I. FERTILTZERE AVD COVER CROPE FOR

COLORADO CORCHARDS.
II. THE UTITLIZATION OF CARBCY BY PLANTS,
ITTI. PEAR BLIGHT.

L =RARY we ¥

ne -
STATE AGRICULT'L COLLEGE.

By 7% POKT COLAING. OOLQ\ ~
W,B.lurray
Department of Horticulture
COLORADO AGRTCTLTURAL COLTLTAE

FORT CNLT.INS, COTLORADO
(2] gﬁw

Presented to the Com.ittee on Advanced Degrees
of the Colorado Agricultural College as major
theses in partial fulfillment of the require-
ments tor the degree of master of science.

May 15,1323



ACKNOWLEDGEMENT

The writer wishes to acknowledge his
indebtedness to all the men who have con-
tributed so materially to the success of
the experiment. ©Swvecial thanks are due
Dr. E. P. Sandsten for his many helpful
suggestions and kindest co~operation; to
Dr. W. G. Sackett for his timely criticisms
and deep interest, and to Professor R. A.
HeGinty for his valuable assistance

from time to time.



Avproved by

t

S

Chairman and Professor of Entemology

pa .

Professor of Horticulture

eterinary Pathology

Constituting

COMMITTEE ON ADVANCED DFGREES,



REPORT F COMHMITTEE

ON EXAMINATINHN FOR HIGHER DEGREES

Chairman




37¥. 7€
RO

142z

I. FERTIL.IZERS AND COVER CROPS FOCR
COLORADO CRCHARDS.

42719



FFRTILTZERS AND COV¥R CROPE FCOR COTLORADO ORCHARDS.

Introduction.

The nroblerr of orchard fertility is of vital
interest to the Colorado fruit grower. An extended
survey of the fruit growing regions of the state
indicatss that many orchards are suffering from lasck
of scil fertility and pror soil conditions. This
condition has veen especially ncticestle the last
few years and is apparently becoming worse. Varicus
methcds have besn suggeatz2d to reredy the situation
and it is to be hoped that scme of these mav prove of
valns., Howevaer before atterpting a detailed dis-
cussion of the value of fertilizers and cover crops,

a few introductory remarks are necesczary.

A brief discussion of the amount of +~lant-food
rermoved from the so0il by an acre of bearing ap le
trees will lend some licrt on the nroblem. The actual
amcunt of the three main elements has been arvroximated
chemically by determining the aversce crmresition of
the wned, leaves, and fruit and by arilving these figures
te what nicht be considered good annual yisld: of fruit,

The annual weights are based uuon a vearly rroduction of



one hundred nounds of wcod, leaves and fourteen bushels
of apples per mature tree. A commari=en of to521 food
draft tco a twenty-five bushel cror of wheat brings out
the ‘fact that an acre of apples removes more nitrogen
and potash and only slightly less phospheoric acid.

The fellowing table (1), indicates the relative
plant draft:

THE RETATIVE PLANT-FOOD DRAFT OF ™HEAT AND APPLES.

(In pounds ver acre annually.)

Theat| Vheat Tea~- " APPLE

Grain| Total| Wood ves Fruit  TOTAL

1b. | 16. | 1Ib. 1v | 1v. 1o
Ennual Weights 1500 | 4300 | 3500 3500 34,500 31,500
Nitrogen (N) 30.0 43,7 1 11.3.:385.2 1”8.3 . 53.1
rhos.Acid (P30g)10.015.8 | 3.8 5.8 6.4  15.3
Potash (K,0) 9.8 28.8 | £.5815,9 41.% 84.0
Lime (cao§ .84 8.0 38.1 88.5 3.0 61.8
Magnesia (MgO) 3.0 8.1 4.4 8.9 3.4 18,7
Iron (Fe®) W  ——oe i —ne 0.5: 1.5 0.8 2.8

It is interesting to note the relatively lamge amount
of nitrogen, potash, and lime which is remcved by the
arrles and the comparatively small amount of iron tzken
up. On the other hand, the wcod requires relatively
small amounts of the im:-ortant elements, accounting for

the fact that young orchards seldom respond to fertilizer



apvlications, Although they wmay respond to manures or
mulches. This is aprarently due to molsture conser-
vation rathar than any direct increase i fertility

Long, (8), has prepared an estimate of the total
amcunt of fertility lost rer acre annually in a clean
cultilvated orchard. He is careful to voint out that
the estimate is only arcproximate and subject to many
criticisms, but it serves to illustrate the fact that
there is a drain on the soil. The average annual loes
arproximates 200 vounds of nitrogen, &0 pounds of
phosphorus, and 75 pounds of wotassium. These figures
are equivalent to 1375 pounds of nitrate of soda, 885
pounds of 18% super-phosphate, and 190 sounds of sulfate
of potash. This estimate includes the auount of food
lost through the removal of apples and the loss by
drainagze and lesaching.

Larges guantities of water are2 gequired in vuilding
the tissues of orchard tress. The scil water solution
contains the el=2nents of =lant food in such limited
quantities that a grsat deal of wateris taken into the
plant which later ypasses off through the stomata. It
has besn estimated that it requires from 340,000 to

400,000 pounds of water to aid in the production of 1,000



pounds of dry matter. Thus it can be r-eadily seoen
that water plavs a ®ery im:cortant part in orchard
management and may easlly becowme the limiting factor.
The plant-food elements ¢an ve r estored to the
soll in different wavs. The oldest method is that of
growing cover crops and turning them undsr. The
ancient agriculturists recognized the importance of
turning under various cultivated and wild vplants.
Another method ¢f apwlying plant food has been to utilize
the nutrient organic and mineral comrounds of nitrogen,
rhosphorus, and wotassiws, as well as other elsments.
Still another method has been to faver the action of
useful bacteria by applying manures of animal crigin.
The last general wethod of increasing the fertility
of the s0il has been to convert toxic substances intoe
harmless compounds that favor plant growth. Sodium
carbonate, or "lack alkali" as it has been called, has
been convarted into the harmless sodium sulfate by
applying calcium sulfats, or "gypsun", in sufficiently
large quantities. These, in brief, are the princirpal
methods in vogue tocday of increasing or making available

plant food and vpractically all exrverimental mrchard work



has been confined tc research problems along these lines.

The apelications of chewical fertilizers have
benefitted many orchards greatly. The primary function
of comrercial fertilizers is to add plant-food elenents
to the soil in an form usually mere readily &vailable
than those already nresent or to replace those foods
largely or totally absent. The couzercial fertilizers
are generally applied tc the soil in ¥he form of soluble
inorganic salts or combined with other substances in
the form of organic material. The value of the
fertilizers, to a large extent, depends ugon the form of
combinatimon.

Nitrogen is the most expensive and im=ortant
constituent of manures on account of the fact that it is
likely to be absent from sclls. Nitrogsnous cogpounds
break down easily, both in the organic and inorganic
forus, although the degree of unstableness varies greatly
with the different compcunds. The free nitrogen passes
off as a gas.

The forw in which nitrogen is utilized for food
by plants varies socewhat. It has besn found by
expériments, (3), that leguminous and certain non-
leguminous plants can utilize atmospheric nitrogen
directly. Kellner and Kelley, (4), found that rice plants

could use ammonia nitrogen. The latest general orinion (5),



seems to be that practically all of dhe higher plants
derive more benefit from the absorption of nitrogen In
the form of nitrates. While the date is by no means
complete or conclusive in regard to the form of nitreogen
most beneficial to nlants, the relative benefit nhas been
established for ssveral of the comuounds.

The common cowm-ercial fertilizsrs of nitrogenous
cowpositicon havs been divilied into two classes, nanely,
the organic and inorganic forms. The organic forms are
characterized by their stability and lack of immediate
availabllity as comvared with incrganic fertilizers. The
comon organic fertilizers include dried blood, stable

manure, cottonseed real, guano, tankace, linseed meal,

leather meal, fish meal, woecl and hailr waste as well as
other unimportant residues. The inorganic forms include
sodium nitrate, ammonium sulfates, cyanasid, calciur nitrate,
and a few other forms of relativsly poor nitrogencus
composition.

