiégrapﬁy,
climate, aind geology..’ These factors Hc':‘ontrol the topography, pre-
cipitation, soil genesis ana morphology, and the occurrence‘ of sur-
fa}ce a.nti éround water and have localized the development of irriga.ferd
agriculture throughout the state (26, 66, 67). in turnl the whole
state can bé divided into three areas based on topography, geology
and the occurrence of surface a.r.ld ground water (66, 67). The latter
areas, or provinces, shown on Figﬁre 1 are: (1) the Plateau Uplands, .
(2) the Central Highlands, and (3) the Basin and Ré.nge Lowlands.

Since both the Plateau Uplands and the Central Highlands
have limited agriculture, although not limited from salinity or salt-
affecifed soil probleﬁ;sA, (the bulk of thlS aischu:ssion will center arm;nd“

the state's agricultural area which is the Basin and Range Lowlands.
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Figure 1. Physiographic Provinces of the State of Arizona.
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According to White (66), about 80 percent of the popuiaf:ion aﬁd rhoré
than 90 per.c ent of the irrigated acreage of Arizona ‘a.re cdncentfated
in the lattér province, whicﬁ constitutées rf:(.)r'e tha.ﬁ 45. pércent.of the
total area of the state.

The southern and westérn partlé of the state clémpo.;;e ;the
desert region. In this reéién; T.J:.s.,olated nAo‘rlthwest tfend}.ng ri").oﬁ‘nta.-iﬁ
ranges are separafed By broé;ci and ﬁarrox)v, gently slopin(g..all‘ﬁvial
valleys with very deep unconsolidafeci sédiments up to séveral tﬁbu-
sand feet in thickness (26). Thééé valleys 'éontai;n rr;uch of btl;e“land
in Arizona that is suitable for agriculture.

Geologically, the valleys of the desert regions are hlghly
suitable for irrigated agriculture. The al].uvial fills in tﬁé valiéys
are composed of poorly consolidated gravel, san&, silt,‘ a;nazclié.y and
some caliche, Groundwater is obtainablé in rﬁo st places; df:a.i:rl’age
is good, and sufficient lime is presénf: to m‘a:"mt;lin t-he‘ soﬂs 1n good
condition except under': problem conditionsn(Z()).»

The climaf:(;. of Arizo.na, especia.liy J;.;'l‘the"'sov.vlfh:errvl part of
the state, is semi-;fid. ..According to Whit.e‘(67:), 'rolughl-y half thé
state receiveé less tha;x ldkinches of rainfall a.ﬁnuaily. With the
exception of limited ré.infall, the fegion is highly favorable for
farming., The grb;;ving éeaéoﬁ is long and the temperature varies

little. The long hot summer days give an ideal environment for such
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crops as cotton, alfalfa, sorghum, barley, corn, wheat, vegetables,
grapefruit, oranges, lemons, and crops of lesser importance (26).

Due to the development of soils under limited rainfall, high

v

temperatures; and _éparse vegetation, in ﬁmany cases, salt probler{xs
were iﬁher er-uf. 1n sé;ne qf the‘ soﬁthéfr; Ariéopa ‘s‘o‘i.lv:in it;s;-fri;:gin. state.
More se.rious-pr.ob.letl‘ns have arisen since the lg.nd was placed under
cultix}ation. | Inr most cases, theslé latter 'Ijaroi)l’gams h;;.d dévelop.ed_ from
a fallure to fullyr‘appreciate the; con‘dition..;:“ tha't" ari‘sé wﬂeﬁ solﬁble salts
and sodium ioﬁs in irrigation waters and their subsequent accumulation
in soil are not controlled (39).

It can re‘a.d.ixl}; be seen from vthve forégoing discus;ion that a}l-‘
though irrigatibn ha.,s.: b‘e.“e‘n practiéed for maﬁy ;:e;xltu..ries, mést} pf the
eariy préjecf.s no :l.‘obng‘er exist. Somé of them ca;rﬁe to an 'end bécause
wate? supplieé fav.ixl-ed; or‘ B’ecause irrigation works were destroyed by
invading armies (58). - Many, however, have to be abandoned because
the land became water -logged or too heavily charged with salts and
sodium to er9\§ crops sﬁccés;fﬁilj; ];’o;)r cl‘ré.‘irx.'a.ge,:‘over irl;figaf;ion,
the ‘Lblsevoif 1');)0: éuality Qate?s;,, and segpag‘te f;-om c;.rl;als all éoﬁtrib-
u;ed to t‘r‘1e fa.iiufé of tﬁeée proj;acts; Today, \the sér;)e »factoﬁrs»al.re
causing much irrigated la;na to Becoﬁe Qater —lqggeci or _tqo. s_g,lty and

sodic for successful farming (58, 61).
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Quality of Irrigation Water

All natural \;vat'e‘rs‘used for irrigation contain dis;so.iv;ald in~-
Qrganic salltgsv.\\;ﬁich .are derived originallf from the r‘c')cks or soli.d
phasé .m-a.tex;:'L-al.'s thrbugh QMCh w;tér ;I)erc;olates. | The >c.1i;ssc;iv>e;1 1n- |
or ganié salfs fou‘nd iﬁ wé;ter .determine .it;&; quali;ty ;é.nd ‘thus 's e’t the
wa..t‘ehr”’apaxv‘t”ﬁ(‘)m o&iers through a c].‘vals si‘ficr‘ation ssrsterﬁ.‘ It:.‘s};oul-d»
be recoglnized that thile fhe élaésiﬁc;f;on of:' irri.ga:tion water‘, ‘W‘ith
.res.;'pect..to quaﬁty, serveé a useful éurpo;é, too 1:igid a depeﬁdeﬁce
is juﬁwarrant-ed (16, 29). Sinvce. élx'op. Eprodﬁction is the main concern
in irrigated agriculture, the usefulness and ultimate criterion of the
quality of water i;.-: its effect on the plants and, of course, the soil on

which it is used (16, 68).

.Classification

In det»errr.:i.ning the quality of irrigatioﬁ “'zater,'v i:he most
important characytéri‘slt.ics to be consideréd are: '(1) fhe fotal sol-
ﬁble sallit;,. (2) the pe.fcent sodiﬁm, (3) &w concentfation of bt;ron,
'. (4) 7t.1\1e-biicia‘.rbbonate ;:ontent, | which has been questioned, é.n& (5)
uﬁdi;soivéd soiids. If the ci:oi) to be irrvigate.:d'is specifically
sensitiQe to éhi;ride or sodium, special cogniéanée of these ions

may be required (29).
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Total Soluble Salt

Thé tota;l soluble saits, TSS,“is commonly measured as
elec.tvrical‘ conducta.r;ce which is given in micromhos per centimeter,
EC ,x 106.V As an index of the total salt coﬁtent of irrig;.tion water, in
genera.i, when the evl4e.ctrica.Al cvongluc;tivity exceeds 3, 000 mi.cro.mlhg)'s per
cet‘ltirr')e.:tle.x(';'a.ccumulation qf salts probably will be harmful‘ (29). The
tofal éoncéntfat‘ton of salts may be expressed as parts per r\nillio-n
(p. p.m.), toﬁs per acre foot, or milliequiva_leﬁt per liter b‘y using the

proper conversion factors (69, 70, 71, 72).

Sodium Hazard

The second criterion of wa.tér quali:éy is important because a
high proportion of sodium in irrigation water results in a high pro-
portion of sodium in the soil solution and on the exchange complex of
the soil (16, 19, 68). Adverse changes in the physical properties of -
the soil result from accumulation of sodium in the exchange complex.
High sodium soils tend to become puddles or dispersed and their
permeability is usually decreased. One method for indicating the
sodium hazard of irrigation is the soluble-sodium percentage, SSP.
This term is also referred to as the percent sodium, or sodium
percentage. It is a calculated value and is defined by the following

equation in which the concentrations are in meq. /L.
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Soluble Sodium Concentration X100 . _ -
Total Cation Concentration

S+ . SSP=.

- ThJ.S 'ivs ﬁéeful in chaf‘alctériziﬁg a ;;va,\ter’ R -:'svi‘n‘ce a'higl’n value
in(!'iica't’es a.softwater ‘and a low valu;é indicates a hard water. No
precise lirﬁité f(;f .sodium'pex;t:‘eri.t:'av;.ge‘ca;IBé set l.)ec;ai';lser‘f’soi:ls of dif-
fei'e:ntAty'pés reaét dif.f.é:r‘entl‘y ‘.tovwéter of a gi{ken ’séaiumhéontent; but
if the ‘perce‘nt‘ of sodium 1s les;z than 6(‘)>‘, it is not V'likely that trouble
will be encountered (29, 40). - C

Amore své;:is‘fé.bctdl;y indicator of the sodium hazard of irriga-
tion water is the 's;‘(-):d.‘iu‘rh'-:-ab"sori)'tAiohv-?-f.a’tio, SAR, as defined by the fol-
lowing equa.i'tiovt.x‘ in which the concentrations are expre‘ssed in méq. /L.

' SAR = Nat

\/Cat+ Mg+t

2

It has been shown that when the irrigation water and the soil solution

.are in equilibrium, there is a significant relationship between the SAR

of the irrigation water and the exchangeable-sodium-~percentage, ESP.

Therefore, ‘by knowing the SAR of the irrigation water, it is possible

to make a reasonable estimate of the resulting ESP (9, 40, 63, 68)..
There are four classes of irrigation water based on SAR -

values with major divisions at 10, 18, and 26. . Such values are

based primarily with respect to the effect of sodium on the soil (29,

36, 55, 63, 68, 69, 70, 71).
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Sl - Low-sodium water. This water can be used for most

soils with little chance of a sodium hazard developing, although some
sodium sensitive crops may be injured.

52 - Medium-sodium water. This water may be used on soils

with good permeability, but will present a sodium hazard on fine-

textured soils with a high cation exchange capacity.

S3, - High-sodium water. Most soils will require special
managéfnent if this type of water is uséd. Crops must be selected
with regard to their sodium tolerance.

. s4 - Very high-sodium water. This water is generally“‘un-

» ?
satisfactory and can be used only in special cases, '

! The Salinity Lé.boré.tory Staff'(63) has prep.'a‘red anotheri
clas siﬁcati.on of irrigation water ba-secii on the integration hf elec.tri-
cal coh'ciluct:ance and thé SAR. This reiatﬁ.ohship bej:wéeen the EC and
the SA.P; is ‘shown by the diagram in Figure 2.. |

H

-

Boron Content

Boron, as a factor ‘i.r;.wvater quality, -has beeh investigated
extensivelir hy Eaton, Scofield, Wilcox, and others (1-9, 21, 52, 53,
54, 71, 72). When _i%figaﬁon water contam.mé boron is allowed to
flow through soil,l ‘.so:n;:»e‘ of fhe boron‘i.s a.bsorbecyifb}.r the soil until the
absorbed borhn an.d'the dissolved bhroh in the honcehtrations of the

irrigation water and the soil solution are in equilibrium. If water
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having a lower concentration._'of boron is then applied, desorption of
boron occurs until a new equilibrium between dissolved and absorbed
is established,

Concentration of boron as low as 0. 67 p. p. m. may be toxic
to the most sensitive crops,. and even the most tolerant.crops are -
likely to be injured where water containing boron in excess of 2 to
3 p.p. m. is used for irrigation (71, 72). In Arizona, the boron
toxicity problem is not caused by excessive concentration of boron
in the soils, but rather by excessive amounts in the irrigation

water (54). 0 oL

Carbonates and Hcarbonates

According to Eaton (20) as water, containing Catt and -
HCOg ions evaporates, CO, is lost from the system and CaCO3'
(solid) precipitates according to the following reaction: .-
wCatt + 2HCO3 ~———= CaCo0, (solid) + H,0 + CO, =~ ¢
: Thus according to the above equation, when a soil containing sol=-
uble Catt and HCO§ ions dries out, CaCO3'(solid) is precipitated,
and the ratio of Nat to Cattions in the soil solution increases, the
SAR increases and the soil pH also increases. Eaton (19, 20) has,
therefore, suggested three calculated values upon which irrigation
waters should be evaluated and these are expressed in meq. /L. con-

centration., These values are found in the literature as (1) "the
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sodium percentage found, " (2) f'the possible sodium percentage, "' and
(3) "the residual sodlum ‘c‘arbonav.te. n | )

However, ‘within the last few years, other workers: (1, 3, 4,
59) have viewed the concept of residual sodium carbonate and possible
sodium percentage in field spils as proposed by Eaton as of contro-
versial nature. -Thorne and Thorne (59) could not find any significant
correlation between carbonate and bicarbonate of irrigafion waters.
Babcock et al.. (3) in lysimeter studies showed that the estimation of
the exchangeable sodium percentage in equilibrium with a given irriga-
tion water, based on exchange equations or on Eaton's principle, may
not serve to predict field behavior when a crop is grown. Argawal
et al. (1) concluded that canal water in India presents less salt and
sodium hazard than the well waters in the state. However, prolonged
use of the latter well waters has not been as damaging as the calcu-
lated residual alkalinity((HCO3™ + CO5~) - Catt + Mg++) and the possi-
ble sodium percentage, Na+/{(total cations) - HCO,~ + CO3= ), would
lead one to expect.

Eaton's residual sodium equation has been used to classify
waters with high carbonate and bicarbonate content as follows: .those
with more than 2.5 meq. /L. residual carbonate are unsuited for
irrigation purposes, 1. 25 to 2.5 meq. /L. are marginal, and.less than

1.25 meq. /L. are probably safe (69, 70, 71, -72). -..
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‘Tl;é ‘Ei‘:'.fect: of Irfigat;ion Watér on Soii

In many instances, salinity and sodium problems developed
after the land was put under irrigation, and in such instances, salin-
ity of the irrigation water is obviously a contributing factor. Other -
factors whichb influence salinity effects are the concentration and
composition of salts in the irrigation waters, adequacy of soil perme-
ability, and drainége, management practices, and inherent soil
characteristics (8, 9, 10, 14, 17, 19, 28, 29,.33, 36, 44, 52, 61,
63, 68). .

Continued application of irrigation water to soils produces.
many chemical and physical changes and may profoundly affect the
soil's productivity., Chapman and Harding (14) list the following
effects of irrigation water on soil: (a) increase the concentration of
salts in the soil solution variable with depth; (b) the deposits of cal~"
cium and magnesium carbonates, calcium sulfate and silicates on
soil minerals and roots,under some conditions; (c) an increase of
sodium on the exchange complex; (d) the generation of sodium car-
bonate in some cases; (&) a change in the soil pH; (f) decreased
availability of iron, zinc, copper and manganese; (g) increase in cer-
tain toxic elements such as boron, lithium and thorium; (h) changes

in soil flora, and (i) changes in soil structure permeability.
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C. A, Bower of the U, S, Salinity Staff (8), -states that the
principal direct effects of irrigation on soils may be grouped into two
categories:
(a) effects upon the concentration of the soil solution,
(b) effects upon the composition of the. dissolved and adsorbed

constituents. °

Concentration _c_)_f_the Soil Solutions

~ The relation between the concentration of the total dissolved
constituents in the irrigation water and that in the soil solution of the
root zone, is determined primarily by the fraction of the applied water
which passes through the root zone, and the water content of the soil
(8). Both of the latter two are in turn influenced by the frequency and
amount of water a.ppl.icaj:ion in relation to that lost to the atmosphere
by evapotr>anspi‘rayfi'6n,} ‘thic‘a posi-tion of- the gfound water table, and the
permeability of the soil.. A water of good quality may cause trouble .
when improperly used or when applied to a very impermeable 'soil,
while a water of relatively poor quality may produce good results
when properly used on a permeable, well-drained soil (4). Thus, for
a given irrigation water, the concentration of the soil solution may

vary greatly depending upon water management practices, and soil

drainage conditions.’
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<1 The proper rate of water application is-determined by the.
crop requirement for water and the leaching requirement (4). . If the
maximum permissible level of soil salinity, in terms of the EC of the
'ksatu'.ration'e‘xtract, is ECdw, and conductivity of the irrigation water,
‘ECiw, then, leaching requirement, LR = ZCIW Thus, the'leaching:

ECdw

requirement may be calculated from knowledge ‘of the irrigation water

and the permissible .concentration of the drainage water which is
a.pp.roxima.tély equal to the concentration of the soil solution, From a
‘theoretical standpoint, Bower (8) states that.since the above concept
is based on'the principles of salt-balance and steady-state water flow
rates, the above equation can be used to predict and calculate the -
effect of irrigation water on the soil solution of a given depth around

the root zone.

. Composition of Dissolved and Adsorbed Constituents

-~ Bower (8) explains that in predicting the effects of irrigation
water on the composition of the dissolved and adsorbed constituents of
soils: "It is useful to consider the irrigation of a.soil to be a column
process involving the adsorption and exchange of constituents during
the down flow of water. ",

Brooks et al. (10) have successfully applied a cation exchange
theory, developed for exchange columns, to a soil in a field situation.

Measured values of calcium, magnesium, and sodium in a soil solution
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sampled_ asa \function of 4th<la depth Qf wg.ter applied, agreed well with
the theory. However, the exact solution of the fIfhomas_-Hi_es;!:erf
Vgir_meglgn, ‘which inclqd{gsi the latter, are complex as they contain. .
functions whj.ch must be evaluated numerically; moreover, the uses of
the equations require values for soil properties that must be obtained
by direct gletgr?ination. F01f the important case where a high sodium
irrigation water is applied to a soil initially present, the equation
shows considerabl_g promise. It is weu to keep in mind, '_howeyter, that,
there is a divergence “be:tw_een the results from field studies and those
calculated from theoretigalv iequations (8). B

The lenéth of time necessary to establish equilibrium between

.'irriga.tion water and soil seems to be of importance if data which will
actually show changes in chemical and physical characteristics of
soils in the field afe to be expectgd. - Data of Lewis and Juve (33),

in Texas, indicated that in one soil the prépess of theA;establ‘i}shmendt‘:
of equilibrium began only after a two-year period. The result of

work at the Safford Expex_fimental Station shovys that equilibrium

is established in less than two years under conditions of adequate
drainage. McGeorge, B;gageale, and B.uss“ (_4Q)‘ found that two .

years of i;z;_iga.tiop with a water having a conductance of 6 millimhos
per centirAnete‘r and.a sqdiurn percentage of about 83, increased the
exchangeable so;]ium'pgrcentage pf soil on the Safford farm from about

10 percent to near the equilibrium value of 25 percent. However, the
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studies of Longenecker and Lygrly (34), in "I'.exas, showed that one soil
approached equilib;'ium only ‘a.fﬂte!r a‘ ﬂfiv~e~ .to “seven &rea‘r beriod. The
workers, however, concluded that under field conditions, the relative
relation between water composition and soil properties is unreliable
and of little value in predicting the chemical status of irrigated:
gypsiferous soils of west .Texas.'i ‘

- .. Doneen and Henderson (17) have obtained interesting data
that show the -effects of irrigation water on soil characteristics. These
workers showed that the concentration of electrolytes in the water has
a marked effect on the infiltration rate. The bicarbonate waters pre-~
cipitated out lime, and increased the exchangeable sodium percentages
of the soils, -

The indirect effects of irrigation.are many and varied. : Some
of the most important effects are: the decreased absorption of water.
by plant roots as the concentration of the soil solution increases (24,
46, 58). : The deterioration of the physical condition of the soils as a - -~
consequence of the adsorption of sodium (63), and the specific toxicity
of some constituents such as boron to plants (21, 53, 54, 55, 71, 72).

The chief beneficial effects of the application of irrigation
waters, other tiia.n the supplying of water and some mineral nutrients

to plants, are the leaching of accumulated salts and the improvement

of soil structure through the replacement of adsorbed sodium by cal-

cium and magnesium contained in the water (4, 23).
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Plants in Relation to Salt~Affected Soils

It is comm.on'ly accepted that excessive salt concentration is
détriméntal"to pllan't'g:;gwth. It‘ivs also accepted that some salts are
more toxic than other's and that certain plants are able to tolerate high
concentrations of salts while others are sensitive to ldw”co‘n‘c'e"ntrations.
In 1877, Pfeffer réported that salts in solution around roots would re-
duce or prew)éni: water uptake by plants (58). This éoncept has been
widely aci:‘epted'for some time, but the general application of the
principlé, 'along with ofhér effects of salt on plants and soils, had not
been extehsively étudied until work dn this subject became intense at
the U. S. Salinity Laboratory.

The solution to many of the perpléxitiés imposed by salinity
must be based on tfxe differences in soil characteristics, Sa-line> soils
with excessive salt in the soil solution around the r'vo't zone differ’
fundamentally from the ‘sodicv soil with high exchangeable sodium, poor
physical conditions and frequently the high exchangeable sodium is in

addition affected by excessive salts (46, 58),

High Salt Concentration

Salts in the soil solution may adversely affect plants in

several ways: (4) by osmotic inhibition of the water intake into the
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roots; (b) by direct chemical effects of the salts in disturbing the nutri-

tion and metabolism of plants. -

Osmotic Inhibition g Water Intake

It is generally recognized that plant growth bears a definite
relationship to the osmotic pressure of the root medium and that .
different species, and sometimes even varieties, . exhibit different
sensitivities to increases in the osmotic pressure (29, 46).: Gingrich
and Russell (24) compared the growth of corn roots in osmotic media
at seven levels of osmotic pressure, and soils adjusted to equivalent"
soil moisture tensions. . Root elongation was affected more in the soil
than at equivalent osmotic stresses, indicating that restricted moisture
transmission in the soil, especially at suctions in the range of 1 to 3
atmospheres, was limiting root growth. Salt has also been found to
delay germination of seeds. This might be expected because of the -

reduced availability of water (29, 46).

