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INTROD UCTION

Chlorosis of plants from a lask of available iron is one of the
most common plant nutrient problems of the caloareocus soils of the
west, The discase is charasterised by s yellowing of the plant leaves
end is acsompanied, in severe cases, by a partial root death and pre-
mature defoliation (3), In addition to reducing growth, the disease
greatly reduces the quality and yield of plants,

Many types of plants are affested by iron chlorosis, In Hawaii
and Forto Rico rise, sugar cane and pineapple are susceptible, while
in Californie and Arizona, oitrus trees are seriously affected, In
Utah apples, peashes, plums, prunes, apricots, pears, grapes, rasp-
berries and many ornsmental plants are affected (27). The problem of
iron chlorosis, therefore, is of great importance te agrisulture in
the west,

Chlorosis has been studied for more than one hundred end fifty
years, but until recently, little progress has been made toward finde
ing the solution to the problem, Although these past studies have
not solved the problem of iron chlorosis, they have shown many faotors
to be olosely related to the oscurrence of the disease,

These fastors inslude an unbalanced ratio of available manganese
to iron in the growth medium (9, 23, 28); chlorotic leaves are high
in potassium, nitrogen in the form of ammonia (21), end in ferrie
iron and are low in total calsium and ferrous iron in comparison with
green leaves (12, 13, 14, 17, 25, 28),

e



The slimatic factors of light, soil temporature and soil mois-
ture also appeer to be of fundamental importance in ohlorosis, It
is @ common observation that fruit trees are more shlorotis during
the early spring when the tempersture of the soil is low and the mols~
ture level high, Many investigators have noted that ohlorosis tends
to be most severs in the poorly dreined portions of fruit orchards
when water tends to acoumulate, However, the work on the effeot of
elimatic conditions on chlorosis has been limited largely to observa-
tions, :

The purpose of this nvntgptm was to study, under sontrelled
conditions, the effest of light, soil temperature and soil moisture
on a lime~indused ohlorosis,



REVIEW OF LITERATURE

Besause of the extensive literature on the subject of shloresis,
it is felt that the presentation of & complete literature review is
not advissble, The review of literature will be limited, thgnron!
tc the factors diresctly comnected with this resesrch, namely, light,
soll temperature and soil molsture,

Light .

Gericke (5), in 1926, observed that the defisiensy or sbsense of
iron hed a more harmful effect on plants growing in bright sunlight
then it had on those growing under shaded conditions, From this observa~
tion, he somsluded that the plast's meed for iron inoreases with the
plant's exposure to light, Gericke thought that this inoreased need
for iren was due to a more rapid rate of growth in the light; for ale
though the plants exposed to bright sunlight were mush smaller than
those grown in the shade, they were more matwre,

Ingalls and Shive (10) found that the pH inoressed im the fluid
extracts of steme and leaves during the day and decreased at night,
They observed that plents having relatively low pH values for tissue
fluide ebsorbed very smell quantities of irom, but the absorbed iren
under conditionme of low pl remeined soluble and hence presumably
was available for shlorophyll formation, In spesies having the
pH of tissww fluilds near or above the presipitation point of irom,
iron tended to acoumulate in the tissues in an inscluble form and as
such oould not be used in the synthesis of ohlorophyll, One inter-
relationship between light and chloresis, therefore, would appsar to be



as followss The pll of the plant tissue fluids inorease as the light
intensity increases, With the inoresse in pil, iron preeipitates in
the plant tissues and becomes unavaileble, and shlorosis develops as a
result of a defisiensy of irom, {

In eddition to affecting the pI! of the plant tiseue fluide, light
seems to play an importent role in the oxidation-reduction system of the
plant, Hopkine and others (9) found that solutioms of irom in the form
of ferrie citrate were reduced to the ferrous form by sunlight, The
effect of light in this reduction seems to be a ocatalytio oue, and
Hopkins conoludes that the state of oxidation of iron is not constant
but vgri.bh with light intensity, permeability of leaf tissues to
1ight, the amount of manganese, the permeability of the tissues te
oxygen and cerbon dioxide end the rate of photosynthesis and respiration,
Although the problem is very complex beoause of the number of unpredio-
table fastors, Hopkine (9) believes that, "Light is of great importance
in influenocing the effeot of iron and manganese on plant growth, and
that its main role consiste of its control of the oxidation potentisl,”
Temperature

At the present time little information is available sonseraing the
influense of temperature on shlorosis, It has, however, long been X
common knowledge that ohlorosis is often most severe in the early sprinmg,
espesially after a sudden temperature desrease, Jones (11) notised that
the leaves of gardenia plants growing in the greemhouse in winter became
ohlorotiec when the gardenia pots were plased in the cooler seotions of
the greenhouse, 7hen these shlorotis gardenias were placed near the
steam pipes, the leaves soon regained their healthy green color, Further
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investigations by Jones showed that the temperature of the soil is a
definite factor in indueing ohlorosis,

Chlorosis seems to cosur under high soil temperatures as well as
under low soil temperatures, ¥Wann (27) found that chlorosis of grapes
was most severe during the mideummer period of high light intensity
and high temperatures, The explanation that usually ascompanies this
observation is that the high temperature oxidizes soluble ferrous iren
in the s0il to the ferrio form whish is presipitated in the scil as
hydrated ferrio oxide, Iron thus becomes unavaileble to the plant, and
chloresis results from iron defiocienoy,

Hofler (8) reports that moscording to observations in Austria,
humid springs, followed by sudden summer heat are a fastor in the devel-
opment of chlorosis on the high-lime soils of that region, Hofler oites
the observations of other German and Austrian scientiste that abnormally
o0ld periods early in the year followed by normal or excessively warm
temperatures produce a mgrked chlorosis of plant leaves,