Sodium nitrate 1s quickly available for plant food
purposes, as it breaks down quickly. Calcium nitrate
decomposes more slowly, but is relatively more quickly

available than ammonium sulfate and cyanamid. Ammonium

sulfate, however, containes from 82 tc 80 pounds more of



nitrogen to the ton than does sodiuw,nitrate, SO it is
valuable from that standpoint. The organic comi:ounds
dscompose very slowly as compared with the inorganic
forms.’

mhe percentage of availability of nitrogen has

been accurately detsrsined in the following fertilizers:

Wagner &  JOhAsON &  Vgorhies &

_ Dosch Cthers Lipman
Nitrate cf =zoda 100 100 100
Ammoniun sulfate gC 70
Dried blood 70 73 B84
Bone mzal - 80 17

ttable manure 45 ‘ 53
Tankage 49

Horn and hoof meal 70 68

Linseed weal | 82

Cottonseed meal 85

Castor pomace ; 35

Wool waste 30 ;

Leather meal 30 §

Dry ground fish ! 84

Phosphorus is gsnerally present in fertilizers in
combination with lime, iron, and alumina. The crganic
and inorganic forws are found, as in the czse of nitro-
genous fartilizers. The organic rhosphates decowmpose
more rapidly than unfreated rineral phosthakes and, in
gensral, 1t can be sald that treated vhosphates decompose

more rapldly than untreated vhosphates. Bone tankage and



bone phosphate are the chief crganic phosphorus
fettilizers, the yhosphorus being oresent as tri-
calcium phosphat=. The inorganic rphosphates vary in
their phorphorus containing percentaces, buft, as in the
case of the organic forms, the fricalcium shosphate 1is
the chief fertilizing compound. The inorganic vwhosphates
are generally treated with sulfuric acid to render the
phosphorus wmore availlavle and after that treatment are
known -~ t$0 thes trade as "super-phosphates.”
Tae percentage of avwuilable phesphoric acid in

some of the more common vhosphatss varies consideraoly.

The following list is repressntative of some commen

phosphorus fertilizers:

Bone phosphate 33%
Bone tankage 7-5%
Canadian apatite 40%
Coprolites 5%

Florida phosphate 18-30%
Tennessees phosohate 30=-35%
Basic slag variable

Potassium containing fertilizers arzs largely found
in Germany. The famous Etrassfurt salts contaln potassium

in the form of chloride or sulfate. The sulfate form is
considered preferable on account of the injurious effect
of the chloride upon certzin crops, nctacly tobacco, sugar
bsets and wotatos:. The commercial "Kainit" minsral

contains the chloride form of wotassium as well as srall



quantities of sodium chloride and magnesiuwm sulfats.
High grade potus:ium should averages at least 50%
potash in both the sulfate and chloride forms. Wood
ashes conta . n wotassiwns in varying amounts.

¥Farm manures are of value to the orchardist and
should be used extensivsly. Ilanures have two functions
to perforw, namely, to act as firect fertilizsrs and
also as indirect fertiliz=rs. A mixed nanure ordinarily
centains on an average 0. 50% nitrogsn 0.25% phospheric
acid and C.580% potash. Manure apprlied at the rate of
ten tons tc the acre will furnish the equivalent of 300
vounds sodiws nitrats, 80 pounds acid hesphate, and 185
pounds of potassiwa chlerids. Far: wranurs, howevsr, 18 an
unbalanced fertilizer containing the elsrents in the pro-
vortion of a 10-3-12 ratic, indicating a tcc high
available nitrogen and a tco low available phosphcerice
acid contant. Soils that are markedly lcw in available

nitrogen respond vigorou:zly t¢ manure apulications. The

although it 1s goener  ily held that the following repre-
sents the true scale of value in the cowon farm manures:

poultry, sheep, horse, cow, and swine manure.



The indirect valus of farw ranure is w=1l known,
ilanure, as it decomiuozs:, produces organic acilds and
humus matter. Manuze increases the absorptive capacity
of the soil, thus increasing the moisture holding
capacity. It promote granulation in clay soils and in
sand 20ils acts as a binding agent. It also 1lncreases
the aeration of the soil and promotes better drainage.
The decay of manur:, as mentioned before, 1s accompanied

by the liberaticn of organic acids, particularly carbonic

g
-

acid, which dissolves the rineral plant foods and renders
them more available. Activity of the soll organisms 1is
greatly stimulated and the vwrocesses of nitrificaeticn,
amronification, and nitrogen fixation becore apvnreciably
greater,

The growing of cover crows is ancthar nethod of
supplying plant focd needs. At the vresent time, green
manuring is considered a iart of evoary well established
system of scil canagewent. The effects of turning under
green crops are both direct and indirect, as in the case
of farm wanurss. Certain plant fonds are alsco added to
the scil, for instance, carben, hvdrogszn, and oxygen,
which come largely frow the air. If the wlant is a le-

gure, nitrogen is added from the air also. The rmineral



-11-

constituents of the crop come fromw the scil originally
and are only returned but they are in a nuch rore
intimate union with the orgunic material and are more
available for wmlant food.

Cover crops functicn in taking us exceedingly
soluble plant food and vreventing it frow being lost in
the drainage wat=r. Soil nitrates are easily lcst unless
taken ur by the soluble zlant foods. Oreen manures tend
te carry plant food up from the subscil and devosit it
within the roct zocne. As in the cass of famm manures,
green manures stiwulate bacterial action on account of
the added organic matter and its consequent decouposition
Green manures »odify the absorptive T-ower of the soil,
promote asraticn, drainage, and granulation-~-four
irportant facts in deterwining the final g-cwth and
preductivity of orchard trees.

The amcunt of nitrogsn added to the scil by a
leguminous crop is considersdl=. Hopkins, (8), estimates
that alfalfa adds aporoximately 50 pounds of nitrogen to
the scil per ton, red clever 40 pounds, and soybeans 53
pounds. The figures are o.en to criticism but give sae
ldea of the amount of nitrogen actually added te the scil,
The average cover crop produces betwesn five and ten tons

of green material, so that the amount of nitrogen actually
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added willprobably vary cstween two hundred and five
hundred pounds of nitrogen per acre. In regard t«¢ the
amount of nitrogen fixed from the air, Hopkins estimates
that, in a mpormal inocula ted legure, about one third of
the nitrogen comes from the s50il and two thirds comes
from the air.

The crops generally grown for covsr ordps are
claésed_as legumes and non-legures. A list of the rore

commen cover crops lnclude:

Legumes ~on=lezumes
Annual Biennial

Cowpegs Red @lcver Rye
Soybeans WYhite clover Qats
Peanut Alsike clover Hustard
Vetch Alfalfa dangels
Canada Field wea “weet clover Rape
Velvet ovean Buckwheat
Crimson c¢lovsar Hillet

Hairy vetch

Orchardists should usually choocse a leguminous
cover croy on account of the nitrogen that might be
added to the so0il. However, it is often so difiicult
to get a stand of legumes that the orchardists are
forced to utilize such non-legumincus creps as rye,

ocats, or willet. Awong the most coruon legumes in use



today are red clover, alfalfa, sovbeans, cowpeas, and
hairy vetch, all of which have been tested at different
exveriment stations.

Anongg the non-legurmes, ryve, oats, rape, and buckwheat
have been used extensively. These crops make a succulent,
rapid growth and have vroved of value in cne year rotations,
in additicn to being hardy and adairted to poor soils.

Thus, 1t can be.szen that green wanure crors of this ¢lass
have a place in c¢orchard wanagewant.

The chemical composition, (7), of lecuminous and
non-leguwerinous plants is illustrated by an adalysis. The
much higher percentage of nitrogen is neticeable, indi-

cating the gr:at manurial value from that standpoint.

Alfalfa Tiwmothy Hay

Carbon 43,517 Carbon 44,241
Hydrogen 5.888 Hydrogen 5,833
Nitrogen &. 405 {itrogen 0.88zs
Sulfur 0. 342 Sulfur 0.104
Chlorin C.819 2sh 8.370
Phosphorus 0.1823 Oxygen (Approx. ) 39. 045
Potassium 5. 865 Chlorin 0. 508
Sodium 0.3874 100, Q00
Calcium 1.239

fagnesium 0.288

Oxygen (Plus 43,333

rewmaining ash
100,000

The analvses, while not resprz:entative of the
true compesition of the two classes of gresn wmanures,

give an idea of the differing cowpecsition, The alfalfa
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contains more nitrogen, rhosphorus, and votassium

than the timwothy hay, in fact three tices as much
nitrogen and largsr amount: of phosphorus and potassium.
The ash constituent o tiuothy hay contains a large
portion of sulfur and chlorin, as well as phosyhoric
acid and pctassium oxide, indicating that the wain
different is the nitrogen content of the respective
crops.