Specific Ion Effects

Specific ion effects (toxicities and nutritional disturbances)
may be superimposed on the general osmotic effect, depressing the
vield further (46). Many of the fruit crops, including citrus, stone
fruits, and avocado, have been shown to be specifically sensitive

to chlorides (4, 6). The nutritional upset may be a result of the
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insolubih’.ty or competitive adsorption of ions. Any one of these effects
may be associated with enzyme act1v1ty in the plant or w1th morpho-
logical changes (46) Lundegardh (35) has presented a theory of an 1on‘
resplratlon in whlch he expresses a behef that the act:wtty of tne |
cytochrome ssrstetn is .controlled by the concentratlon of-movablesait‘
anions. He ha.s sheww;n tnat in living wnea;t roots, the omdat:.onreduc—
tion balance of the eytochromes is raised totﬂard/a highep: vstete of
oﬁdzttiontby a change.:ef tnediu;n f;om water to salt selntions. | Miiler
and Eve,.ns (4‘2) rnade astudyof the inﬂuence of varions eoncentra-
tions and kmds of salt on the act1v1ty of cytochrome oxidase from cer-
tain higher plants Theyvshowed that monobasic catlons we1;e more
stlmulatmg at low concentraﬁons thanv dibasic, and less depp'essing;

e.t nigner eencentf;tions. .‘When a.niens were varie(‘i, theyl fonnd that
cnleride, “nitrate, sulphate,- Abromide, and iodine were about equal

in their influence. The H,PO,~ and HPO, = were best while NaHCO;
was most inhibitory. No explanation for the beneficial effects of high
salt was offered. nor did these wo‘ritiers‘indicate .h’o{avjthe enzyt‘ne sys-
terns o'f‘solll'ne‘ plents were proteeted from t‘ne inf:luenee vof hlgh :c.:‘oﬂn-
centre.tien.s‘ of se,lt. Snch data on enz;tme ectivity a.re not beonclns;"&e
but‘t‘ney s.uggﬁest Qva:y.s' in which salts may adver‘selyv inftuence ptant

growth.
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Exchangeable Sodium

RSP RIPE

Not.a}»'é.réét deai of c~oncre.te information ig avéilable on the in-
flué(nce of exc‘h;ﬁgéable sodium on p-la;nt behavior, nori on the basis v‘o.f
toler‘ance t:o valka'l\i‘n‘re ;cor;lditioné. iThere is aiéo no é.ssurénce that sa.}t
toiéré.nf plaﬁés ‘aléo héQe ‘tvolerance‘ t6 éxéessiVe ar/nox;.nts‘ of :é;cchaﬁge-
ablé >s.odium. Tbieraﬁ?ﬁ:e to exceésive arﬁoﬁnté éf .c'ax-chaﬁgea;i)lie sodi;J.m
varies w1th such ;:or.zdltlolns. as: (a) ﬁlgh sodium pius naltural salts, (b)
h1gh sod1u¥n and hlgh pH and (c) hlgh sodJ.um carbonate content in the ‘
soil solution (46) S |

The adverse effects on plants under these various conditions
may result from (a) high concentrations:of sodium; (b) low calcium,
magnesium, and potassiu;'n availability; and (c) the dispersion of soil

with resulting poor aeration.

High Concentration of Sodium

Exééssive sodium in the plapt causes characteristic lgaf—
burn symptoms“‘when leaf confent of sodi:um or chlqﬁde réacﬁes»criti-
cal values in fvruljv.‘t.croﬁs», in‘clv'udivng éitx;us, .a.n'd a;vvo’cador (4, 7, 29).

In contrast, cropé s:ucﬁ as. field forage aﬁd veget;f)l; ;:1;0va_ are not
affected as much by sédiﬁm as by excessive calcium becaﬁsje fﬁe
accumulation of sbdiumb 1s ﬁéually much more restrictéd, éspecially

in plant tops, than is calcium accumulation (4, 7, 11, 29, 45).
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" Grain-'or:forage plants are frequently the first crops planted
on.reclaimed sodic soils, and the tolerance of such crops to exchange-
able sodium (ES), is, therefore, of particular interest. ~Pearson and
Bernstein (45) found that the ES percentage at which yields were re--
duced by 50 percent for six such crops were: 30 percent for oats; 34
percent for tall fescue; 38 percent for rice; 43 percent for wheat; 49
percent for barley; and 64 percent for tall wheat grass. ' Thus, while
some species are outstanding, almost all can tolerate the levels of ES
that may be encountered on moderately affected or partially reclaimed
sodic soils.

PR -~

Low Calcium, Magnesium, and Potassium

: Chang and Dregne (11) have suggested the unique symptoms
they call sodium-~induced calcium deficiencies. For alfalfa they take
the form of reddish coloration of the lower iea.ves followed by a
collapse of the petioles. |

Martin, Bitters, and Ervin (39) in working with trifoliate
orange trees found that by increasing the ES from 1 perce»nt to 7 or 15
percent, 01: thé <~;>.:chang:‘<~:\l:a:l;)l'-e~ pbota.ssiﬁm (EP) to 23 .percent of the cation
exchange capacity, they decreased the seedling growth. The harmful
effects of ES and EP tended to be additive.” Increasing the ES decreased

leaf calcium and magnesium and tended to increase leaf potassium, the
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latter is'a frequently observed phenomenon with:species that restrict
sodium uptake. .

. Bernstein and Ayer (5) showed that several varieties of car-
rots achieved an increase in the absorption of calcium and a depression
in the;é.bs'orption of potassium by the addition of calcium and sodium
chloride to the-soil. Those varieties which tended to absorb more
calcium and less potassium of a given level of salinity gave relatively

poorer yields than others. -

The Disperéion _(iS’oil

Except for those crops most sensitive to exchangeable sodium,
such as ;'t‘he bean, the poor physical condition of sodic soils restricts
growth of most crops long before any nutritional effects due to decreased
calcium or magnesium in sodic soils begins to'be felt (46). ' Fruit
crops, which are specifically sensitive to sodium accumulation in the
leaves, are also usually affected at levels.of exchangeable sodium

lower than those associated with deterioration of the soil structure (4).

Reclamation and Improvement of Sa.lt-A:Efecte& Land
Fuller (23) has recently reviewed the most prominent methods
employed in the reclamation and improvement of saline and sodic soils.
These are: (a) drainage to lower water table when needed; (b) leach-

ing to transport salts from root zone; (c) chemicals to supply or make
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available soil calcium to replace sodium; (d) tillage to break up soil
straﬁficationé, c'orhpact layers, hard pans, pressure pans; (e) soil

structure improvement; and (f) crop management,
Drainage

In general, reclamation involves the removal of excess sol-
-uble salts and exchange sodium. The first consideration in soil
“reclamation must Be the provision of adequate drainage, if this does °
, np't already exist, because the soluble salts and the replaced sodium

must be leached out of the soil (16, 23).
Leaching

Leaching is the second step in reclamation following drain- .
age. The pertinent question is, therefore: What depth of irrigation
water used for ;-ecla.mation purposes, having a given salt concentra-
tion, rshou’lvd bé applied“ to keep a favorable balance between the amount
of salt brought into an area and the amount of water removed from the
root zone by drainage? The leaching requirement (LR) concept is
useful in this regard. The concept is based on the principle that after
dynamic equilibrium is established, the salt.coming out of a system
will equal the salt applied., The salt balance concept is useful in -
determining in what direction an equilibrium is being shifted, whether

towards increased or decreased salinity (29, 52).
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Chemical Amendments

The control of sodium in the soil is.more difficult. Leaching
is not enough because it cannot correct the adverse conditions of soil *
dispersion. Agricultural chemical amendments are necessary. The -
exchangeable sodium is displaced by calcium added as a soluble cal~
cium salt either directly or indirectly in the irrigation water or pro-

vided by acidification to solubilize lime already present in the soil (23).
Tillage

Often, the physical condition of the soil must also be improved
before drainage and leaching can be effective. Special tillage practices
as deep plowing and chiseling and ripping have been used effectively to

relieve soil compaction and improve water penetration (23, 40).

Soil Structure Improvement

Soil structure improvement is important because structure
influences the rate of water infiltration into the soil and consequently -
leaching of salts from the root zone (23, 39, 40). . Practices which
are known to improve soil structure-on salt-affected soils include the
following: (a) alternate wetting and drying of the soil; (b) the addition

of organic matter; and (c) the use of manure and sulfur.
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Crop Management Practices

. Crop management practices (16, 23, 40, 44, 52) which have
been suggested for reclaimed and saline soils include: (a) selection of
a salt-tolerant crop; (‘b) special planting and bedding practices; (c) con-
tinued soil treatments with agricultural chemicals and organic resi-
dues; and (d) special crop-sequence program which includes a deep-

rooted legume such as alfalfa.

Soil Methodology

[

Because large numbers of samples are often necessary in -
analyzing a given soil situation, simple tests are sought after. The
reliability of pH as a guide to ESP is still nebulous in many respects.
Howve\lrer, the use of instruments to measure pH in soils has become a
standa.rd_toql for soil investigators. Chang, et al. (12, 13) found that
ammonium acetate added at four -tenths of the cation exchange capacity
in making 1:5 soil-water suspensions gave better relationship of pH to
ESP tha_r-l. pl;in water suspensions. The coefficient of correlation rose
from 0. 690 to 0.843. Correlation between pH and ESP is better when ..
the relationship is developed for a particular area,’ in agreement with
findings of previous inye;tigators.

The procedure of using a dilute soil extract, commonly one

part soil to five parts water in determining salinity, is not only quicker
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but also reduces the sample required.  ‘However, such constant soil-
water ratios do not take into account the differ ent moisture~holding
capacities of soils; and so yield very unreliable estimates of the =
salinity in the soil solution. Further, the dilution of the soil solution
may dissolve sparingly soluble salts, such as gypsum, which were
present as precipitates in the soil moisture range. This could be a
main source of error (4, 41). Increasing the moisture content of the
soil, even to the saturation percentage, will, of course, also dissolve
the -soluble salts with which the soil solution was already'.satura.ted.
Bernstein (4) states that on the average, a gypsiferous soil will read
about 2 millimhos higher than a non-gypsiferous soil having the same
conductivity in the field moisture range.

McNaught and Houston (4]1) studying soils from normal and
salt-affected greenhouse tomatoes, showed that the relationship of
conductivity of saturation extract provides a more reliable estimate
of osmotic effects than weight of salts from soil extract. The mis-
leading effects caused by fixed soil-water ratios and dilution of the
extracts were again noted. The effect of increasing dilution of the
soil extracts was also found to change the proportion of cations, indi-
cating a replacement of exchangeable cations by the calcium ion derived
from solution of the gypsum.

Although Na and K determination by flame photometry has .

now replaced the more tedious chemical methods, another facile
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method has been proposed. Glass electrodes have been produced
which are sensitive to sodium and potassium as well as hydrogen.
Bower has dﬁevelope>d a procédﬁr.e for the quantitative estimation of
sodium by precipitating potassium with calcium tetraphenylboron
and adjusting the pH. . The EMF of the unknrown',v using the glass
electrode and calomel half-cell in co\njunctiéﬁ with the Beckman
pH_meter,_ is then gomparfed to that of a2 series of sodium standards.

The method promises even greater convenience than flame photome-

try, with less specialized equipment required (4).




"EXPERIMENTAL MATERIALS AND METHODS
Field Survey

- In 1954, Field D,- sil;)wn in Figure 3, was ‘s'urveyed and
sampiéd t:o a deptH of fquxr feet for texture determination. The
original sbampli»ng sites and t.extura.l classifications are shown in
Fig‘ufé\r‘l ax‘ld‘lTa.VI:?-liévl‘.' In addj.t‘:ion,V tbzé tbt’a.;l soluble salts and com-~
| plete particle size ‘distributi'ph were determined 6@ master samples
taken in aréas wh_efé yay-riations in soil texture were prominent on
Field D, and fhesé”results are summariz_ed in Té,ble 2.

| In the spring of 1961 the Sc;il Conservation Service reclassi- =
fied the soils within Field D ;Erbm Cajon Clay Loa‘fh to the following
three: Anthony' Loam; Anthony Silty Loalm, and Cé.jon Clay Loam.
The approximate boundary of each of the above séils is shown in
Figure 6, while the descriptions of each of the latter soils are given

in the following section on sdil characteristics.
. ... Soil Characteristics

* "Poulson and Young (48), in their survey of the soils through-

out the Safford Valley, classified the soils into three 'major groups
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REPLICATIONS
TREATMENTS

Treatment number Leaching water source Number of teachings Irrigation water source
Preplant Post harvest

1 river 1 0 river

2 river 1 1 river

3 well 1 0 well

4 well 1 1 well

5 river 1 0 well

6 river 1 1 well

3. Design showing the layout and irrigation and leaching practices on field D of

the University of Arizona, Agricultural Experimental Station Farm at Safford.



Conservation Symbol

1221 - Surface Texture - Subsoil Permeability - Substratum Permeability or Geologic Materials —

Depth
A-2 stope  ———— Erosion
Num- Substratum Depth to
eral Texture Subsoil Permeability Permeability. Inhibiting Layer
1 Heavy Very slowly permeable Very slowly permeable Deep - 36" Plus
2 Moderately heavy Slowly permeable Slowly permeable Mod. deep - 20" - 36"
3 Medium Moderately permeable Moderately permeable Shallow - 10" - 20"
4 Light Rapidly permeable Rapidly permeable
5 Very light Very rapidly permeable Very rapidly permeable
6_____Undifferentiated — — - - - - - — — - -
Figure 4. A map prepared in 1954 showing the classification and textures of soils before deep

plowing in field D at the Safford Experimental Station.

=>
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SYMBOLS

L — Lodn
CL — Clay Loam
SiICL — Silty Clay Loam

Figure 5. A map showing the main surface texture on field D on the Safford Experimental
Station before deep plowing in 1954.



SYMBOLS

6D — Anthony Silty Clay Loam
2E — Cajon Clay Loam
6J — Anthony Loam

Figure 6. The approximate boundary of Anthony Loam, Cajon Clay Loam, and Anthony Silty
Loam on field D made by the Soil Conservation Service iIn 1961.
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as follows: (1) soils without definite accumulation of lime in the sub-
soils; (2) soils having moderate accumulation in the subsoils; and (3)
soils of high lime accumulation. In the first group are the Gila, Pima,
Cajon, Imperial, and Land soils; in the second are the Anthony and

Mohave soils; and in the third are the Laveen and Cave soils.
Cajon Soils

The Cajon soils in their virgin state are usually dull yellowish or
dull 1ight brown in color and are lighter in color, due to low organic mat-
ter content, than other soils like those of the Pima and Gila series which
are darker in color. In the Safford Valley these soils under irrigation-
agriculture, in many cases, have been obscured by silting and many such
soils now in crop production are darker in color much like the Pima soils,
which are usually darker grayish brown or dark chocolate brown in color. ‘

According to Poulsen and Youngs (48), the Cajon soils were
developed ff om granitic materials carried into the valley floor in out
washes from the mountains to the south and to the west. These soils ' -
dominate a fair portion of the agricultural lands particularly in the upper
par.t of the Safford Valley. No serious internal drainage problems have
been o.b'servéd; nor is the surface drainage a problem because the Cajon
soils usually have sloping reliefs that insure good surface drainage.

‘The Cajon soils are calcareous in nature (qualitative test--two

drops of 10 percent HCl produce moderate to strong effervescence).
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Poulsen and Youngs (48) included the Cajon soils with those soils that
have lime content uniformly distributed or disseminated throughout the
soil profile with very little downward leaching or accumulating.
The University of Arizona Agricultural Experimental Station
Farm, situated at Lone Star, Arizona, two miles due east of Safford, .
sits in the heart of Cajon soils, Cajon loam, according to the survey .’

map published in 1933 by Poulsen and Youngs (48).

Anthony Soils

The Anthony soils are pale reddish brown or dull reddish brown,
but in most cases under irrigation agriculture, most of these soils have
been obscured by silting. These soils are extensively and widely dis-
tributed in small areas throughout the valley. The surface soils é,re
fine textured, but the subsoils everywhere are gravelly and in places
stony in the lower part, or substratum. Because of the latter factor,
these soils have excellent surface drainage. The Anthony soils are
calcareous anci they are classified under soils having moderate accumu-

lation of lime in the subsoils (48).

Soil Texture

In the preceding discussion, it was mentioned that in 1954 . be-
fore deep plowing, Field D on the Safford Experimental Farm was sur-
veyed and samples taken to 48 inches or more (54 inches), depending on

the soil texture variation with depth at each sampling site.. The two .- .
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different sampling sites are marked near the original spot where soil
samples were taken as shown in Figure 4. In this figure the symbols
X and O are used as the notation to designate the difference between the
two sites on the iield. |

The sarnbling sites marked by X are sampiing spots near which
key samples, D4a, D6b D13a D14c D20c, D21b, and D33b were taken
to characterize completely the particle size distribution at each site at
de51gnated depths into the profile. The symbols above, used for each
sarnpling site separated the soil sample from others as well as des1g-
nated the location within a given border on the field. Thev symbol D the
number, the letters a, b, and c, stand for Field D the plot number and
the ei{actsite' of‘ sarnbling, respectively.. 'I'he exact s:.te is noted by the
letters» a, ‘b,: and c>,~ a's.’i.ollows: a for the \rest site, ‘b‘for the center
site, and c for the site located on the east. | 'I'he analyses of the key sam-
ples, the"soil separate percentages, along with the total‘solubl.e salts
from the corresoonding depths, are recorded and sho.wn in 'I'able 2.
These analyses show a textural change in the soil surface from south .to

north, from sandy clay loam to clay, with clay loam being the prominent

[

surface texture, and at each sampling site the soil teocture change with
deloth into the profite from the surface texture to sandy cia;t loam, to
sa.:ndy loam and ﬁnail;»r‘to sand at one site. The sait content showeld .a.
correspond.ing increase from south to north and from west to east w.ith the
e;:ception of one sarnple, | D13a, which is on:the v;est;. and it hasa higher

concentration of salts than other samples from the east side of the field.
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At the other sampling sites marked by O, also shown in Figure
4, the soils were characterized by sampling the soil with a soil auger
and then the texture determined by the 'feel' method, which consists of
looking at the appearance and feeling the soil sample with the fingers,
As in the preceding case, the symbol D stands for Field D, a, b, and c
stand for the sites on the west side, the center, and the east side of
the field, and, of course, the number after each letter represents the
plot number, '

The data of the textural determinations, by the feel method,
- are shown in Table 1. In the table, the individual borders are listed
in their respective assigned treatment and replicate, which will be
mentioned in the section under Water Q.ua.lity Treatments, The accumu-
lated data gathered showed that the soil textures varied from the sur-
face, clay loam in the most part to sandy loam at the lowest depth at
which samples were takep. Silt loam and sandy loam were the two
soil stratum most observed with depth into the profile. Evidences of
gypsum dissemination throughout the profile were noted (see plate 1),

In characterizing the subsoil permeability, substratum perme-
ability, and the depth to the inhibiting layer on the experimental field,
Field D, the U, S.--D."A.-.- Soil Conservation Service in 1954 showed the
results which apéear in Figure 5 with the soil conservation symbol at
the bottom., Four different descriptions were given, and these were

2331, 2451, 2431, and 2231, which are shown in Figure 4. The largest



Plate 1. A picture showing the deep plowing on Field D in 1954.

Plate 2. A picture showing the dispersion of lime in the soil profile
on Field D.
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section of the field was occupied by 2331 while the smallest section of  :
Field D was occupied by 2231. Two areas in the above, 2451 and 2431,
showed a rapidly permeable subsoil while 2331 had a moderately perme-
able subsoil and 2231 éh;wedé sléwiy;pefmeable subsoil. The substra-
tqupe:_r‘ne‘a.bility observed on Field D showed that all the above sections
Qére Vrr‘xlodefa’te.l.y pérfneable with one exception. The 2451 section in the
center showed a very rapid perméable substratum. With respect to the
inhibiting layer depth, all the above sections showed the depth to be more
than 36 inches.’

The results of the soifsurvey in 1954 showed three prominent
textures represented on Field D at the Sli;'fage. - These textural classes,
. loam, clay loam, and silty clay loam, are s“hown in Figure 6 as they are
distributed over FleldD

In 1960, the U.S.D.A. Soil Conservation Service reclassified the
field above, Field D, into three distinctive ‘groups. These soils groups
are shown in Figure 6. In size, the Anthony silty cla..y loam-6D is the
largest, while the Cajon clay lqanv'q-Z‘E‘is midwa.y in between, and Anthony
loam-6J the smallest, fesbectively. These soils on Field D of the Uni-~
versity of Arizona Agricultural Experimgntal Station Farm at Safford were

surveyed and classified by the U.S. D. A. Soil Conservation Service as follows:

Anthony Loam-6J

The soil is very deep with medium texture surface that takes

water readily. It is an excellent soil with few, if any, limiting features.
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This soil has medium fértility and can b_e easily maintained in a good tilth.
| | Te}c.tu‘.re by cl-;ptilz‘ | |
| 0 - 12 inches 7 'loat.rin‘

12 - 36 inches = loam
36 - 60 inches = loam (coarse)

-t

Cajon Clay Loam-2E

The soil is very deep \Qlith a clayey surface whichlzl:eAstz-'icts
water intake. The internal drainage is fairly rapid but the surface takes
water slowly and tends to crust !u).ponl drying.

“’;‘e};ture by depth:

0 - 12 inches = ‘¢lay loam
12 - 60 inches = sandy loam

Anthony Silty Clay Loam-6D-

The soil is very deep with clayey surface -which takes water .
slowly and may crack ondrylng : Iﬁterna.!_ draiﬁa.ge is goobd. o
o V"I"extu.re by depth:
0 -’12 inches = silty clay loam

12 - 36 inches = loam o
36 - 60 inches = loam (coarse)

Field Preparation

On January 25 and 26, 1955, Field D was plowed to a depth of
about 30 inches to disrlii)t the hdriéonta.l soil stratification of different
textures (see plates 1 and 2). After ‘the soil had dried fairly well and

the field had been leveled and the borders cbnStructed, one foot of water
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was applied for leaching, Cotton was then planted in each of the 36 bor-

ders or plots in the six-acre field according to the usual field practices

of the area, The individual plot measured 220 feet long by 27 feet wide.

Water Quality Treatments

The six treatments used in this experiment consisted of the

following:

Treatment 1 -

Treatment 2 -

Tr eatm'ent 3

Treatment 4 -

Treatment 5 -

Treatment 6 -

one preplant leaching with river water and river
water as a source of crop irrigation,

river water was used both as a leaching and crop
irrigation source, However, in this case, two
leachings, one at the beginning and one at the end
of the cropping season, were conducted,

well water was used both for preplant leaching
and crop irrigation,

well water was used throughout the summer with
two leachings, one at the beginning and one at
the end of the cropping season,

one preplant leaching with river water and well
water for irrigation source,

two leachings with river water, one at the begin-

ning and one at the end of the season, with well
water as the sole source of crop irrigation water,

Water Quality

Beginning in 1954, the irrigation water sources from both the

Gila River and the Safford Station well were periodically analyzed, A

number of such analyses, for the 1954 to 1962 period, shown in Tables
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11 and 12, illustrate the annual variations occuring in the chemical
compoéitién ofiboth‘\A;vater sou:ceg. ‘ in both tables, ’only ‘the Aca;tion‘ic'
cdnsfituénts are listed; because only the‘cations, calcium, magnesium,
and sodigr.n cont;ﬁt and their changes in tﬁe water Have been intéré.r.e.t:ed.

on the basis of the effect they have on the physical condition of the soil.

Gila River Water

’ McGeorge, et al. (40) summarized the total édrﬂpoéition of the
Gila River water source used for irrigation on the Safford Experimental
Farm from 1945 to 1952, year by year. These workers showed the pre-
dominate salt present, as sodium chloride, while during this same peri-’
od the amounts of sulfate, carbonate, and bicarbonate ions were non- -
significant to be problems. The calculated values, the sodium:calcium
ratio varied from 0.3 to 2.4 with a mean of 1. 6, and the calculated
sodium absorption r‘atio,‘ SAR, showed a mean value of -'3?1‘. : D“urling"
the same period, the conductivity of the Gila River wate‘r'varie'd from
0.4 to 1. 6 mmhos. /c‘m. (278 to 1131 p.p.m. total soluble salt with a
mean value of 739 p.p.m.), which represents 0.4 to 1.5 tons of salts
per acre-foot of water with 'a mean value equal to 1.0 ton of salts per
acre-foot of water. The sodium percentage during this same period
varied from 21 to 81 percent with a mean of 51 percent sodium. Using
the average values, the electrical conductivity, 1.1 mmhos. /cm., and
the SAR mean, 3.1, the Gila River water used for irrigation purposes -

during the 1945 to 1952 period can be separated into a water class,
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C3-S1, which describes its characteristics as being a high salinity-low
sodium irrigation water.