Moisture

The influence of moisture and aeration on iron availebility is
another phase of chlorosis about whish little is knom, Haas (7)
observed that on calcareous soils the most vigorous trees were found
on soil in which the moisture equivalent values either deoreaseld or
remained relatively unchanged with inereasing depth, Under these oon=
ditions the pH of the soil was lower, and the soil aeration was iw.
Gile and Carrero (6) reported that the availability of iron in salsare
eous soils was slightly greater near the optimum moisture sontent of the
soil than et higher water levels, but it remained for Burgess and Pohlman

(2) in Arizona to show that the method of irrigation is associated with



shloreosis, They were able to show that the eommon praetice on irrigated
land of maintaining soil moisture slose to the field capacity level much
of the time is one of the prinsipal sauses of shlorosis, These Mhm\
investigators demonstrated that by permitting the soil to approash the
wilting point before irrigation and then applying a heavy irrigatiom :
of five or six inches of water, the shlorotic condition sould be
markedly reduced, In spite of the fast thet this work has been dupli~
sated by others, there iz much ocontroversy over the reason for the re-

sults obtained, The principal bemefits from this comtrolled irrigation \
were attributed to the improvement of soil seration and promotion of a /'1
more favorsble pfl, lost investigators are in agreement that the lower-
ing of the oxygen pressure of the eoil promotes the redustion of ferrie
iron to ferrous and inoresses soil alkalinity, On the other hand, ine
sreasing the oxygen pressure creates aerchio ?enditiono whish tend te
oxidize ferrous iron to ferrio iron, However, these merobic conditions
tend to reduce soil pH, and all in all oconditions for plant growth are
greatly improved,

Reuther and Crawford (19) observed that in sumer practisally me
shloresis osourred on eny plots regardless of gohtm treatments, but
that during the winter months and early spring, chlorosis increased
markedly on the wet plots and enly slightly on the normel moisture
plots, Bmg. the trees grown on wet plots made more growth and hed
larger leaves and more dry weight then the trees grown on the dry plots,
Further investigations By Routher and Crawlord (20) showed that ohloro-
sis wes most severe in the winter when the oxygen consentration was
highest, They also noted that over-irrigstion inoreased chlorosis,



From their studies they soncluded that, "There is an inverse relation
between the moisture ocontent of irrigated salcareous soils and the
congentration of oxygen in the soil stmosphere, and a direct relation
to the carbon dioxide sonoentration,” From their work and the findings
of Whitney and Gardner (28) they suggest that the hypothesis that a
oaloareous scil besomes more alkaline as the moisture content ie in-
oreased may not be trues and should be studied further,

o



GENERAL FPROCEDURE

The general procedure was te grew been plants in & highelime soil
plaged in deep pots submerged in water baths thermostatisally sentrelled
at desired temperatures, Provisions were also made for regulating light
conditions on the plants and moisture availability in the seil, Diegran
1 shows the experimental design used in the greembouse experiments, The
design of the outdoor experiment ie shown in diagram 2,

The soil selested was a highly saloarecus soil in whioh a wide
variety of plants besame shlorotis, The soil was from the eite of
dlogn“ field studies losated east of Fifth East Street in Logan,
Utah, between Seventh and Eighth Eorth Streets, The soile was brought
in moist from the fiesld, mixed, fortilised with 16+20-0 fertiliser and
placed in 15-inoh deep irom pots, Those pots hed previously been treated
with Eodakoat paint, Care was teken to prevemt the soil from drying
during the potting operations,

Each water bath was thermpstatisally sontrolled and maintained
within approximately + 2° C, of the expsrimental temperature, Tempera~
tures were selested at various points over the range of 14 to 3€° ¢,

* The soil desoription was as Pollows: CaCOs, 33%; moisture equivalent,
29%; pli, 7.8; orgenis metter, 4,7%; readily available potassium, 425
PePeMse avetate soluble phosphorus, 46 p.p.m,

*= Color 2837 2967 5138 8342 S660 4076 4359 4660 4960
Rlue () Fi g 1 13 L.57] 51 1) 5] k1)
Red 0 o 0 1 Q0 [+] 0 4] 0

Coler 5461 6700 6234 6600 6900
Blue - s G R
Red 0 &5 T 8 8y

visible Light Rays « 4078 - 6800
Fitraviolet Light Hays - Below 4078
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The higher temperatured baths were heated by glass encased heaters,
composed of 26 feet of coiled ohrome wire of ,664 chms per foot resis~
tance, The water in the baths was agitated by electric pumps in the
heated tanks and by a steady flow of cooling water in the umheated tanks,
The water baths in the greenhouse were stirred by means of steel bddlu.
powered by an eleotric motor and a system of pulleys,

Bean plants of the Great Northern variety were used as test plants,
The seeds were germinated in peat mos8s and then transplanted to the soil
in the pots--five plants being left in eash pot,

Different light and moisture oconditiomns were provided for the
plants in eash bath, The light conditions employed in the greenhouse
inoluded normsl daylight and mormal daylight plus 7 hours of artifiocial
illumination, The light conditions employed in the outeide experiments
inoluded full summer sunlight, and sunlight through red and blue plastios
of kmown light transmission values,®® The colored, reenforced plastis
material was made by the Dobedkum Company of Cleveland, Chio,

Soil moisture in the greenhouse experiments was controlled through
the use of soil tensiometers and Bowyousos blosks, In the outdoor ex-
periments moisture was controlled by weighing the pots at frequent
intervals, The moisture levels used in the greenhouse inoluded irrigation
with maximmm s>il moisture tensions of TH, 100, 250, 600-700 sentimeters
of water and near the wilting point,

