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SOME CHiMICAL STUDIES OF SOILS IN RELATICN TO
SATISFACTORY AND UNSATISFACTORY GXCOWTIH OF PEACH TREES
TSU-SIANG CHU

I. Introduction

In Michigan, the safest areas for growing peaches,accord-
ing to Johnston(l9), are those which experienced a minimum tem-
perature of -12OF. not more than seven times during the thirty
years(1910-1940). On the western side of the state this area
begins in southern Berrien County and extends in a belt of vary-
ing width north to the proximity of Ludington in Mason County.
On the eastern slide of the state a narrow belt having the most
favorable winter temperatures for peach growling extends from the
southeastern part of Monroe County to a point approximately half
way between port Huron and Harbor Beach.

For best results, the peach tree requires a resonably
fertile soll that is well drained. Generally sandy loam soils
produce the finest fruits, although clay solils are sultable,
provided they are well drained. Some of the peach trees in or-
chards wlthin the peach reglon along the shore of Lake kichizan,
have not been groWing satisfactorily. Sometimes the injury 1s
apparent the first year, agaln the trees will grow well until
three or four years of aze. Very often in one part of the or-
chard thé trees may grow very well,while in another they will
grow so weakly that they cannot produce profitable crops. It
was suspected that the poor growth resulted from unfavorable
soll eonditlons or properties.
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Althoush it 1is true that chemical analysis of orchard
801l sometimes falls to evaluate many factors which might con-
tribute to the avnormal growth of the fruit tree, yet as far
as physilolozgical and nutritional factors of plants are concern-
ed, it 1s still an important diazgnostic aid.

The present paper presents a labotatory chemical study
of solls which has arisen from an investigation of satisfactory
and unsatisfactory srowth conditions in peach trees along the
lake shore of the lower Michigan Pennisula.

II. Review of Literature

Peaches differ from apples and pears in respect to seve-
ral features which bear upon plant-food supply(34). Compared
on the acre basis, peach crops are larger consumers of plant-
food. They use about one-third more N,P and K than do apples
and twlce as much calcium and considerably more magnesium. Also
th?y use two to three times as much of each of these constituents
as pears do.

Several years aso, a definite case of calcium deficiency
in a young peach orchard planted on a light sandy soil in New
Jersey was reported by Davidson(l3). An examination of the soil
revealed a very low but normally adequate amount of avallable
calclium together with an abnormally high concentration of avall-
able potassium. A detailed sand culture experiment was later
made by the same author to study the importance of nutrient ba-
lance to the growth of peach trees. According to this study(l3)
shigh calcium w.th low potassium indﬁced potassium deficilency
symptoms in the leaf. The pH value of the soll under trees
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showing the most acute potassium deficiency symptoms ranged from
5.8 in the first foot to 4.8 in the third foot.

Waugh et al found in their sand culture experiments(36)
that increasing the potassium level from low(3.33 p.p.me) to in-
termediate (10 p.p.m.)significantly increased growth at the high-
or levels of nitrogen and phosphorus. It was also shown with
peach trees in sand culture by Cullinan et al(l0) that when ni-
trate was high and potassium low in the nutrient solution,lea?®
deficiency symptoms of potassium were more acute on the rapidly
growing high nitrogen peach trees, Since light,sandy solls low
in organic matter have much in common with sand cultures the sig-
nificance of nutrient balance as reported by Davidson and Culli-
nan et al 1is worthy of consideration when dealing with such soils.

Van Slyke(33) found the ash of a single peach tree to
contain nearly half as much potash as in the ash of a single
apple tree,although the total ash of the apple trees averaged
nearly eight times as much as the total ash of the peach trees.
More recently Thompson(32) reported that,with nine-year old trees
speach contained four times as much potash as apples. This
heavier use of potassium by peach trees would lead us to expect
greater responses by peaches to potash fertilization.

Marked response of peach trees to potassium fertilizer
under fleld conditions was observed in light loamy soils by
Cullinan and Waugh(ll)(37),Boynton(3),Rawl(30) and many others.
Two particular cases of potassium deficiency in peach orchards
in South Central Pennsylvania were reported by Dunbar and Anthony

(15). In one seven-year-old orchard consisting of a mixed plant-
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ing of Elberta peaches and several varletles of apples,approxi-
mately a third of the peach trees were clearly abnormal and had
no crop; in the rest of the orchard,zrowth and ypield seemed to
be normal. The peach trees in the affected area did not show
mar ;inal leaf scorch or the bluish-green leaf color so commonly
described as potassium deficlency symptoms in the apple. Analysis
of leaves showed potassium very low and nitrogen also low. The
diffdrences in tree growth did not appear until two years after
the orchard was planted. A treatment of three pounds of pota-
ssium sulfate broadcast in a circle under the outer-branches and
worked into the ground to a depth of about 2 inches resulted in
qulck recovery of the trees. MNitrate fertilizer,however,had an
inhibitive effect to potassium response by the trees.