The Gila River water used for irrigation on the Safford Experi-
mental Farm .during the 1954 to 1962 period shows considerable varia-
tions in chemical composition (see Figures 7, 8, and 9). = The sulfates;
carbonates, and bicarbonates content of the Gila River water increased
over the previous study by McGeorge,et al. (40); however, the increase
is not significant enough to warrant special consideration. The chlorides
continue to be the major salt in the Gila River water used for irrigation
purposes. | The calculated factors, the sodium:calcium ratio,. varied from
0.5 to 9. 1 with a mean of 4. 0, while the SAR values varied from 0.5 to
17.1 with 7.4 as a mean value. The electrical conductivity, during the
1954 to 1962 period, ranged from 0.5 to 3.4 mmhos. /cm. (360 to 2406
p-p. m. total soluble salts with a mean value equal to 1,099 p. p. m. ),
which represents 0.5 to 3. 3 tons of salts per acre-foot of water with a
mean value equal to 1.5 tons of salts per acre-foot of water. During the
same period, the sodium percentage varied from 13 to 84 percent with
an average value equal to 66 percent. Using average values, the elec-
trical conductivity mean, 1.6 mmhos. /cm., and the SAR mean, 7.4, the
water used for irrigation purposes during the above period represents a
C3-S2 water class, a high salinity-medium sodium irrigation water.

. Correlation analyses made between the following factors: time,

sodium percentage, sodium-absorption ratio, and the total soluble salt,
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during the 1955 to 1962 period, with respect to theA Gila River water,
showed that there was no c;(;rrelation with time. However, correlations
were noted between the sodium-absorption ratio énd the .:sodium percent-
age, the total soluble salt and the sodium percentage, andrbetween the
total soluble salt and the sodium-absorption-ratio. The following cor -
relation coefficients were noted: r = 0.85, r = 0 59, and r=0.70 forv
the above, respectively.

In Figures 7, 8, and 9, the mean values for the Gila Rivef wa-

the sodium-

ter are as follows: the total soluble salt mean= 1100 p.p.m.,

absorption-ratio mean = 7.4, and the sodium percentage mean = 66.

Safford Farm Station Well

The well is Eocated on the southwest end of the field bounda.ff
of the Safford Experimental Station. It was drilled in 1939 to a depth‘
of 98 feet, and the pipe qasing is 16 inches in diameter. ~ The water
drawn from the abovse well fbf irrigation purposes during. ;:he 1945 ,'
to 1952 period shows the following variations in the chemical com-
position: the sodium:calcium ratio varied from 2. 2‘to 6. 6 with a
mean equal to 4.5, while the SAR value varied from 14.1 to 19.4
with a mean value equal to 12.7, the electrical conductiv‘ity varied
from 3.1 to 5. 8 mmhos. /cm. (2148 to 4085 p. p. m. total:‘s;*;oluble s;lts
with 3396 p. p. m. as an average value), Which-ifépfésenté 2.9to 5.6

tons of salts per acre-foot of water with 4. 6 tons per acre-foot of
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water as the mean value, and the sodium percentage varied from 67 to
85 percent with the mean value equal to 78 percent. Taking the average
value of the electrical conductivity of 4. 8 mmhos. /cm., and the SAR
mean value, 12.7, the average water class for the above well water is
C4-S4, a very high salinity-very high sodium water. The anionic : .
constituents in the well water are definitely higher in the well water as,
compared to the river water. The anions in the irrigation water during
the above period show the following: the sulfates varied from 197 to
826 p.p.m., while the bicarbonates ranged from 268 to 641 p.p.m.,
and the chlorides, the most predominate, varied from 643 to 1367
p.-p-m. McGeorge, et al. (40) show the absence of residual sodium
carbonates with the exception of two years during the 1945 to 1952 period.

During the period from 1954 thrdugh 1962, the following varia-
tions in the chemical composition of the Farm Station well waters were
nbted. . The calculated ratios, the soaium:c,alcium varied Vbe‘tween 3.0
to 14.9 with 8.0 as an average, while the calculated SAR varied from 9
to 26 with a mean value equal to 20.4.. The electrical conductivity ranged
from 3. 88 to 5. 70 mmhos. /cm. (2721 to 3995 p. p. m. total soluble
salts with a mean value equal to 3369 p.p. m. ), which represents 3. 7
to 5.4 tons of salts per acre-foot of water with 4.5 tons of salts per :
acre-foot of water as the mean.. The sodium percentage varied from

66 to 87 percent with a mean value equal to 82 percent. Using the

mean values of electrical conductivity and SAR, the above well water
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rates a C4-54, a very high salinity-very high sodium water. The
anions were not characterized for the 1954 to 1962 period, but it was
assumed that they increased proportionately over that of the period
reported by McGeorge, et al. ‘(40-). |

Only one correlation was noted on the well water during the
1955 to 1962 period. There is a close correlation between the sodium-
absorption-ratio and the sodium percentage. The correlation coeffi-
cignt,v r = 0.954.
~In Figures 7, 8, and 9, the mean values for the well water
are as follows: total soluble salt mean = 3425.0, the sodium-absorption-

ratio mean = 20.9, and the sodium percentage mean = 82. 0.
Field Plot Design

The experimental design, a randomized complete block, was
imposed on Field D in which the experimental area," ]-:iield D, was
divided into six replications with six treatments per each replicate.
The six treatments were assigned randomly to each of the six plots
within a replicate.

Data from the various experiments, reported in this manu- °
script, were analyzed statistically by the method outlined in the text,:

Procedures of Statistics, written by Steel and Torrie (57). Treatment

means were separated by the new Duncan Multiple Range Test according
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to the above text. The five percent level of significance.was.used in

all cases unless otherwise stated.
Indicator Crops

Past data from the Experimental Station at Safford showed
that Field D had been under cultivation for a number of years. : For-
instance, in 1951 and 1952, the different alfalfa varieties, already
growing on Field D,-were tested in connection with water applications
and seed production. . In 1953, sudan grass was planted on Field D,
borders 1 through 21, and later the crop was plowed under. to aid in
increasing the fertility and to improve the physical structure of the
soil. . In 1954, soybeans were grown on.Field D to determine the proper
seedling rate and the date of planting. - During the same year, cotton
was also planted to test the proper planting methods to jget the maxi-.
mum seedling stand. In the fall, field borders 22 through 36 were ..
plax}ted to sudan grass and later the crop was plowed under to aid in.
fertility and to improve the physical structure of the soil.

Cotton and barley were the indicator crops grown during.the

1955 to 1962 period on Field D. The crop yields obtained were analyzed

statistically. These results are shown, along with the yield data from. .

each plot within a given year, in Tables 7, 8, 9, 10, 11, and 12.

In 1959, cotton seedling stand counts, four per each border, each 50
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feet long, were taken on two dates, July 31 ‘and August 25, and the"

results statistically analyzed as shown in Tables 13 and 14.
Soil Sampling and Preparation

Because salt-affected soils ‘vary tremendously in chemical
‘and sometimes in their physical characteristics, the sampling pro-
cedure has always been a major problem, Sayegh,et al. (50) analyzed
statistically the variation in electrical conductivity and ESP between
soil'mapping units and between locations within a mapping unit, The
variation in electrical conductivity within a unit- was not large but ESP
variation was, especially the individual sample variation. It was
found that the subsamples taken at a given location for compositing
into a given location may vary more than the samples taken over an
area to represent the soil mapping unit, However, increasing the num-
ber of sampling locations increased the reliability of the mean more
rapidly than increasing the number of samples per location, Chapman
and Pratt (15) point out the following procedures in soil sampling: (1)
take a series of cores according to some systematic grid layout of
equal size and those of comparable depth (volume) should be composited;
(2) separate soil cores should be analyzed or replicate set of composite
made to determine statistical significance of results on the final com-
posite; (3) the number of soil cores to be composited will depend on

the variability of the soils; the degree of accuracy desired, the particular
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element or elements to be determined, and the general over-all pﬁr-
pose; (4) cultivated soils are generally more variable thé.n virgin éoilé,
and saline and sodic soils are extremely variable; (5) .sc.;,palfate corx.z-'
posite representing different segments of the soil pro.fil‘e .or‘ root’zoﬁe
should be taken; (6) contamination frovm soil surface rﬁaterials ;hc;ﬁld
be avoided, also contamination of one soil depth Qif:h th#t of é.ﬁother
depth; and (7) in areas to be sampled at successive intervals, itis
important to make a map showing initial sampling poitvltsﬂ é.nd take sﬁb-
sequent samples at points a small but definite distance éway from the
preceding sampling point,

~ In the preceding discussion, it has been mentioned that the
first samples bwere taken in 1954 in connection with the soil survey,
and these samples are characterized in Tables 1 and 2, During the
'rsummer months of 1955, each of the 36 borders within Feld D were:
sampled in the following manner: first, three spots per border, equal
distance from each other, were chosen as samplinésites. " At each
site soil samples from depths of one, two, and three feet were taken,
' This procedure was repeated for each of the other 35 borders,
About a year later in 1956, the field was sampled again in the
same manner with one addition. A two-inch depth .sbil sample was
added for analysis,
In 1961 the writer took soil samples onField D on two dates,

September 27 and October 1.' The samples were taken six and 10 days,
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respectively, after irrigaﬁpn. - The first 18,‘border“5»we.re sampled on
the fi..rstl date and the rest of the 18 borders on October 1, 1961. Each
of the 36 borders were sampled in‘tli‘; follo@ing. manner: first six sites,
two in th‘e center of each border with two sites equal distance on each
side of the déﬁter, were chosen. At each of the six sites, soil cores
were taken from depths of one, two, and three feet. The soil cores
were composite with their respective depths. -

* - The soil samples in each case were set out to air dry, rolléci, R

and passed through a 2 mm. sieve and prepared for chemical a{nalysis.

Chemical Procedures

Water Analysis

Water samples were collected and shipped to the University of
Arizona where analyses were made according to the following procedures:
calcium was determined by titrating with . 01N EDTA (ethylenediamine-

tetraacetic acid), using Calver II indicator with 4N NaOH. Calcium and

magnesium was determined by titrating with 0. 01N EDTA, using Erio-
chrome Black T indicator and alkaline ammonium chloride buffer. Mag-
nesium was calculated as the difference between the calcium magnesium
and palgium ._va..lue‘_s. - Sodium was calculated as the difference between the
milliequivalents of the anions chloride, sulfate, carbonate, and bicarbon-

ate, and the milliequivalents of calcium and magnesium. Total soluble

salts, TSS, were determined by adding the total ions found. . Sodium- .
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adsorption-ratio, SAR, was calculated by the formula (concentration in

megq. /L): SAR = Na*t

\/Ca‘”“l\ﬂgJ'+ S

Soil Analysis

The soil samples used in thié work wére' all a;i(r-‘-djrie‘d and
pass<ed through'a 2 mﬁ. sieve screen. Subs;.t:npies of 4th('3 a;ir-dried
sat{nbles were oven—d;‘ied for 24 hou1;s at a t.empera.turé §£ -a.Abouthz'lvOSo C.
to deter;nine’thg moisture percehtage.: The moisture content is taken

into account in all of the following soil analyses:

‘Saturated soil paste.. The saturated soil pastes were prepared

by the method described by the U.S. Salinity Staff (63).

Saturated soil pH. < The saturated'soil pastes prepared were -

allowed to stand about one hour before pH measurements were made on

the Beckman pH meter Model N. SRt T

Electrical conductance. A fairly quantitative estimate of the

salt content of solutions extracted from soils'can be made from their
electrical conductance by the following equation proposed by the U.'S.
Salinity Staff (63): = : p.p.m. =:0.64 x EC x 10° .

The Soil and Water Testing Laboratory at the Uhiversity of Arizona ’
uses the factor 0. 70 instead of 0. 64 in the above.equation because this
factor seems to give a closer estimate of the total soluble salts. An-

other equation suggested by Jackson (30) which gives a close estimate
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of the salt toxicity, shown below, takes.into account the soil saturation ,
percentage.

% salt in soil = 0. 064 x EC x 103 x % water in soil at extraction
' s ' ) 100

However, due to the fact that there were no data available of the soil

saturation percentages from past research on soil.samples taken in
1954, 1955, and 1956, the latter equation was not used. . Calculations:
reported in this manuscript are based on the University o£ Arizona Soil
and Water Testing Laboratory equation. o

Saturation extracts were obtained by the procedure described
in the U.S.D.A. Handbook 60 (63). The electrical conductivities of the
soil pasté 'e:zcti"a.ct's \'avé're dete.rm‘i.n’éd on a sta.ndardsolubr1dgeRD-26

with A. C. gélvainometér. |

1:5 (soil-water) pH. . The suspensions were made according to

the method described by the U.S. Salinity Staff (63).. The prepared sus-
pensions were allowed to stand at least an hour, agitated again for five

minutes, and the pH immediately measured on the Beckman pH meter.

Ammonium acetate pﬁ Aii'-drieci 'soils\,‘ 40 g. ,' were put in

glass bottles and 0. 13N ammonium acetate solution was added to bring
the soil nearly to saturation. Ammonium acetate solution was then added
drbpwise until the mixture had the characteristics of a saturated soil

pasté. After a few minutes! ‘sté.nding, ‘the criteria for saturation was

rt e ot g oy e g e

P

| S
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again determined (free ammonium should not collect on the soil surface,
nor. should the paste stiffen markedly or lose its glistering appearance
on standing.) To each of the samples, sufficient amount of di'stilled‘u*"
water was added to make a 1:5 suspension. ' The bottles were then: ' :
stoppered and shaken for 30 minutes on a mechanical shaker.: The pH
of the suspension was then determined immediately on the Beckman pH
meter.. The estimate of the exchangeable sodium percentage was made
from-a regression.line developed by Chang,et al..:(12) and these values

recorded as part of the calculations in Table 24. -

Cation exchange capacity. Two methods were employed in deter-

e e

mining the ca.tion es{change c;;;;cit;}. Hovs)ever: in bothvcases, the nrinci-
p.le 1nvolved was lhe same in tha.t of voecupy:.ng all the ‘ea‘tlon exchange
positions in the so:.‘l w1l:h one» t.ype of cation. These eal‘:lons- ‘then ean e1ther
be dlstllled and t1tra.ted or replaced w1th a.nother cauen and the d1splaced
caﬁon analyzed The fdr st rneth‘ed conSJ.sted of replacd.ng all of‘the ex-
change pos:Ltlons in the so1lw1th l;he arnmomurn. ion. Ten ng;(‘ef air-
dried soil was‘ nlaced in 500 ml erlenmeyer flash a.nd-250 ml. ef neutral
N ammoniurn acetate (pH 7. 00) wa.sha.dded to each sami)leT | The fla.sks |
were st0ppered and shaken thoroughly and allowed eo stand overmght.

The sfalmples were then ﬁltered through a Buchner funnel 'w1th llght suc-
tmn The s‘c:n;.ls were leached:.\x/ith anurnoninm acetate untllno test for

calcium could be obtained in the leachings. The leachates were saved
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for the determination of exchangeable cations, The soils were then |
leached with 25 percent alcohol to wash out the excessive saltsf The
soil samples from the Buchner funnels were then transferred into 500
ml, Kjeldahl flasks and dilutéd to approximately 200 ml, with distilled
water, The flasks weré I;hen assembled to the distillatioﬁ aéparatus

and the ammonia distilled over into receiving flasks containing saturated

h— o

boric acid, The ammonia was determined by titrating with 0, 2N HCl

AP

solution, using the double indicator fnethyl-red-methylene-blue. The
milliequivalent of ammonia per 100 gm,. of soil determined represents.
the base exchange capacity.

The writer determined the cation exchange capacity by the
method described by Chapman and Pratt (15) with a few modiﬁcations.;
The soil gamples were leached through porcelain Gooch crucibles under
vacuum suction instead of using the centrifuge apparatus. Soil samples,
weighiﬁé 4, 5, and 6 gms., were used depending on the texture, The
soil in the Gooch crucible was leached with four 33 ml.' portions bf N
sociium acetate (pH 8..2) to saturate the exchange'sites.‘ Tﬁe excess
salts were then removed wit1‘1'100 ml, of 95 percent ethyl é.lcoholg The
absorbed sodium cations were then displaced with three >33 ,ml,‘ portions
of Nammonium ac‘etate solution (pH 7, 00) and fhe léachate saved for‘
analysis, The solutions were diluted to volume and mixed thoroughly
before aiiquot portions were taken for the determi>nation of sodium on

the flame photometer according to the method described by the U, S.
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Salinity Staff (63). . The milliequivalents of sodium, expressed on oven-
dry soil basis; is the base exchange capacity.

L.

‘Water soluble constituents. The water -soluble sodium and

)

potassium were determined in the saturated extracts on the flame photo=-

meter. H,0 soluble calcium and magnesium were also determined in
the saturation extract by the procedures used in determining the calcium

and magnesium in the water analysis.

Total extractable constituents. - The.leachates from the ammoni-

um extraction in determining the cation exchange capacity were used in

determining the total extractable sodium, potassium, calcium, and mag-

nesium according to methods described in the .U.S. D. A. Handbook 60 (63).

Lo E

Exchangeable sodium. Three methods were employed to estimate

the e;{changeable ;6dium. ".I'he ﬁrst méfh(;d is a calculation in whicﬂ the
solubléisvo’dilum founé 1n theks;atu;-aiti;)n exﬁra..?:t 1s sﬁbt;aétéd ffoﬁn the A
total ét-)dium’r;en;c;ved >ir; tlﬂxve ammonium écetﬁge solution. T‘he /s‘e'conc.l
metﬁod déscfibed by Pz".per’ (47) wé.s employe& by the writer with a few
modifications. Two duplicate 10 gm. soil samples were weighed out
and transferred to 100 ml. centrifuge tubes. The writer added 50 ml.
of 60 percent ethyl alcohol to each centrifuge tube. The tubes were

stoppered and shaken on a mechanical shaker for five minutes. The

tubes were then put into a water bath with a temperature of 50° C. for
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ten minutes. The tubes were then put into an International centrifuge
size 2, No, E1004, and centrifuged for about ten minutes, The clarified
supernatant liquids were then decanted. Th;: samples were then stirred
with two additions of 50 ml, of 80 and 90 percent ethyl alcohol respec-
tively, The washings were discarded, After the soluble salts were
removed, the soil samples were treated with four successive 50 ml,
aliquots of N ammmonium acetate and centrifugéd and handled as above,
The replaced solutions were then made up to 200 milliliter volume,
thoroughly mixed and an aliquot portion taken for the determination of
exchangeable sodium and potassium on the flame photometer as described
by Chapman and Pratt (15). The third procedure used in estimating the
exchangeable sodium percentage, centers around two regression equa-
tions, y = 51.24x - 397. 87 with r = 0, 843, and y = 23, 22x - 184,99 with '“;
r = 0,666, These two equations are both described and discussed by
Chang, et al. (12). The former equation actually produced higher values
than the latter equation, but because of missing data, ammonium acetate

PH values, the latter equation was necessary.




EXPERIMENTAL RESULTS AND DISCUSSION

Throughout the course of this experimentation from 1954 to-
1961, soil samples were taken and analyzed in the laboratory for the .-
following: the total soluble salt, the exchangeable sodium percentage,.
the exchangeable sodium, the exchangeable potassium, the soil pH -
value, and the total cation exchange capacity.’ The justification for
these chemical analyses was based upon the belief that a knowledge of
soil changes accompanying soil management and-crop:cultural practices
would provide a foundation for future recommendations in farm practices.

The waters used for irrigation purposes from 1954 to 1961 ..
were all analyzed and compiled for comparative purposes.. .The total
soluble salts, the exchangeable sodium percentage, and the sodium-
absorption-ratio were particularly noted. The irrigation waters used
in the 1954 to 1962 study were analyzed periodically not to provide a
solution to the problem of growing crops, : but to provide a reason for -
the existence and worsening of the salt and particularly the sodium
problem.

Crop yield and stand count data were-collected and statistically
analyzed.

74
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Soil p_I:I Values

No pH data were obtained on soil samp‘les‘c‘olleeted‘ from fleld
Din 1954 and 1955. In 1956, pH values were determined onthe satu-
rated soil paste, the 1:5 .soil-water ra.tie, and the saturated arnrr)onium ‘
acetate soil paste. In 1961, however, only pH values- for the saturated
soil paste were obtained on soil samples cellected that ;rear The mean
pH values for 1956 and 1961 are summarrzed in Tables 19 and 20

For all treatments ‘the overall trend, noted in the 1956‘
snmmary, consistently‘ sher;ved that the surface two.i.-nchh-depth sa.rn-
ples were not highly alkaline.l' The pH values decreased wrth depth to N
the second foot. Samples taken from the third- foot depth were hrgher
in pH value than the second-foot depth sarnples by at least O 2 of a -
unit. These trends were noted in all the data on the saturated soil
paste, the 1:5 soi;l-wa..terrat:lo, and the ammonium‘ a.cetate':seil paste.

In comparing the 1961 to the 1956 data onthe saturated'soil |
paste pH values certain trends were noted.;‘ ’Sarr)ples eollectedfrom th:e
surface one~foot during these two‘ periods :were all sirnllar -vl/ithvessen-
tially no change in pH values. In the next lower depthJ the average
decrease in pH value from 1956 to 1961 was less than 0. 1 of a pH | |
unit and the pH decreased about 0.2 of a unit for the 24 to 36 1nchesv

depth.
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Electrical Conductance,. E. C.

| In the\ foo.r ’su‘.mmaries made for the year's 1954, | 1955, >‘19~56,
and 196l the eleetrlcal con‘duotance means of the experimental lplot. -
soils with dlfferentiwaterv quah.ty treatments .are shown at the dlfferent
depths in Tablesh 17, 18 19, and 20. In the followmg d1scuss1ons, these
mean values.wrll be con51dered unless otherwlse indicated..