Observations on degree of growth and shlorosis of the plants were
made at weekly iatamlct Upon the completion of each experiment, the
plant tops were harvested, and the stem length and terminal leaf meas-
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urements were resorded, The leaves were then separsted from the stems,

and both stems and leaves were washed in ,01 N HOL end distilled water,

The tops were dried in a drying oven for 48-72 hours at 65-76° F, After
the dry weighte were recorded, the plant material was growmd in a poree-
lain mortar and pestle, Separate chemisal analyses were then sconducted

on leaves, stems and, in one case, roots,

Two-gram samples of ground plant material were digested with a one
to one nitrie-pershloric asid mixture, evaporated until solorless and
diluted to a final volume of 200 o8, From these basio solutions ali-
quots were taken end analysed solorimetrisally for the following: manga=-
ness by the periodate method (4); phosphorus by the redustion of phospho-
molybdate with amidol aesording to the procedure of Allem (1); potassium
and oaloium by the prosedure reported by Reitemeyer (18); irom by the
1-10 orthophenanthrolene procedurs as discussed by Smith (22), an 4, C,
Fisher type colorimeter was used for the determinations,

wl@e



EXPERIMZNTAL
Experiment I ?

In January of 1847, a preliminary greenhouse experiment was under~
taken to study the influence of soil temperature and light duration on
the growth and chlerosis of beans,

Five oonerete tanks looated im the botany greenhouse were wired
with heaters and thermostats, The five tanks were divided in helf by
e black ourtain, which prevented eny light trdnsmission, Immediately
above each tark and on the west eide, = 500 watt bulb was mounted to
provide extra illuminstion, Eight soil pots were placed in eash bath,
four pots reseiving normel winter daylight with the other four pots re-
ceiving normel winter daylight plus 7 l_:wg of)xtrt 1llwsination, The
temperatures used were as followss 15, 20, 25, 80 and 35 degrees Conti-
grade,

The heaters and stirring apparatus were started several days prior
to the astual planting of the bean plants in order to permit the soil
in the pots to adjust to the designated temperaturs. On January 16, _
bean seedlings were plmdl in the soil pots, four plants to eash pot,
and on Jenuvary 22 the light variable was introduced, The plants were
watered as needed with tap water,

Observations were first resorded om February 1, The plants re-
ceiving sdditional light were making the most rapid growth and in genersl
wore lighter in celor than the plants reseiving less light, Growth ap-
peared greatest in the 26 and 30 degree tanks followed by the 38, 20
end 15 degres teanks in that order, Chlorosis was most notisesble in the

35 degree pots,
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On February 21 the plants were harvested, and final observations
were taken, The plant tops were then washed and dried seocording to the
previously deseribed prosedure, The roots were removed from the soil,
washed and dried in the oven, The average values for plant ehlorosis,
dry weight of tops and roots, are shown in table 1,

At the time of harvest, the 35 degree plants were the most shlore-
tie, followed by the 30, the 15, 20 aend 25 degree plants, There was no
signifisant difference between the length &f day and the degree of

shloresis for any temperature,

The plants grown in inoreased light produced considerably more dry
weight than the plants reseiving only mormal winter deylight, The
greatest dry weight was prodused in the intermediate temperatures, and
growth was greatly reduced in both temperature extremes (table 1), The
offect of length of day end temperature on the dry weight of bean tops
is shown graphieally in figure 1,

The root weighte followed the uu‘md trend in the inoreased
light, but under normal winter daylight, the most extensive root system
was prodused under the lowest temperatures and the most reduced root B
systom under the highest temperature (figure 2), There was a possibility,
howsver, that some roots may have been lost during the harvest,

4 soparate chemiocal analysis was condusted on the plant tops and
roots for totel iren, phosphorus, manganese, ocaloium and potessium,

The averages for the results obtained are given in table 2,

The total iren content of the bean plants sould not be scorrelated

with the degree of chlorosis nor with temperature, The analysis did

=14~



Table 1, Relationships between soil temperature and light, end
the growth and degree of chlorosis of besn plants

sChlorosis Av, dry Av, dry
Treatment reting woight woight
bean tope bean roots
ems, gms,
Sodl 16° ¢
short day 1.5 2,97 0,714
Long day 2.® 5,96 0,808
Seil 20° ¢
Short day 1.6 4,08 0,584
Long day 1,3 6,87 1,187
soil 25° ¢
Short day 0,9 5,18 0,547
Long day 0.8 8,42 1,226
soil 30° ¢
Short day 1.9 4.42 0,504
Long day 1,0 T.42 0,998
- Soil 36° ¢
Short day 3,6 3,852 0,262
Long day 3,1 3,46 0,562

e
==

* O indicates no shlorosisy 1, slight yellowings 2, general yellow-
ing of leaves; 3, leaves bright yellow coler; 4, leaves bright
yellow with some neorosis,

-15-
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Table 2, The iron, mangsnese, phosphorus, ssloium and potassium (
sontent of bean tops and roots as related to light and

temperature

(analyses are reported on a dry weight basis)

Bean tops
Treatment Chlorosis Fe Mn | 4 Ca K
rating
PePe™s  PoPem, % % %
Soil 18° ¢
Short day 1,5 639 71,86 0.22 2,08 5,18
Long dey 0.8 215 69,7 0,23 2,20 6,75
Sodl 20° C |
Short day 1.6 282 88,6 0,28 2.6 5,99
iong day 1,3 207 72,3 0,27 2,08 6,16
soil 25° ¢
short day 0.9 375 74,6 0,29 2,33 6,72
Leng dey 0.8 222 82,0 0,30 2,47 8,97
Sedl 30° ¢
Short day 1.9 387 69,1 0,32 2,39 5,84
Long day 1,0 214 69,8 0.29 2,28 5,79
Soil 35° ¢ !
Short day 3,8 613 60,0 0.29 2,68 6,20
Long day 3.1 283 63,3 0.26 2,68 6,20
Bean roots
Soil 15° ¢
Short day 1,5 2484 : 0,16 1,61 -
Long day 0,8 2260 0.14 1,19 1,74
Sofl 20° ¢
Short day 1.6 2968 0,18 1,60 0,52
Long day 1.3 1748 0.15 2,28 0,81
Soil 26° ¢
Short day 0,9 1395 0,16 1,48 1,88
Long day 0.9 1908 0.14 2,09 0,78
Soil 30° ¢
Short dey 1,2 2363 0,19 1,66 -
Long day 1.0 3188 0,18 1,67 -
S04l 385° ¢
Short day 3,8 1935 0.13 1,50 -
Long day 3.1 2850 0,17 1,42