Symptoms of some mineral deficiencles of young peach trees
were described according to the abservations made in sand culture
experiment by Davidsoﬁ and Blake (12),and Weinberger and Cullinan
(38). The symptoms,however,will vary to a marked dezree under
var&ing environmental conditions and according to thelr heredi-
tary factors.

A review of literatures shows that in the United States
very little work has been done regarding the chemical properties
of the orchard soils,particularly those of peach orchards. Ana-
lysis of solls of peach orchards at Vineland,Canada, by Lilleland
and Erovn(21) found that. symptoms of scorch or unsatisfactory
growth and early death of peach trees occureped on soills contaln-
ing as little as 1.8 p.p.m. pf water-soluble potassium (1:1 water-
soil ratio),35-36 p.p.m. of replaceable potassium and 60-97 g.p.m.
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of Neubauer potassium, while soils in which peaches have grown
successfully for 100 years contained 5.2 pe.peme of water-soluble
potassium, 72 p.p.m. of replaceable potassium and 228 p.p.m. of
Neubauer potassium.

Studlies on root. distributlion of four- to five-year-old
peach trees in sandy clay loam by Savage and Cowart(31l) shows
that horizontal distribution of roots less than 2 mm. in dia—
meter 1s mostly within the distance between 1 to 4 feet from
the trunk, and that. over 90 percent of the total tree roots and
about. 75 percent of the roote less than 2 mm. in dlameter are
located within 18 inches of the soil surface. With youhger
trees, an even greater percentage of the total tree roots are
located within this depth(9). Hinricks and Cross(l7) assumed
that in order to produce a well developed root system of peach
trees, the pore space of soil should Be above 40 percent..

Davidson(1l4) coneluded from his pot experiment that po-
tassium absorbed b& roots in the surface soll may be made avall-
able to roots in the subsoll by translocatlion through the root
systems of trees. In fact, Davidson even sugsested that orchard
cultural practices which favored the development of extensive
and actlve root growth in the surface soll should lead to econo-
my and efficlency in the use of potash fertilizers. Judzging from
his experiment, the distribution of root system in soll, might
not be so lmportant in regard to the absorption of nutrients by
peach trees, but it 1is certainly important in water absorption.

Failure of normal zrowth of some of the replanted peach
orchards leads to the common bellef that. peach trees should ne-
ver be planted on land that has grown peach trees within three
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years. Some ascribed the detrimental effect to the dlseases
carried over from the preceding planting(l9), while Proebsting
(29) found it was the root bark of the old iree which was toxlec
to the young peach trees. It seems quite possible that exhaus-
tion of plant nutrients by the preceding trees 1s very probably
one of the maln causes.

III. Experimental

Soll Samplings?

Soll samples used in the present study were from an im-
portant peach producing district in Berrien County, lMichizan.
The peach orchard from which the soll samples were taken was on
the Clarence Butzbach Farm of Balinbridge Township. The soil in
this orchard is a well drained sandy loam. The trees (Elberta)
are now five years of age. Fleld observations made in the pre-
vious year by farmers and horticulturists showed some of the
trees were in a poor and abnormal growth condition while others
were maxing good and normal growth. However, no detailed des-
exription of the appearance or abnormality which might aid in
dlagnosing the trouble was repohted..

Soll samples were taken near two representative trees,
One of which was in poor zrowth condition, while the other sur-
vived normally. The trees were free from crotch,trunk, crown
and any other mechanical injury. They were not far apart. Nel-
ther pathologicai infection of fungiwmer insect. injury was evident.

Samples were taken at different locatlions and to different
depths around the tree trunk. The first location was at a dis-
tance of three feet from the tree trunk, the second was under
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the leaf-drlp, and the third one,about in the middle batween
tree rows, all being dn one side of tree trunk. To the opposlte
side of tree trunk, the fourth, fifth and sixth locations were
chosen in the same manner. At each location, four samples

were taken from four different depths. Thus for each tree,
twenty four solil samples were collected for analysis..

Samples thus collected were numbered according to the
following system. The first figure of the sample number de-
notes the tree number; no. 5 1s the peach tree showing abnormal
and poor growth, while no. 10 is the tree showing normal and
good growth. The second figure denotes the location of samples
around the tree trunk. The third figure represents the depth
of sampling, the first. depth being 0-5 inches, the second,5-10
inches, the third, 10-20 inches and the fourth, about 40 inches
from the surface. Thus, for illustration, soll number 10-2-2
1s the soll sample taken under the leaf-drip of tree no.lO(nor-
mal growth) at a depth of 5-10 inches from the surface of the
s0oil. Figure 1 shows the location and numbering of the soil
samples around fhe tree trunks.