In‘ the .‘summa.rv made for 195,4" shown in Table ;17,. the tollow-
ing results were noted: in’ general the E. C; decreased with depth ‘into
the soil proflle,v ‘and the hi.g.hesty E C values were noted‘f'or e:xcperimental
plot J'.noluded»under both group three and four consisting ot plot numhers
3, 8§, 13 24, 29, 31, 4, 11, 18 19 21, and 32. These two groups of
plots were the only ones cons:.stently rece1v1ng the well ‘water or poor |
quality water. |

| The summarv made for the.1955 period Ta.ble 18, 'showed very
little changes in the salt content of the soils over the prev1ous summary

made in 1954 The general trend noted in 1954 that of the decrease in

mean values w1th depth 1nto the proﬁle was stlll evident even after one

‘A,‘

complete year of water treatment. Statlstlcally no s1gn.1f1cant dlfferences
among water quallty treatments were noted on the f1rst-foot depth so:.l
samples taken in 1955 (see Table 3). At the second and thJ.rd foot levels,

the E. C. of soil samples taken under dJ.fferent water quallty treatments

were still significantly different from each other. There was very little
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change in E. C. values.over the previous year. Any real differences
probably are not due to-the:treatments but are due instead to the inher-
ent characteristics of the soils in the plots which were chosen for each
treatment. For instance, the mean E. C. values for plots chosen for
treatments three and four which used well water exclusively were higher ‘
before the water treatments were introduced on field D.

In 1956, Table 19, there was a definite increase in salts over:
most of the values obtained in either 1954 or 1955. ' The increase in val-
ues ranged from a low of 1.22 mmhos. /cm. .to a high value of 6.19,
mmhos. /cm. The highest increase over the previous two years in E. C.
of the soil extracts was noted under treatment four where the soil was
irrigated and leached twice with well.water. In treatments one and two,
where river water was used exclusively, the mean E. C..values were - ‘
slightly high.e:.:.‘than-in treatments three, five, and six where.some well
water was used. The main difference during this period was the change
in trend notéd, as in 1954 and 1955. The decrease in E. C. values with.
depth into the profile no longer was evident in any of the treatments.

The highest increase in ‘E. C. values, in‘.comparison.to other depth sam- -
ples, occurr.ed;mainly in the second~foot depth samples. - Statistically, -
the water quality treatments were all significantly different for the sur- '
face crust (two inch depth) samples, the first-foot depth samples, and
the second-foot depth samples. The third-foot samples were not signifi-

cantly different due to different water treatments (see:Table 3). In the
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surface two inch depth, treatments one, two, five, and six are signifi-
cantly different from treatments three and four (see Table 4). ' The dif-
ferences are due to the source of water used for preplant and post leach-
ing purposes, and not due to the source of water to irrigate the crop.
The river water controlled accumulation of salts better than well water.
The two treatment combination, well-water leaching, and well-water
irrigation, both are less effective than the other treatments to keep the
salts flushed out of the surface two inch depth. The treatment compari-
son on the first-foot depth samples showed that treatments one, two, - -
five, and six.are all significantly different from treatment four (see -
Table 3). The differences are due to the source of leaching water and.
not due to irrigation water source. - River water was more effective -
than well water for controlling salt accumulation. The treatment com-
bination of well-water leaching, preplant and post leaching, and well-
water irrigation seems to be less effective at this depth to keep the salt
leached-down than the river water leaching and river or well water irri-
gation combinations. The difference noted among treatments on the
second-foot depth samples, treatments five, six, and one are significantly
different from three and four. The differences are due to the same rea-
son given above except that in the latter case the distinctions are not as
clearly defined as in the former.

The 1961 summary of E. C. values showed definite increases

over the 1956 analyses, particularly in the third-foot depths (see Table
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3). In general, the E.C. values in this summary increased with depth
into, the profile which is just opposite the trends noted in the 1954 and
1955 summaries. The highest increase in E.C. over ‘the previous sum-
mary throughout the three-depth levels, were noted in the following
treatments: three, five, and six, while the lowest increase in E. C.
wa}sb‘notevd under treatment two. In the summary, the increase in salts
in the surface-foot depth, among different treatments, in‘ all cases are
relatively low in comparison to the two lower depths. The increases
fanged from an"E. C. 0of 0.52 to 3.36 mmhos. /cm. with a decrease un~
der treatment one _fro»m 5.53 to 4. 92 mmhos.:/cr‘n.: . Statistically, treat-
ment one was significantly different from treatments five, four, three,.
and six in the surface foot (see Table 3). The differences are due not
to the source of water used for pre- or post-leaching, but rather due to
the source of water used for irrigating the crop.

On the second-foot depth samples, the following was noted:
treatments one, two, six, and five are all significantly different from
treatment three (see Table 3). The differences are due to the source
of water used for leaching and not due to water source used during crop,
growth. The least amount of salts was leached from the second-foot .
dgpth where only well water was used.

In the third-foot depths, treatments two and one .were signifi-

cantly different from treatments five and three (see Table 3). The
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difference is due to the‘ source of irrigation water used for leaching.. -
River water permitted less salt accumulation than well water. =

In nearly all cases, river-water leaching and river=-water
irrigation was definitely a better combination to keep the salts flushed -
down out of the soil-root zone than all other combinations. - On the other
extreme, the combination of well-water leaching and well-water irriga-

tion was least effective in keeping salt from accumulating.

Exchangeable-Sodium-Percentages, ESP

Each value included in each of the 1954, 1955, 1956, and 1961
summaries is a2 mean of a group of soil samples taken at different depths
from the éxperimenta.l plots listed in the right hand margin under plot -
humber, Tables 17, 18, 19, and 20. These mean values will be con-
sidered as guides, reflecting the general trend of the six plots together,
in the following discussions unless otherwise indicated. - .

In general, during-the 1954 period, the exchangeable-sodium-
percentages, ESP, summarized in Table 17, showed an increase with
depth. The third-foot depth samples, in all cases, had higher ESP val-
ues than the top two-foot depth samples. There was considerable varia-
tion among plots with respect to ESP values in 1954 even before the
experimental irrigation treatments began. No significant general trend

appeared.
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After a year of differential irrigation'and water quality treat--
ments, the 1955 data showed very little change in ' most cases in the ESP
values obtained by depths in comparison to the previous:summary made -
in 1954. The greatest increase in ESP occurred in the third-foot sam-
ples under treatment two, which involves the use of river water. for one
preplant and one post leaching and crop irrigation. The greatest de-~
crease in ESP value was noted, at the same depth, under treatment four,
which involves the use of well water for one preplant and one post leach-
ing and for crop irrigation source. The increase in percentage amounted
to 8.9 and the decrease in percentage amounted.to 5.9 in ESP respec-:
tively. The general trend noted in the 1954 summary, the ESP increas-
ing with depth down in the soil profile, was still evident after one com-
pletely different water quali'ty treatment.

The ESP values obtained for the 1956 data were calculated from
the two regression equations based on the relationship between the 1:5
s_oil-aqueous solution, and the neutral salt, ammonium acetate paste pH
values, as proposed by Chang and co~workers (12). The calculated -
ESP walues produced by the two equations are not the same. This is
illustrated nicely by the data in the Appendix in Table 24. The reason
the second equation was necessary in the above calculation was due to
the fact there were too many missing data in the ammonium acetate pH
values. The data listed in the Appendix under ESP were all used in mak-

ing the statistical analyses during this period. The values produced by
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the ammonium acetatg'pH values and the ESP regression:equation prob-
ably gave the best indication of the. ESP because the values produced
were similar to ESP determined in the 1954, 1955, and 1961 soil analyses. r
The calculated values used in making the 1956 ESP summary are those
calculated from the ammonium acetate pH with a few based on the 1:5
soil-water pH and the ESP regression equation.

The ESP values decreased with depth down into the soil profile.
The highest ESP values were noted in the surface two-inches under : =
treatment three, 42.8, and treatment four, 45.9. Both treatments are:
similar in that they both require well water at all times. In the surface
two-inch depth, treatments one, two, six, three, and five vare?'a.ll signifi- k
cantly different from treatment four (see Table 5). The latter treatment
used well water exclusively. Thus the above difference is definitely due
to the source of leaching water. River water is preferred over well = -
water for leaching purposes. The other treatments did not provide
significant differences. When the 1955 and 1956 ESP summaries were
compared, the following results were noted: ESP increases were noted
in the first-foot samples under treatments one, two, three, and four,
and decreases in ESP values‘w‘erg noted in both the second- and third-
foot samples uﬁder tr'éa.tm’ents ;ne, two, three, four, and six. Treat- \
ments one and two featured river water for leaching and cropirrigation
source. Treatments three and four both used well water for leaching

and crop irrigation source. The highest increase in ESP, 4.2, occurred
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under treatment four in the first foot samples. The number of decreases
exceeded the increases in ESP in this summary.

In the 1961 summary of ESP values, the following results were
noted: in general, the ESP at the second~foot depth increased more than
other depths and the highest ESP values were noted under treatments
three, four, and five also at the second~foot depth. In general, under
treatments one and two, the ESP means decreased throughout the three -
depths while in treatments three and four the highest increases in ESP
‘we’:rye ribtéd throughout the three soil depths. Statistically, in the first-
foot (see Table 6), treatments one and two, both featuring river water
for leaching and crop irrigation source, were significantly different
from treatment six which used river water, one preplant and one post
leaching, and well water for crop irrigation source, and treatments
three and four, both featuring well water for leaching and crop irriga-
tion source.  The difference is due to the source of irrigation water,
river water preferred over well water, and not due to the source of
leaching water. The other treatments did not provide significant

differences.

Cation Exchange Capacity, C.E.C.

¢ In general, in all the summaries, the C. E.C. values decreased

with depth down into the soil profile. Over all, the C.E.C. ranged from
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10 to 34.4 meq./100 gm. The highest C. E.C. were noted in the 1961 -

analyses.

Potassium

In general, the 1961 summary showed that the soils all de-
creased in potassium with depth down into the soil profile... The over-

all exchangeable potassium content ranged from 0.5 to'1l. 3 meq. /100 gm.

Total Dissolved Solids

‘These:values in p. p. m. were calculated and they follow the
same trend as the EC x 103 values, because the total dissolved solids

values are related by the factor of 700.
Yields

Short staple cotton, variety 1517C, was planted on field D in
the spring of 1955; however, due to a'very poor seedling stand result-
ing from cold weather and high:winds, the poor:yields produced under
. the different water quality treatments were not recorded.

The lint yields of short staple cotton, variety 1517C, harvested
in 1956, were significantly different among the different water quality

treatments. - Statistically, as shown'in Table 7, the yields obtained un-:

der different treatments that year' were due to the source of water 'used-
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for preplant and post leachings and not due to the source of water'used
for crop irrigation. : '

In 1957 and 1958, 'yields of short staple lint cotton, variety ::
1517C, produced under different water quality treatments were'not sig-
nificantly different (see Tables 8 and 9).. From 1956 to 1958, the cotton
yields produced in each treatment decreased with time. This trend .

shows up in the total production year by year as follows: in 1956,

17, 328 pounds of lint cotton were produced, while in 1957, 14, 732 pounds

were produced; and in 1955, the yields produced amounted to only 12, 277
pounds, a decrease of 4,951 pounds as compared with the 1956 yield
production.

- Stand counts taken on short staple cotton, variety 1517C, seed-
lings on two different dates, July 31 and August 25, 1959 (see Tables 21
and 22), both showed significant differences among the water quality
treatments. The differences, both in yield and stand, éhown in Tables
13 and 14, were due to the source of water used for irrigation and not
due to the source of water used for preplant and post leaching. The
data, in general, indicate that the germination of cotton seeds was
adversely affected by the poorer water quality of the well water as com-
pared with the better quality of river water.

In 1960 Arivat barley was planted on Field D. The barley crop

was used as a nurse crop for alfalfa, variety Moapa. The barley yields
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produced under different water quality treatments were not significantly
dlfferent from each other (see Table 10)

The yields of alfalfa hay' produced in 1961 and 1962 on Field D
were not significantly different during a given year for a given irriga- .
tion leaching treatment (see Tables 11 and 12). The total yearly yield
data.were incomplete in 1961 and because of this no clear comparisons

can be made between the 1961 and 1962 yields.
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SUMMARY AND CONCLUSION

The objective of this research was to-learn how to- manage and

use irrigation waters of relatively poor quality when waters of better . .
quality become limited or become unavailable. - Such water problems-
as these are known to occur through many areas in the Southwest. In
Arizona, one such area now exists in the Upper Gila Valley where the
amount of supplemental ground water pumped each growing season de- . ..
pends primarily on the Gila River flow available for diversion. . Because
the ground water has a high salt content and a high sodium content in re-
lation to the other cations, the use of this water during periods of river
water shortage increases the probability of salt accumulation and increas-
ing the adsorption of sodium on the soil exchangeable sites. :Previous
laboratory a.nd'ﬁ.eld studies have shown that the use;of well water from
the University of Arizona Agricultural Experimental Station Farm as an
irrigation source encourages excessive adsorption of sodium (39, 40).

.- ‘McGeorge, etal. (40) have shown that the well water increased
from 2,148 p. p. m. total salts in.1945 to 4, 091 p.p. m. total salts in
1948. Although it has varied since 1948, the salinity remained at this
concentration to 1951. In contrast the water samples collected and ana-
lyzed during the 1954 to 1962 period showed that the.total soluble. salts

87
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was slightly less than the 1951 concentration. - The total soluble salts'
varied-in concentration from 2, 721 p.p.m. to 3,995 p.p. m. with 3, 369
pP-p.m. as the mean value. .The sodium-absorption-ratio shown varied
from 9 to 26 with a mean value equal to 20.4, while the soluble sodium
percentage varied from 66 to 87 percent with a mean value of 82 percent.
Statistically no correlation was noted between the total dissolved solids,
the sodium-absorption-ratio, and the soluble sodium percentage with

respect to.time during the 1954 to 1962 period. Using the average:

collected values of the electrical conductances and the sodium-absorption-

ratios, the water classification of the well water on the Experimental
Farm for the 1945 to 1951 and the 1954 to 1962 periods in comparison,
were essentially the same, a C4S4class, a very high salinity-very high
sodium irrigation water. .

The Gila River water samples analyses for the previous two '
periods, the 1945 to:1951 and the 1954 to 1962, compared much the
same as the Experimental Farm well water.  Using average collected’
values of the electrical conductances and the SAR for the two periods,
the Gila River water changed in its classification from its previous™
class of C3Sl1, a high salinity-low sodium water, to a C3S3 class, ‘a_
high salinity-medium sodium irrigation water. The chemical composi-
tion, that of the total soluble salts, ifhe SAR, and the'so.luble sodium
percentage with respect to time showed considerable variations during

both periods. Most of the variation in the river water's composition
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can be accounted by the fact that the Gila River water is supplemented -
with well water during low flow, and it becomes mixed with water from
other sources during its transport to the University of Arizona Agricul-
tural Experimental Station Farm.

"The preliminary examination of soil samples collected from
Field D in 1954 showed that the majority of these samples had electrical

conductances of less than 4 mmhos. /cm. - The exchangeable-sodium- -

percentage on the other hand ranged from 31. 7 to 45. 3 percent with the .

majority of these percentages being less than 35 percent. - According to
the U.S. Salinity Laboratory classification the majority of these soilsr
would be classed under non-saline-alkali soils though:some.dftthese
soils would be included under saline-alkali soils. ' -

The results of the soil survey in 1954 showed that there were
three prominent soil surface textures:. clay loam, silty clay:loam, and
loam, on Field D At each of the sampling sites where soil borings -
were made, the soil téxture cha.hged with depth into the profile from the
surface, first to sandy loam and then to fine sand in the majority of the

cases. - Many of the soil profiles examined were stratified with horizon--

tal soil textural layers,  silt loam in most cases. These soil stratifica-~:-

tions were noted with a higher frequency at the lower depths in.most
cases. - Some accumulation and dispersion of lime were more noticeable
than in others among the soil profiles examined. - By simple laboratory

tests, most of the soil samples ranged from moderate to strongly
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calcareous'in nature.:. The substratum permeability ranged from moder-
ate to highly permeable to water in many areas. In many areas of the
field it was noted especially where the surface textures were clay loam
and silty loam that the soil surface infiltrated water very slowly and on
drying, soil cracking was observed.

It was evident from the preliminary analyses of the soil sam-~ -
ples.taken from Field'D in:1954 that the soil problem was closely related
to the poor intake of water at the surface and the substratum permeability,
in many cases, ‘and the high exchangeable sodium percentage on the soil
exchange complexes.

To solve the problem due to slow intake of water and the sub-
stratum permeability, the soils on Field D were plowed to a: aepth of 30
inches to disrupt the horizontal soil stratifications and to mix the sur-
face soils with the lower soil substratum. In comparison to past per-
formance,. deep plowing was very successful in promoting rapid water
penetration into the soils on Field D.:

In view of the lack of success with economic:quantities of gypsum
as a soil conditioner to keep the sodium absorption under control, a proj-
ect was initiated in.1954, on Field D on the University of Arizona Agricul-
tural Experimental Station Farm, to determine if it would be possible to
best maintain the soil-water equilibrium by using varying proportions of

the infrequent supply of Gila River water in relation to the well water -

source on the farm in combination with deep plowing and crop management.
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Six irrigation management and water quality treatments:were
imposed on the 36 borders within Field D throughout the seven-year.
period from 1955 to 1962. The individual treatments have been given
previously.

. . Soil 'samples were taken from all the:36 borders and analyses
for the following years, 1955, 1956, and 1961. ‘These analyses.together
showed the following results:

1. The saturated soil paste pH values did not increase:or .de-
crease appreciably to any degree in the surface depth; however, there
were pH value decreases noted in the two lower depths, 12 to 24 inches,
and 24 to 36 inches.. Statistically, no significant differences were noted
among the different treatments with respect to these pH values during
these two periods, 1956 and 1961.

.. 2.. .The electrical conductance studies.showed'a progressive
increase by years. This was noted among all water treatments. The
highest increase in electrical conductance values was on soil samples
taken from plots treated with well water exclusively both as a leaching
and crop irrigation source. In all cases the two lower depth soil sam-
ples had the highest E.C. values. In practically all cases the 1:iver-
river combination of leaching and irrigation was more effective than the
well water -well water combination of leaching and irrigation. However,
during the period of this study there was a progressive inci'ease in salt

accumulation despite the use of river water when it was available.
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3. There were a number of substantial increases in the ex-
changeablé sodium percentage among the different water treatments.
The infzrease in ESP varied somewhat among the different treatments
but‘ov.érall thé river -river -combinégio;x 6f* leaching atlnd'iz;r.i.ga;t;ion wé;
more éﬁsect‘ive iﬁ keeping the exchangeable sodium percentage down as
corx;par ed to fhe well water -‘-\';vel‘l .wa.fér éombinatioﬁ of lea.chmg alnd ‘

irrigation.

4‘. The use ofvriverj;river-wafer combinatgic;;is with 1e:aching
treatments was most effective in reducing the surface salt accumulation...

5. The yields produce;ir‘tlmclier the‘.‘x"ri‘.ve;- i)reiéachi.rig wér‘e the
highest in most cases. This appeared to be related to the plant stand
produced initié.liy. | | | | | .

6. The yi‘eld of c_.:of*;on&écreaséd _é.s t1me p'rohg‘r;sAsedJe\'réfx o
though in most cases there was no significant difference among the -

different water treatments.
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Table 1, Soil Texture Survey* made in December, 1954, before Water Quality Treatments were in-
troduced on Field D on the University of Arizona Safford Experimental Farm.

_ LEGEND
- G - Clay - Sicl - Silty Clay Loam

Cl - Clay Loam Sil - Silt Lioam

L - Loam : Sl  --Sandy Loam

Fsl - Fine Sandy Loam Vfs =~ Very Fine Sand

Ls - Loamy Sand : Visl - Very Fine Sandy Loam

Scl - Sandy Clay Loam - e SR

Assigned Assigned Plot Number Depth: :
Treatments  Replications and Hole Inches Texture
1 1 Dal 0-10 L, mod. sandy
10-16 L, fine sand fract. tendency toward strat.
16-24 Lis, med,
24-30 L, med. S
30-36 Heavy Visl
36-42 Heavy Sil
42-48 Sl or heavy Visl
1 2 Dal0 0- 6. Cl
6-12 Cl

12-18 Light Sl
18-24 Light Sl or Lis with considerable silt included
24-30 Light SL .
30-36  Vfsl -
36-42. SL .
42-48 Light S1

TI0T1



Table 1, (Continued)

Assigned Assigned Plot Number. Depth:
Treatments  Replications ‘and Hole Inches Texture

1 3 Decl7 0- 6 Ccl

| 6-12 Cl.
12-18 Light Cl1
18-24 Sl
24-30 St
30-36 Visl with some thin silt strata
36-42 Visl with some thin silt strata
42-48 Visl

1 4 Db21 \0-6 cL - .

. i - 6-12 _Cl, with more sand

12-18 Visl '
18-24 Fsl, thinly strat, with Sil
24-30 Visl
30-36 Visl strat. with Sil
36-42 Visl
42-48 Visl

1 5 Dc26 0~ 6 (o]
- 6-12 Cl
12-15 Cl
15-18 Fsl
18-24 Fsl
24-30 Visl with Sil strata
30-36 Vsl with stratum of light Sl
36-42 Sil (or-V£sl with thick Sil strata)

42-48

Visl

201



Table 1. (Continued)

Assigned Assigned Plot Number Depth:
Treatments  Replications and Hole Inches Texture
1 6 Db36 0- 6 Sicl
6-12 Sicl
12-18 Scl
18-24 Fsl with considerable amounts of silt and Vis
24-30 Fsl
30-34 Fsl
34-36 Sl .
36-42 Light Sl
42-48 Light Sl, strat. with Sil
48-54 Fsl - Visl
2 1 Dc2 :0--6 Cl
6-12 Light Cl
12-18 Heavy L
18-24 Heavy L
24-30 L .
30-36 Visl
36-42 Visl to Sil
42-48 Visl
2 2 .Da7 -~ 0-.6 Cl - Vis fraction " .
N ' 6-12 Cl
12-16 Heavy S1 el
16-36 Fsl, close to. Visl. - ,
36-40 Same with 1! stratum of Sil

40-48

Light S1 .

€01



Table 1., (Continued)

Assigned Assigned Plot Number Depth:

Treatments Replications and Hole Inches ’ Texture
2 3 Dbl5 0- 6 Cl
6-12 Cl
12-18 Scl
18-24 Sl

24-30 Visl
30-36 Visl
36-42 Visl
42-48 Visl

P 4 “Dazz 0- 6 Sicl
6-12 Sicl
12-18 Fsl.
18-24 Fsl
24-30 Fsl, ‘nearly Visl
30-36 Fsl
36-42 F'sl, nearly Vfsl .
42-48 Fsl, nearly Vfsl, very thinly strat, with Sil

2 5 Db30 0-"6 Sicl

v 6-12 Cl
12-18 Scl
18-24 L with slight predominance of S
24-30 Sl
30-36 Sl with:.coarse sand fraction
36-42 Sl with coarse sand fraction, strat, with Sil

‘ and Visl.