*Y 7



show, however, an extremely large iron accumulation in the roots of
the plants, The iron content of roots was from 4 to 10 times greater
than the iron content of the tops,

The phosphorus content of the plants showed a more consistent
relationship with all treatments containing approximately the seme gone
tent of phesphorus, This amount seemed more than adequate for optimum
growth; therefore, any variations in yield were in all probability not
oaused by a lack of phosphorus,

The ocaloium sontent of both tops and roots veried little with
either changes of temwperature or light, The potassium content in the
bean plents veried considerably with temperature, with the maximum
actumulation oesurring in the 25 degree temperature in tops and the 30
degree temperature in the roots, These results, however, did not follow
any regular pattern aud there was no indication of the high potassium
to caloium ratio often reported in chlorotic leaves, These results do
not disprove the existance of such a ratio inasmush as the analysis was
based on the whole plant and thersfore imoluded both ohlorotic and
normal tissue, y

Taken as a whole, the data did not show any consistant difference
between the length of day and the nutrient uptake of bean plants, nor
did differences of temperature seem to influemsde the sontent of plant
nutrisnts, In general the rcots were lower in caloium, potassium snd
phosphorous than the tops, but the roots ocontained much mere total iron
than the tops (table 2),

18-



Experiment 11,
_In the summer of 1947 a study involving the effect of soil tempera~

ture, light intensity and light quality on high-lime chlorosis was under-
taken, Five conorete tanks, located north of the sgromomy greenmhouses,
were wired for heaters and solenoid velves to sontrol temperature, The
water was agiteted by eleotrio pumps in the heated baths and by a con~
stant flow of 20ld water in the unheated baths,

Esch bath was divided inte three parts to provide different light
conditions, The south seotion was left exposed to the full rays of
sunlight, Above the northeastern section of eash tank a blue plastie
shelter was erected, and above the northwestern eestion of eash tank a
red plastioc shelter was comstructed, These shelters were 2 1/2 by
2 1/2 by 4 feot and were ventilated at the top and bottem by a slanted
opening, These openings were construsted so that direst sun rays sould
not be refleoted inside the shelters, The red and blue shelters were
separated by a layer of the red and blue material whish prevented any
apprecieble passage of light from one shelter to the other,

Three deep pots containing the high-lime soil were suspended in
the water bath under eash light treatment, The same temperatures that
were used in the greenhouse were employed in the outdoor trestment, These
temperatures were 15, 20, 25, 30 end 35 degrees sentigrade,

Since & possibility existed that some of the chlerosis observed in
the greenhouse experiment was saused by excessive molsture, moisture was
sontrolled as accurately ae possidle by weighing the pote at weekly
intervals, Soils were brought to fisld capascity once a week, and small

quantities of water were added as ded betw these periods,

«]lfe



- -

On August 9, the soil was brought in from the field, mixed and
fertilized and potted August 11, The temperature sontrols were started
on August 1?. On August 16, 7 bean seedlings were planted in eash of
the 456 pots, and on August 20 the stirring apparatus was etarted, fthe
plastio shelters were installed on August 29,

Observations rosorded on September 6 indicated that growth was
most repid in the red light, intermediate in the dlue light and least
repid ia full sunlight, Omly the 16-degree plants showed any marked
ohlorosis; however, all the plants at that temperature were chloretis,

The plants were harvested October 2, and final observations were
taken, Chlorosis seemed to be moet severe in the 15 degree tempera~
tures with some ohlorosis in evidense in the 35 degree temperatures,
The plants growing in red light in the go and 30 degree temperatures
showed a slight yellowing of the leaves, but all other plants were
normal in color, From the evidence available at the time of harvest,
chlorosis sppears to be wore influenced by temperature variations than
by light quality or light intensity, V.

Because of the marked differences in stem length, leaf size and
yield, these parte of the plant were measured sepsrately, Then the
leaves were separated from the stems, washed sssording to the regular
procedure end dried in the oven, m}. 8 shows the degree of chlorosis,
the average terminal leaf measurement, the average length of stems and
the average dry weight of the plants, These date are shown graphically
in figures 3 and 4,



Table 3, Relationships betwsen soil temperature and light, and
the growth and degree of chlorosis of bean plents

Treatment rating measurement length woight
length width

(mm,)  (mem,) (mm, ) (gms.)

