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| NTRODUCTI ON

A much-critized aspect of the "Geen Revolution" breed-
i ng prograns sponsored by the Rockefeller Foundation is that
t hey have enphasized too strongly the inprovement of crop.
plants for useonly with intensive fertilization. The crit-
Icismmay or may not be justified in terns of the particular
goal s of "this nost fampus of plant breeding endeavors.  But
I't is becomng increasingly obvious that geneticists have
paid too little attention to traits that confer adaptation
to the edaphic environment. In the words of one proponent
of the subject (Foy 1975), "Crop varieties have been directly
selected for practically everythin? except adaptation to the
soil, the nost basic resource of all." Opportunities for
breeding plants for resistance to mneral deficiencies or
excesses In the soil have not been w dely perceived, |et alone
explored in actual breeding prograns (Epstein 197%. | t
has been too easy and inexpensive to nodify the soil (usually
with fertilizers) to fit the plant, rather than genetically
nodify the plant to fit the soil

This situation is changing, however, with the increasing
cost of fertilizers. Furthernore, it has never been the case
w th sone | owval ue crops and sone soils in which conditions
differ radically fromthe optimum According to Foy (1975)
sonme soil fertility situations in which the genetic approach
| ooks promsing are: acid soils with soluble alum numin
toxic concentrations, soils polluted wth heavy netals, and
cal careous soils with unavailable iron. There is anple
evidence that plant species can contain substantial genetic
variation in adaptation to soil conditions (Epstein 1972,

Foy 1975). Reports cited by these authors concern agrononc
crops and some non-crop species, but some studies have dealt
with forest trees. |In some instances, intraspecific variatior

in actual performance on different kinds of soil has been
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found (Jenkinson 1974, Teich and Hol st 1974). I n ot hers,

| eaf tissue anal yses have shown clones or provenances to
differ in the accunmulation of certain nutrients (Baker and
Randal I 1974, Gerhold 1959, Steinbeck 1965). Wwen, as in the
cases cited, trees differ in the acumulation of sone nutri-
ents but not others, there is good reason to believe that the
differences are due to genetically controlled nechanisns of
*mneral absorption or distribution (Epstein 1972 ).

In light of this, we considered the possibility of
selectlng wi thin pin oak (Quercus palustris) for resistance
to iron-deficiency chlorosis.” Tn spite of the fact that the
nunber of pin oaks sold in the United States surpasses the
nunber of all other oak species conbined (Flenmer 1971), pin
oak is often avoided because of its tendency to devel op
chlorosis on calcareous soils. (n such soils, iron in an
available formis frequently not present in the concentration
needed b¥ plants. Chlorosis in Pin oak is characterized by
smal ler leaves and a yellow ng of the |eaves between veins.
In severe cases, chlorosis causes stunted growth, necrosis
and abscission of |eaves, twi g and branch dieback, and even
death of the tree (Neely 1976). Vari ous nethods of soil
nmodi fication and trunk 1 nplantation of iron have been used
to correct the syptons (Hacskaylo and Struthers 1959, Neely
1973 and 1976, Schoeneweiss 1973, Smth 1973), but the treat-
ments are expensive and only tenporarily effective. A cul-
tivar resistant to iron chlorosis would renove a maj or objec-
tion to planting pin oak and reduce costs associated with
its maintenance and replacenment. Such cultivars have been
devel oped in some agronom c crops and fruit and nut species
(Brown 1961, Foy 1975, Wallace and Lunt 1960), and there is
some evi dence that sweetgum (Liqui danbar HtyrazhTiua)
ngéfs in susceptibility to 1ron chlorosiis (Wallace and Lunt

In this report we present the results of an experinment
to determne an appropriate nutrient solution technique for
screening seedlings for resistance to chlorosis. F?dro oni cs
was sel ected as a basis for the techni que because it affords
the possibility of space-efficient, early screening of
progeny for actual testing on cal careous soils, and because
It enables one to control all aspects of the root envi-
ronment. Many edaphic factors besides iron concentration
may i nfluence the devel opnment of chlorosis (Brown 1956,

Brown 1961, Neely and Schoenewei ss 1974, Wallace and Lunt
1960), and the uncontrolled effects of these variables in
one or a fewfield tests could hanper the selection of a
cl one of ?eneral, rather than specific, utility. Furthernore,
sequentially gromwng a seedling in two entirely different
environments is one neans of replication and coul d enabl e
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the detection of individual tree differences in suscepti-
bility without cloning. This is especially true of a _
trait” |ike chlorosis, which may be “turned off" by correction
of the iron deficiency to elimnate carry-over effects from
one environment to the next.