42~-48 Visl strat. with Sil
48-54 Visl strat, with Sil

¥01



Table 1. (Continued)

Assigned Assigned Plot Number Depth:
Treatments Replications ..and Hole Inches Texture
2 : 6 Dc35 0- 6 Sicl
: 6-12 Cl
12-18 Cl.
18-24 Visl
24-30 Visl -
30-36 Fsl
36-42 Fsl
42-48 Visl
3 1 Db3 0- 6 Light Cl1
6-12 Light Cl
12-21 Scl.
21-24 Light Sl
24-30 St
30-36 Visl with Sil strat.
36-42 Fsl. S .
42-48 F'sl, contains some med, sand
3 2 Dc8 0-.6 Cl
6-12 Cl .
12-18 Light Cl
18-24 Sicl
24-32 Heavy L
32-36 Visl
36-42 Visl with Sil strat,
42-48 Visl ' '

S0T
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Table 1, (Continued)

Assigned Assigned Plot Number Depth: 7
Treatments Replications and Hole Inches Texture
3 3 Dal3 0- 6 Cl,. somewhat silty

6-12 Cl°
12-18 SL.
18-24 St
24-30 Sl to Visl
30-36 Visl
36-42 Sil
42-48 Visl
""" 3 4 ‘Db24 0-6 Cl
' ' o 6-12 CL -
12-18 L
18-24 Fsl
24-30 Visl-
30-36 Visl
36-42 V{sl with Sil strat.
42-48 Visl, well strat., with Sil
3 5 Dc29 0- 6 Sicl
6-12 Cl
12-18 Fsl
18-24 Fsl
24-30 SL
30-36 Ls
36-44 Ls . . o os
44-48 Visl with Sil strata

901



Table 1, (Continued)

Assigned Assigned Plot Number Depth:
Treatments  Replications and Hole Inches Texture
3 6 Da34 0- 6 Sicl . . -
6-12 SiCl R
12-15 Sicl .-+ ...
15-18 Fsl . .
18-24 Fsl. - .. ..
24-30 F'sl, thinly strat., with Sil
30-36 Fsl, close to Sl
36-42 F'sl strat., with Sil
4 1 Da4 0-10 Light Cl
10-18 Heavy L
18-24 Fsl
24-30 Fsl with a little more silt
30-36 Sil - Visl
36-42 Sil - Visl _ :
42-48 Sil; thinly strat., with Visl
4 2 Dcl11 0=~ 6 Ct.
6-12 clL
12-18 Cl
18-24 Cl
24-30 Heavy SL
30-36 Fsl IR -
36-42 Fsl, inearly Visl
42-48 Visl

L0oT1



Table 1, (Continued)

Assigned Assigned Plot Number Depth:
'I"xfﬂeatmer}ts ' Replica.tions ‘and Hole  Inches Texture

4 3 Dbl8 0= 6 Light C1 -
6<12 Light Cl
12:18 Light Cl or heavy L
18-24 Fsl,” with Sil strat.
24=30 Sl, fairly light

" 30-36 S1, fairly light

36~ 42 Light Sl
42-48 Ls
48-54 Ls

4 4 Dal9 0- 6 Gl
6212 Light Cl, st fractlon
12:15 Light C1- =~ '~ = -

- - - --15~18.ccc.. 81 . e e e e

18-24 Sl w1th 2" of Sl]. strat,
24-30 Fsl to Vfsl with 1" Sil stratum
30-36 Fsl - Visl
36-42 Light S~ -
42'—'48 Lxght Sl med sand

4 5 Db27 0= 6 Sicl
6-12 cl
12-18 Cl with Sicl strat.
18-24 Trans, zone, gypsum in upper 2", sandier

24-30

below
Cl

80T




Table 1, (Continued)

Assigned Assigned Plot Number Depth:
Treatments Replications and Hole Inches Texture

30-36 Fsl - Visl
36-42 Visl
42-48 Visl
48-54 VEsl, Sil stratified

4 6 Dc32 0=~ 6 Cl :

6-12 Cl

12-18 Scl
18-24 F'sl
24-30 Fsl
30-36 Fsl -
36-42 Visl, Sil strata
42-48 Visl, thinly strat. with Sil

5 1 Dc5 0- 6 Light Cl1

6-12 Light Cl
12-18 Light Cl, rather silty
18-24 Light Cl, rather silty
24-30 Light Cl, more sand
30-36 Visl -
36-42 Visl, with Sil strat,
Same

42-48

601



Table 1, (Continued)

Assigned Assigned Plot Number Depth:
Treatments  Replications and Hole Inches -Texture -
5 2 Dbl2 0- 6 Cl -
6-12 cl

12-18 Scl
18-24 Sl
24-30 Sl :
30-36 Visl and Sil strat.
36-42 Sil.
42-48 Visl

5 ‘ 3 Dalé 0- 6 ClL
- 6-12 Cl with a little more sand
12-18 Light Scl
18-24 Heavy Sl -
24=30 Lo
30-33 . Visl_. .
33-36 Sl
36-42 Ls
42-48 Ls

5 4 Dc20 0- 6 CclL
- 6-12 Light Cl1
12-18 Light Cl
18-24 Fsl -
24-30 St
30-36 Sl
36-39 St
39-42 Ls
42-48 Ls

0TI




Table 1. (Continued)

Assigned = Assigned Plot Number Depth:
Treatments Replications and Hole Inches Texture
5 .5 . Da25 0- 6 Sicl, fairly heavy
v tee 6-12 Sicl, fairly heavy, contains scattered gypsum
. 12-18 = Sicl - - - e 2T

18~-24 Sicl
24-30 Fsl
30-36 Fsl
36-42 Fsl, thinly strat. with Sil
42-48 Fsl, bordering on Vfsl

5 6 Db33 0- 6 Sicl
6-12 Sicl
12-18 Scl, fine sand fraction
18-24 Fsl, bordering on Visl
24-30 Fsl, bordering on Visl
30-36 Fsl .
36-42 Visl strat, with Sil
42-48 Visl strat, with Sil

6 1 Dbb6 0~ 6 clL .

6-12 Cl

12-18 clL
18-24 Visl
24-30 Visl
30-36 Visl, slightly coarse
36-42 E'sl strat, with Sil

42-48

Vsl strat. with Sil

I11



Table 1. (Continued)

Assigned Assigned Plot Number Depth:
Treatments Replications and Hole Inches Texture
6 2 Db9 0- 6 Cl
6-12 Cl
12-18 Cl -
18-24 Scl
24-30 Fsl
30-36 Vfsl
36-42 Fsl
42-48 Fsl
6 3 Dcl4 0~ 6 Cl.
6-12 Cl
12-18 ClL
18-24 Scl
24-30 Scl, more sandy
30-36 Visl
36-42 Fsl
42-48 Visl with some silt strat.
6 4 Dc23 0~ 6 Cl, gypsum ; .
6-12 Cl
- 12-18 - CL
- 18-24 Sl .
- 24-30 Sl
30-36 Sil
36-42 Visl
42-48 Visl with Sil strata

211
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Table 1. (Continued)

Assigned Assigned Plot Number Depth:
Treatments  Replications  "and Hole Inches Texture
6 5 Da28 0- 6 Sicl
' 6-12 Sicl) ,
'12-18  'Sicl) 8YPSum.
l8.24 1
. 24-30 Fsl, approaching Vfsl -~----- --.-
30-36 Fsl
36-42 Fsl
42-45 Fsl
45-48 Sil
48-52 : Fsl
6 6 Da3l 0- 6 Sicl
' ' 6-12 Cl
12-18 SL
18-24 Fsl
24-30 . Fsl.
30-36 Sl
. 36-42 Sl strat. with Sil °-
42-48

Visl strat. with Sil - -

*Soil Survey made by the U, S: D, A, Soil Conservation Service.
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Table 2, Summary of Soil Textures and Total Soluble Salts of Soils on Field D before Deep Flow-
ing in 1954,

Particle Size Distribution

Field -Soil - - Sand - . Silt : Clay . Fine Clay . :
Number - Depth 2,0-, 05mm, . 05-,002mm, . 005~, 000mm, «002-,000mm. Colloid TSS

inches wweccccacccmmc e e Percent-e-em-menmccmcc e ppm

D 4a 0-10 49. 1 26, 8 28. 5 24, 1 15.9 1483
10-18 53, 6 24. 8 25. 5 21. 6 13.9 1308

18-30 . . .. 63,6 . 21.,3. . . . 16,5 ... 15,1 9.9 960

30-48 56, 6 27.3 19.5 16. 1 9.9 1244

D 12a 0-12 46. 6 30, 3 32,5 23. 1 16,9 2375
12-30 70. 6 14.8 16.1 14. 6 9.4 1316
.30-48. ... .. 61,0 . .  24.9 . 16,6 14,1 - 8.9 1050

D 6b 0-18 44,0 22. 4 37,1 33, 6 21,4 1962
18-30 56,9 20. 3 21. 6 23,7 14.4 1149

. 30-42 ... .59.5. . 22,8 .. ... 19.7_.. .. . 17,7 12.;4 1142

42-48 66.9 16, 8 18.7 16,3 10,1 1149

140!



Table 2. (Continued)

Particle Size Distribution

Field Soil Sand o silt © - Clay’ " Fine Clay
Number Depth 2,0-,05mm, . 05-,002mm. ... 005-,000mm, . 002-, 000mm, Colloid TSS

inches e o mm e e _5---Pe1;cent>-_ ---------------------------- ppm
D 21b 0-12 51,7 19.9 - 31.8 28. 4 17.3 652
-12-30 . 66,7 19.0 17.8 14,3 8.8 996
30-48 55,7 27. 6 19,2 16,7 10.1 1700
D 33b 0-12 35.9 22,4 461 41,7 2555 3702
12-18 45.9 19.9 - 38.1 34.2 19.5 4968
18-36 66, 4 19,9 1601 13,7 8.9 - 4038
36-48 56.9 27. 0 19.1 16,1 9.4 4968
D l4c 0-18 44.9 - 2L.5 37,6 33,6 204 1685
18-30 54, 4 18.0 30, 6 27,6 1654 1494
30-48 59.4 23,5 S 19,6 17,1 949 - 1887
D 20c 0- 6 41,9 - 26,5 36.6 ' 3.6 1 179 _ 198l
6-18 43, 4 25.0 . 36,1 31,6 1 18.9 ‘1332
18-24 66. 9 16.0 L 19,6 .17.1 10,9 . ‘1128
24-39 77.1 12.0 11,9 10,9 7.9 1050
39-48 89. 6 5.0 iBs4 5.4 3.4

636 -

STT
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Table 3.. The Electrical Conductivity Mean Comparisons Between Six
Different Water Quality Treatments on the Different Depth
Samples of Cajon Clay Loam Taken in 1955, 1956, 1961.

Depth Samples - - =

: 0 to 12 inches 12 to 24 inches 24 to 36 inches
Treat- . | A cEEETE
ments Year Year Year

1955 1956 1961 1955 1956 1961 . 1955 1956 1961
E.C. x 103
(mmbhos. /cm)
1 3.9ab 5.6a% 4.9a -3.6ab 7.3ab 9.la 3.2a 5.8 1l.5a
2 3.3a2 5.5a 6.5ab 3.3a  8.labc 10.8ab 3.2a ‘5.3a 10.la
3 4.4b 6.4ab 8.3b 4.7c  8.9bc 16.3c * 4.4b - 6.2a 14.1b
4 4.4b 7.3b 8.0b 4.1lbc 10.3c 13.6bc 4.2b 6.8a 12.3ab
5 3.6ab 5.1a 7.3b . 3.5ab 6.la 13.1b 3.4a: 5.4a 14.0b
6 3.8ab 5.0a 8.4b 3.4ab 7.3ab 12.0ab 3. 7ab 5.2a 12. 6b
Stand-
ard b S
error No So 0.4 0-6 0.2 . i 0-8 o ) 11-'0 . 0-3 _N- S- 0'8

#Those mean with the same letter Beidng tot

i

he.same pdp.u‘xlation.
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Table 4, The Electrical Conductivity Mean Comparison:between: Six
Different Water Quality Treatments on the Surface Two Inch
Samples of Cajon Clay Loam taken in 1956..

Replications' - .  Water QhalitAyA Treatments =

o S JE S A . -6

E.C. x 103

(mmbhos, /cm. )

1 3.97  4.15  2.83  8.30 3.40  3.43

2 4. 77 3.13 5,90 " 9.23  3.60 4,73

3 3. 45 3.97 4,43 8.07 3.60 3.77

4 3.30% - 3,17 - 6.80 - 6,75 2.70 - 3,65

5 3.63 - 3.40° © 7.93 9.23 2.97 - °3.03-

6 . 2.60  -'4.75 - 10.26 - 10.37 3.62 - -73,40.°
Sum 21,72 © 22.57 ° 38.15° 51. 95f 19:89 - - 22.01"
Means 3.62 3.76 6. 36 8.66 3.32 3.67
EMS = 1.56 sz =z 0.51

Comparison of Individual Means - New Duncan Multiple Range.

. Water Quality Treatments

*Calculated value (missing data).
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Table 5. The Exchangeable-;Sodium'-Percentage Mean Comparisons
Between Six Different Water Quality. Treatments on the-
Different Depth Samples of Cajon Clay Loam Taken in 1955,
1956, and 1961.
’ * Dgéth Sémpfes .
0 to 12 inches - - - -12 to 24 inches 24 to 36-inches
Treat-
ments Year Year Year
Exchangeabie-Sodium—Percenta.ge
1 32.5a% 31.8a 30.2a - 33.8ab 32.3a 34.0a 33;93; 33. 73;_ 32.0a
2 33.7a 34.1a 30.8a - 31.5a 34.la 37.lab 40.1la .32.6a.33.2ab
3 31.5a 31.7a 36.1b 33.lab 31.7a 40.2b 35.0a 26.5a 36. 9ab
4 33.3a 30.4a 37.2b - 34.5ab 26.2a 41.9b 37.6a 29.4a 35.8ab
5 35.4a 39.0b 34.0ab 33.2ab 29.6a 39.2ab 39.0a 30.4a 40.5b
6 36.2a 27.8a 35.7b° - 35.7b - 30.2a 41.2b 39.4a 29.6a 37.lab
Stand-
ard
error

2.6 2.5 1.2 1.1 2.6 20 2.4 28 2

*Those mean with the same letter belong to the sarhé“ﬁbpulation.' -
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Table 6. The Exchangeable-Sodium-Percentage Mean Comparisons
Between Six Different Water Quality Treatments on the
Surface Two Inch Samples of Cajon Clay Loam Taken in =

1956.
Replications Calculated Exchangeable-Sodium~Percentage
1 2 3 4 5 6
%
1 39,2 36.1 32.1 46,9 37. 7 42.8
2. 36.6 37. 7 42.8 44.3 37.7 37.7
3. 39.2 37. 7 44,3 43.8 41.8 37.7
4 29.0 37. 7 46.1 -45.4 . 33,6 35.1
5 41.8 26.3 47.9 43.8 37.7 40. 2
6 30.0 44,3 28.6 52.0 45,4 37.7
Sum 215.8°  219.8 231.8  276.2 233.9  231.2
Mean 35,97 36.63  38.63 46.03 38.98  38.53
EMS = : 27.54 sz =2.14

Comparison of Individual Means - New Duncan Multiple Range.

Water Quality Treatments

1 2 6 3 5 4
Individual

mean 35.97  36.63 .« 38.53 38,63 38.98  46.03
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Table. 7, Yield of Cotton Produce Under Six Different Water Quality
Treatments in. 1956,

Replications Water Quality Treatments

1 2 3 4 5 6

lbs /plot *

1 515 513 408 401 514 495

2 531 526 435 456 .558 499

3 478 529 452 376 458 541

4 575 530 540 449 524 ‘550

5 505 426 487 411 506 501

6 388 433 422 430 483 483
Sum 2992 2957 2744 2523 3043 3069
Means 498, 66 492,83 457.33 420.50 507.16 511,50
EMS = 1253, 60 S~ = 14. 45

Comparison of Individual Means -~ New Duncan Multiple Range.

Water Quality Treatments

4 3 2 1 5 6
Individual

means 420.50  457.33 492.83 498.66 507,16 511,50

*plot size. The individual plot measured 220 feet long by 27 feet wide.
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Table 8, Yield of Cotton Produce Under Six D1fferent Water Quahty
' Treatments in 1957

Replications Water Quality Treatments

lbs/plot *

1 411 423 318 333 307 416

2 455 415 338 386 480 435

3 404 458 384 405 423 426

4 526 453 693 417 457 703

5 536 442 320 409 485 352

6 313 339 148 325 329 268
Sum 2645 2530 2201 2275 2481 2600
Means 440,83  421.66 366.83  379.17 413.50 433,33
EMS = 5714. 6 sg = 30. 86

Comparison of Individual Means - New Duncan Multiple Range.

Water Quality Treatments =~

Means 366. 83 379.17 413.50 421.66 433,33 440, 83

*plot size. The individual plot measured 220 feet long by 27 feet wide.
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Table 9, Yield of Cotton Produce Under Six Different IWater\‘Quaility
Treatments in 1958,

Replications -~ -~ - - Water Quality Treatments™ ="~~~ ="

1 ST 3 g g e g
lbs /plot *
1 365 366 250 307 304 280
2 378 231 351 352 402 321
3 420 462 374 276 330 387
4 512 480 288 334 430 314
5 384 283 369 382 319 351
6 250 287 303 284 U291 7 260
Sum 2309 2109 1935 1935 2076 ) 1913 ‘
Means 384, 83 351,50 322,50 322.50 346.00 318,83
EMS = 3378, 7 sz = 23,73

Comparison of Individual Means - New Duncan Multiple Range.

-~ -Water Quality ‘Treatments

6 3 4 5 2 1
Individual . P S R o
means 318,83 '322.50 322.50 346,00 351.50 384,83

*plot size. The individual plot measured 220 feet long by 27 feet wide.
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Table 10, Y:.eld of Barley Grain Under Six D:.fferent Water Quahty
‘ ’ Treatments in 1960 ' :

Replications Water Quality Treatments

1 e .- 2 : = 3 P .«-_. ,_44, ke 8 e .- 5 P e TR R .6

bs/plots T T

310 327 332 322 197 273

1

2 294 310 314 350 324 270

3 227 319 310 211 343 . 335

4 327 297 257 260 276 - 236

5 244 118 264 237 208 247

6 176 290 195 250 191 191
Sum 1578 "'i~66i o 1'6'72“ 1630 1539 1552
Means 263. 00 276 83 278 67 271,67 256.50 258, 67
EMS = 2579, 42 i = 20, 73

Comparison of Individual Means - New Duncan Multiple Range.

" Water Quality Treéatments

»

s - - g - 1 4o 3
Individual ' -
means 256.50 258.67 263.00 271.67 276.83 278.67

*plot size. The individual plot measured 220 feet long by 27 feet wide.
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Table 11, Yield of Alfalfa Hay Under Six Different Water Quality
Treatments in 1961,

Replications Water Quality Tr eatments

1 2 3. . 4. - . B5.. 6

1bs/ plot *

344 505 489 424 363 410

1

2 456 427 285 387 228 276

3 332 534 367 345 420 285

4 490 401 420 388 395 339

5 282 389 276 281 397 381

6 509 480 428 - 377 - 325 - 338
Sum 2413 2736 2265 2202 2128 2029
Means 402.17  456.00 377.50  367.00  354.67 338.17
EMS = 4320.4 sz = 26. 83

Compafison of Individual Means - New Duncan Multiple Range'—

~ ~ Water Quality Treatments -

. 6 5 4 3 1 2
Individual o Co
means 338.17 354.67 367.00 -~ 377.50 402,17 = 456,00

*plot size. The individual plot measured 220 feet long by 27 feet wide.
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Table 12, Yield of Alfalfa Hay Produce Under Six D1fferent Water
' ‘Quality Treatments in 1962

Replicé.tvions‘ - Water Quality"'i'fﬁéAat';ﬁéﬁfs
1 RIS 3 4 s e
) lbs/plot *
1 1762 1945 1462 1511 1293 1475
.2 1178 <1451 1418 1121 1299 1475
3 1080 1046 1180 1117 1357 1470
4 1251 1230 1125 1146 1450 7990
5 973 924 1466 1077 1235 1129
6 1054 1307 1225 1445 ©1284 1198
Sum 7298 7903 7876 7417 7918 7737
Means 1216.33 1317.17 1312,67 1236.17 1319 67 1289 50
EMS = 34,713, - sz = 76,06

Comparison of Individual Means - New Duncan Multiple Range.

" Water Quality Treatments

1 4. 6 ... 3 2 5.
Individual

means 1216.33 1236.17 1289.50 1312, 67 1317.17 1319.67

“plot size. The individual plot measured 220 feet long by 27 feet wide.
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Table 13, Stand Gount of Gotton vSeedling“Undei.".SlifDi'ff‘eréht Water
Quality Treatments in 1959,

Replications .. _Water Quality Treatments . _

Average plant count/50 feet of row

200. 211 32 76 18 53

1

2 256 242 30 93 . 66 80

3 269 271 60 19 ' 61 203

4 216 274 116 65 72 124

5 188 179. 36 151 136 148

6 247 . ...253._... .38 .. .. .48 104. . . .60.. ..
Sum 1376 1430 312 452 ‘457 668
Means 229.33°  238.33 52.0 75.33 76,16 '111.33
EMS = 1719. 09 52 = 16.93

Comparison of Individual Mearis - New Duncan Multiple Range.’

—. .. . . _Water Quality Treatments

4 3 2 1 5 6
Individual S L R R
means 420.50  457.33 492.83  498.66 - 507.16- 511.50
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Table 14 Stand Count of Cotton Seedling Under SlX leferent Water
‘ Qua.hty Tr eatments in 1959.

Replications ' Water Quality Ti-eatments

1 2 3. 4 5 6

: A've'ra;‘gés of Four Count -

207 216 38 ¢ 87 21 66

1

2 247 227 41 107 114 86

3 219 . 260 71 . 53 115 @ 227

4 220 272 138 . 117 - 136 161

5 167 194~ - 64 - 183 176 = 178

6 231 235 64 16 157 = 77
Sum 1291 1404 416 1 623 719 . 795
Means 215.17 °© 234.00 - 69.33  103.83 < 119.83 .132.50
EMS = . 1736.99 s = 17. 01

Comparison of Individué.l Means - New ‘Dunca;n»Multiple‘:Range.

| ¢ Water Quality Treatments
3. 4. 5 . 6 12

Individual . ST U BRI
means 69.33 - 103.83 119.83 . 132.50 215.17 ~234.00




Table 15.. Some Chemical Gonstituents Found in the Gila River Water Used for Irrigation Purposes
~_on the University of Arizona Safford Farm from 1954 through 1962,

Month .