Cover crops should bs turned under when the sucou-
lent vegetative growth is the greztest. In this case, a
large gquantity of watsr is carried into the soil and
the draft on the sc¢il meisture is much les-. The
succulence encourage:s rapld and comparatively comlste
decomposition withthe formatisn of desirable end wroducts.
If there be a heavy rain soon after the crop is turned
under, the decoriosition proceeds at an even more rapid
rate. The recowm:endarions for growing and turning under
cover crowus for Colorudo c onditions will be discussed at
length later.

The rate at which covsr crops decompose in the
soii under favorable conditicns has been detsriined.
Herkle, (8), weasursd the rate of dscomyosition of a
large nurber of crops in a s=ries of exteriments,

arriving at several valuuble conclusicns. He feund in
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regard to the rapidity of decay that the following
points wzre brougnt out:

1. Platits with the highest percentage of nitrogen
decompose with ths greatest rapidity.

3. Legumes ars usually decom-osed in three months,
while non-legumes require a longsr pericd of
time.

3. Plants decompose at a rate proportionate to
the amount of nitrogen present.

4. Relative rapidity of decomposition:

Alfzlfa
Red clover
Soybeans
Sugar beets
Rare

Oats

Barley

Buckwheat
Weeds

o ® .

.

WW-a3G O 0

5. The influence of ccmwercial fertilizers on the
rate of decomuosition of cover crops:
A, Incr=use rate of decowm:iocsition:

1. Witrate of soda
3. Basic slag

B, No apparent effect:
1. Amnroniur sulfate
s. Acid phosphate
5. Raw bone
4. Sulfate of potash
C. Actually decrease rate or decompcsiticn

1. Kainit
6. uriate of -otash
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A Digest of Fertilizsr and Cover Crop Experiments.

4 brief discuzsi-n c¢f the work carried on by
the variocus experiwent stations engags=d in orchar
fertilizer and cover crop experiments will convey an
adequate idea of the pressnt status of the work. The
data is extremely variable and few conclusions of value
can be drawn from the ccnflicting mass of inforration.

Hew Hamishire.

New Hampshire station, (9), has been carrying on
fertilizer and cultural experiments in an old Baldwin
orchard for ten veurs. The data shows that trees growing
in sod have not yielded sufficisnt fruit to justify
keeping the orchard. Annual tiliage increasedthe yield
nearly 100% and also increased the growth and general
vigor of the treses. However, clean cultivation could
not be continued indefinitely, becauvse the trees were
not making the growth at the end of ten years that they
were at the end of five years. Tillage, with crimson
clover sowed at the rate of 30 vounds per acre, as a
cover crop gave the best results. The fertilized Blots,
plus cultivation and cover crops, failed to respond in

yield of fruit and did not respond in-growth until the
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nihth vyear. Different combinations of complete
fertilizers were used and the only combination that

responded was the one richest in potash in the following

proportion:
Nitrate of soda 2 pounds ver &ree
Sulfate of potash 10 " " "
Acid phosphate 85 n n f

Lime had no effect on the yield of fruis.
New York

Three experiments, (10), have been carried on at
the Geneva station relative to the effects of »hosphorus,
nitrogen, and potassium on bearing trees. The results
have varied so rnuch and have besn so inctnclusive that
little information can be obtained. The addition of 50
rounds of nitrate of sode per acre has caused no increase
in fruitfulness. The additicn of 340 wounds of acid
phosphate per acre has given no ap.reciable increacze in
yield and the addition of 198 pounds of muriate of wotash
per acre likewlse has given no increase in yield. The
annual application of 11,300 pounds of stable manure has
not increased ths yield over the check plot. However,
as the =xperiments have continued, the pkospheorus and

potassium 21ots have taken a lower rank.
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Heavy applications of nitrogen in commlete ferti-

lizers have not incresase growth or productiveness.
Pennsylvania

Experiments, (11), were conducted on six bearing
orchards in vurious parts of the state for a nericd of
ten years. In the two orahards most responsive to
fartilizers, nitrogen produced or caused the greatest
growth and productiveness. .ltrogen from comwercial
sources and stable ranure caused the greatest response.
Usually phosphorus or potassium aprlied with nitrogen gave
creater resvonse than nitrogen, although on three orchard
plots, vpotassium failed to give response. Howaver, in
three orchards, potassium vaterially incrsased the average
size of the fruit at a cost of forty cents a bushel. No
difference was observed between the chloride and sulfate
forms of wotassium.

The time of applying the fertilizers was found of
imvortance, especially with the nitrogsnous fertilizers.
Nitrate of soda, applied as the buds were beginning to
open, ilncreased ths crop of the current s=ason. The later
apulications were not evident until the succesding year.
Trees in need of fertilization were r2commended the
treatment of 500 pounds of a 3-8-8 comnlete fertilizer to
the acre. .

It was found that the c¢olor of red avples could not

be improved by fertilization. Celor is dependent upon
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sunlignht, waturity, and other factors, rather than u»on
fertilizers. It was found that nitrogsnous fertilizers
and manures had a retarding effect upcn red color, but
this wasdue to the retairding effect uron the maturity
- of the fruit.

mest Virginia.

Four experiments, (12), were conducted on trees of
various ages and wnder diff=rent cconditions. All were
given clean cultivation and cover crops of cowpeas during
the length of the experiments. The results were somewhat
conflicting but indicated that the avzrage orchard would
not make a rrofitable resvonse to the apprlication of
nitrogenous fertilizers. UNo response was noted from
applications of phosﬁhorus and potassium, the Wesat
Virginia soils seeming to be rich in these plant foods.
The comuaercial fertilizers wer:s found to be of chief
value as a tcnic or restorative for starvad and devitalized
trees.

Nitroven was found more beneficial if apclied just
a3 the buds were breaking. Phosphorus and posassium had
no effect upon the color of fruit, although nitrogsn

delayed the maturity and, consequently, inhibited cclor



developuent to some degree. It was recommended that
yellowish, or sickly looking trees, be treated wifh
nitrate of 3nda, 2 to 5 pounds per tree, to rastors
vogor. It was alsc suggested that fertilization would
be of little value tc the orchard unless accompanied
by improved cultural, spraying, aﬁd zruning practices.
Indications pointed to the fact also that the value of
phosphorus was solely in its effect upcn cover crops
and sod coeerings and that potassium was of no value
whatever.
Ohio.

The Ohio experiments, (13), were conducted on
bearing trees in sod that wsre in very poor condition
as & result of continusd neglect. Results obtained were
conclusive and highly gratifying. The scil was relative-
ly poor, thin, and comn»act, indiczating low fertility or
unavailability of plant food. NWitrogen gave a quick
respense, whethsr combined with scd mulch or clean
cultifation with cover ¢rop. Grass mulch culture plus 5
pounds of nitrate of soda wer trse was more profitable
than tillage plus cover crop. The ap . lication of a
5-5-33% chemical fertilizer was beneficial in stimulating

growth and yield of trees and also in stirulating growth
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and yield of trees and alsc in stimulating growth of
soll grasses. It was reconmuendad to avply fertilizer
over the entire arza cf ground rathsr than in circles
under the tres, as this wethod increased the growth
of soil grassss over 1,800 rounds per acre.

Witrogsn was the only plant food that gave material
response. Phosphorus was beneficial in stimulating growth
cf soil vegetation. A straw wulch materially incrsased
the moisture holding capacity of ths soll and was re-
cowr =nded for the Ohio orchard soil. It was f:und that
the mineral forms of nitrogen, phosphorus, and potassium
wers much ncre satisfactory than the organic forms on
account of the guick availability. Pruning, spraying,
and prouer cultural methods wer: alsc reccmizended.

The latsst report of the stxtion, (14), recommended
that the besst soil management program include the grass
muleh accowmpanied by an annual application of nitrate of
soda and acid phosvhate at the rates of 5 pounds ver trees.
This soil $reatment was much bett:r than the clsa
cultivation or cov:zy crop systzm of trzatient.

P

N
— T

on.

(13

The Oregon sxperiments, (15), wers conducted with
the intention of studying the effect of fertilizers uson

devitalized trees in the Yood River valley. Hitrocen was
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found the limiting factor and orchards treated with 5
pounds nitrate of soda oLe2r tree wers exceptionally
responsive, in fact gave nore re:pcnss toan was reported
from any other experinent staticon. Phacs hcerus and
potassium gave no rezzonse and were not recomended for
courme - cial us=. Attention was called to t-2 fact that
net more than 75 pounds of nitrate of soda sho:ld be
applied to each tres because larger applicaticns reduczd
the yuality of the fruit.