All samples were alr dried and passed throush a 20 mesh
eleve. No grinding other than that 4s necessary to break up
lumps was practiced. All analysis were made on air-dried soil
sample and the results of analysis are expressed on oven dry
sol} basis.,

Methods of Analysilss:

Measurement of pH value! The pH value of soll was
measured by a Beckmann pH meter(glass electrode) with an appro-
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ximate soil water ratio of 1.5 to 1. After the addition of water
to the air dry soil sample, it was well stirred to form a medium

paste,and allowed to stand for half an hour, then stirred again.

Immediately after stirring the pH meter reading was taken.

Total adsorbed and acid soluble phosphorus: Bray's
method for the determination of total adsorbed and acid solﬁble
phosphorus, as very recently described by him(5),yas used. In
thls method, neutral ammonium fluoride was used asareagent for
removing the adsorbed forms of phosphate, and any phosphates
extracted by 0.1l N HCl were considered to be acid soluble. In
developing the molybdenum blue color for photoelectric colori-
meter measurement, the following order of adding reagents was
practiced (7).  To.the 10 ml. of ammonium molybdate reagent in
a test tube,. 15 ml. of 0.8 M HyBO3 was added. It was dlluted
with water and then a 10 ml. aliquot of clear soll extract added.
With this modification, the reproduelbility of the results 1is
better, possibly because in so doing the interference of silica
which is quite &oluble in ammonium fluoride solution becomes
practically insignificant(7)..

Base exchange capaciiyz Chapman and kelly's neutral
ammonium acetate method(8) was used for the determiﬁation of " .
base exchange capaclty. 50 grams of alr dry soll were used for
each determination. After leaching with 1000 ml. neutral N
NH,Ac solution in a Buchner funnel, 500 ml. of ethyl alcohol
was used to wash the ammonlium-saturated soil.. The adsorbed am-
monium was determined by distillation after extraction with 450
ml, 15 % KC1 solution(24).
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Exchangeable potassiums Determination of exchangeable
potassium was made in the ammonlium acetate leachates acbording
to Lawton's method(20). It is an indirect procedure in which a
definite émount of the intensely colored reagent,lithium dipi-
crylaminate 1s used as a precipitating reagent for potassium.
Precipitation of potassium 1s allowed to take place at near Oo
Ce., after organic matter and ammonium have been removed from-
the s0ll extract and the residue taken up in water. The concen-
tration of the precipitating reagent remainingTsolution is de-
termined in a photoelectric dolorimeter{Filter number 420).

Exchangeable calcium and magnesium? Determinations of
exchangeable calclum and magnesium were made in the 0.5 N acetic
acid soll leachate according to the Willlams Method(39). After
the removal of sesquioxide by adding ammonium hydroxidé,calcium
and magnesium were determined gravimetrically(l) as usual.

Total exchangeable bases: Half the amount of the ace-
tic acid soil leachate(500 ml.) was evaporated to dryness to
expel the acetlc acid. It was then ignited in muffle‘furnace
to convert the replaced bases into oxides and carbonates, the
value of which was determined by titrating with a standard acid
(37) .

IV. Results and Discussion

On the supposition that. there woulibe a difference in the
chemlical characteristics of soills that supported good and poor
peach tree growth,$oll samplgs pear the good and poor peach trees
in the same orchard were analyzed for exchangeable calcium, mag-
neslum, potassium, avalilable phosphorus, base exchange capacity
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and reaction. The results of these analyses are listed in Table
1.

pH valuest
A general survey of the pH values shows that regardless

of the condition of the growth of peach trees, all soll samples
taken from the.orchard are acid. The pH value varies from 4 .49
to 5.79. Generally speaking, soll samples taken around the good
peach tree have higher pH values. Taney range from 4.69 to 5.79,
while soil pH values frod?%oor tree range from 4,49 to 4.82..
For both trees, the average pH values of the subsolls(10-20,and
40 inches) seem to be higher than those of the surface soils(O-
5, and 5-10 inches). The difference, however, is not great
enough to show anyAsignificance statistically. In Table 2 are
presented the average pH values of the two solls at different
depths.. In calculating the averages ,all the pH values were
first converted into hydrogen ion concentrations to get the ave-
rages of hydrogen lon concentratlons which were then converted

back again into the pH scale®.