Sampled - ~GCa - . Mg =~ "Na Na - - Na/Ca .~ SAR#% - . TSS#k.
------- meq/Liter-=mace=- % - - S . ppm
1954 -

August 4.2 0.3 12. 8 74 3.6 8.5 1164
September 6.0 1.3 11,0 60 2.2 5.7 . 2406
1955

March 4,2 1.9 19 76 5.2 10.9 1636
May 3.8 2.0 29 83 4.5 17.0 1318
June 3.8 1.8, 16,2 74 4.9 9.7, . ... 1387
August 2,0 0.9 3.2 . . 52 1.9 2.3 430
August 3.8 " 0.9 0.7 13 0.5 0.5 7 360
September 3.2 1.2 9.9 69 5,2 6.7 940

- 1956
April 3.0 2.2 14,3 73 5.5 8.9 1332
May , 3.0 1.2 21.8 84 8.2 15.1 1711
June - ... . . ..2.6 . ~le4 ... ...15,0 ... 79 6.6 1006 L1217
July . 2.1l 3.3 16,720 15 . 9.1 10.2 o 14ls
October 2,7 1.3 13.0 76 5.5 9.2 1103
%*SAR means Sodium-Adsorption-Ratio and is calculated from the equation: SAR = Na+
ERE RN | \/ (Catt+ Mgtt)/2
**TSS means total soluble salts, S o R

821



Table 15, (Continued)

Month
Sampled Ca Mg Na Na Na/Ca SAR TSS
-------- meq/Liter --wemeax % ppm
1957
June 2.7 0.8 13,0 78 5.4 9.8 1088
November 2.2 1.0 3.3 51 1.7 2.6 1460
1958 ' . '
May 1;3 0.4 3.0 63 2.6 3.2 363
August 2.6 1.5 7.2 64 3.1 5.0 760
1959
March 3.4 1.3 10,1 68 3.4 6.6 999
April 3,0 1.2 13.6 76 5.1 9.4 1217
May 4,7 1.9 19.6 75 4.7 10.8 1713
May 5.3 2.3 17. 1 69 3.7 8.8 1614
July 4.9 2.1 16.0 69 3.8 8.5 1509
November 3.0 1.2 3.8 47 l.4 2.6 547
1960
June 3.5 1.2 13.3 74 4,3 8.7 1193
1961
August 2,2 0.9 6.9 69 3.6 5.6 ° 691

621



Table 15. (Continued)

Month .
Sampled Ca Mg Na Na Na/Ca SAR TSS
-------- meq/Liter ~====u- /S R ppm

1962
June 3.5 1.4 11.9 71 3.9 7. 6 1112
August 2,0 0.8 3.3 54 1.9 2.8 433
September 5.6 2,7 16,3 66 3.3 8.0 1610
October 2. 7 1.0 3.0 45 1,3 2,2 455

0¢t



Table 16, Some Chemical Constituents of the University of Arizona Safford Farm Well Used for
Irrigation Purposes from 1954 through 1962

Month ' . : .
Sampled’ Ca Mg = Na "~ Na Na/Ca - SAR* TSS%*
-------- meq/Liter ~~----<- % - ' ' pPpm
1954
February 7:9 1.9 51 84 7.4 23.1 3995
April 6.0 1.0 46 . 87 8.8 24. 6 3364
August 10.5 1.0 46 80 5.0 19.2 3534
September 6.3 3.5 20 67 3.7 9.0 2721
1955
February 5.0 1.9 41 86 9.3 22.2 3072
March 7.6 3.2 37. 77 5.6 15.9 3071
April 5.6 2.6 46 . 85 9.6 22. 8 3469
June 5.5 1.8 49 87 10.3 25. 6 3647
August 1.9 L6 46 - 83 6.8 ©22.3 ~ 3558
1956
January 5.5 1.5 41,3 86 8:7 22.1 3124
February 4;1 2,0 42.4 87 119 24,4 3146
April 4,6 2.0 42, 6 86 11:9 23.5 3474
May 5.5 2.1 43. 4 85 9:1 229 3412
June 4.4 1.0 27.0 83 7.0 16.5 1927
Juty . 3.6 3.5 46,8 86 14,9 249 3467
%*SAR means Sodium-Adsorption-Ratio and is calculated from the equation: SAR = Nat

#%TSS means total soluble salts. '\/(Ca+++ Mgtt)/2

1€1



Table 16, (Continued)

~ Month

Sampled Ca Mg Na Na Na/Ca SAR TSS
-------- meq/Liter==~ew=- % pPpm
1956
October 5.5 1.4 41,0 85 8.6 21,6 3530
October* 3.1 2,3 22.5 80 8.3 14, 61 1798
1957
April 7.4 3;0 47: 0 82 7.3 20, 6 3698
April 6.2 2,6 49, 2 84 9.0 23; 5 3735
April 6.3 2.2 49:5 85 9.0 24,0 3702
April 5.8 2.8 463 84 9.2 22.4 3788
June 5.8 2.5 . 52.9 .86 10.5 . ... 26.0...... .. .3955
July 5. 6 2.3 51,2 86 10.4 25,8 3811
1958
May 5.9 1.5 46.2 86 9:0 22;2 3503
July. 5.3, 2.3 37.9 . 83 8.2 19,5 2951 .
August 5.9 .4 ab2 .8 9.0 2,3 3554
September 6.0 2,7 48,9 85 9.3 23.5 3685
November 5.3 2,8 43.8 84 9.4 21.8 3328
December 9.1 3.2 43,0 78 5.4

17. 4 3552

#*Mixed-Well and River Water _ e .

2et



Table 16, (Continued)

Month . o . . . o
Sampled Ca Mg Na Na Na/Ca = = SAR: TSS
....... meq/Liter ~emeceax S . ' I - ppm
1959 ' '
March 8.7 3,8 42,7 77 5.6 17,1 3518
April 6.5 2.9 38. 6 80 6.8 17.9 3473
May 6.3 2.9 48. 3 84 8.8 22. 6 3701
May 6.5 2.7 47.0 84 8.3 22,0 3614
May 6. 4 3.1 .. 46,8 83 8. 4 21,6 3599
June 16,6 3.8 54,6 73 3.8 -17,1 74823
June 12,2 5.8 57.3 76 5.4 19.1 4906
November 5.9 2,5 . 42,2 "84 8.4 20,7 3268
1960
March | 7.8 3.4 . 40,1 ' 78 5.9 1.0 . 3334
April 10.3 4.3 30.3 .67 3.4 1.2 .-.2903
June 12,4 4.3 36,7 69 3.4 12,7 13877
1962 2
January 4.7 2.9 40, 4 83 9.9 20.8 3165
February 4.8 2.7 < 39.1 - 84 9.4 20,2 ... 3081
2.8 3.9 . 33.8 ‘66 3,0 1.7 273298

June ' 1

€el



Table 17, Some Chemical Characteristics of Cajon Clay Loam Taken in 1954 before Treatment
with Water of Different Quality.

H,0 Soluble Na Total
Exch, in the Saturated Soluble

Number  Depth  EG x 10° C;E.C.  Exch, Na Na  Paste . . Salt
feet (mmhos. /cm.) meq. /100 gm. meq. /100 gm. % o % PpPmM .
1, 10, 17 1 3,93 21.8 7. 4 33,7 31.5 2751
21, 26, 36 2 3,57 19.2 6.5 33,9 34,2 2499
: 3 7 3,22 12.5 9.3 34.1 33.9 C 2254
"2, 7,15 ‘1 3.17 20,9 6. 6 31, 7 28. 3 2219
22, 30, 35 2 3,27 18. 3 5.8 31.5 31.5 2289
. 3 3,25 10, 4 4,2 40, 6 40,1 2275
'3, 8, 13 1 4,35 21,6 7.1 329 31,5 3045
24, 29, 34 2 4,68 18. 6 6.2 33,2 © 33,2 3276
- g 4,43 13,0 4,4 33,9 32,4 3101
4, 11, 18 1 4,83 22.5 7.4 32,8 33,3 3381
19, 27, 32 2 4012 19.9 6.9 34.5 ., 34,5 2884
S T T3 T 4,32 ‘ 10,9 5.0 45,3 38,9 3024 ¢
5, 12,16 17 - 3,52 23,2 7.9 34, 0 35,4 0 2464
20, 25, 33 2 3,48 18, 3 6. 1 33,3 33,2 2436
3 3.37 . 11.8 4,6 38, 8 . 39.0 2359
6, 9,14 1 - 3,48 < 23,8 ° 8.6°° 360 - 36,2 2436
23, 28, 31 2 - 3. 42 c17.3 6,1 35,4 ©7 35,7 0 2394
' o3 3. 67 12.3 4, 6 37. 7 39.0 2569
Data represent means of two replicated samples., C, E, G, means cation exchange capacity.

EC means electrical conductivity

PET



Table 18, Some Chemical Characteristics of Cajon Clay Lioam Taken in 1955 after Partial Water
Treatments with Different Quality, ’

: Total
o : Plot : Exch. Soluble
Treatment Number Depth EC x10°  C,E.C. Exch. Na Na Salt
- - feet (mmhos, /cm.) meq. /100 gm, -meq. /100 gm. - % = ppm ..
River water source: 1, 10, 17 1 3.93 22,5 7.4 32;9 2751
Irrigation and pre- 21, 26, 36 2 3.53 19.2 6.5 33.9 2471
plant leaching. 3 3.22 12.3 4,2 34.1 2254
2
River water source: 2, 7, 15 1 3.30 20, 8 7.0 33.17 2310
Irrigation and two 22, 30, 35 2 3.28 18. 3 5.8 31,7 2296
leachings: one pre- ' 3 3.22 10.5 5.2 49.5 2254
plant and one post b ' ' o ‘
leaching,
Well water source:  3,. §,.13 1 , 4.36 22,7 7.7 33.9 3052
Irrigation and one | 24, 29, 34 2 .. 4,68 18,6 6.1 32.8 3276
preplant leaching. .. 3 " 4,45 13.3 4,4 33,1 3115
4 |

Well water source: 4, 11, 18 1 4,44 22,6 7.5 33,0 3108
Irrigation and two 19, 27, 32 2 4,12 19.9 6.8 34,2 2884
leachings: one pre- 3 4,21 11,1 4.4 39.6 2947

plant and one post
leaching,

Sel



Table 18, (Continued)

Plot
Treatment Number -

Exch., Na
- feet’ (mmhos, /cm,) meq. /100 gm, meq. /100 gm,

EGC x 103

Total .
Exch, Soluble
Na Salt

5
Well water source: 5, 12, 16
Irrigation. River 20, 25, 31
water source: - one -
preplant leaching.

6
Well water source: 6, 9, 14
Irrigation, River 23, 28, 31
water source: one E
preplant and one
post leaching,:

—

N)
O =
o 0

[\
D)

ol — o

~ ‘i,po\.ag

% ppm

34,1 2485
33.0 2429
38.3 2359

36,4 2667
35,5 2394

36.9 2583

Data represent: means of three replicated samples.
C. E, G, means cation exchange capacity.
EC means electrical conductivity. '

9¢1




Table 19. Some Chemical Characteristics of Cajon Clay Loam Taken in 1956 after Treatment with
Different Water Quality.

Total
B Plot . » T L RS Calculated Soluble
Treatment Number Depth EC x 103 Paste 1:5ratio NH,AC Na Salt
inches (mmhos, /cm,) pH - --pH - pH - % pPpPm
River water source: 1, 10 2 3.68 8.12 9. 41 8. 47 36,1 2576
Irrigation and one pre- 17, 21 12 5.58 7.92 9.19 8,46 35,6 3906
plant leaching, 26, 36 24 7.27 7. 92 9.26 8. 40 32,5 5089
36 5. 82 8.10 9. 46 8. 41 33,0 4074
River water source: 2, 7 2 3.76 8.11 9.33 8.52 38.7 . 2732
Irrigation and two 15, 22 12 5,51 7.93  9.22 8.47 36,1 3857
leachings: one pre- 30, 35 24 8.08 7. 84 9.10 8. 37 31,0 5656
plant and one post 36 5.29 8. 04 9. 35 8.48 36. 6 8703
leaching. '
Well water source: 3, 8 2 6.51 8.12 9. 34 8. 60 42, 8 4557
Irrigation and one pre- 13, 24 . 12 6. 36 8. 06 9.07 8.47 36, 1 4952
plant leaching, 29, 3¢ 24 .  8.86 7.84 8,97 8.32 23,3 6202
- L 36 . 615 7.99  9.07 8.43  34.1 4305
4
Well water source: 4, 11 2 8.66 8.14 9. 41 8. 66 45,9 6062
Irrigation and two 18, 19 12 7.48 7.97 9.11 8. 49 37.2 5236
leaching, one preplant 27, 32 24 10,31 7. 81 8. 89 8.36 30.5 7217

and one post leaching. 36 6. 85 8. 04 9.21 8. 39 32.0 4795

Lel



Table 19, (Continued) .

Plot Calculated Soluble

Treatment Number Depth  EG x 103 Paste 1:5 ratio NH4AC Na salt

1nches {(mmhos. /cm.) pH  pH . pH % pPpm

Well water source: 5, 12 2 3.32 8.11 9.40 8.53 39.2 2324

Irrigation, River . - 16, 20 - 12 5.05 7. 96 9.07 8,43 . 34,1 3535

water source: one 25,33 24 - 6,09 - .97 9.08 8. 43 34,1 4263

preplant leaching | , 3 . 5.43 8,09 9.23 8. 43 34,1 3801

6

Well water source:. . 6, 9 2 3,67 8,07 . 9.39 . 8,52 38.7 2569

Irrigation. . River 14, 23 12 5.03 8. 04 9.00 8.47 36.1 3521

water source: one 28,31 24 . 126 . 791 9.01 8.41 . 33.1 5082

preplant and one post. 36 - 5,21 8.12 9,32 8.40 32.5 3647
leaching. .

Data represent: means of triplicated sample.

Cs E.,C: means cation exchange capacity.

EC means electrical conductivity. SR .o : . - o
NH4AC means 0, 13N Ammonium acetation solution.

1:5 ratio means 1 part soil to 5 parts water,

8¢ 1



Table 20, Some Chemical Characteristics of Cajon Clay Loam taken in 1961 after Six Years of
Treatment with Different Water Quality,
Total
Plot o Exch, Exch, Soluble
Treatment Number Depth EC x 103 Paste C; E, C; Na Na Exch, K Salt
feet (mmhos./ pH meq. /. meq./ % meq, / ppm,
cm,) 100 gm, 100 gm, 100/ gm.
River water source: 1, 10 1 492 8, 05 28,5 8. 6 30,2 1.2 3444
Irrigation and one 17, 21 2 9,12 7. 86 21,9 7,4 33,8 1.0 6384
preplant leaching, 26, 36 3 11,48 7. 89 12,1 4,5 31.9 0.5 8036
2
River water source: 2, 7 1 6. 54 7. 95 27, 7 8.4 30,3 1.2 4578
Irrigation and two 15, 22 2 10, 78 7..‘ 80 20.: 1 7. 4 36, 8 1, 0 7546
leachings: one pre- 30, 35 3 10,10 7. 81 13,0 4,3 33,1 0s5 7070
plant and one post
leaching.
3 | .
Well water source: 3, 8 1 . 8433 - 8,00 31, 4 11,3 36,0 1.3 5831
Irrigation and one 13, 24 2 .. 16,33 7, 82 24, 8 9.8 39.5 0.9 11431
preplant leachings :29, 34 3 14,10 7. 86 14,1 5.2 36,9 0.5 9870
4 :
Well water source: 4, 11 1 8, 00 7. 99 29,8 11,1 37,2 1,2 5600
Irrigation and two 18, 19 2 13.55 7. 84 25,4 10,5 41,3 1.1 9485
leachings: one pre- 27, 32 3 12,27 7. 86 14,4 5.1 35.4 0.6 8589

plant and one post
leaching,

6E1



Table 20. (Continued)

v Total
Plot : Exch. : Soluble
Treatment Number Depth EC x 103 Paste C;E:C; Na Exch; K  Salt
feet (mmhos./ pH meq,/ % ppm
cm,) 100 gm,
5 ,
Well water source: 5, 12 1 .27 7. 98 30.3 33,7 1,2 5089
Irrigation, River 16, 20 2 13,07 7. 79 24,2 39.3 1.1 9149
water source: one 25, 33 3 14,03 7. 80 14,5 40, 7 0.5 9821
preplant leaching,
6
Well water source: 6, 9 1 8, 40 8. 04 31,3 35.9 1.3 5880
Irrigation, River 14, 23 2 11,97 7. 81 25, 8 40, 3 1.0 8379
water source: one 28, 3l 3 12, 62 7. 85 14,8 37.2 0, 6 8834

preplant and one
post leaching,

Data represent. means of two replicated samples,
C. E,C. means cation exchange capacity. ‘
EC means electrical conductivity.

0¥l



141

Table 21, Cotton Seedling Stand Counts Under Six Different Water

Quality Treatments in 1959,

.Number of plants.per 50-foot row.on 7/31/59

Plot Number 1w 2w 3e 4e Average
1 192 227 190 191 200
2 183 225 207 229 211
3 0 92 37 0 32
4 79 75 137 12 76
5 17 33 14 7 18
6 27 47 60 77 53
7 232 246 246 242 242
8 89 6 4 20 30
9 74 92 105 .47 80

10 291 237 256 241 256
11 199 81 74 17 193
12 28 50 125 60 - 66
13 45 36 . 87 70 60
14 169 263 175 206 203
15 268 275 305 236 271
L6 40 14 102 88 : 61
17 244 230 267 333 269
18 7 4 52 14 19
19 127 109 0 23 " 65
20 62 66 18 83 T 72
21 177 247 157 284 216
22° 285 269 241 301 274
23 110 133 133 118 124
24 183 63 160 . 58 116
25- 127 85 201 132 136
26 118 120 250 265 188
27 125 99 142 239 151
28. 209 48 216 118 148
29. 2 9 84 148 36
30 168 105 211 233 179
31 87 102 .6 45 60
32 84 17 80 11 48
33 97 120 65 132 104
34 6 10 44 - 93 38
35 271 218 238 289 253
36 296 267 252 172 247

w*: west side of the border; e = east side of the border
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Table 22, Cotton Seedling Stand Gounts under Six Different Water''

Quality Treatments in 1959,

Plot Numbei‘

"Number of plants per 50-foot row on 8/25/59.:

1w_<'.

2w 3e 4e Average
1 254 196 192 184 207
2 170 224 285 185 - 216
3 82 2 58 .8 38
4 87 63 183 16 - 87
5 25 35 7 18, 21

6 37 71 87 70 66

7 233 207 234 233 227 -,
8 12 79 17 55 41

9 114 49 48 131 86
10 285 235 230 239 247
11 213 109 .84 21 107
12 99 88 159 110 114
13 26 75 103 79 71
14 249 267 220 173 227
15 271 264 255 249 260
16 23 150 178 108 115
17 212 186 371 108 219
18 54 5 25 127 53
19 148 235 35 48 117
20 252 72 148 73 136
.. 21 230 171 201 276 . 220
22 250 280 263 293 272
23 104 247 128 165 . 161
24 187 69 159 135 138
25 147 129 219 209 176 -
26 163 159 190 156 167
27 140 164 245 183 183
28 113 215 174 210 178
.29 24 18 99 115 64
30 144 223 201 208 194
31 91 124 31 62 77
32 100 30 102 73 76
33 164 207 70 187 157
34 27 16 80 133 64
35 251 256 202 229 . 235
36 208 284 195 236. 231
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Table 23.: Some Chemical Characteristics of Cajon Clay Loam Taken

...... in 1955,
.- Plot , Exch, . Total Solu-
Number Depth ECx 103 C,E.C. 'Na.. Exch., Na ble Salt
feet (mmhos.,/ meq,/ megq, / % pPpm
o cm,) 100 gm, 100 gm., T

1 1 5.0 15,1 5.2 34,4 3500
1 1 3.5 9.9 3.5 35.4 2450
1 1 2.4 10,6 2.7 25.5 1680
1 2 4,4 26. 1 8.9 34,1 3080
1 2 3.8 19.9 5.2 26,1 2660
1 2 3.1 14,7 6.3 42,9 2170
1 3 3.5 20,0 6. 5 32.5 2450
1 3 3.0 10,5 3.9 37. 1 2100
1 3 2.6 13,2 3.1 23,5 1820
10 1 4,1 32,1 15722 47,4 2870
10 1 4,0 26. 2 8. 1 30,9 2800
10 1 3.9 23, 0 9.0 39.1 2730
10 2 4,2 24.0 7.2 30,0 2940
10 2 2.9 15,9 5.1 32,1 2030
10 2 3.0 10.4 4,0 38.5 2100
10 3 4.5 - -- - 3150
10 3 3.7 -- -- -- 2590
10 3 2.9 12.1 4,5 37.2 2030
17 1 4.1 26.9 8.3 30,9 2870
17 1 3.3 26, 3 8.6 32,7 2310
17 1 2.5 16.8 4,1 24, 4 1750
17 2 3.8 18,2 7.0 38.5 2660
17 2 2.3 24, 6 9.2 37.4 1610
17 2 2.6 17.2 4,1 23. 8 1820
17 3 4,7 - - -— 3290
17 3 2.2 -- -- - 1540
17 3 1.5 10.6 3.7 34.9 1050
21 1 4.5 22,3 8.2 36, 8 3i50
21 1 3.0 20.5 5.4 26.3 2100
21 1 3.0 21,4 8. 7 40, 7 2100
21 2 3.6 25,0 %9 31, 6 2520
21 2 2.2 21.5 6. 1 28.4 1540
21 2 3.9 24,6 8.4 34,1 2730
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Table 23, (Continued)

Plot Exch. Total Solu-
Number Depth EGC x 103 C,E,C, Na  Exch, Na ble Salt

feet (mmhos./ mecli.A/' meq. /[ %o ppm
cm,) 100 gm, 100 gm,

21 3 3,2 - -- - 2240
21 3 2.5 -- -- - 1750
21 3 2,9 15,1 5.0 33,1 2030
26 1 3.5 23,0 9,4 40.9 2450
26 1 4,4 18,0 6. 6 36,7 3080
26 1 5,6 38,2 11.1 29,1 3920
26 2 2.6 23,2 8.3 35,8 1820
26 2 3.0 13.0 4,8 36.9 2100
26 2 6.6 - - - 4620
26 3 3.2 16, 4 6.5 39.6 2240
26 3 2: 7 10,0 3.1 31,0 1890
26 3 65 19,8 7.4 37. 4 4550
36 1 6.5 29.2 7.2 24,7 4550
36 1 4,2 26,0 6.7 25,8 2940
36 1 3.4 19, 6 4,4 22,4 2380
36 2 5.5 23,8 10, 3 43,3 3850
36 2 4,8 17.5 5.4 30.9 3360
36 2 2.2 () 20 27.8 1540
36 3 4,5 .86 3.3 38, 4 3150
36 3 2,4 7.8 245 32,1 1680
36 3 1.5 3.1 0. 7 22 6 1050
2 1 3.4 14. 6 5.0 35,2 2380
2 1 2.7 9.0 4,8 53,3 1890
2 1 1.6 16,7 3.6 21, 6 1120
2 2 4,5 29,1 10,2 35,1 3150
2 2 2.4 20, 6 5.7 271 1680
2 2 2.8 14,1 2:4 17.0 1960
2 3 4,5 29.5 8.7 29.5 3150
2 3 2. 8 18,3 5,2 28.4 1960
2 3 2¢8 9,0 3.1 34,4 1960
7 1 3.8 30,3 13,1 43,2 2660
7 1 3.6 30. 1 10,4 34, 6 2520
7 1 3.3 16,8 7.4 44,0 2310
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Table 23, (Continued)