Seil 15° ¢
Red 1light 2 n 48 182 0,778
Blue light 1 52 36 162 0,389
Sunlight ] 52 33 119 0,760
1,922

Soil 20° ¢
Red light 1 78 57 368 1,828
Blue light [} 66 48 272 1,068
Sunlight o 81 37 162 1,748
4,145

Soil 28° ¢
Red light 0 ] 88 442 1,674
Blue light 0 63 47 285 0.989
Ssunlight 0 87 42 198 2,427
5,040

soil 30° ¢
Red light DS 70 85 334 1,611
Blue light 0 84 47 261 0,864
Sunlight 5} 59 45 163 2,250
4,625

Soil 38° ¢
Red light 2 70 63 250 1,162
Blue light 1 67 41 228 0,719
Sunlight 0=~1 57 42 168 2,088
3,904

E——a s T

* 0 indicated no chlorosis; 1, slight yellowing; 2, general
yellowing of leaves; 3, leaves bright yellow solor; 4, leaves
bright yellow with some necrosis,
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The greatest dry weight was produced in full sunlight, followed
by the red light and blue light, The longest stems were prodused under
red light, blue light and full sunlight in thet order, Red light pro-
duced far larger leaves than either the blue light or full sunlight,
(Pigwre 5), ; 3 i

Table 4 shows the oaloium, potassium, phosphorus, manganese and
total iron contemt of the leaves for this experiment, mdp‘dom
show any econsistent correlation with the degree of shlorosis, but they
do show several interesting trends, The phosphorus asoumlation in the
leaves varied little with light treatments, but when the ﬂnlphﬂ:!l
content for all light treatments was plotted against temperature, a
persbolis surve resulted with the maximum at 26 degrees, The caleium
oontent, on the other hand, showed no variation with either light or
temperature treatments, In general the potessium acoumulation was high-
mhthudomo’lnund-y oonsistently lower in the higher
temporatures, As in Experiment I, the manganese gontent of leaves wae
extremely variable showing no consistent pattern with either light or
temperature differences, The total iron content of the bean leaves was
alse variable with greater differences often oocurring between replica-
tions than between treatmente; however, the plants growing in the inter-
mediate temperatures, 20 end 25 degrees, showed the least iron acoumula-
tion, :

A complete stem and root analysis was not undertaken, but the total
iron content of a few stem samples was determined to see if iron had any
tendenoy to acoumulate in the stem tissuee, The smalysis showed very
little iron to be present in the stems of bean plants,
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Table 4, The iron, mangenese, phosphorus, calsium and potassium
asontent of bean tops as related to light and soil
temperature sonditions

(analyses are reported on a dry weight basis)

L S S T S i

Treatment *Chlorosis Av, Av, Av, AV, Av,
rating Fe Hn r Ca K
PePolls,  DoPolts % % %
Sedl 15° ¢
Red light H 189 e o4 ——— -
Plus light 1 204 e «20 2,81 4,78
Sunlight 3 168 224 19 3,49 5,28
Seil 20° ¢
Red light 1 187 208 «22 3,10 2,88
Blue light 0 184 187 o268 3,07 3,56
Sunlight 0 140 17 o1 2,719 2.5¢
‘u "'
Seil 35° ¢
Red light 0 184 129 o8 3,08 2.56
Blus light 0 iu i:: .g t.:: :.u
Sunlight 0 42 2. -28
7 -~
Sodl 50° ¢
Red Mght 5 21 117 19 2.7 2,08
Blue light 0 305 158 .22 2,76 2,40
Sunlight 0 185 10¢ .;l‘l’ 2,94 2.87
Soil 36° ¢
Red light 2 818 169 14 3,28 1,74
Blue light 1 339 179 «18 5,62 2,67
Sunlight o5 142 167 «20 3,38 2,08
T .

* O indisates mo shlorosis; 1, slight yellowing; 2, gemeral yellowing
of leaves; 3, x.:m bright yellow soler; 4, leaves bright yellow
with some nesros%e
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B:Erlmi 111
A greenhouse experiment was next designed which would inolude

light, soil temperature snd soil moisture variations with two replioa-
tions, One additional ooncrete tank was added to the gemeral plan of
Bxperiment I making a total of six experimental Wnﬁm baths,
The temperature variables were redused to three--17, 256, and 33 deprees
sentigrade~-while the light varisbles were left unchanged; the long day
and short day sonditions used in the original design were retained,
The new variable, moisture, was introdused in en effort to determine the
relative importanse of the variocus olimatie factors in induoing irem
shloresis, Four moisture levels were superimposed on the termperature and
light trestments, These meisture levels imclude irrigation when the ten-
sion on the tensiometers reached a maximum of 100, 250, and 600 centi-
motere of water, The fourth moisture level was permitted to approash
the wilting point before irrigation was applied. This point wes found
to be approximately 18,000 ohms resistanse to electrisal surrent passage
through a Bouyousos blosk, The Bouyousos bridge was used to measure
this rosistance,

Fresh ui} from the same source used in the first experiments
was brought in, treated as before, and potted November 30, The young
seedlings were planted Desember 7, These plents were harvested pre-
maturely besauvse of severe fumigation damage end & breakdown of the stire
ring apparatus used in maintaining constent temperature,

Kew seedlings were plented on December 20 and cbservations were re-
sorded at weekly intervals, By January 18, it was evident that light

g6



was the limiting fastor in growth, but little differense could be found
in the ampunt of chlorosis prodused by either a long day or a short day,
Tranes of yellowing were showing on the high moisture treatments in the
low temperature bath (17 degrees), The most significant solor differenve,
however, was ossurring in the soils that were permitted to reash the
wilting point befere irrigation, All of the plants under this low mois-
ture level, regardless of temperature, wersc showing a very dark, healthy
green oolor in tht_hml.

By January 26, the difference between the extremsly dry treatmente
was very significant, The intermediate dry treatments, 600 sentinsters
of water, were a significantly lighter eolor, but showed mo sign of
shloresis, The intermediate wot and wet treatments showed considerable
chlorosie in the 17 degree bathe and slight chloresis in the 26 degree
baths, These differences in degree of mottling ssemed to be the same
in both the long and chort day light treatments, but growth rates were
groatly imereased by the extra illumination of the long day.