*For the convenlence of calculating the average pH value of a
serlies of pH determinations, the writer suggzests the use of the
following formulas-

Average pH=M +log N - log[htgantilog(l&-x)}
where M =the maximum pH value in the series, N=number of indi-
vidual pH determinations of the series,l.e. number of samples
to be avéraged, and X=pH values of individual samples smaller
than the maximum pH,M.
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Table 1. Chemical analysis of orchard solls as related to -
growth conditions of peach trees(on dry soll basis)..

Soll tdepth of: pH tAvailable P(p.p.m.) tExchange :Exchangeable bases *

No,.. $samplings tadsorbedtacid-solu.icapacity stotal: Ca 3 lge: K
: H Growth condition of the tree--poor

5-1-1;:0- 9in..:4.80: 29 ¢ 127 $ 9.58 1;65:1.07:.48:;68 7
5-1-2: 5-10 » s4.,67¢ 37 3 125 $ 11.52 ¢ 1.7531.358.28:.11
5=1=3:10-20 » 34,79 47 s 116 $ 9.67 ¢ 2.05:1.758.248.07

5-1-4: 40 n $4,63s 26 ¢ 28 12.54 3 3.45:2.668.43:5.15

5-2-1: O- 5in.s4.51s 44 s 121 ¢ 11.40 ¢ 1.83:1.123.538.L.14
5-2-23 5-10 n $4.,59: 37 1 126 : 10493 ¢ 2.2931.86%.364.04
5-2-3310-20 ® 84,733 37 3 132 3 8.9 3 2.,4932.108.223.13
5-2-43 40 n 34,631 26 ¢ 39 $ 16.87 & 3.4532.5638.558.20
5-3-1: O- 5in.34.58:¢ 36 ¢ 103 30 9.96 $81.66 31.063.508.09
5=3-28% 5-10 n» $4.,61: 32 $: 105 $ 11,84 & 2.5032,018.358.11
5-3-3410-20 » 4,762 38 3 53 ¢ 11.64 ¢ 3.32:32.823.403.07
5-3-4: 40 n 4733 25 3 61 212,91 8 3.6732.69:.613.23
5-4=18 0= 5in.:4.558 47 : 124 $ 10.64 32,01 81.24:.508.11
5-4-2: 5-10 » $4.,52: 477 s 109 $ 11,24 3 1.40:1.078.202.06

5-4-3310-20 » 34,823 33 ¢ 167 8.68 § 2.0131.633,21%,12

S5-4-43 40 v 34,74s 22 66 11.57 3§ 3.5832.693.658.20

5-5-28 5-10 " 84,593 53 3. 115 1247 & 2.6631.883.52:.07
5-5-3310-20 " 34,783 29 ¢ 125 $ 12,79 3 3.5332.898.458.19
5-5-48 40 n $4.60% 29 70 $:16.39 ¢ 3.69:3.00:.50%.29
5-6-13% O- 5in.:4.62% 45 ¢ 163 3. 9.89 3 2.5331.66:.73%.12
5-6-2% 5-10 » $4,72: 41 3 117 $ 9.53 & 1.8331.168.508.09

5-6=3810-20 u 84,75 19 : 164 13,40 ¢ 3.32:2.172.608.22

5-6-43 40 w 34,623 32 : 77

15,10 ¢ 3.5832.043.863.3
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Table. 1 (Concluded)