Data indicated that alfzlfa as a permanent shade
crop was more benzficial than red clover plowszd undzr,
altoough ths autlor was carz2iul t¢ ewrhasize the point
that the expserisent ‘had not bsen conducted long enougn
to study the cumulativs efrisct of eitnzr cultural treat-
rent.

It was found best to ap:ly ths n_trate of soda
just befors the blos:cms ;pened or sligntly ==rlier.

Indiana.

Tae Indiana station, (18), expsrimented with
orchard cover crovs for four ysars. Cover crops ware
accornpanied by clean cultivati-n, the cover c¢rops
occupying the ground frowm the tiwe cultivation csased in

the s er until it was resumed the following spring.
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Plots of oats, rape, Ganada field peas, soOybeans, cowpeas,
crimson clover, winter vetch, millet buckwheat, rye and
weeds were used for the work. Results fcr that section
of Indiana indicat=d that rye was the best cover crop
because it produced the greaztest growth of veg:starion
rich in nitrcgen. Rye was fellowed in importance by
vetch, millet, and buckwheat. Soybeans, crimson ¢lover,
and weeds ranked low in vegetative growth.

Indirect results were noted by Indiana. If the
cover crop wint:r-killed, the dead covering acted as a
moisture-conserving mulch in the spring, but if the crop
started zrowth in the spring, a depleticn of moisture was
apt to occur. Cover crops protected the scil from extremes
of tauperature and prevented de:p Ireezing.

ilfonteana.

Tae Jfontana station, (17), conducted an experiment
in the Bitter Root valley to deterwmine the rzlative
value of cover crops. The expsriment was continued fer
eight vears and some very definite informaticn cbtained.
Carsful cost accounts ware kept and it was found that,
from the standpoint of wlant food added to the scil as

well as econoumy, that the following retaticns wers best



in the order named:

1. Clover two years with cne crop removed fo
hay and the second one turned under.

2. Clover two years with no growth removed.

3. Clover two years with all growth removed and
plowed under in the fall. |

4, Psas grown two years with all zrowth plowed
under.

5. Peas grown two years plus manure and all

plowed under.

siaine,

The :daine station, £18), cconducted experiments
for several vears on some mature Ben Davis trees. An
average annual apilication of 1000 pounds of a 5-8=7
complete fertilizer was made for four consecutive vyears.
The data indicates a slight increase in yield for the
nitrogen plots but no incr:ase for the rhospherus

or potassium vlots. No growth response was noted.

iiscellanecous Lxperiments.
Jassachusetts, Hew Jersey, Iowa and other
stations have conducted mincor experiments but have

reported no date of value. Several of the stations,
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hewever, contamplate starting a series of esxperiments
and it 1s to be ho:ed that information of value will
be forthceming in the future.

The mass of conflicting data at hand renders the

task of generalizing very difficult. Interesting re-
sults of one set of experiments have te:n more than
offset by amother experiment and that seems to te the
situation throughout the entire field cf orchard
fertilization. Aldsrman, (19), has surmed up the
situation very well when he has sald that only four
cints have remained consistently unccntended. Those
four points have been:

1. There are aprarently a great many orchards
growing uson a wide variety of soils that
will not respond economically to any form
of commercial fertilizer or «anure.

8. Orchards are much more likely to respond
faverably if they are given sod mulch treat-
went than if kept under cultivation. The
experinents of Pennsylvania and Ohio confirm
that statement.

5. Orchards under starvaticn conditiens usually
give a ready resyponse to fe-tilization when
other treatments (culture, PTuning, srraying,

etc.) rerain unaltered. This voint is



illustrated by the work of West Virginia, Ohio, and
Oregon.

4, Witrogen in a rea ily available form se-ms tC
be the only =lement of plant focd that is
unifeormly a factor in the favorable rzsponse--
when such 1s secured.

Colorado Fertilizger and Cov-r Crcp Practices.

Colorado orcha:rd scils ars generally rich in the
mineral plant fo-ds and litule fezr has been entertained
in exhauvsting the native plant food elerments. A bearing
orchard, as previously menticned, resmcves a great deal
of plant focd annually and it is only rzascnable teo
rresur.e that lack of fertility will be a seriocus factor
in years to conre. ’Kany orchardists are having nutritional
troubtles of their own now, due partly to devletion of
soil fertility and partly to uncongz=nial scil coenditions
as a result of continued clsan cnltivation.

The orchard soild of Celorzio are extrenely
variable and strzaked and no particular tyze can beé
considered repressntative of the orchard regions of the
state. A composite soll analysis of the Haynes orchard

at Grand Junction will indicate the apcroximate composition
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of the scils of that regzion and be as representative

as can be expected. The analysis was made in 1813
before the orchard develouwed the sericus nitrate
trouble that killed it a few y=ars later. As seen

in the analysis, the total nitrogen content is socmewhat
below th=2 customary amount for orchard sc¢ils cf the

state. Samples of s0il werz taken at different depth,

=

analyzzad, and thz averags of the analys2s tzksen as a
couposite of the fisld.

Hazaynes Orchard Analysis.

Sand 73.43Q
Silicon dioxide 7.755
Silicon triecxide 0.185
Carbon dioxide 3.H538
Chlorine 0.018
Phouphoric acid 0.186
Potash Q, 781
Qodium oxide 0.431
Calcium oxide 3.510
Hagnesium oxide 1.880
Ferric oxide 3,075
Aluminium oxide 8.931
Manganese dioxide 0.115
Water 1.311
Ignition 1.876
Sum 938,381
Oxygen sgual chlorine C. Q04
Total 22,857
Total nitrogen Q. 3553
Humus 0.4080
Hurus nitrogen 0, 0255
Hurus ash 0. 7880

The apnlication of ahemical fsartilizers to
Colorado corchards has gznerally b-=en considered un-
profitable, except on very shzllow soil. On the

deep alluvial valley soils, characteristic of the Western



Slowe, llttle nenefit has besn noticed in the
application of chemical fertilizers. Howevar, it

has been found profitable to avily them in connection
with the turning under of ccver crops. The effect of
chemical fertilizers uzon wotatoes was studied for

four years and littia or n¢ venzfit was derived from

the apvlications in that weriocd of tine.

The bulk of the orchards in the state have been

given clean cultivation throughout the entire year.

Under this systewr of cultivation, the organic matter
burned out quicklv and the s0il becare rnard and lif=less
and the nlant-ford relatively unavailable. It is a well-
known fact that organic mattsr decays much more ranidly
in semi-arid regions than in huid regimns and orchards
in this state substuntiate the fact very conclusively.

The advantages of cover crops have besn mentlioned

briefly before. The greatest value of covar crops to
orchards in Coloraic has been the »rave:ntion of the rapid
burning ouf of organic matter. However, cover crops nrevent
the soil from nuddling; shade the surface scil; uprotect
the trunk and liwbs fror the turning effect of the
reflection of the sun's rays fram the s0il; conserve soil

moisture; prevant =xcessive freszing; catch and hold



leaching nitrates; rander =:lant food meore availaple
through the liberation of organic acids; wrevent
nitre woisoning, and add nitrogen, if leguminous.
These facts, alone, are sufficient recomrmendation
for the wider use of covser crops.

pOvVer crops are assuming more imzortance in the
East. The sezd is sowed in the late surmer or fall
and enough growth takes nlace to wrotect the ground
during the winter. The cron is plowed under the
following april or !lay, thus peemitting clean culti-
vatien during the swi-er season. This wmethod has been
found to conserve moisture during the critical summer
period.

Colorado orchards demand a dover crop in the sumver
far more than in the winter, so the “ractice of growing
3um: er cover c¢rops has become common. 2ractically all of
the orchards are irrigatsd and watsr can be supwlied to
the trees and covsr crop as needsd without fzar of the
cover crop robbiny the trees of moisture,

Red clover is recon ended as ths best covaer crop
for Colorado orchards. It is a biennial legure, well

adapted to orchard condivions. It egrows w21l in the
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serni-ghaded maturs orchards and also in the young
orchards. About 20 vounds of seed ig vwlanted t©to the
acre and little difficulty has been exwperienced in
getting it to grow.