On Pebruary 6, the plants were removed from the tanks and the final
observations resorded, Some ohlorcsis was apperent in all the 17 degree
trestments exoept those in whioh the plants were subjected to extreme
drought, The plants vnder this low moisture condition had e dark green
golor, The most extreme yellowing ocsured in the low light, high meise
ture treatments, This observation would at first glance indicate that
shlorosis is increased by reduced light ss well as by high molsture and
low temperature, However, this observation does not hold for the other
temperatures, snd a better explanation would seem to be that these plants,
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because of their redused growth, had a lower transpiration rate and
thus remaived wet for longer periods than the plants growing under the
long day,

The degree of shlorvsis seemed to be most severe under high mois-
ture and low temperature with some shlorosis cosurring under high mois~
ture and high temperature, Only traces of chlorosis were evident in
any treatment under the Z6 degree temperatures, lo plants became
shlerotis under scnditions of oextremely low moisture under any light
or temperature treatment, but the plants subjested to moisture tensions
of 600 om, of water were a -wrtmgy lighter green, The lighter
coler noticed in these plants, however, did not show any symptoms of
lime-induced ohlorosis, i

After the final observations were recorded, the plants wore hare
vested soserding to the prosedure used in Experimemt II, Table 6 shows
the data for the degree of ohlorosis, length of stems and totel dry
weight of plant tops for the experimsntal conditions, The yleld data 3
are shown graphieally in figures 6 and 7, From the ourves in figure 6,
it is evident that the greatest stem elongation cosurred under the long
day and at a soll temperature of 25 degrees, followed by the long day
and 83 degree soil temperature, In M*m greatest ohugnﬂu
ogourred at the intermediate moisture level, 250 em, of water, and the
least elongation of stems was prodused by the extremely low moistwure
levels, Figure € indisates that light wes the limiting fastor in stem
elongation under the short day light treatment,

The dry weight swrve, figure 7, followed the same trond as the
ourve for stem length with the exception that under the long day treat-
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N ' ot

Table ;f mrnnuon,mrneu tght, temperatre, s AP f»y*” and

Aentt of £ Crvata (7 e /bt/ SE ,«—Cx,
¢

¥ax, woisture Light *Chlorosis AV,
tension sonditions rating longth

om, of HeO o, Eme o

Soil 17° ¢ ' |\
100 long day 1.00 93 1,808
250 . 0,50 78 x.sc:
600 e 0,80 % 1,682
wilting point S dark green 42 0,980
100 short day 8,50 5 0,985 |
250 gt 0,76 3 0,528
800 Ao 1,00 : 0,804
wilting peint xR dark green lp 0,689

seil 88° ¢ A |
100 long day 0,78 128 2,637
250 A 1.00 188 .Aﬂ.,
600 R 0,00 108 1,780
wilting point LA dark green 78 1,098
100 short day 0,76 85 1.242
260 o7, 0.25 48 838
600 . " 0,60 n z
wilting point PN dark green 0,630

Soil 33° ¢ | i
100 long day 1,60 08 1.25
250 - 28 0,26 29 1.981
800 L 0.00 78 0.
wilting point LS dark green 85 0.628
100 short day 1,50 54 1,180
260 W 1,80 B2 R
600 ¢ 0.80 : 1}
wilting point * dark green O

* 0 indisates no shloresisy 1, slight yellowing; 2, general yellow-
ing of leaves; 3, leaves bright yellow solor; 4, leaves bright
yellow with some neorosis,
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ment, more total dry weight was produ&d under the 17 degree soil
temperature than under the 35 degree soil temperature,

The leaf samples were ground and digested socording to the proce-
dure desoribed on page 12, The samples were then analyzed chomisally
for calsium, potassium, total iron, phosphorus and manganese, These
data are reported in table @,

The caloium sontent of the leaves remained virtually constant
regardlees of temperature or light variatioms, This seme pattern was
observed in Experiments I and II, Potassium as before, was extremely
variable with variatione between replisations often greater than varie
ations between treatments, Ae in the other expsriments, there was no
indisation of a low galoium to potassium ratio, The phosphorus semtent
of the besn leaves followed the same parabolio ourve deserided in Bxe
periment II indicating that phosphorus is affected more by temperature
ohanges than by moisture or light differences, Ia all experiments,
the maximm phosphorus assumuletion odourred at 25 degrees, The total
irom content of the bean leaves varied oconsiderably with both temperature
and moisture but little with light conditioms, In general the md_h‘-
oentent was significantly greater in tho low tempersture, 17 degrees,
for all variations of light and meisture, In the long-day treatment
&--&al—tggnmmhunmgomwnmu‘mutmm
level, but in the short-day treatment, the minimm iron sscumulation oo-
ourred at the highest temperatwre, As in the othsr sxperiments, the
manganese content was extremsly varisble, dut the lowest manganese consen-
tration seemed to ossur at the 23 degres Semperature for all treatmsnts,
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Table 6, The potessium, caloium, phosphorus, irom and manganese
sontent of bean tops ss related to light, temperature end
soil moisture conditions

{analyses are reported on a dry weight basis)

B e e e e e e e e 3
¥ax, moisture light sChlorosis Av, AV, AV, 4v, AV,

tension sonditions rating K Ca P Pe ¥a,
om, of Hso 4 % % PoPeRe PoPetle
Sedl 170 ¢

100 long day 1,00 6,37 2,89 .22 167 129
260 . = 0,80 6,75 2,70 20 240 92
600 . 0,50 4,15 2,42 19 176 117
wilting pt, ® 0 derk g, 4,29 2,56 .21 205 104
100 short day 3,50 5,05 2,08 .20 238 117
260 . . 0,76 6,61 23,87 .24 266 129
600 L 1,00 4,75 2,20 ,18 199 48
wilting pt, *= &  dark gr, 6,32 2,06 .27 02 67
Soil 25° ¢