Sail tdepth of: pH tAvallable P(pib.m{I:ExchéngexExchangeable bases ¢

No. $samplings

sadsorbedtaclid-solu. scapacitystotals Ca ¢ g ¢ X

Growth condition of the

tree--good

10-1-1: O- 5in.:4.91: 18 93 s 4,04 3 2.0131l.423 403 .10
10-1-23 5-10 " 5,01t 28 s 106 ¢ 5.60 & 2.71:2.09% 433 .07
10-1-3:10-20 " $5.18: 28 9% $ T.89 & 4.,49:3.37: .823 .13
10-1-41 40 " i5.51: 33 t T4 $ E.42 1 5.59:14.,33: .68: .18
10-2-1% O- 5in.$5.10s8 39 s 123 t 4.22 ¢ 1.7731.29% «383 .05
10-2-23 5-10 " 35.46: 28 ¢ 122 $ 4.63 8 3.13:2.16% .50 .10
10-2-3310-20 " $5.56% 24, 65 t 7.10 3 44533548 453 1k
10-2-43 40 " :5.79: 31 ¢ 112 t 3.0l :2.31:1.61% .63 .05
10-3-1% O- 5in.:4.848 39 3. 101- ¢ 5.93. s l.75:1.248 JA40: .07
10-3-2% 5-10 " 35.18: 28 52 : 3.98 1 1.27: 973 L18: .08
10-3-3310-20 " $5.013s 20 H 52 ¢ T7.20 ¢ 3.6T783.008 428 .23
10-3-43 40 " :5.12: 24 80 ¢ 6.49 3 4.3632.831 853 .24
10-4-1: O- 5in.s4.848 28 ¢ 107 0 4.59 8 1.4431.083 228 16
10-4-23 5-10 " 34.,69: 14 52 $ 6.86 3 2.,21:1.538 483 .09
10-4-3310-20 " 35.11: 21 3 42 $ 13.88. 3 8.,0436.4731.063 .30
10-4-43 40 " 34,893 23 23 $ B4.48 1 5.4634.523 631 .28
10-5-1% 0- 5in.:4.91t 26 3 53 ¢ 4.1% 3 1.,70:1.07% .40: .11
10-5-23 5-10 " 34.69: 26 1 63 : 5.89 & 1.7581.27% .28% .09
10-5-3810-20 " 34,71s 25 51 ¢ 11,56 13.62 32,023 .83% .4
10-5-43. ~ 40." 34,708 19 ¢ 50 $ 11,83 3 3.9782.39% 948 .34
T0-8-11 O- SImLIALETE 30 ¢ 109 ¢ 5.10 & 1.09%1.31: .51¢ .09
10-6=28 5«10 " 4,74t 21 & 55 3 5.25. t 2,2311.243 823 .07
10-6-3310-20 " 4,758 25 ¢ 51 3 9.46 § 4.43:2.808 .92% .27
10-6-4t 40" 4,748 31 & 55  t 9.02 ¢ 2.9731.46% JTT: .29
Exchange capaéity and exchangeable bases are expressed in terms of m.e.

per 100 grams of dry soll.
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Table 2. Average pH of orchard solils as related to depths
of sampling and growth conditions of peach trees.

Depth of ¢ _Growth conditions of peach trees
_sampling good -8 poor
Inches ¢ Average pH values
0-5 $ 4,90 s 4,58
5-10 $ 4,88 : 4.601
40 $ 4,98 : 4 .66

Available phosphorus contentss

The avallable phosphorus contents are relatively high in
both soils, Generally speaking in every location the amount of
adsorbed and acld-soluble. phosphorus present in the soll decreases
with the depth. Apparently a large portion of the avallable
phosphorus in the surface ahd subsurface soll comes from the
addition of fertilizers and the incorporation. of organic. matters.
They tend to be adsorbed by the soll colloidal complexes or fix-
ed with other soil constltuents in the form of acid-soluble com-
pounds in the surface layers.,

The average values of adsorbed and acid-sollble phosphorus
of slx different soll samples of the same depth around each tree
are presented in Table 3. With the exception of the soll from

Table 3. Avefageé of adsorbed and acid-soluble phosphorus

contents in relation to the: growth conditions of peach
trees. (Average P in.p.p.m., on dry soil basis).

Depth ofs Adsorbed phosphorus $ Acid soluble phogvhorus
samplings: good ¢ poor tdiffefen~-8 good ¢ poor tdifferen-
(inches)s growth § growth ¢ ce $ growth ¢ growth ce:
O- 5 .38 30%7.37 ¢ &4434,92 ¢ 1438.86 3117134.5 ¢ 131%219.5 ¢ 14139.0
5-10 § 2415.16 3 41#6.97 § 17%¥8.67 & 75:28.2 : 116t 9,9 $ 41429.9
10-20 3 2432,70 : 34%8,62 § 1039.03 3 60117.7 ¢ 126%38.9 & 66%41.8
40 3 2745,13% 3 2723,16 3 036,03 s 66+32,8 8 57217.5 ¢ 9137.1

¥The difference is statistlcally significant at P =.10(t=1.81).
a‘depth of 40 inches from the surface, all soil sampleé taken éround
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the good tree generally contain less (though statlistlcally usual-
ly not significant) adsorbed and acid-soluble phosphorus than
those taken around the poor tree. The contrast i1s especlally
noticiable in comparing the samples of 5-10 and 10-20 1lnch depths.
From the standpoint of soil and plant growth relationships, the
difference 1s possibly due to the different growth conditlons
of the tree. With normal growth, the tree consumes more phos-
phorus and other nutrients. Consequently they absorbs more
avallable nutrients from the 801l around the active. root reglon.
Anéther interesting point is that the difference in acid soluble
phosphorus 1s much greater than that in adsorbed phosphorus..
This can be explalned by the different avallabllity of the two
forms of phosphorus to the plant. Thus, Bray and Dickman(4)
concluded that when present in small amounts adsorbed and aéid
soluble forms of phosphorus were somewhat. simllar in effective-
ness for plant growth, while Burd and Murphy(6) considered the
adsorbed forms more unavailable to plants than acld-soluble forms..
The results shown hers seem to support the conclusion of Burd
and Murphy.