The red clover is generally nlanted in Hay on
ground that has been well worked with a plow or disc
to a denth of six to ten inches. The seed is broad-

caasted over ths entire orchard rather than around the

¢

trees. The clover is allowed t0 stand for two swri-ers
befcre being finally nlowed undsr znd during the second
sum. er it has besn customary fto remove a cutting of hay.
The crop should be turn=2d wnder in the fall and clean
cultivation enployed the following sumser.

Sweet clover is coming into mrominence quite
rapidly. It is a bisnnial legume and is treated in
the sawme wanner as red clover with ths exception that
it 1s frequently cut during the first and second suwiner
to prevent the clover stewms Irom becorine coarse and
hard. The hay is nct used for feeding rurposes, but 1s
left in the orchard tc¢ decay.

Alfalfa has been a favorite cover cron with
orchardists in the past. The avarage grower, however,

has been apt to nake a hay field out of his orchard,
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leaving the alfalfa for sevs=ral years and remcving two
or three cuttings each swncer. This practice socn depnletes
the 801l feterility and is as bad, if not worss, than
growing no cover crop. If alfalfa is used as a ccver
croy, it should be turned undsr at the end of fthree
years and in tne reantiie only one cutting ¢f hay rermoved
vearly.

Winter vetch has besn used to a swall extent as a
cever crop. It is not recommended, or is Canada field
peaB. (Cowpeas have also besn used, but the season has

been found se short that growers seldow find it advisable

to grow them. Cowpeas are guite easily injurad by over-
watering.

don=-leguminous cover crops can be srown succsssfully
in the state. Rye, ocats, and rape ars among the more
coammon crows of this class. These crops mature in one
vear and vrovide a means of a short rotaticon. They are
tr-ated, in general, the same as leguwres, with the
exception that ne hay is removed, all being turned under.
These crops obviously add little nitrcgen, but function
chiefly in adding an encrmous amcunt of organic nmatter.

Greenhouse Expzriments with Cover Crops.

The object of the covsr crop exnariments conducted

in the greeﬂhouse was to determine the relat-ve value

of souie of the more common cov:r Crops u.on the growtsh



-33=

and behaviour of geraniums and tomatoss. Conditions
were somewhat dififerent than in ths field, but it was
hoped to study the influence of the cover crozs, making
due allowance for the diffsrences.

G2raniums and towatoes wers chosen for the ex-
veriments on account of their ease of handling under
greenhouse conditions and their growth response to
Yarious degrees of soil fertility. The length of
time in which to parforw the expsriments alsc rre-
cluded the pessibility of using any but the rapid
growing plants and that was another reason why geraniums
and toratoss were sélected.

The soil chosen for th: first exveriment was tywical
garden soil of this localitv. It had been .lanted to
lettuce the preceding swmer and only a fair crop
harvested, indicating that it was neither excessively
rich in plant focd neor in good condition. The scil was
a rather heavy rad clay loam and guite comract.

“everal lepumes and non-legunes vere selected for
the test. The legumes chosen were well cured, mature
samples of alfalfa, red clover, sweet clover, and sovbeans.

The non-legumes were wheat, barleyv, apple leaves, weeds,



ary lettuce, and gr::=n lettuce. Thus it can be seen

that a wide variety of vlants were selected, soce of

which a®e in c¢:mmon use today and some are not. These

samples were ground up very finely in a coffee grinder

in order t¢ have the watsrial in just as fine a state

as possible, thereby fav<oring the rawnidity of deccmposi-

tion. The ground-up samples were evan finer than alfalfa
Carz was tak:n to inccrporats the raterial separztely

and taoroughly in the soil in amount properticnate to the

amceunt of each cov:r crop plowsd under in the orchard.

The writer was unable to find th@’deallng with the ap_.roxi-

wate amount of veg:tative growth produced by szch covar

croyz, so uzcn the sugwe:zticn of Dr. E. 2. Sandstzsn, Stats

Herticulsurist, and Prof. Alvin Kszer  Agroncmist of the

Colisgs, the fol . owing amounts were chosen:

l»':t

Alfalfa 5 9 tons per acre dry hay
Red ClOV i 1 n 11
Sweet clov b
Soybemns
Wheat straw
Barley straw
Arele lesaves
Green lettuce
Weeds

it 1 tr fn L]

4 it 1 f 1

1" ft 1 ] it

(Approx.)
ft

GO0 L
M ORGSO U ¢

rv material

Ths moisture content was considered to average sbontg

ten percent in all except the green lettuce creyrs, and in



-4 -

that crop, it averaged ninety percent.

The weeds selected for the exveriment were cowmr on
garden and orchard weeds. Pigweed, (Amyranthus retro-
flexus), Folsecla, and Kochia vestita, S. Wats., were
the cnes selected.

The moisture content of the scil was f oudd to
average 8.9%. After determining the moisture content
of the garden , individual vortions of soil were weighed
out, due allowance being wmade for the moisture content,
and the ground ur material mixed with the scil in the
proporticns stated in the ureceding vage. The soil was
stirred vigorously for five winutes, in order to get the
sauples well distributed.

The remainder of the expsriment was sin=ls. The
soil was put intoc focur-inch greenhouse vots, thrse pots
of each cover crop being used for th: tcmatoes and
geraniums. Sall torato wlants were then transrlanted
directly into the rots and geranium jplants wers also
transplanted. Data was taksn of the wlants while they were
being transplanted. The =lants were “ut in an egpecially
Jarnm place in the greenhouse and wer: allowed to grow

for threes months. mhe comparative effects of the cover
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crops were noted at the end of that tims.
tiesults of the Garden ©Soil Experiment.

The observaticns were based on facts considsrzai
indicative of the general response to the cover Crops.
Readings were taken with the following points in mind:
height, leaf diareter, nuwber of leaves, numberT of sub-
ordinate ztems, blossoming time, weight, and development
of roct systec. The probable error was very large, as
only three rlants in each class were used, and no general
recommendations could be given concarning the best cover
crop to grow.

Veight.

The green weight of the tomatoes and geraniums
was considered the most luportant single facter in
determining thé relztive response to the cover crops.
The weight repre-ents the total response to ths varicus
degrees of fertility. The plants were carefully re-
moved from the soil and the roots washed in order to
remove the adhering secil particles. The rmolsture was
removed with c.essecloth and thz plant allowed to stand
for fifteen minutes so that the rewaining moisture might
largesly evaporate before ta= plant was weighed. 7Tn

treuting the plants in the above mannsr, 1t was ho ed to
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avoid error as much as possible.

The tomatoes respendzd very definitely. All of
the cover crops with the exception of swest clover
weighed more than the check, the sweet clover falling
nearly ten grans below it. Green let~uce rade the
greatest gain, as would be expected on account of the
large amount of water present and the consequent solvent
effect of the organic acids liberat=2 in the decomposition
of the green lettuce u.on the unavailable plant-foods
in the soll. Howsver, the othzr crops wers Belatively
dry, contzininy about ten percent moisturse and of these

soybeans mads the greate

4}

t response.  Zprle lsaves followed
soybesans and dryv lettuce came next in rank. The notice-
able fact was that alfzalfa, red clover, and sweet clover
were at the oottom of the list being exceeded by wheat
and barley and only on a par with the weed plot and
check nlot.

The geranium weights varied considerably. Alfalfa
headed tie list and weeds wers at the bottar. Apvle
leaves, soybeuns, and drv lettuce followed in the order

name=2, while green lettuce and the check plet tied for



fifth nlace.

the check,

a3 guickly as the tomatos=s.

arley, and wheat

check .1lo%.

(32)

Only five of the plots weigned more than

indicating thet the gersniums did not reswvond

M.
112

sweet clover, red clover,

failed to make as gr=2zt a growth as the

TEIGHT TABLES.

Tonatoes,

Gain or

Plot Cover Crop Weight Loss

over

Check

8 Green Lettuce ©0.33 gr. +31.38 gr.

4 Soybeans 84,33 +835.33
7 Apple leaves 78.00 +17.00
10 Dry Llettuce 72.00 +13. 00
5 Wheat 83.66 +7.88
B8 Barley 31.33 +8.33
1 Alfalfa 80. 886 +1.88
8 Weeds 59.33 +0.33
0 Check 59.00 ———
3 Red Clover 52, 00 ———
3 Sweet Clover 49. 86 -$.34
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Gain or

Plot Cover Crop Weight Loss
over
Check

1 Alfalfa 32.0 gr. +3.85 gr.
7 Apple leaves - 31.33% +3.00
4 Soybeans 30,33 +1, 00
10 Drvy Lettuce 29.33 ————
Q Check 39,33 ———=
9 Green L=ttuce 52,33 ———
8 Barley 58,33 -1.00
5 Wheat 28.00 -1.33
3 Sweet Clover 238.33 -3, 00
3 Red Clover 88,00 -3.33
8 Weeds 18,00 -11,33

Height.