MATERI ALS AND METHODS

Pin oak seeds were collected in fall 1975 from5 |ocal'
street trees, bulked into one seedlot, and stratified. In
spring 1976 the seeds were germnated in a mxture of peat,
perlite, and soil. After germnation the seedling shoots
were cut back once in the germnation flat to control size
and insure that nost shoot growth would occur after the
treatnents had begun. Root systems were washed thoroughly
upon transfer to the nutrient solution treatnents. At that
time, regrowh of the shoots had not yet occurred, so
cotyl edons were tenporarily left attached to the plants
unti|l |eaves could supply photosynthate.

The apparatus for the hydrogonics system consi sted of
18 glass jars, each containing 900 m. of nutrient solution
supplied with air forced through microtubules. Jars were
capped wi th Styrof oam plugs containing slits for supporting
the seedlings and were covered with alumnum foil to prevent
heat accumulation and algal growh. A mechanismwas devised
to maintain water |evels in thecontainers as transpiration
occurred, but transpiration was not great enough to warrant
its use.

~ On April 30, two seedlings were transferred to each con-
tainer, and each pair of seedlings was given one of the follow
ing treatnents in the stock solution shown in Table 1:

Tr eat nent Iron concentration pH

nunber (p.p.-m)
1 0. 6.0
2 0.1 7.0
3 1.0 6.0
4 1.0 7.0
5 10.0 6.0
6 10. 7.0

Iron was supplied in the formof an EDTA chelate and pH was
adjusted with HCl or KOH  The experiment was set up on a
greenhouse bench in a conpletely random zed design with 3
replications. No supplenentary lighting was given. After
April 30, pHs of thesolutions were read and adjusted every

7 days, and the solutions were replaced every 14 days for the
duration of the treatnents.
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After 10 weeks the treatnents were termnated and the
seedlings harvested for measurement. By that time nost
seedlings had made two, and in sonme cases, three, flushes
of growth. Since chlorosis tended to become progressively
nore severe as the seedlings grew, we neasured that trait on
only the last set of |eaves of those seedlings that had nore
than one growth flush. There were enough seedlings in this
category to give us container averages for all treatnent-
replicate conbinations except one in which both seedlings had
died. Chlorosis was rated in two ways: visually scoring the
seedlings on a '-/-point scale and determ ning actual chlorophyl
content of the |eaves. To obtain the latter measurenent, we
extracted thechlorophylll fromtwo 1.3 mm |eaf disks per
jar in boiling 8% ethanol, cooled the solutions to room
tenmperature, brought each to 10 m. of volune, and read
optical density on a Beckman-B spectrophotoneter. W also
measured shoot hei ght above the cotyl edonary node and Iength
aq? oven-dry weight of the root system bel ow the cotyledonary
node.

RESULTS

A@cordin? to both measures of chlorosis, visual scoring
and chlorophyll content, iron concentration had a significant
effect on the devel opnment of chlorosis (Table 2,3). Par-
ticularly when neasured by chlorophyll content of the foliage,
chlorosis declined as iron concentration in the solution in-
creased, but the effect of raising iron from0.1 to 1.0 p.p.m
was much greater than the effect of raising it from1.0 to
10.0 p.p.m The effect of pH treatnent, on the other hand,
was significant only when chlorosis was visually rated--

chlorosis was greater at the higher pH In both cases the
variance conponent for iron treatnent was nuch | arger than
that for pH treatnment (Table 4). 1Iron x pH interaction was

not significant with either variable.

Shoot height was significantly affected by both iron
and pH treatments. The [owest iron concentration resulted
in seedlings that were shorter than those in either of the
two other treatnents, and seedlings were shorter when grown
in solutions adjusted to the higher PH Again, the effect
of iron treatnent on variation in height growh was great-
er than that of pH treatnent, and iron x pH interaction was
not significant.

Nei ther root |ength nor weight was significantly affect-
ed by iron or pH treatnents. However, this result contrasts
wth the fact that we observed obvious differences in root
devel opnent associated with iron concentrations. Plants
grown at progressively higher concentrations had darker
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(al nost black at 10.0 p.p.m) and nore fibrous root systens.
The Pronounced proliferation of verﬁ smal | roots, particular-
|y at 10.0 p.p.m iron, presunabky_ ad little effect on the
total weight of the roots. In addition, there were apparent-
'y physiological differences in effect on the edaphic envi-
ronment anong the root systens grown at different iron con-
centrations. Wen pH of the solutions at 7days after adjust-
ment was averaged for the duration of the experinent, it was
found that those a%!usted to 6.0 had tended to rise to 6.3
and those adjusted to 7.0 to fall to 6.7. However, the
change at the two |[ower concentrations of iron was signif-
icantly greater than the change at the higher concentration