The. average differencea of total adsorbed and acid-soluble
phosphorus contents between the soll samples of the same depth
around the two trees are 28 p.p.m., for the 0-5 inches layer, 58p.p.nm
for the 5-10 inches layer, 76 p.p.m. for the 10-20 inches layer
and 9 p.p.mes for the 40 inches layer. If these differences are
due to the difference in. the root absorption as mentioned before,

it follows that,tgé peach trees in question have active root ab-

sorption in. the soil depths from 5-20 inches, and less so from
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0-5 inches. The zone of least absorption is at 40 inches. Such
a distribution of root. activity of peach trees checks very well
with the results reported by Savaged and Cowa®t(31).

It seems that there might be some relationship between
the amcunt. of acid-soluble phosphorus and the amount of exchange-
able calclum in the soil. The relationship, however, 1s not
statistlcecally significant. Its correlation with the pH value
also does not exist.

Amount. of Exchangeable Basess

The amount. of total exchangeable bases 1s low in both solls.
Although the soil supporting good tree growth seems to contain
some more exchangeable bases, particularly in the deep layers,
yet the difference between the two soils is in general only very
slight. In fact, in some cases the soll that falls to grow good
trees contains even more exchangeable bases and exchangeable cal-
cium in the surface two layers.

Generally speaking the situation of total exchangzeable
bases and exchangeable calcium 1s much. the same,and with.only
few exceptions they increase with the depth. | No correlation
with other chemical properties thus far studied has been found.
The anounts of exchangeable magnesium and potassium present. in
the soll samples also vary with the depth of sampling. They,
however, do not show a constant increase or decrease with.the
depth. In case of the poor tree, the amount of exchangeable
maznesium 1s generally less in the 5-10 and 10-20 inches soil
layers. The exchangeable potassium content of both soils is
extremely low. It ranges from 0.35 m.e. per 100 grams soil in
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the deep layer to only 0.04 m.e. in the sub-surface layer(5-10.
inches), The vertical distribution in the soil 1s irregular. in
most cases;,the least amount is found in the 5-10 inches soil
layer,where root absorption for minerals 1s presumed to be. most
actlve.

Base exchangze canaclty and degree of base saturations

One of the most. important results of the present study
is perhaps the significance of base exchange capaclty of the
soll in relation to the growth conditlions of peach trees. In-
spite of the fact that the two soils supporting trees of differ-
ent. vigor contain nearly the same amount of total exchangeable
bases, exchangeable calclium, magnesium and potassium, the base
exchange capaealty of the two soils varlies greatly. 8Solls around
the poor tree all have the base exchanze capaclty above 8.49 m.e.
per 100 grams of soll, whereas soils around the good tree with
exceptions of the six soil samples(out of twenty-four) taken
from the deeper layers all have the base exchange capécity below
€42 m.e, With the same amount of exchangeable bases, this dif-
ference wlll mean different degree of base saturation. From the
data available, the percent of total base saturation and‘alao
the percentaze saturation of iIndividual bases were calculated..
The results are shown in Table 4..

From the data, it 1s apparent that the soll supporting
the 500& tree has much higher degree of saturation of total ex-
changeable bases as well as individual bases, In case of the
total exchangeable bases the degrees of saturation for samples
near the good tree runs all above 30%, while for those near the
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Table 4. Degree of base saturation of the soil in relation

to the growth condltions of peach trees.