The height factcr is of importance to tomatoes
but of less imnartance to geraniums, because gsraniums
are naturally short stemmed rlants. The results are
of benefit in interpreting the generwl effect of cover
¢crors, although the data is sanewhat conflicting.

The height, in every case, was considered to be the
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distance from the first root te the tin of the main
growing sten, rather than frem the zurface of the ground
to the tiv of the sten.

The barley gave the greatest height in the tomate
rlants, although the weight factor forced it down to
the seventh rlaze. The plants wers tall, spindling,
and with relatively sriall leaves. Weeds ranked next
in growth, but were near the bottom of the list in
weight. Green lettuce was third in height and was
followed by dry lettuce, apple leaves, soybeans, wheat,
and the check plot, all of theszs wlants being relatively
strong and stocky. ©Sweet clover, red clover, and
alfalfa were at the bottor of the list, as they uwere
short and weak. The legumes ranked consistently low in
regard to weight and height with the @xcepticn of sovbeans.

The difference in height in the geraniums varied
only cne and one-half inches, so that the results were
not s¢ clearly défined. Alfalfa headed the list, fcllowed
by green lettuce, dry lesttuce, wesds and the check vlot.
In this case, the legures, as well us the wheat, barley,
and aprle leaves, were below the check in height., SWeet
clover, red clecver, and soybeans wsre near the middle of

the table and were vractically the sawe height.



Tomatoes.

: : Gain or
Plot Cover Crop : Helght Loss
N over
Check.
6 : Barley 10.00" : 44,66
8 : Weeds 18,33 & +4.00
9 ; Green Lettuce.' 17.85 ; 13 .50
10 : Dry Lettuce 17.75..: +3,42
7 . Apple Leaves 17,16 : +2.83
4 Soybeans 16,33 ; + 2,00
5 : Wheat 14,83 : 4+0.50
0 : Check 14,33 :  --=
3 . Sweet Clover 13,83 ; -0.50
2 : Red Clover 13.33 : -1.00
1 : Alfalfs 12,33 : -2,00
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Geraniums.,

: : Gain or
Plot: Cover Crop : Height loss
: : over
Check,
1 Alfalfs 2,.66" ; #0,.66"
9 Green Lattucei 2.33 i + 0,33
10 : Dry L=ttuce . 2.33 : +0.33
8 Weeds 2.00 -
0 Check 2.00 -
3 Sweet Clover : 1,95 : -0.05
2 Red Clover 1.83 . -0,17
5 Wheat 1,83 ; -0.17
6 Barley 1.66 : -0.34
4 Soybeans 1.66 : ~0.34
7 Apple leaves 1,16 : -0,84
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Leaf Diameter.

The leaf diameter was regarded as an iluportant
factor, as it gave zore idea of the relative develorment
of the leaf arca. A clogse relationship exists between
the leaf area and the health and vigor of a plant and
for that reason it was considered advisable to note the
diameter of ths leaves. The average diarneter of the
tomato leaves was nearly twice that of the geranium
leaves, due to the different shape of the leaves.

The relative rank of the leaf diameters of the
tomato nlots, followed the weight tavle very closely,
indicating the close harmony btetween those twe factors.
Green lettuce excelled with an average leaf diameter
of 9.30 inches, followed closely by soybeans and dry
lettuce. Apple leaves, wheat, barley, alfalfa, weeds,
and red clover followed at rather closs intervals.
Sweet clover brought up the rear, falling even below
the check plot. The variation exdeeded two and one

half inches between the »lots.
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Alfalfa had the largest leaf diameter
in the geranium plots. It was fcllcowed by
barley, aprle leaves, and weeds. Green lettuce
was fifth on thé list, being followed by fed
clover, wheat, sweet clover, dry lettuce, soy-
beans, and the check. Barley was sixth in the
weight table, and soybeans, which was second,
fell down to the tenth place. The results
were more confusing in this ssries but in general
followed the weight series quite closely. The

total variation in geranium leaves was less than

one inch.



Tomatoes.

Leal Gain or

FPlot ¢ Cover Crop Liameter Loss
: over

Check.
9 Green Lettuce ﬁ 9.30" §-+2.18
4 . Soybeans . 8.75 . +1.68
10 : Lry Lettuce ; 8.69 ; +1.57
7 : aApple Leaves : 7.97 : +0.85

5 & Wheat . 7.835 : 10,715
6 § Barley ; 7.5 ; +0.38
1. : alfalfa ;7,33 i +0.21
8 : Weeds . 7.5 i 40,13
2 i R.A Clover i 7.16 i +0.04
O : Check L7l i e
3 : Sweet Clover 6.92 : —0.22
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LEAF DIAMETTR TABLES

Geraniunms,

: : : Gain or
Plot : Cover Crop : Leaf : Loss
: : Diameter: over

: :  Check.
1 : Alfalfa . 3.31"  : 40.86
6 : Barley . 3,04 i 0,59
7 : Apple leaves _: 2,97 i +0.52
8 _: Weeds . 2,97 . 40,52
Q. 3 Green Lettuce ; 2,95 ; 0,950
2 : Red Clover g 2.90 i 10,45
5  : Wheat : 2.88  : +0.453
3 ; Sweet Clover ; 2.81 ; 10.36
10 g Dry Lettuce : 2,68 : 0,13
4 : Soybeans . 2,80 _: $0,35

0 : Check i 2.45 i een
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Development of the Rooct tystem

The relative development ¢f thes roots was
regarded as significant of the responze tc the different
dover drops. The lengtz, com.actness, and nucber of
th= roots varied greatly in the different >lant. In
the poorer plants, comrvactness of roots was lacking,
while in the strongsr »Dlants a gr=at many fibrous rocts
were nresent.

The green letruce rocts excelled in the temato
rlot, leading with compact rocts averaging fifteen inches
in length. Soybeans were second with length less, but
compactness vractically the same as the green lettuce.
Avple leaves were third with comactness decidedly less.
Dry lettuce, wheat, barley, alfalfa, snd weads ranked above
the checkplot, but sweet clover was belcow with rocots of
about the same length but less compact.

The geranium plots were fairly uniferm in the roct
development., Alfalfa lead the list with a root length
of thirteen inches and com:act, closely woven rocts.
Apple leaves carme next with scuewhat less length but
egual compactnes:. Soybeans were third with rootsof good
length but less compactness. Dry lettuce was fourth with
rocts s8till sheortzsr and less corwvwact. The check wlot was
fifth and was fellowed by green lettuce, barley, wheat, sweet

clover, red clover, and wseds.



ROOT L:=VELOPMENT

Tcmatoes,

TABLES

:Compactness

Plot : Cover Crop : Length of
: : of : Root
: Root :
9 ; Green Lettuce : 15" : Excellent
: : : Excellent
4 : Soybeans : 12 : but short
7 : Apple Leaves ¢ 12 : Very good
10 : Lrv Lettuce : 12 : Pgir
5 ; Wheat H 12 : Medium
6 ¢ Barley : 11 Coor
1 : Alfalfa : 12 : Poor
: : : Very
8 : Weeds : 10 : Poor
0 ¢ Check : 10 : Poor
3 :: Swest Clover 12 : Poor
2 : Red Clover 12 > Paor




ROOT DEVELOPHENT TABLES.

Geraniums,

Plot; Cover Crop ; Length ;Compactness

: : of of
Root Root

1 : alfalfa 13" :Excellent

7 ; Apple Ieaves 12.33 ;Excellent

4 ; Soybeans 12,33 ;Very good

10 ; Dry Lettuce 12.33 ; Fair

O : Check 12.00 : Fair

9 ; Green Manure 12,00 ; Fair

6 Barley 12,00 ; Medium

5 : Wheat 12.00 : Poor

) . Sweet Clover 12,00 Foor

2 ; Red Clover 11,00 ; Very poor

8 ; Weeds 10.00 ; Very poor
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iinor Factozrs.