100 long day 0,78 5,37 2,156 46 140 92
260 ® . 1,00 8,17 2,08 36 146 67
600 L 0,00 8,37 2,27 .33 168 79
wilting pt, " % dark gr, 6,00 2,42 32 109 88
100 short day 0,78 4,90 2,20 37 168 48
250 L 0,28 8,29 2,37 .32 198 45
600 ® . 0,50 6,16 2,44 31 175 86
wilting pt, " % dark gr, 6,16 2,22 .28 170 38
Soil 339 ¢

100 leng dey 1,50 6,68 2,52 .28 168 107
260 v = 0,28 8,56 2,81 .31 138 67
600 " s 0,00 5,75 2,66 .28 146 45
wilting pt, " ®  dark gr, 6,68 3,12 .26 170 o3
100 short day 1,60 5,07 2,78 81 148 78
260 e 1,50 6,59 3,02 .27 120 128
800 L 0,50 4,44 2,75 .28 146 98
wilting pt, * " dark gr, 6,68 2,28 ,31 87 133

* 0 indisstes mo shlorosis; 1, slight yellewing; 2, general yellowing
of leasves; 3, leaves bright yellow solor; 4, leaves bright yellew
with some neorosis,
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Experiment IV
Experiment IV wae designed primarily to ﬁrify the results ob-

tained in Experiment III, A second purpose of the experiment was to
try to determine whether the great differense in coler between the ex-
treme dry and the intermediate dry treatments was due to a nitrogen
defisienay or to other sauses,

The experimental design wae modified to include tensiometers in
the extreme dry treatments, The purpose of these additional tensio-
meters was to give a more assurate moisture reading when the dry pots
were irrigeted, This is advantagoous hesause the Bouyousos blecks are not
very effestive at high-moisturs levels, The temperstuwres were modified
slightly ix en stiempt to exaggerste the ehler”}- symptonms, The
tesperatures for this experiment sonsisted of 15, 20 and 34 degrees
sentigrade, The same soil used in Experiment ITI was used in this m:
periment, and the pots were undisturbed exsept for a 600 pound per aere
eddition of Uramon (48-0-0) fertilizer, ZHaoh soil was given the same
moisture and Yemperature treatment whioh it received in the previecus
experiment, but the pots were again randomiged within temperature baths,

Great Northern bean seedlings wers planted om March 2 and were
given several days to become established, Temperature sontrols were
started on March 8, and on Marsh 10 the light and moisture sontrols were
established, The delay in starting the moisture conirels was used to
permit the young plants in the extremsly dry treatments to hegome better
established before subjecting them to extreme drought,
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From the start, growth was hindered by a root rot disease which
had besome established in the seoil of some of the pots, Transplanting
new plamts into these diseased soils was not suscessful,

The cbeervations teken April 3 showed s moderate chloresis in the
15 degree~high-moisture (100 om,) treatment, Flante in the dry soil
held et 16 degrees were a dark green solor, Flants under the 16 degree
high-moisture, short-day treatment showed extreme yellewing, with a few
leaves appesring nearly white, The plants growing under the 26 and 34
degree temperatures all showed normal green growth, There was no indi-
cation of the lighter green ocolor motised im the 600 sentimeters of
wator tension plante in the previous experiment, indicating that perhaps
the coler difference had been due to a lack of nitrogen, Growth was ex-
tremaly veriable besause of the root rot disease; however, growth of
unaffeoted plants seemed to vary but little with meisture,

On April 11, the conditions remained unchanged at the 15 degree
tomperature level under the lengeday; but under the short-day, the high-
moisture treatment showed signe of resovery, The lower, older leaves
retained the severe shlorosis symptomsj but the youmger, upper leaves
appeared normal in color, The high-moisture treatment under the lomg-
dey showed slight chlorosis symptoms, but all plants under both lengths
of day were normal in color,

The plants growing under the short-day light trestment were approache
ing maturity et e faster rate then those growing under the added light,
The rate of growth appeared greatest st 25 degrees for all light cendie
tions, followed by the 15 degree tempsrature under the shorteday,
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On April 16 final observations were resorded, and the plants
were harvested, On this date all of the shlorotio plants showed either
osomplete recovery or definite signs of improvement om the young leaves,
The growth was extremely variable, but in general the lomgest stems
osourred under the wetter treatments in the 25 degree temperature, The
results from this experiment indicated that some fastor other than
temperature or moisture was ocsusing the improvement of the ohloretis
plants, The most probable explanation for the improvement would seem to
be either an increased light intemsity or an inereased air temperature,



DISCUSSIOR

The experiments show that the sombination of a high soil moisture
wwwv(itl

level and a low soil temperature are WWQ sonditions most sone
dusive to the cssurrence of lime chlorosis, mﬂmny. intensity
wor duration of light appear tZ be of major significence in the cacsur-
rense of the dtm-g however, duration light wes the only light
sondition tested ihrnouuuy to draw definite sonslusions, The study
of light intensity was limited to ome experiment, and since that experi-

ment was sondusted rather late in the summer season, it is doubtful that

the effests of full l;mor light mswo cbtained EE;& E\aluy

doesm ot seemSte upu of shloresis,

High soil moisture levels seem to be the most significant fector
in lime chlorosis, but low soll temperatures also induce the sondition,

The data are in agreement with the field observatione of Reuther
end Crawford (19, 20), Thorme (24), Gile and Carrero (6), and Burgess
and Pohlman (2),

_The results tend to contradiot the findings of Ingalls and Shive
(10), %emsi=t@7), Ceriske (5), and Hopkins (9), These investigators
site evidense to show that light intensity mey be the most significant
of the slimatio factors, Geriske, however, stated that the greater
ossurrence of chlorosis in plants growing under ug‘h- light intensity
my be gaulod by the inoreased rate of growth under those sonditions,
Geriske, therefore, believed that the plants exposed to high light
intensity outgrew thl'ir iron supply faster than the plants growing under



shaded sonditions, Hopkins' work was done in Porto Riso where shloro-

sis mtohuudby&h&;hnthofmntairminﬁn
There is little evidense to show that the iron-manganese ratio is

B ey

soil,
a cause of chlerosis in Utah,
data thet the iron requirement for plants varies with the light intensity, .