Soil ¢ Depth of ¢ Percentage saturation of bases
Ilo. ¢ sampliny ¢ Total 3§ Ca H Mg : X
s | aog® b FToyt copdiifen of the treeipoor,
5-1-2 ¢ 5-10 ¢ 15,19 ¢ 11.72 ¢ 2,43 : «95
5-1-3 ¢ 10-20 ¢ 21.20 ¢ 18.10 ?  2.48 H 72
5-1-4 40 3+ 27.83 3 21,23 8 3,43 3 1.20
5-2-1 ¢ 0-5 ¢ 16,05 ¢ 9.82 ¢ 465 3 1.23
5-2-2 s 5-10 $ 20,95 ¢ 17.02 $ 3.29 H I7
5-2-3 ¢ 10-20 & 29,33 & 24,73 ¢ 2,59 ¢ 1.53
5-2-4 3 40 3. 2045 3 15,60 3 3,26 3 1.20
5-3-1 ¢+ 0-5 i 16.67 & 10.64 &t 5.02 1t .90
5-3-2 ¢ 5-10 ¢ 21.11 ¢ 16.98 3 2.96 : .93
5-3-3 ¢ 10-20 ¢ 28.52 1 24.23 3 344 ¢ .60
5-3-4 3 40 3 2B.43 3 20.TA 4 4.T3 s 1.78
5-4-1 ¢ 0-5 ¢ 18.89 ¢ 11.65 s 4.70 ¢ 1.03
5=4-2 ¢ 5-=10 ¢ 12,46 ¢ 9.52 ¢ 1.78 3 53
5-4=3 ¢ 10-20 : 23.16 ¢ 13.78 ¢ 2.52 ¢ 1.328
5-4-4 3 40 3 30.68 3 23.05 $  5.07 ¢ 1.71
5-5-1 ¢ 0-5 ¢ 15,49 ¢ 10.62 ¢ 3.54 & .71
5-5-2 ¢ 5=10 & 21.33 : 15,08 ¢ 4.8 & .61
5-5-3 ¢ 10-20 ¢ 19.78 3 22,60 ¢ 3.52 3 1.49
5-5-4 ¢ 40 3 23,73 &+ 18,30 3 3.06 ¢ 1.77
5-6-1 : 0-5 : 25.58 1 15.78 & 7.38 & 1.21
5-6-2 ¢ 5-10 & 19.20 : 12.17 ¢ 5.25 ¢ .94
5-6-3 ¢ 10-20 ¢ 24,78 3 16.19 ¢ 4,48 ¢ 1.64
5-6-4 3 40 3 23,71 ¢ 1%.61 3 _5.70 3 2.32
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Table 4 (Concluded)

Soil 8 Depth of ¢ Percentagze saturatlion of bases
o : sigci;gg : ig%%%th:condg%ion éf thggtreei;gogd
10-1-1 3 0-5 ¢ 49.75 ¢ 35.15 ¢ 9.90 & 2.47
10-1-2 ¢ 5-10 ¢ 48.39 & 37.14 ¢ 7.68 ¢ 1.25
10-1-3 ¢ 10-20 ¢ 56,91 & 42.71 ¢ 10,39 ¢ 1.65
10-1-4 3 4O 3 66,39 8 51,43 3 8,17 & 2,14
10-2-1 3 0-5 3 41,943 3 30.57 & 9.00 & 1.2
10-2-2 ¢ 5-10 $ 6T7.60 3 46,65 ¢ 10.80 $ 2.16
10-2-3 ¢ 10-20 $ 62.68 ¢ 49.86 s 6.4 ¢ 1.97
10-2-4 ¢ 40 3 76,74 3 53,49 3 20,93 ¢ 1,66
10-3-1 ¢ 0-5 3 29,51 ¢ 20.91 : 6.75 ¢ 1.18
10-3-2 ¢ 5-10 ¢ 31.91 : 24,37 ¢ 4,52 ¢ 2,01
10-3-3 ¢ 10-20 ¢ 50.97 ¢ 41.67 ¢ 5.83 ¢ 3.19
10-3-4 3 40 2 67.18 3 43,61 3 13,30 3 3.70
10-4-1 ¢ 0-5 & 3L1.37 & 23.53 &t 4,79 3 3.49
10-4-2 ¢ 5-10 ¢ 32,22 3§ 22,30 3 T7.00 ¢ 1.31
10-4-3 ¢ 10-20 ¢ 57.93 & 46,61 : 7.4 3 2,17
10-4-4 40 8 BT.71 ¢ 31.22 3 4,35 3 1,94
10-5-1 ¢ 0-5 ¢ 41.06 ¢ 25.85 & 9.66 & 2.66
10-5-2 ¢ 5-10 ¢ 29.71 ¢ 21.75 ¢ 4.75 &+ 1.52
10-5-3 ¢ 10-20 ¢ 31.31 ¢ 17.56 ¢ T.18 ¢ 2.9
10-5-4 3 40 3 33,56 3 20.21 3 T.95 3 2.87
10-6=1 ¢ 0-5 & 39,02 & 25.69 10.00 ¢ 1.76
10-6-2 ¢ 5=10 ¢ 42,48 1 23,62 ¢ 15.61 ¢ 1.33
10-6-3 & 10-20 ¢ 46.78 : 29.57 ¢ 9.7L ¢ 2.85

: 40 ¢ 32,93 3 16,19 :  8.54 & 3,22

10-6-4

D19



poor tree they all run below 30 % (No. 5-4-4 has a value of 30.68

f‘, .
/0 [ ]

The average values of the degfee of base saturatlon of solls

are tabulated in Table 5 in connection with the growth condltlons

of the trees and deptis of the soils.