The numpber of lezaves on each plant varied only
slightly in either the tozatces or geraniums. The
number of le.ves varied from thirteen in the green
lettuce tomato plot to ten in the check plot.
Practically all of the plots averaged twelve leaves
with the rescult thaet little information could be
obtained frow this factor. The nurber of le-ves, in
general, varied directly with the leaf diawatz2rs and
and weights. There seemd to be a tendsncy in the
geranium plets for the vocrer plants to preduce a
largsr nunber of leaves with a smaller leaf diamter.

The blossoming time was considsred imvertant
only in its relation to the degrese of waturitvy. A
plant usually sends out blossoms as it nears maturity,
indicating that the reproductive cycle is at hand and
that the full vagestative stature has been reached.
whezeas a »lant that is still growing vigorously pro-
duces few flowers. The inference wculd be ti:at the
tomatoes or geraniums that had pnroduced no flowers would

grow for some time.
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The period of bloesscming in the tomato plots

)

varied “vom Arril lst to April 1Cth. The barley

plots produced flowsrs that bloszomed the first cf
April, as did the weed plets. The apple leaves vlots
bloszzomed on Anril 5th and the check plot on Avril 8th.
Dry lettuce blossomed on April 10th. CGreen leftuce,
soybeans, alfalfa, red clover, and sweet clover rro-

duced no tlossoms during the experiment,

on the fifth of April, we=ds on the tenth of April, wheat
on the elesventh, and red clover on the fifteenth cf
Anril. Green letruce, alfalfa, apple l=aves, soybeans,

dry lettuce, and sweet clover produced no flowers.

Pure Sand Experinent.

An additional expariment was conducted with the
cover o¢rops which were grown in pure sand rather than
garden soil. Pure silica sand is 99.8% pure and carries
little plant-food and on that account the exact degree of
influenoe of the cover crops upon plants grown in it can
be determined. There was no way 10 determine the
influence of the plant-food removed from the carden soil

upon the teomatoes and gerasniums, 20 1t was theought
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advisahl=2 to conduct a similar experiment under conditions
of vetter control.

The pure sand experiment was performed in the same
manner =s the garden goil experiment. Finely ground
sanples of alfz1fa, red clovsr, sweet clover, soybeans,
wheat, barley apnle leaves, weeds gresn lettuce, and
dry lettuce were separately and thoroughly mixed in pure
sand. @he arount of material incorverated in the sand
was preporticnate to the average amounts of the cover crowvs
plowed under in the field. The tomato and geranium
plants were wotted in the sand =ots and given care and
attention for twelve wéeks. Readings wers taken at
the end of that period.

The few tomato vnlants that survived were in very
poor conditions. The cover crons evidently did not de-
compose rapidly enough to furnisgh nplant-food with the result
that over two-thirds of the tomatoes died. The three
classes of tomato plants that survived made a fairly
vigorous growth, although to not such an extent as the
corresponding garden soil nlants. This woint, alone
suggested that the garden so0il contributed sowme »lant-

food to the growing plants.
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Practically all of the geranium plants grew.

The wheat and barley pots died before the experiment
ended, but the other pots made ccnsiderable gppwth.
The data ootained from the geranium plants was of
much more value because so many meore of the ©nlants
lived.

Pure Sand ®lot of Towatoes.

The green lettuce zlots survived and rade a
vigorous growth of twenty-three grams. It exceeded in
height, leaf diameter, and number cf lsaves, indicating
a superiority in evaery respect. Wheat rade a growth
amounting tc eleven grams and exceeded the red clover
in leaf diameter, but not in number of leaves, Red
clover was third and last with a growth of six grams.

The plants had a healthy green color,
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PURE SAND TABLE

Tomatoes,

Plot Cover Crop ; Leaf : Number :
¢ Diameter of : Welght: Height
: : Leaves: :
L : iifalfs S R T R .-
2 : Red Clover i1 5.0" ; 7 : 6,0 gr: 5"
3 Sweet Clover ; Lead ; - i --- -———
4 ; Sovbeans ; Dead ; -—- : -—- -———
5 : Wheat : 70" i 5 i 11,00 : 7"
6 : Barley : De ad S
7 ; Apple Leaves ; Dead ; ————— : -——— i ———
8 ; Weeds ; Dead ; -—— i -—- ; -———
9 : Green Lettuce : 8.0" : 7 : 23.00 . 12"
10 : Dry Lettuce : Dead : === et e
0 : Check ; Dead i - _——— f -—




Pure Sand plot of Geraniums.

The geranium plants responded very w=ll., Green
lettuce, alfalfa, soybeans, dry lettuce, and aprle
leaves gave the gr:=atest rssponse, while red clover
and swéet clover were down in the list. Green lettuce
made the grsatest growth, however, with alfalfa 2
close second in weight, height, and leaf diarmeter,
Scybeans were third, dry lettuce fourth and arole
leaves fifth in general response.

Geraniums.

Plot§ Cover Crop ; Leaf ;Number ; Weight zHeight
: Diameter : of :
: : : Leaves :

1. Alfalfa . 2.37" . 7.5 : 30 gm  3.8"
3_: Red Clover . 1.75 . 8.0 . 8 : 1.0
5 . Sweet Clover : 1.75 . 4.0 . 9 i 2.0
4 . Soybeans . 250 . 7.0 . 18.5. 3.2
5 ; Wheat ; Dead ; o ; S ; ———=

_B. ; Barley ; Dead ; ——- ; ———— : ————
7 . apple Leaves . 3,00 ; 5.0 . 13.5: 1.0

8 ; Weeds ; 2. 02 ; 3.0 ; 8.0 ; 2.0
1= E Green Lettuceg 3,03 ; 7.0 i 21.35; .85

10 . Dry Lettuce . 3.40 .10.5 . 17.00: 3.50
O . Check . Dead ;=== . —eeo . ___.
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Conclusions.

The contradictory and inconclusive nature of

the evidence renders generalization very difficult

and nhazardous until further exwmeriments have been

performed.

A few of the points that have been brought

cur in the work with cover croos are:

1.

Alfalfa gave the greatest consistent growth
response of the legumes.

Soybeans were clezarly ssecond in order of
response of the legumes.

Red clover and sweet clover were of rinor
imzertance throughout the experiment, avaraging
less responss than wheat and barley <f the non-
leguminous plants.

Gresn lettuce produced the cutstanding plants
of the non-leguminous cover cfops.

Green letruce rade as great a growth response
as alfalfa and exceeded soybeans.

Apple leaves ranked next to green lettuce and
were followed in im.ortance by dry lettuce.
Wheat and barley were outstanding in no
particular, giving only redium responses.

The influence of weeds unon plant grow

t
joa

was
relatively small, as the weed ~lots ware at the

bottom of the list in both thes geranium and
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tomato plots.

The pure sand experiment substantiated the
results obtained from the;garden soil experiment
to a large degree.

No recommendation can be given as to the best
cover crop for Colorado orchards on the basis of

this experiment.
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II. THE TTILIZATION OF CARBON RY PLANTS.
i
i



THE EFFECT OF CARBON DIOXIDE UPON THE GROWTH AND

BEHAVIOR OF COLEUS AND LETTUCE,

Plant physiologists generally t=lileve that
iand plants cannot grow unless they can obtaln carbon
dioxide from the air. The German botanist, Moll, was
the first man to demonstrate that larnd plants diewhen
placed in an atmosphere free of carbon dioxide. Experiments
conducted since the time of Moll have invariably ccnfirmed
his results, so that practically all of the leaders in ?he
field of plant physioclogy uphold his belief.

The influence of the absorption of carbon dioxide
from the soil upon plant growth has not been détermined.
Expe?iméntal work along that line has been-very contradic-
tbry and little information of value cen be obtained by
reading tﬁa literature on the subject. However, scme of
the experiments indicate that, in case carbon dioxide is
taken in thréugh the rootz, the amount absorbed is not
sufficient to maintian plant growth.

The recent work of a German engineer has clearly
demonst—ated the fact that>p1anterespond very quickly to
applicatiéns of carbon dioxide wade by enriching the
atmosphere; This fact has been known for —wany vears.and
de Sausgure, 6Ver one hundred vears ago, proﬁed that plants
made an increasing Vegetative growth until the concentration

of carbon dioxide gas wzs about eight per cemt. However,



it remained for Reidel to prove that plants under field
conditione could be made to grow to a noticeable degree.