Plot Exch, Total Solu~
Number Depth EC x 10> C,E.C; Na Exch. Na ble Salt
feet (mmhos.,/ meq./ meq./ % ppm
cm, ) 100 gm, 100 gm,
7 2 3.0 21.6 1643 29. 2 2100
1 2 3.4 19.2 8.0 41,7 2380
7 2 2.4 12.6 4,3 34,1 1680
7 3 4,0 Do Tes - 2800
7 3 4.6 st C-- - 3220
7 3 3.0 12,7 3.6 28,3 2100
15 1 5.5 26,7 842 30, 7 3850
15 1 2,7 15,3 4.4 28.8 1890
15 1 1. 6 26,1 7.7 29.5 1120
15 2 4, 4 29.5 6.5 22,0 3080
15 2 2.1 10,9 3.4 31,2 1470
15 2 1.5 18,6 7.5 40, 3 1050
15 3 5.3 -- - - 3710
15 3 1.3 - ew e 910
15 3 2,0 8.7 4,7 54,0 1400
22 1 4,8 22. 8 7.5 32.9 3360
22 1 3.8 22.3 7.0 31, 4 2660
22 1 4,3 16,0 5.7 35,6 3010
22 2 3.4 22.1 7.6 34,4 2380
22 2 5.0 23,0 6.0 26, 1 3500
22 2 5.7 13,6 5.0 36.8 3990
22 3 2.9 13.0 4.9 37. 7 2030
22 3 3.2 12,3 4,4 35, 8 2240
22 3 4.0 9.6 4.0 41,7 2800
30 1 4.5 21,9 6.1 27.9 3150
30 1 2.9 23,1 7.1 30, 7 2030
30 1 3.2 14,6 4,4 30, 1 2240
30 2 36 11,2 3.5 31,3 2520
30 2 3.0 23, 2 7.8 33,6 2100
30 2 2.8 12,4 2,7 21.8 1960
30 3 3.0 9.6 3.5 37.5 2100
30 3 5,0 7.6 6. 2 81,6 3500
30 3 2.1

2.5 5, 1 41,2 1750
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Table 23, (Continued)

Plot o Exch, Total Solu~
Number Depth EGC x 103 C.E:C, Na Exch, Na ble Salt
feet (mmhos./ meq,/ meq, / % ppm
cm., ) 100 gm, 100 gm,.
35 1 3.0 29. 8 10. 3 34,6 2100
35 1 2,9 22. 4 7. 8 34, 8 2030
35 1 1.8 17.2 5.0 29.1 1260
35 2 3.4 19.4 7.1 36,6 2380
35 2 3.5 14.2 5.5 38,7 2450
35 2 2.2 14.5 4,2 29. 0 1540
35 3 1.6 9.0 3.5 38,9 1120
35 3 2.9 7.6 2.9 38. 2 2030
35 3 2.6 7.6 2.3 30.3 1820
3 1 5.0 — - <e 3500
3 1 4,5 - - - 3150
3 1 4,5 13,1 2.1 16.0 3150
23 2 5.0 28.3 7.6 26.9 3500
3 2 4,0 14. 7 4,4 29.9 2800
3 2 7.0 15. 6 4,4 28,2 4900
3 3 6.2 25. 0 5.8 23,2 4340
3 3 4,0 12.7 3.3 26,0 2800
3 3 4.0 15.7 3.7 23. 6 2800
8 1 4,8 29.5 8.7 29,5 3360
8. 1 4,17 32.3 11,2 34, 7 3290
8 1 4,4 11,5 2,8 24.3 3080
8 2 4,4 30. 3 10.5 34,7 3080
8 2 4.6 19.2 6.1 31. 8 3220
8 2 4,4 11,5 2.8 24.3 3080
8 3 5.1 -- - - 3570
8 3 5.6 - - - 3920
8 3 4,4 13,3 4.0 30, 1 3080
13 1 5.5 30,0 9.2 30, 7 3850
13 1 4.1 28, 2 9.1 32,3 2870
13 1 4,0 22,3 7.0 31. 4 2800
13 2 4,0 17.8 5.8 32, 6 2800
13 2 4.4 13,5 5.7 42,2 3080
13 2 3.8 10, 8 4.1 38.0 2660
13 3 4,2 - - -- 2940
13 3 5.1 - - - 3570
13 3 4.8 11,8 4,6 39,0 3360
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Table 23, (Continued)

Plot Exch, _ Total Solu-
Number Depth EC x103 C.E.C. Na Exch, Na ble Salt
feet (mmhos./ meq./ meq. / % ppm

cm, ) 100 gms 100 gm,

24 1 3.6 17. 6 7.0 39.8 2520
24 1 3.8 11. 8 4,0 33.9 2660
24 1 6. 0 29.2 12,0 41,0 4200
24 2 3.6 12. 8 5.2 40,6 2520
24 2 3.5 10, 6 3.9 36. 8 2450
24 2 8.0 29.7 11.5 38.7 5600
24 3 3.0 7.6 3.7 48,7 2100
24 3 2.8 - - - 1960
24 3 5.5 13.9 6.3 45,3 3850
29 1 4,2 22,4 12,-3 54,9 2940
29 1 4,1 25.9 8.7 32.6 2870
29 1 6, 4 22.1 6. 4 29.0 4480
29 2 4,2 16,0 5,3 33,1 2940
29 2 3.7 27.1 8.7 32.1 2590
29 2 6. 6 28.5 8.5 29. 8 4620
29 3 3.0 7.5 2,5 33. 8 2100
29 3 3.6 17. 6 7.0 39. 8 2520
29 3 6. 4 11,6 4.1 35,3 4480
34 1 5.0 28,7 10,5 36,6 3500
34 1 2.1 19. 7 7.8 39. 6 1470
34 1 1.8 18,2 5.0 28,0 1260
34 2 4,6 22.5 6.6 29. 3 3220
34 2 6.5 18.0 6. 6 36,7 4550
34 2 2.0 8.0 2.5 31,3 1400
34 3 5.2 12,2 4,6 37.7 3640
34 3 5.1 12,1 4,8 39, 7 3570
34 3 2.1 11.5 2.5 21, 7 1470
4 1 4,0 - - - 2800
4 1 4,5 24,1 6.3 26,1 3150
4 1 10,5 17.5 5.5 31,4 7350
4 2 4,3 29.5 9.1 30, 8 3010
4 2 6.0 23.3 7.2 30,9 4200
4 2 6.0 15.1 3.6

23.8 4200
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Table 2'3.' (Continued)

Plot ’ ) Exch, = "~ 77 Total Solu~
Number Depth EC x 103 C,E.C. Na  Exch. Na ble Salt
feet (mmhos./ meqs/ meq./ % PPM
cm, ) 100 gm, 100 gm,

4 3 5.5 -- - -- 3850
4 3 6.5 -- - - 4550
4 3 5.0 - D= - 3500
.11 1 4.3 29. 8 9.6 32.2 3010
11 1 4.5 26.9 9.2 34,2 3150
11 1 3.9 20.1 5.5 27,4 2730
11 2 4.5 20,9 8.0 - 38,3 3150
11 2 4.6 13.3 4.8 36.1 3220
11 2 4,2 16,0 5.4 33.8 2940
11 3 4.8 - - - 3360
11 3 5.8 -- -- - 4060
11 3 4.4 11.9 4,4 37.0 3080
18 1 4.2 24.0 8.7 36.3 2940
18 1 3.6 20,7 8.1 39.1 2520
18 1 3.6 17.0 6.4 37. 6 2520
18 2 3.8 2.1 7e5 35,5 2660
18 2 3.4 14,1 5.1 36,2 2380
18 2 3.9 17.5 6.6 37. 7 2730
18 3 4,5 - -- - 3150
18 3 2.5 -- - - 1750
18 3 3.5 9.5 3.8 40,0 2450
19 1 3.7 24.9 7.6 30.5 2590
19 1 3.2 11.6 5.1 44,0 2240
19 1 3.9 12.0 3.8 31. 7 2730
19 2. 3.4 23.0 7. 6 33.0 2380
19 2 3.5 10.1 3.6 35.6 2450
19 2 3.2 7.4 2.4 32,4 2240
19 3 2.9 - - -- 2030
19 3 2.8 - - - 1960
19 3 3¢3 10.6 3.7 34.9 2310
27 1 4,8 23.5 9.0 38.3 3360
27 2,9 29.1 4.4 15,1 2030
27 4.5 33.0 12.0 36,4 3150
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Table 23, (Continued)

Plot Exch, , Total Solu-~
Number Depth EC x 103 GC.E.C. Na Exch, Na ble Salt’
feet (mmhos./ meq./ meq./. % ppm
cm,) 100 gm. 100 gm,.
27.. 2 4,5 19, 7 5.5 27.9 3150
27 2 3.6 25,7 9.2 35.8 2520
27 2 3.0 34,7 13,1 37. 8 2100
27 3 3.3 < 1244 5,7 46,0 2310
27 3 3.8 13.8 5.7 41,3 2660
27 3 4,9 15. 3 4,8 31,4 3430
32 1 2.8 19. 6 7.4 37. 8 1960
32 1 6.5 24,5 9,4 38,4 4550
32 1 4,5 25,2 8, 7 34,5 3150
32 2 3.6 18,8 9,4 50,0 2520
32 2 5.2 21,7 8.7 40,1 3640
32 2 3.5 25.4 6.4 25,2 2450
32 3 3.9 10,4 4,8 46,2 2730
32 3 6. 1 8, 4 3.7 44,0 4270
32 3 2.3 7.8 3.0 38,5 1610
- 1 4,5 29.9 8,0 26, 8 3150
-5 1 4,8 28,1 9,1 32,4 3360
5 1 2.6 15.2 3.4 22,4 1820
35 2 4,0 26.9 7.1 26,4 2800
5 2 5.5 19.6 5.7 29.1 3850
5 2 2.5 11,3 1241 18,6 1750
.5 3 5.2 D -- - 3640
5 3 3.9 - - SE. 2730
5 3 2.7 13,3 4.6 34,6 1890
12 1 4,1 11,9 10,7 90, 0 2870
12 1 3.6 25,6 8.4 . 32. 8 2520
12 1 4,2 20,8 9,8 47,1 2940
12 2 4,6 15.3 5.9 38,6 3220
12 2 4,1 16.9 67 39. 6 2870
12 2 3.8 10,7 3.7 34,6 2660
12 3 5¢5 e L e T 3850
12 3 4,2 - - ] 2940
12 3 3.1 11,8 4,6 39.0 2170
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Table 23, (Continued)

Plot Exch, Total Solu-
Number Depth EC x103 C.E.C. Na  Exch, Na  ble Salt
feet (mmhos./ meq./ meq. / % ppm

cm, ) 100 gm, 100 gm,

16 1 3.8 25.5 9.3 36.5 2660
16 1 2.8 24,1 7.9 328 1960
16 1 2.3 18.7 5.1 27.3 1610
16 2 3.8 22, 6 8.8 38.9 2660
16 2 3.1 15.3 6.5 42,5 . 2170
16 2 3.5 17.0 5.1 30,0 2450
16 3 4,8 -— - e 3360
16 3 2.5 e .- - 1750
16 3 2.0 11,5 4,3 37.4 1400
20 1 1,6 24,0 7.9 32,9 1120
20 1 2.7 17,4 4,2 24,1 1890
20 1 2. 6 13. 6 4, 6 33,8 1820
20 2 3.5 13,1 4,7 35,9 2450
20 2 3.7 15,7 420 25.5 2590
20 2 2.5 11,6 4,6 39,7 1750
20 3 1.9 L= —- . 1330
20 3 3.1 - g - 2170
20 3 1.9 9.8 4,9 50, 0 1330
25 1 5,0 25, 2 7.2 28, 6 3500
25 1 3.1 22, 6 545 24,3 2170
25 1 4,9 354 3 10,9 30,9 3430
25 2 3.4 19,4 6.5 33,5 2380
25 2 2.6 13,5 3.7 27,4 1820
25 2 3.6 39,1 1123 28.9 2520
25 3 3.2 16. 4 6.5 39, 6 2240
25 3 2, 7 10,0 3.1 31,0 1890
25 3 6.5 19.8 7.4 37,4 4550
33 1 3.6 25,7 10,9 42,4 2520
33 1 3.2 2447 9,0 36, 4 2240
33 1 4,6 28.9 10, 1 34,9 3220
33 2 4,2 26,9 11.0 40,9 2940
33 2 2,6 15,1 5.7 37. 7 1820
2 1.5

33 22,8 6.7 29.4 " 1050
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Table 23, (Continued)

Pilot Exch, Total Solu-
Number Depth EC x 10> GC.E.C. Na Exch. Na ble Salt
feet (mmhos./ meq./ meq./ % pPpm
cm,) 100 gms 100 gm;,
33 3 3.8 12, 6 4,4 34,9 2660
33 3 2.3 8.5 4,0 47,1 1610
33 1.5 64 1 1.8 29.5 1050
6 1 5.0 27.0 9.8 36,3 3500
6 1 3.7 27.5 13,1 47. 6 2590
6 1 3.2 23.5 6.7 ‘28.-5 2240
6 2 5.0 17.-8 5.8 32,6 3500
6 2 4,0 19.1 6.0 31. 6 2800
6 2 4,0 15,6 4. 8 30. 8 2800
6 3 4,7 - - e 3290
6 3 5.9 N - o 4130
6 3 3.0 12, 7 4,6 36,2 2100
9 1 5.6 30. 7 11,2 36,5 3920
9 1 4,0 23, 8 9.8 41,2 2800
92 1 4,0 10.5 4,7 44, 8 2800
9 2 4,6 23,5 8.0 34,0 3220
9 2 3,6 10.9 4,8 44,0 2520
9 2 3.0 10,6 3.8 35,8 2100
9 3 6.5 - - - 4550
9 3 5.0 -- -- -- 3500
9 3 2.7 11. 6 5.1 44,0 1890
14 1 3.3 27.3 8.8 32.2 2310
14 1 5.1 23.1 7.5 32.5 3570
14 1 3.5 23,9 7.7 32,2 2450
14 2 3.3 13,6 4,7 34. 6 2310
14 2 3.3 15,3 4,8 31.4 2310
14 2 2.9 13.9 4,7 33,8 2030
14 3 2. 6 — - - 1820
14 3 3.3 -- - -- 2310
14 3 3.5 12,5 4,7 37. 6 2450
23 1 3.2 20, 8 7.0 33,7 2240
23 1 3.7 18,7 5.8 31.0 2590
23 1 7.5 24,4 13,1

53.17 5250



152

Table 23, (.Conti.r'lued)

. Plot S 5 <o) « R . Total Solu~
Number Depth ECx103> GC.E.C. ‘Na  Exch. Na  ble Salt -
! feet (mmhos./ meq./ meq./ = % ppm
C cm.) 100 gm, 100gm., = -
23 2 3.7 18,1 7.0 38, 7 2590
23 2 4,5 14,2 4.9 34,5 " 3150
23 2 4,2 23, 8 10,3 43,3 2940
23 3 3.0 7.0 3.7 52. 9 2100
23 3 4,2 12, 8 4,2 - 32.8 2940
23 3 7.0 8.5 4,9 57,6 4900
31 1 2.7 21,2 5,7 26,9 1890
.31 1 3.2 24.0 7.2 30,0 2240
31 1 1.5 20,0 10, 1 " 50,5 1050
31 2 2.7 13,6 5.3 39: 0 1890
31 2 2,7 15,2 6.7 44,1 - 1890
31 2 1.3 11,2 3,8 33.9 . 910
31 3 2,2 9,7 2.9 29.9 1540
31 3 1.7 8.3 2.8 33.7 1190
31 3 1.3 8. 6 3.5 40,7 910
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Table 24, Some Chemical Characterlstlcs of CaJon Clay Loam Taken

in 1956,
Plot HZO H,O 1:5  Calculated Total Solu-
No. Depth EC x 103 Paste 1 5" NH4AC " Exch., Na 7 'ble Salt -
inches {mmhos./ - pH pH pH °  meq./ " ppmy
cm, ) ‘ ' 100 gm, -
1 2 3,97 8,08 9.48 8.53 39,2 7 2719
10 2 4,77 8,12 9,30 8.48 36, 6 3339
17 2 3.45 8.12 9,47 8,53 39 2 2415
21 2 - 8.03 9.37 8.33 29,0 S e
26 2 3463 8.17 9.40 8.58 41,8 2541
36 2 2. 60 8.23 9,43 8,35 30,0 1820
1 12 2, 20 8.30 9.37 - 32. 6% 1540
10 12 3. 45 7.35 8,65 - 15, 9% 2415
17 12 6. 50 8,05 9.25 8,47 36.1 4550
21 12 6, 40 8,03 9.32 8.47 36.1 4480
26 12 8,93 7.87 9.15 8,45 35,1 6251
36 12 6. 00 7.92 '9.40 8.45 35,1 4200
1 24 4, 80 7.97 9.43 -—- 34, 0% 3360
10 24 3,93 8.13 9,20  -- 28, 6% 2751
17 24 10,57 7.78 9.20 8,47 36, 1 7399
21 24 54 40 8.00 9,30 8,35 30,0 3780
26 24 8. 20 7.90 9,20 8.40 32,5 5740
36 24 10, 70 7.76 9,22 8,40 32,5 7490
1 36 4,37 8.20 9.67 -- 39, 5% 3059
10 36 4,83 8.17 9,27 -- 30, 3% 3381
17 36 7,53 7.97 9.38 8,47 36.1 5271
21 36 64 30 7.97 945 8,52 38,7 4410
26 36 7. 70 7.87 9.38 8.45 35,1 5390
36 36 4,20 8.43 9,58 8,20 22.3 2940
2 2 4,15 8,07 9.37 8,47 36,1 2905
7 2 3.13 8.13 9,18 8,50 37.7 2191
15 "2 3,97 8.13 9.52 8.50 37.7 2779
22 2 3,17 8,11 9,40 8,50 37. 7 2219
30 2 3,40 8,10 9,10 . -- 26, 3% 2380
35 2 4,75 8.13 8,63 44,3

9.43

3325
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Table 24, Some Chemical Characteristics of Cajon Clay Loam Taken
in 1956. (Continued)
Plot o H,O0: H,O0 '1:5- .  Calculated Total Solu-
No. Depth EG x 103, Paste 1:5 NH,AC Exch, Na  ble Salt
inches (mmhos./ pH pH pH ‘meq. / ppm
cm,) o 100 gm, -~~~ -
2 12 3.63 8.17. 9,60  -=  37,9% 2541
7. 12 6.33 7.88 8,88 8.35 30,0 4431
15 12 4,13 7.70 8,90 -~ 21, 7% 2891
22 12 54 60. 7.98. 9.35 8,52 38,7 3920
30 12 5,97 7.95 9.33 8,57 41,2 4179
35 12 7. 40 7.93 9.25 8,45 35,1 5180
2 24 3,80 8.23 9,60  -- 37.9% 2660
7 24 8. 50 7.83 8,87 8,43 24,1 5950
15 24 6,90 7.63 8,95 8,35 30,0 4830
22 24 10,75 7.83 9.00 8,32 28.4 7525
30 24 9,47 7.78 8,98 8,37 31,0 6629
35 24 9.07 7.72  9.22 8,38 31.5 6349
2 36 4, 87 8.10 9,45  -- 34, 4% 3409
7 36 5.33 7.92 9.20 -~ 28, 6% 3731
15 36 4,73 8.10 8,93  -- 22, 4% 3311
22 36 6,93 7.98 9,42 8,47 36,1 4851
30 36 .5.15 8,00 9,52 8,53 39,2 3605
35 36 4,75 8.12 9.58 8,45 35,1 3325
3 2 6. 30 8,20 9435  -= 32, 1% 4410
8 2 7. 30 8,13 9,32 8,60  42.8 5110
13 2 8. 50 8.17 9.45 8,63 44,3 5950
24 2 6. 83 7.97 9.28 8,47 36,1 4781
29 2 7. 30 8.17 9.42 8,70  47.9 5110
34 2 2,60 8,10 9,20  =~- 28, 6% 1820
3012 2,83 8.13 9,20  -- 28, 6% 1981
8 12 5. 90 8.17 8.87 8,40 32,5 4130
13 12 4,43 8:;13 873  =-- 17, 7% 3101
24 12 6. 80 8.03 9.30 8,50 37.7 4760
29 12 7.93 7.98 9,15 8,52 38,7 5551
34 12 10,26 7.92 9,15 8,45 35.1 7182
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Table 24, (Continued)
Plot HZO HZO 1:5 Calculated Total Solu-
No. Depth EC x 103 Paste 1:5 NH,AC Exch. Na ble Salt
inches (mmhos,/ pH pH pH meq. / ppm
cm, ) 100 gm,

3 24 5,43 7.90 8,63 - 15, 4% 3801
'8 24 8,50 7.83 8,87 8.35 30,0 5950
13 24 10, 75 7.80 8.95 8,30 27.4 7525
24 24 8.10 7.90 9.18 7.65 28, 2% 5670 -
29 24 9,50 7.80 9.13 8.38 31.5 6650
34 24 10. 90 7.80 9.12 8,43 34,1 7630

3 36 4,13 8,00 8,63 ~e 15, 4% 2891

8 36 4,37 8,10 9,13  =-- 27. 0% 3059
13 36 5.95 7.95 8,60 . -~ 14, 7% 4165
24 36 7. 63 7.93 9.30 8,43 34,1 5341 -
29 36 8, 37 7.90 9.25 8,40 32,5 5859
34 36 6,43 8.07 9.52 8,45 35.1 4501

4 2 8. 30 8,17 9.40 8,68 46,9 5810
11 2 9,23 8,08 9,67 8,63 44,3 6460
18 2 8,07 8.13 9,48 8,62 43,8 5649
19 2 6, 75 8.20 9,43 8,65 45,4 4725
27 2 9,23 8,10 9.18 8,62 43,8 6461
32 2 10, 37 8,13 9,30 8,78 52,0 7259

4 12 5.97 7.88 8,90 - 21, 7% 4179
11 12 4,175 8.00 8,95 - 22, 8% 3325
18 12 - - - - . -
19 12 8.10 8.10 9,33 8,48 36.6 5670
27 12 9,10 7.92 9,20 8,45 35,1 6370
32 12 9.50 7.97 9.18 8,55 40, 2 6650 -

4 24 5. 30 7.83 8,60 - 14, 7% 3710 "
11 24 6,40 7.73 8,83 -- 20, 0% 4480 .
18 24 14,40 7.80 9,00 8,45 35,1 10080
19 24 11,75 7.95 9,15 8,33 29.0 8225 -
27 24 12,90 7.70 8,65 8,25 24.9 9030 *
32 24 11,10 7.83 9,13 8,42 33.6 7770 :
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Table 24, (Continued)