Table 5. Averaszes of the degree of base saturation in relation
to the depths of sampling and growth conditions of the trees.

Exch.: Growth i Depth of sampling _
tconditionss = 0- 5 s 5-10 s 10-20 : 40

bages$of trees ¢ inches $.  Inches H inchesg H incheg

¢t Good 3 38.78 6.72 3 42.05 13,20 t 51.10 10.19 § 52.42 18.05

TOtal: Poor & 18,32 3.20 3 18.37 3.40 8. 24.46 4,54 s 25.81 3.43

sDifference 20.:3 TeH3 8 23.63 13.62 26.2;*10.79 $ 26,62 18,37

H Good $ 26.95 4.68 3 29;31 9.34 ¢ 38,00 11.09 ¢ 36.03 14.54

o :__Poor ¢ 11.78 2.30 $ 13,75 2.80 8 20,77 3.25 ¢ 18,76 3.26

égiigernece: 15TI; 5,213 15,56 9,75 & 17.23 11.53 & 17.27 14.89

~ 0t Good f 8.35 1.93% 8439 3.66 ¥ T.85 1.66 & 10.51 5.30

s : _Poor 3 5.05 1.4 1 3,32 1.12 1 3.17 0.73 t 4,29 1.10

tDifferances 3,30 2,24 ¢ 5,07 3.83 4.23 1.81 3 6.22 5.41

t  Good ¢t 2,16 .80 ¢t 1.60 0.34 t 2,46 0.57 ¢ 2.59 0.71

* 3. _Poor ¢ .99 16 ¢t .72 Q.24 3 1,23 0,40 3 1.66 0.40

¢Differencet 1.15 .82 3 ;8; 0.42 1.2; 0,70 ¢ .93 0.81

*The dlfference 1s statistically significant

at P=.10(t=1.81).

#%The difference 1s statistically siznificant at P=a05(t==2.23).

*#%The dlfference 1is statistically significant at P=a01(t==3.17).

The average values of the degrees of saturation of total

bases and exchangeable calcium increases with the depth of the soil.

The vertleal gradlents of the degree of saturation for exchanzeable

potassium and magnesium, however, do not. exist. in exactly the. sane
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manner. Thus in case of exchangeable potassium, the:- degree of
saturation decreases from the O-5 inches to 5-10 1lnches soil
layer. ©Simllar change occurs for magnesium in soil supporting
the poor tree, Agaln this may be considered as an indication
of the active absorptlon region of the peach root in thesoil,

From both the theoretical and practical point of view,
the percentage base saturatlion is of considerable lmportance
in relation to nutrient conservation and plant feeding. Plerre
(28) in 1939 concluded that base saturation of soils is a valu-
able criterion for the growth._of certain plants. Jenny and Ayres
(18) also emphasized the importance of percentage base satura-
tion in relation to plant.nutrition.'

Studlies on the nutrient losses in relation to percentage
base saturatlion were made and the literature reviewed by Peach
(23) and Ayres(2). Their data showed that nutrient losses,
especlally potassium and magnesium decreased with an increase
in percentage base saturation,

It was also found by lehlich(27) that the amounts of
magnesium and potassium lost from the surface of sandy solls
in the #leld decreased with increasing base saturation. These
nutrlents once lost from the surface solls were not betained
by the aclild subsolls, irrespective of the base exchange capa-
city. Increasing the percentage base saturation of the subsoil
increased thdretention of potassium and magnesium. In tests
wlth percolators,Mehlich also found that increasing the base
saturation of subsolls through liming increased the retentive

power for posassium and masgnesium; it also favored. root pene-
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tration, increased molsture utilizatlion, and increased plant
growth. In studying the soildfrom Florida citrus groves, Peech
(22) pointed out the 1mportance of maintaining percent base
saturation at as hizgh a level as possible in keeping with other
factors in light sandy sollss,.

According to the opinion of the present writer, the d4if-
ference in percentage base saturatlion will mean a difference
in the avallability or absorbility of exchangeable bases by
plant roota. The higher the degree of base saturation in the
s0ll, the easler will be the 1ntake of exchangeable bases by
plant roots, Theoretlcally this 1s quite reasonable from the
standpoint of physical chemistry. As the degree of base satu-
ration becomes less, the electrostatic attraction between the
adsorbed cavions and soll collold becomes stronzer. Consequent-
ly the exchangeable bases are held tighter by the soil colloidal
particles and therefore become less avallable to plant roots.

The data in Table 4 show that some of the differences
of the degree of base saturation between solls from different
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