DI SCUSSI ON

The effect of decreasing iron concentration on chlorosis
devel opnent was, of course, expected. However, 1t IS sone-
what surprising that some chlorosis was observed at 1.0 and
even 10.0 p.p.m iron (Table 2). According to Lindsay (1974),
most crops require less than 0.5 p.p.m iron. A comonly
used nodification of Hoagland's solution (Epstein 1972)
only provides 1.12 p,p,m, and nost nutrient solutions are
fornulated to provide nutrients in higher concentrations
than are needed by nost plants. Carpenter (1952) al so ob-
served chlorosis in pin oak gromng in a solution contain-
ing 1 ppom iron at pH 7.0.  Hence, pin oak may require
more iron than other plants, regardless of pH or the presence
of calcareous soil. If this is true, it renpves some po-
tential sources of genotype x environnent interaction In
genetic studies on this frait in pin oak. The parallel
variation between lack of chlorosis and shoot height
(r =+ .80 wth 15 d.f.) is as expected since chlorosis
inpairs the production of photosynthate.

~ Hgh soil pH on calcareous sites is_frequently associat-
ed in the literature with chlorosis in pin_oak (Neely 1973,
Neel y and Schoeneweiss 1974, Smith 1973). The critical
pH i's usually assunmed to be 6.7-7.0 . The effect of pHis
to change the solubility of ions and the relative concen-
trations of specific ionic forms--and plant absorption
depends on ionic formas well as concentration (More 1974).
In the case of iron, the effect of |ncreaS|n? pHis to in-
crease the oxidation of ferrous to the nuch Tess soluble
ferric ionic form and to decrease the solubility of both
forns (Lindsay 1974, WAl lace and Lunt 1960) These effects
of EH are counferacted, however, when iron i's supplied as
a chelate, the extent of counteraction depending on the
particular chelate used (Lindsay 1974).

This may explain the fact that pH treatment had a small-
er effect on chlorosis than iron treatment in this experinent
in which Fe-EDTA was used as the iron source. Schoeneweiss
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(1963) observed only slight chlorosis on pin oak at pH 7.0
when iron was supplied to the nutrient solution in chel ated
form but severe chlorosis at the same pH when the iron source
was FeSQ,. Simlarly, Carpenter (1952) observed "acute"
chlorosi € on pin oak growmng in a solution containing 1 p.p.m
iron at pH 7.0 while we observed only slight chlorosis for

the sane treatment. Though the source of iron was not stated
for that study, its date indicates that a chelate probably

was not used. If so this would explain the discrepancy

bet ween our results.

Schoenewei ss and Carpenter used treatnents of pH 5.0
and 7.0, and both found differences in chlorosis devel op-
ment between the two levels. Qur results for pH were in-
consistent -- one measurenent nethod showed a significant
effect of pH on chlorosis and the other showed virtually
no effect. However, considering the fact that pH treatnent
had | ess effect than iron treatment on chlorosis when neasur-
ed by both methods, it appears that resistance to chlorosis
could be effectively screened by nonitoring only an appro-
priate iron concentration, one in the range of 0.1 to 1.0

.p.m, and letting pH stabilize. This conclusion is

st rengt hened b% the fact that the pin oak roots tended to
change pH of the solutions toward the m dpoint of the pH
6.0-7.0 range used in the experinent.

It is surprising that we found a significant effect
of pH on chlorosis when neasured by the visual scoring
system but not when neasured by thepresumably nore accurate
met hod of chlorophyll content. However, nore weight should
be placed on the former result, especially since shoot
growh was also significantly affected by pH  On the other
hand, measuring chlorophyll content was the nore usefu
nmethod at the two higher iron (and chlorophyll) Ievels,
where the visual nethod was apparently inadequate for
detecting real differences (Table 2).

The significantly greater buffering effect on nutrient
solution pH of the Plants growing at low iron concentrations
iIs simlar to one of the known mechanisns of chlorosis
resi stance.  Though the difference was not significant, the
effect was slightly greater at pH 7.0 than at pH 6.0,
particularly at the two lower iron concentrations and in
the |later weeks of the eerrinent when the root systens
were larger. It is well known that roots can bring about
significant changes in the pH of the root environnent, and
t hese changes in pH can have profound effects on the roots
t hensel ves (More 1974). Foy (1975) has observed that the
ability of plants to alter soil chem cal properties wth-
in the mcrozones of their roots may be one trait conplex
that is susceptible of genetic manipulation. He has found,
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for exanple, that one iron-efficient strain of weeping |ove-
grass_that does not develop chlorosis in lowiron nutrient
solutions also maintains a lower pH in solution that does a
strain susceptible to chlorosis.