Blot | ~ H,0 H,0 1:5 Calculated Total Solu-

No. Depth EC x 103 Paste 1:5 NH,AC Exch, Na  ble Salt
inches (mmhos,/ pH pH pH “meq. / ppm
T . 100 geny T
4 36 3560 8,23 8,83 -~ 20, 0% 2520
11 36 5,33 8,13 9,16  --. 27, 7% 3731
18 36 6. 00 8.05 9.50 8,50 37,7 4200
19 36 7.53 7.95 9.40 8.47 36,1 5271
27 36 11,57 7.75 8.80 8,25 24,9 8099
32 36 7,07 813 9.58 8.35 30, 0 4949
5 2 3, 40 8,00 9,18 8,50 37.7- 2380
12 2 3,60 8.15 9,42 8.50 37. 7 2520
16 2 3. 60 8.15 9,50 8,58 41,8 2520
20 2 2,70 8,05 9,38 8,42 33,6 1890
25 2 2,97 8,17 9.47 8,50 37,7 2079
33 2 3,62 8,12 9.43 8.65 45,4 2534
5 12 3,13 8,07 8,63  ---  15,4% 2191
12 12 3,90 7.98 9.08 8,40 32.5 2730
16 12 3,37 7.77 9.07  -- 25, 8% 2359
20 12 6. 80 8.05 9,30 8,42 33,6 4760
25 12 6. 10 7.93 9.18 8,43 34, 1 4270
33 12 7. 00 7.93  9.17 8,47 36, 1 4900
5 24 2. 67 8.33 8,83  -- 20, 0% 1869
12 24 7. 33 7.83 8,90  -- 21, 7% 5131
16 24 4,00 8.00 9.10 8,50 37.7 2800
20 24 6. 80 7.93 9.20 8.32  28.4 4700
25 24 7. 87 7.87 9.23 8,48 36,6 5509
33 24 - -17,87- 7.85 --9,22 - 8,40 - -32;5-- - -- -~5509 -
5° 36 3,73 8,40 9.03  --  24,7% 2611
12 36 5,47 - 7.97 . 9.07 -~ = 25,8% 3829
16 36 2,00 - 8,32 9,23  --.  29,3% .. 1400
20 36 . 7.17  7.90 9.25 . 8,40. 32,5 5019
25 36 6. 87 7.95 9,28 8,42  33.6 4809
33 36 7.33 8.00 9,50 8,48 36,6 5131
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Table 24, (Continued)

Plot HO H,0 1:5 Calculated Total Solu-
No. Depth - EC x 103 Paste---135 - NH,AG: - Exch; Na~ ble Salt -
inches (mmhos./ pH pH  pH " meq./ - . PpPm
.Cm.) . , .. 100 gm,

6 2 3,43 8.08 9.32 8,60 - 42,8 - - -2401 -
9 2 4,73 . 8,07 9.23 8.50 37.7 3311
14 2 3,77 . 810 9,50 8,50 37,7, 2639
23 2 3,65 . 803 9,47 8,45 35,1 2555
28 2 3,03 8,10 9.32 8,55 40, 2 2121
31 2 3. 40 8,02 9,47 8,50 37.7 . 2380
6 12 3,00 8,30 8,67 == ' 16,3% 2100
9 12 4, 07 8.13 9,08 -~  25,8% 2849
14 12 3,33 8,00 8.67 -~ ' 16.3% - 2331
23 12 6,55 7,93 9.18" 8,50 37,7 4585
28 12 7,05 7,95 9,23 8,43 34,1 - .4935
31 12 | 6,20  7.97 9.18 8,48 . 36.6 , 4340
6 24 6,20 805 °8,75 8,35 30,0 14340
9 24 5450 7.85 9,15 8,45 35,1 3850
14 24 .5,50 7,90 ‘8,70 - ° 17,0% 3850
23 24 10,30 7,95 '9.05 8,40 32,5 7210
28 24 7. 87 7.82 '9.13  8.35 30,0 5509
31 24 8,20 7.87 '9.28 © 8.48  36.6 5740
6 36 2,73 8,37 9,13 --  27,0% 1911
9 36 3,65 8,23 9,48 8,55 40,2 2555
14 36 5,90 8,11 8,87 -- 7 21,0% 4130
23 36 5,90 8,17 9,60 8,57 41,2 4130
28 36 7.90 7.73 9.25. 8,27 25,9 5530
31 36 5,17 8.12 9,58 8,20  22.3 3619

%Calculated from the following Régression equa.tion. v‘
Y = 23.22x -184, 99, W‘-lthr = 0, 666.

The rest of the calculated values were estimated from the regressmn
equatlon, Y =51,24x -397. 87,.w;th r = 0, 843,
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Table 25.. Some Chemical Characteristics of Cajon Clay Loam Taken

in 1961, N

Plot

oo Exch, Exch,
No. Depth EC x 103 Paste C.E.C. Na

feet (rhmhos.'/ pH

meqi.-/' meq. / %

“Total Solu-

Na Exch. K ble Salt

meq./ = ppm
cm, ) 100 gm, 100 gm, 100 gm,

1 1 4, 20 7.90 24.2 6.8 28,1 . 1,1 2940

1 1 4, 40 7.90 24.4 6.5 26,6 1.1 3080

1 2 8. 40 7.80 25,4 7.6 . 29.9 . 1l.2- 5880

1 2 8. 60 7.80 24,6 7.3 -29.7  1o3 6020

1 3. 13,00 7.61 12,4 4,5 36,3 0.7 9100

1 3 14,00 7.59 12,4 4,1 33.1 0,7 9800
10 1 6. 80 8,05 31.5 10,1 -32.1 ~_.1,4 4760
10 1 7.00. 8,01 3149 10.3 32,3 . 1.5 4900
10 2 12,40 7.70 27.3 9,5  34.8 1,0 8680
10 2 13,20 7.90 27.2° 9,4 34.6 . 1,0 10640
10 3  18..00 7.86 21,1 4,8 :22.7 0.4 12600
10 3 16,00 7.84 21.9 5,1 23.3 0.4 11200
17 1 5,10 8.10 26.7 8,5 31.8 - 1.1 3570
17 1 5.90 8.00 27,1 8.2 30,3 : . 1.1 4130
17 2 5. 90 7.89 16,6 5,9 .35.5 0.5 4130
17 2 6. 10 7.81 16.6 6.1, 36,7 0.5 4270
17 3 9. 50 7..88 9.6 3,0 31,2 0.2 6650
17 3 9. 50 8. 92 9.6 3,0 31,2 0.2 6650
21 1 2.70 8.10 26,1 83 31,8 . .1.2 1890
21 I 2670 8.30 25.9 8,3 32,0 1.2 1890
21 2 6. 50 8,00 20,1 7,1 353 0.7 4550
21 2 6. 30 8,00 20,1 7.1 . 35,3. 0.7 4410
21 3 9. 70 7.90 14,1 4,8 34,0 . 0.4 6790
21 3 9, 30 7.90 13,9 5.4 38.8 0, 4 6510
26 it 6. 30 8.00 33,6 10.5 31,3 . 1,2 4410
26 1 6. 30 8,00 33,8 10,7 31,7 1.3 4410.
26 2 11,50 7.90 27.0 8.6 31,9 . 1,7 8050
26 2 10,50 7.70 27.0 9.2 34,1 . 1.6 7350
26 312,10 7.80 20.0° 7.3 36i5. 0.9 8470
26 3 11, 70 7.80 20.0 7.5 37.5 0.9 8190
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Table 25. (Gontinued)

Plot Exch, Exch., Total Sol-
No., Depth EC x 103 Paste C.E.C., Na “Na . Exch,K- uble'Salt
feet (mmhos./ pH meq./ meq./ % meq./ ppm
cm, ) 100 gm, 100 gm, 100 gm,

36 1 3. 80 8.20 28.4 7.7 27.1 1.3 2660
36 1 3. 80 8.00 28,4 7.6 26,8 1.3 2660
36 2 -8, 70 7.90 15.5 5¢ 4 34,8 0.9 6090
36 2 .9, 30 7.90 15,5 5.4 34,8 0.9 6510
36 3 7. 40 7. 80 7.1, 2,1 29.6 0.4 5180
36 3 7. 60 7. 80 6.9 2.1 . 30.4 0,3 5320
2 1 10,20 7.60 19,4 5,6 28,9 0.9 7140
"2 1 9. 80 7.60 19,2 5.3 27.6 0.9 6860
2 2 '7. 50 7.50 19,2 7.0 36,5 0.9 5250
2 2 8.50 7.70 18.8 7.0 37,2 0.9 5950
2 3 11,00 7.40 14.8 5.3 35,8 0,6 7700
2 3 11,00 7.40 14.4 5,3 36,8 0,6 7700
7 1 7. 00 7.93 35,0 - 10,8 30,7 1.5 4900
7 1 7. 40 7.91 35,0 10,4 29.6 1,4 5180
7 2 12,60 7.64 17.3 842 47,5 0,9 8820
7 2 12,40 7.70 17.3 8.3 -47.6 0.8 8680
7 3 12,00 7,60 17.0 5,6 32,9 0,6 8400
7 3 12,00 7.60 17.0 5.8 34,1 0.6 8400
15 1 4.90 8.10 28.8 8.7 30,2 1.1 3430
15 1 4,70 7.86 28.4 8.8 31,0 1.1 3290
15 2 10,80 7.80 22,0 6,9 31,4 0.9 7560
15 2 10,70 7.80 22,0 7.0 31.8 0.9 7490
15 3 12,00 7.90 13,3 4,2 31,6 0.3 8400
15 3 11,60 7.80 13,1 4,2 32,1 0,4 8120
22 1 7460 8.10 25.3 7.9 31,2 1,1 5320
22 1 7. 40 8,20 25.3 8,1 32,0 1.1 5180
22 2 '8.00 8,00 22,3 6s 6 29.6 0,9 5600
22 2 -8, 80 8.00 22.3 6.7 30,0 0.9 6160
22 3 ‘9,20 7.90 12,6 3.9 31,0 0.5 6440
22 3 :8, 80 7.90 13,2 3.9 29.5 0.4 6160
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Table 25. (Continued)

Plot : Exch, Exch, Total Sol -
No. Depth EG x 103 Paste G, E;C,;. Na Na Exch, K ble Salt-
feet' (mmhos,/ pH meq./ meq./ % meq, ./ ppm
cm, ) 100 gm, 100 gm, 100 gm,

30 1 4,70 8.10 27.5 8.9 32,4 1.1 3290
30 1 4,80 8,00 27.9 8,9 31.9 1.3 3360
30 2 15,10 7.88 22.9 8 8 38,4 1,1 10570
30 2 14.90 7.82 22.7 8.8  38.7 1.1 10430
30 3 8. 00 8.10 11,6 3¢ 7 31,9 0.5 5600
30 3 9,00 7.90 11,6 363 28. 8 0.5 6300
35 1 5,50 8,00 30,0 8.5 28,3 1,4 3850
35 1 4,50 8.00 29.8 8.3 35,9 1,4 3150
35 2 10,00 7.90 17.0 665 38,2 1,1 7000
35 2 10,00 7.90 17,0 6.6 38, 8 1.1 - 7000
35 3 8,10 8.15 .87 3.4 39,1 0. 4 5670
35 3 8¢ 50 8.05 877 3.1 35,6 0.4 5950
3 1 9. 20 7,80 25,1 8.1 32: 3 1.0 6440
3 1 8. 80 7.91 25,1 8, 2 33..1 1.0 6160
3 2 11.80 7.69 23,6 9.7 41,1 1.1 18260
3 2 12,20 7.4 23,8 9,5 39.9 1.1 . 8540
3 3 13,10 7.60 14,2 5.3 36, 8 0. 6 9170
3 3 12,90 7.60 14.4 5¢5 38,2 0.6 19030
8 1 10,00 7.88 39.9 14,0 35,1 1.8 7000
8 1 9. 80 7.92 40.5 13,1 32,2 1.7 6860
8 2 15,50 7.93 33,7 11,9 35.3 1,1 10850
8 2 14,50 7.97 33,8 11,8 34,9 1,0 10150
8 3 17,100 7,50 16,5 6s2 37.6 0s 6 11977
8 3 16,90 8.50 16,5 6.1 37.0 0. 6 11830
13 1 7. 70 8,00 33,8 10,3 30.5 1.3 5390
13 1 7.70 8,04 33.8 10.6 31,4 1.2 5390
13 2 18,20 7.75 25.3 8¢ 8 34,8 049 12740
13 2 17.80 7.79 25.3 9.1 36,0 0.9 12460
13 3 10,50 8.00 16,7 542 31.1 0.3 7350
13 3 10,70 7.96 16,9 5.1 30, 2 0.3 7490
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Table 25, (Continued)

Plot , Exch, Exch. Total Sol-

No, Depth EC x 10> Paste C.E.C. Na Na Exch. K uble Salt
feet (mmhosi/ pH meq./ meq./ % meq. [ . ppm

cm, ) 100 gm, 100 gm. - 100 gm,

24 1 9,30 8,04 27,7 11,1 ~40.1 1.3 6510
24 1 9,50 8,08 27.7 11.0 39.7° 1.3 6650
24 2 16,80 7.90 21,4 8.6 40,2 1,0 11760
24 2 15,20 7.90 21.4 8.6 40,2 1,0 10640
24 3 14.00 7.85 14,2 5.5 38,7 0.6 9800
24 3 14,00 7.95 14,2 5.5 38,7 . 0,6 9800
29 1 (760 8,07 32,1 13,6  42,4: 1,2 5320
29 1 6.80 8,03 32,3 14,2 44,0 1,2 4760
29 2 19.80 7,77 25.7 10,7 41,6 1.1 13860
29 2 20,20 7.83 26,1 10,5 40,2 1,2 14140
29 3 14,00 7,82 12,3 4,4 35,8 0.6 9800
29 3 14,00 7,78 12,7 4,1 32,35 0,5 9800
34 1 6,80 8,10 29,2 10.8 37. 0 1.4 4760
34 1 6,80 8,10 29,2 10,4 35,6 1.5 4760
34 2 17,50 7,81 18,8 9, 4 50,0 0.8 12250
34 2 16,50 7.79 18.8 9,2 48,9. 0,8 11550
34 3 16,20 7,85 10,3 4,4 42,7 0.6 11340
34 3 15.80 7.95 10.3 4,5 43,7 0.5 11060
.4 1 7.40 8,00 29.2 - :9,9 3309 1.3 5180
4 1 6,60 8,00 29,0 10,9 3756 1,3 4620
4 2 15,10 7,82 25,1 11,8 47,0 1,1 10570
4 2 1990 7.78 25.3 12,6 49,8 1,2 10430
4 3 15,30 7,60 18.6 5.8 31,2 1,0 10710
4 3 14,70 7,70 18,8 5,4 28,7 1.0 10290
11 1 7.80 8,00 29,0 10,9 37.6 - 1.3 5460
11 1 7.80 8,00 29,0 10.5 36,27 142 5460
11 2 12,80 7,81 23,2 9.2 39,7 0,9 .8960
11 2 13,20 7.79 23,4 9.3 39.7: 0.8 19240
11 3 13,40 7.82 12,5 4,8 38.4° 0,3 19380
11 3 13,60 7,78 12,7 4,9 38,6 0.4 9520
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Table 25, (Continued)

Exch, Exch, - ‘ Total Sol-

Plot . R
No. Depth EC x 10° Paste G.E.G, Na  Na Exch, K uble Salt
feet (mmhos,/ pH meq,/ meq/ % ' meq./  ppm
cm, ) 100 gm, 100 gm. 100 gm. o
18 1 8,40 7.97 22.5 8.4 37,3 1.0 5880
18 1 8,00 7,93 22,5 8.2 3664 1,0 5600
18 2 11,10 7.90 20.0 8.5 42,5 0.6 7770
18 2 11,30 7.90 20,0 8.5 42,5 0,7 .7910
18 3 8,90 8,15 .9,9 3.8 38,4 0,3 6230
18 3 8.30 8,05 9,9 4,1 41,4 0,3 5810
19 1 5,20 8,10 23,6 8.5 36,0 1,0 3640
19 1 4,80 8,10 23,6 8.6 3604 0.9 3360
19 2 10,50 7,93 20,9 9% 1 43,5 0,8 7350
19 2 11,50 7.97 20,9 9,2 44,0 0,8 8050
19 3 11,00 7,95 13,3 5,1 38,3 0.4 7700
19 3 12,00  7.91 13,5 5.1 37.8 0.4 8400
27 1 10,10 8,02 38,7 14,1 36,4 1.3 7070
27 1 10,30 7.78 38.7 - 14.8 38.2 1,3 7210
27 2 1600 7.79 39.3 13,9 35,4 1.9 11200
27 2 15,20 7.77 39.3 14,6 37,1 2.1 10640
27 3 13,00 7.82 20,9 7.0 33.5 1,0 9100
27 3 13,00 7.78 20.9 6.9 33,0 0.9 9100
32 1 9.80 8,05 35,7 14,2 39,8 1,5 6860
32 1 9,80 7.95 35.9 14.6 40.7 1.4 6860
32 2 16,00 7.80 23,7 9.9 41,8 0.9 11200
32 2 15,00 7.80 23,9 96 40.2 0.9 10500
32 3 12,20 7.8 11.0 3.9 35,5 0.4 8540
32 3 11,80 7,95 11,0 3.8 34,5 0.3 8260
5 1 8,00 7.8l 30,4 10.9 35,9 1.2 5600
.5 1 9,00 7.79 30,4 114 37.5 1.3 6300
5 2 15,10 7,53 23,1 10,6 45,9 1.1 10570
5 2 [14;90 7,57 23,1 10,2 44,2 1,1 10430
5 3 14,30 7.52 17.9 5.5 30.7 0,6 10010
5 3 ' 0.6

14,70 7.58 17.9 5.8 32.4 10290
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Table 25.. (Continued)

Plot ‘ " Exch., Exch, Total Sol- -
- No. Depth EC x 103 Paste C.E.C,” Na Na .= Exch, K uble Salt
feet (mmhos,/ pH meq./ meq./ %  meq.,/  ppm
. cm. ) . 100 gm, 100 gm, 100 gm,

12 1 8.80 7.94 35,9 8.6 24,0 1.0 6160
12 1 9.00 7.96 35,5 8, 7 24,5 1.1 6300
12 2 15,80 7.75 23.6 9.1 38.6 0.9 11060
12 2 15,80 7.79 23,8 9.1 38,2 1.0 11060
12 3 18,90 7.82 13,5 6. 1 45,2 0. 4 13230
12 3 19.10 7.78 13.5 5.5 40,1 0.4 13370
16 1 7.20 8,00 29,7 9.9 33,3 1.1 5040
16 1 7.00 8,00 30,1 9.7 32.2 1.2 4900
16 2 13,40 7.95 22.,4 8.0 35,7 0.8 9380
16 2 13.00 7,85 22.4 8.0 35,7 0.8 9100
16 3 13,50  7.92 12,5 4,4 35.2 0.4 9450
16 3 14,10 7.88 12.5 4,4 35,2 0.4 9870
20 1 5,00 8,50 24,6 8.9 36.2 1.1 3500
20 1 4,80 7.90 24,8 9.3 37.5 1.1 3360
20 2 900 7.91 25,7 1045 40,9 1,0 6300
20 2 9.80 7.89 25,7 9.8 38.1 1,0 6860
20 3 11,00 7,87 15.3 6.0 39.2 0. 6 7700
20 3 11,00 7.83 15,3 5.9 38.6 0. 6 7700
225 1 7.10 8,05 27.5 9.8 35,6 1.1 5635
25 1 7.30 8,01 27.5 9.4 34,2 1.2 5607
25 2 11,00 7.95 26,6 10,2 38,3 1. 7 5565
25 2 11,00 7.85 2606 10.6 38.3 1.7 5495
25 3 12,00 7,92 15.4 9. 0 58,4 0. 8 5544
25 3 11,80 7,88 15.4 9.2 59,7. 0.8 5516
33 1 7.20 7.90 33,5 12,7 37.9 1. 6 5040
33 1 6.80 7,90 33,5 13,1 39.1 1. 6 4760
33 2 14,10 7,69 23,8 9.4 39.5 1.0 9870
33 2 13,90 7,71 23,8 9.0 37.8 1.0 9730
33 3 14,00 7.80 12,5 4,5 36,0 0, 4 9800
33 3 14,00 7.80 12,7 4,5 35.4 0, 4 9800
6 1 8,20 7.89 31,3 11,4 36, 4 1.3 5740
6 1 8.60 7.81 31.3 11.9 38.0 1.4 6020
6 2 12,00 7,70 27.0 12,8 47,4 0. 7 8400
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Table 25, (Continued)

Plot Exch. Exch. Total Solu-
No, Depth EC x 103 Paste C.E.C, Na Na Exch, K ble Salt

feet (mmhos,/ pH mmeq./ meq./ % meq. / ppm

cm, ) 100 gm, 100 gm, 100 gm,

6 2 12400 7,70 27.0 12,8  47.4 0.7 8400
6 3 11,90 7.71 18,4 6 6 35.9 0.6 8330
6 3 12,10  7.69 18.4 6 8 37.0 0.6 8470
9 1 10,50 8,02 33,1 11.7 35,3 1.5 7350
9 1 10,50 8,78 33,1 11,8 35,6 1.6 7350
9 2 15,20 7.72 19,3 10,3 53,4 1.2 10640
9 2 15,80 7,68 19,1 9.9 51.8 1.1 11060
9 3 15,60 7.89 14,3 4,5 31.5 0.3 10920
9 3 15,40 7,87 14.3 5,0 35,0 0.3 10780
14 1 6,80 8,10 30,7 9.7 31,6 1.2 4760
14 1 6,60 7,90 30,7 9.5 30,9 1,1 4620
14 2 1260 7.71 26,3 9. 1 34, 6 1.0 8820
14 2 12,60 7,79 26,3 9.2 35,0 1.0 8820
14 3 14,20 7.88 14,9 564 36,2 0.4 9940
14 3 13,60 7.82 14,9 544 36,2 0s 4 9520
23 1 6,60 8,10 24,7 9.8 39,7 1.2 4620
23 1 6,60 8.10 24,7 9.3 37,7 1,1 4620
23 2 13,20 7,94 23,1 8.5 36. 8 1.0 9240
23 2 14,00 7,92 23,1 8.8 38.1 1.0 9800
23 3 13,00 7,90 13,2 4,8 3644 0.5 9100
23 3 13,00 7,90 13,0 4,9 37.7 0s 5 9100
28 1 8,00 7.95 38,0 14,3 37.5 1.4 5600
28 1 8,40 7,85 38,1 14,5 38,1 1. 4 5880
28 2 10,60 7.80 36.0 12,6 3640 1.5 7420
28 2 10,40 7,90 35,8 12,1 33,8 1.5 7280
28 3 10,90 7.81 18.3 7e5 41,0 1.0 7630
23 3 10,70 7,79 18,3 7.6 41,5 1,1 7490
31 1 10,30 800 30,1 10,2 33,9 1. 4 7210
31 1 9,70 8,00 30,1 10,2 33,9 1,4 6790
31 2 7.80 8,00 23.5 9.5 40, 4 0.9 5460
31 2 7.40 7,90 23,5 9.5 40,4 0.9 5180
31 3 11,00 8,10 9,8 3.9 39,8 0.5 7700
31 3 10,00 7.90 9, 8 3.7 37.8 0:5 7000