Ingalls and Shive sonoluded from their

They were working with osultuwre solutioms,
nsng only the shemioal mzubnuw of irem,

ol Ee Aglerne S

ohlorosis in the irrigated regioms of the west sould be alleviated by
In some poorly drained sections N5

Ao oy

the proper use of irrigation water,
affosted by the disease, drainage, if esonomieally feasible, should help *
by removing exscess water in the spring of the year, Thiswmmoval of water §
would, in turn, improve the situatien by permitting e faster insrease im .
The most satisfastory irrigation prastice seems to be :;
gy s wiings AN e s o s
In uldstua to the ohloros{s cbwervations, the caprtmti produced
some interesting growth reletionships, These results on yield and
elongation of plants verify the observetions of several plant physiolo-

gists as susmarized by Niller (16), Hiller states that in gemeral the

of p with the dmtm of light M
EZ R R Y e e
tensity also follow the pattern of earlier investigations, From Neyer

and Anderson's (15) disouselon of light quality and intensity, it appears

that the outdoor experimental results follow the gemeral pettern of light
Heyer and Anderson

/erz,:w 3
e ’Qv v

-

hp ks, Sl

soil temperature,

Y

Gonrf

intensity more slosely than they do light quality,
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summarise several repoerts whish indisate that the total dry weight and
thickness of stem and leaf, all insrease with an inersase in light
intensity, Maximum height of plants snd maximum leaf ares, however,
ossur at light intensities somsiderably below those of full summer sun-
light,

The sontredistory reports in the literature as well as the incom-
sistonoies in the present series of experiments indioate the somplexity
of the problem, Soil taken from shlorotic locations often grow normal
plants when mixed end plased in pots, On several osnasions, the same
pot was found to contain both normal and schlorotis plants, PFurthermere,
the shemical analysis showed no gomltuan between the degree of
chlorosis and m%m&wﬁyﬁuu-m with the dise~
ease, —serios fellowsd the same chlordwis
éﬁnmmmm-wrwm two weeks_be=
fore the harvest; then for mo apparent resson the plants began showing
signs-of recsovery.-Jinse-the soil moisture snd temperature levels re~

The diserepancy between the first experiment and the later studies

san perhaps be mhtm. In the firset experiment, echlorosis was most
severe under conditions of high temperature than under low soil tempera~
tures, There was s tendenoy for the soil at the high temperature te dry
out rapidly at the surface, Sinco no mesns for measuring the moisture
oontent was included in the experimental design, these pots were in some
sases over-irrigated and partially waterlogged at the bottom, In the
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later experiments moisture was controlled through the use of tensio-
meters and Pouyousos blocks, Under these controlled sonditions, shlerosis

was more severe at the low soll temperatures than at the high,

In the event edditional experiments similar to those reported are
condusted, several suggestions may prove helpful, Sinece the movement
of the soil from its original location seems to reduse the tendency of
the soil to produse ohlorotis plants, it might be profitable to sample
the soil in horizons and to imclude the same general layering of soil
in the pots that was present in the field, Orowing & preliminary erop
in the pots may help the soil regain its eriginel strusture,

An outdoor experiment involving the imtemsity eof 1light should be
sondusted using fewer temperatures end more replisalions, An attempt
should be made to reduse the variability of 1ight intemeity by using
cheosesloth shades over part of the plants exposed to full sumlight,
Various moisture levels should also be inoluded in the design,



CONCLUSION

A high-soil moisture level together with lowe-soil temperature
is the condition most condusive to the development of high-lime
shlorosis, Neither quality, intensity mor duration of light seem of
major importance in the osourrence of the dissase, The order of im-
portance of the individual olimatio factors appears te bes (1) a
high-soil moisture level, (2) & low-soil temperature, (3) a high-soil
temperature, (4) light,
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SUMMARY

1, The effest of Mrwuima on % high-1ime chlorecsis is an
aspeot of the problem which has received little attention, The ine
vestigation was designed to study the importance of the slimstiv f"VZ"’- [;
conditionsr light, soil temperature and soil moisture on o lime-
induced shlorosis,

2, Bean plants were grown in a high-lime soil placed in 16 inche-deep
-4¥% poets, The pots were suspended in water baths at various come
stant temperatures ranging from 15 teo 35 degrees centigrade, Light
variations used insluded: full suwmmer sunlight, full summer mll};ht
through red and blue plastics of known light transmission values,
normal winter day in the greenhouse, end normal winter dey in the
greenhouse plus 7 hours of artificisl Lllumination, N¥oisture levels
were controlled through the use of tensiomsters m Bouyouses bloaks,
Hn}cturg mg-.tual included irrigation u_. maximum scll tensions of
76, 100, 250, €00-700 sentimeters of water, and near the wilting
point, Records wers made of the degree of chlorosis of plants at
regular intarvals, The yleld of plants and their mineral content
was determined,

8, The results indicate that a high-moisture level together with low
soil temperature is the sondition most conducive to the development
of high=lime shlorosis, Neither quality, lntensity nor duration of
light seem of major importance in the osourrence of the disease,

The order of importance of the 1ndlvi«;iu1 olimatic factors appears
to be: (1) s high soil moisture level, (2) a low soil temperaturs,
(3) = high soil temperature, (4) light,
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S, The data indicate that much of the lime-chlorosis in the irrigated
sootions of the west sould be alleviated by the proper use of irri-
gation water,
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