There remains the question of whether any pin oaks
sel ected for resistance to chlorosis wth this nethod woul d
also manifest resistance in field tests. An affirmative

answer is supported by two observations. The first is that
a closely related species, red oak (Quercus rubra), does

not develop chlorosis insone situations in which pin oak
does, and thisis true either in the field or in nutrient
solutions in which ironsource and pH are varied (Schoenewei ss
1963). |f sone Pln oaks have a simlar nechanism of resi-
stance, they could be effectively selected in a hydroponics
system  The second concerns a series of studies reviewed b
Brown (1961) on chlorosis-susceptibility in two varieties o
soybean. (ne variety devel ops chlorosis when grown on three
kinds of calcareous soil, and it is also chlorotic when
grown in nutrient solutions containing less than 5 p.p. m
I'ron. The other does not develop chlorosis on any of the
three soils, and it does not beconme chlorotic in “solutions
containing as little as 2 p.p.m iron.

SUMVARY

Nutrient culture techniques wouldbe effective in
screening for efficiency of iron utilization in pin oak
and the results would probably be applicable to the problem
of iron chlorosis on cal careous soils. The method outlined
here could be expanded to aggregate culture (where roots
provi de supPort as well as nutrrent absorption) in large
containers for use in screening |large nunbers of seedlings.
Such a technique, as opposed to testing on cal careous sorl
woul d be space-and time-efficient and would insure that
selection is for response to only one environnental variable.
Chlorosis in response to variables other than iron concen-
tration would be elimnated as a possibility. In addition
if the seedlings were later outplanted to a cal careous site,
the replication obtained would permt measurenent of indi-
vidual tree genetic variation wthout cloning. The possib-
ilities of obtaining genetic superiority in chlorosis-
resistance in this species are unknown, but we may be en-
couraged by the successes achieved in other species.
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TABLE 1.--Conposition (excluding iron) of nutrient solutions
used in treatnents.

Sour ce Concentration El enent Concentration
granms/liter P.P.Mm.
KNO, 5,055% N 210.2
a
Ca(NOB)Z.nHzo 11.808 P 31.0
KH,PO,, 1.361" K 234. 6
MgS0j, . 7H,0 b.9302 Ca 200. 4
H,B0, 7.173P Mg 48. 6
CusS0, . 5H,0 0.200° S 64. 1
MnC1,.4H,0 4.511P B 0.125
ZnS0), . 7H,0 0.601P cu 0.005
b
Na,Mo0,, . 2H,0 0.110 Mh 0.125
c 0.162
Zn 0.014
MO 0. 004
a -1
X 10
-4
Py 10



TABLE 2. Average chlorosis score, .
content, and shoot height for three iron and
two P ‘'treatments.

I ndex of chlorophyl

| ndex of
Tr eat ment Chl orosi s chl orophyl | Shoot
score content™” hei ght

1=extreme

7=none
(ppm) ron
0.1 1.50 8.53 12. 05
1.0 4,33 16.57 18. 83

10.0 4.58 21.62 18.83
Least Significant
Di fference: 1.32 3.72 2. 38
pH

6.0 4.06 15. 61 19.29
7.0 2. 89 15.53 13. 86
Least Significant
Di fference: 1.08 3.04 1.94

Aoptical Density Units on a Beckman-B spectrophot onet er

x 10; low values = low chl orophyl

P2 1evel of significance.
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TABLE 3.--Analyses of variance for chlorosis score,

i ndex

of chlorophyll content, and shoot height.
_ I ndex of

Source of Degrees of Chlorosis chl or ophyl | Shoot
variation freedom score cont ent hei ght

—————————— (nMean squares)-«—=—mm—n-
Fe 2 17 . 597 %% 261,211 %% 92,027 %%
pH 1 6.125% 0.027 ns 132, 8L 5%%x*
Fe X pH 2 0.042 ns 16. 734 ns 12.172 n s
Error 11 1. 076 8. 566 3.512

ns = Not significant
* = Significant at the5% |evel
#¥*¥% = Gignificant at the 0.1% | eve
TABLE 4.--Variance conponents for chlorosis score, index
of chlorophyll content, and shoot height.
_ [ ndex of

Sour ce of Chlorosis chl or ophyl | Shoot
variation score cont ent hei ght
Fe 5.5071 84.2150 29.5050
PH 0. 5610 0 14.3703
Fe X pH 0 5.4456 5.7731
Error 1.0758 8. 5655 3.5121
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