Reidel worked with barley, potatoes, turnips,

-y

sugar beets, tomatoes, spinach, and variousg flowers grown
under greenhouse conditions and outside conditions. The
carbon dioxide gas was obtaired from = nearby blast furnace
and wes piped to the greenhouses and the open fields. The
gasg was apulied to the plants in various strengths, but

as the exveriments progressed, Reidel discovered that =a
five percent stream of gas gave bzst results De Saussure

recommended eight percent whereas Reidel recommended only

a Tive percent mixture of carbon dicxide.
The data obtained by Reidel was conclusive. The

growth resronse varied from a wminirum of fifteen percent

in root and fruit crovs to as high as 200 percent in other
crops. In practically all cases, the ga$n was at least

‘

gseventy percent over the check rlots. He also found that
the avsrage crop increase in the ﬁlotsigiven carbeon dioxide
fertilization and crdimary fertilization was eightv-two
percent, indicating a much greater growth increczse from the

carbon dioxide than frow the ordinary inorganic and

organic fertili

-3
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Coleus‘EXperiment.
Two experiments were Conducted in the greenhouse,
one with the common ornamental coleus plant and the other
with lettuce. The experiment with the coleus was *o
study the behavior of the plant when grown in an atmospheré

free of carbon dioxide but whirh was supplied with. carben



dioxide through the roots. The expsriment with lettuce
wag to determine the growth response ~f the plant when
grown in an atmosphere enriched with carbon dioxide. Thus,
the experiments were closely allied.

The apparatus in which the coleus nlant was grown
was devised to control conditions as much as possible.
The carbon dioxide was removed from one bell jar by
Passing the air tﬁrough three flasks of a forty percent
solution of sodium hydroxide and also through a solution
of barium hydroxide. The carbon dicxide was removed from
the air by the sodimm hvrdoxide in the form of sodium
carbonate, a soluble compound, while the remaining carbon
dioxide was removed bv the bvarium hydiroxide as the in-
scluble, white preoipitate ¥nown as barium carbonate.

The air wus then introduced into one bell jar. The other
bell jar was connected up in a similar manner, although
no attempt was made to rercve the carbeon dioxide from the
air.

Two coleus plants were selscted for the exXperiment.
The four inch pot of one coleus nlant was comﬁletely
coated with forty degree raraffine in order to nrevent
the carbon dioxide in the soil frem rassing into the at-
mosphere in the bell jar as well as prevent the carbon
dioxide given off in the process of resviration Srom enter-
ing the soill. The wnlant was grown in an atmosphere free
of carbon dioxide. A thistle tube was extendsd from the
rubber stopper in the bell jar to the soil so that water

could be added to the soil withouf disturbing the apparatus.




The other coleus plant pot Waé not paraffined although
a thistle tube was extended to the sonil. GCround nlate
glass was uzed as a base for the bell jars which were
firmly glued to fheglass by apolying a thin coating

o

of sticking wax, composed of vaseline, paraffine, and

j =t

rubber, to the ground basic rim of the bell jars.

A swall bealker of calcium chloride was pvt into
each bell jar for the purposzs of sbsorbing moisture given
off by the plants. A beaker of a =trong solution of
sodium hydroxide waw put into the carbon dicxide free
bell jar to absorb the carbonidinxide given off during
the respiration vwrocess.

The apparatus was connected up with rubber tubing
and attached to a filter pump. The filter pump provided
for a good circulation of air in the bell jars during the
ten days of the exweriment. Care was taken to reduce
.yapidity of ciarculation as much ag wossible %o simulate
natural conditions.

The coleus plant in the carbon dioxide free atmosphere
was watered daily with distilled water through which
carbon dioxide gas had heen bubbled for thirty minutes.
™n this mahfher an abundance of carbon dioxide was assured
the roots, although the exact amount was not determined.
The normal air nlant was watered with distilled waser daily.

Results of the Coleus Experiment.
‘The data 6btained at the end of the experiment

was rather conclusive., The plants were subjected to the test for

starch immwediately after being removed from thz bell jars.




The comron tect for starch is to apply a few dTOrs ct a
ten vercent solution of tincture of icdine tc the lsaves,
that have peen gently beiled in aleohcl to rewrve the
chlorophv 11 or green coloring ratter. The starech turne
a bright »lue or purplish color if precent in larce
quantities hut a dsrk brown celor is mresent in rather
limited arounts.

The nlants reacted tc the icdine test at the
beginning of the experiment. However, the ccleus plant

ovrwn in an atncsphere free of csrhon dicxide did not give

2T

m

the dark hluve ccler, so »roncunced at the beginning of

the exnariment. The coler was a2 vary weak, brown hue,

J

indicatine that a slight formation of starch wighs have

it

tzken place, but not a normal proiuction. Several leaves
were testad from various parts of the plant and a swall
partion of the green stem likewise testeds

The coleus 1lant egrown in a ncrmal atmosphere
resnonded tn the icdine test. The leaves turned a dark,
Blue to purple color and the =tem Treachsd also. The
difference in color as compared with the other cnoleus
plant was noticeable and well defined. Judsines from thils
experiment, the roots may absorb carbon dioxide, dut
certainly not to the same degree or extert.as the le=aves.

Lettuce Experiment.

A later =2xperiment was coniucted with lettuce in the
greenhouse to not only study the efiects of an ahsence of
carbon dioxide ut also the efvscts of an increazed amount

of the gas upon wnlant growth. Lettucels a tender,short lived
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quick maturing vegetable that is sensitive to changes of
any kind. The weak vegetative growith is an indication of
the weakness of the wlant 2ard the lack of ability to

withestand unfavorableconditions.

|

ight notted lettuce wplants about three weeks old

were selected for the experiment. The wlants were about the

(6]

same size and were uniform in nezrly every respect. The four
following combina*ions were mwade and two plants selscted for
gach plot:
1. Check wlot.
The plants were grown in cornon carden scil
to which only distill=ad water w2s added.

Plot No. 2.

Do

The wlants we-e grown in common garden soil
to which distilled water containing carbon
dioxide was added.

3. Plot No.3,
Plants in comucn garden -nil were grown in bell
Jars in carbon dioxide free air.

4. Plot No.4.
Plants in common earden scil werve grown in
vell jars in atmesvhere enrichad = +» &OPIOX*<
matalr five srcent of carbon dioxide gas.

The two pots of check plants were given care and attantion

throughout the experiment. They ware watered daily with

distilled water but were not dis%urbed in any resuvect.



The lettuce plants in the second wlet were givern
daily ap»lications of water enricrad with carbon diocxide. The
carbon dioxide was bubbled throush water for thi rty oinuates.
Howevar  in other Bespects the firsttwo olots were treated
alike.

The lettuce mnlants in the third rlot were nlaced in
an atmosvhere free of curbon dioxide. The arparatus was
asserhbled in exzctly the same manner as descrinad for the
aoleus mlant. Carben dioxide wz3 rercved from the 2ir bv
nassing the air through a strong sclutien of sodium hvdreoxide
and a solutien o pariuvr hydroxide nhefore entering the
bell

iar chamber., Circvlation of =ir was zrovided by the

J
filter wump and all other detzils wevre treated as previcusly
mentioned, with the exceytion tha®t the watsr avvlied fto the
s~il ontained no carthon dioxide.

The two lettuvce mlants in the Tourth ~lot were su

ta favorable growing conditieons. The at caxpheris carioon

(_,
i

dioxide, in

(ﬂ

stead of being remove was enriched with v oTe

= 2

-

of the gas, The amount of carbven dicxide was estimated to he
about five percent oy volure, althongh the concantration varied
soriewhat on accoumt ~F +he gpnaratus., The sss wan forced into
the bell jars twice a day after the stz”e alr had bsen Talrly
well reuncved., In this nmethod, the parcentaze of curhon

diovide varied as the vlants used 1t and decrezzed the awmmunt

of caroon dioxide in the hell jar champer. The gas was evolved

by ftreating calcium carocnate vith dilute hyvdrochloric acid.
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Results of the Lettuce Experiment.
The beneficial effects of carbon dioxide were arparent.
The two nlants growing in an atmosphere en riched with

carbon dioxide wére superior in every respect., They were

larger, more stocky, more vigorous and had more leaves. A compar-

ison can be had by¥ looking at the pictures.

The check »lot rade a fair growth. The plants were

strong, well colored, and vigorous. The average longitudinal

)

diameter was three inches, slightly less than in the other

prlots, but nevertelese, comparable with the other plants.
The second plot made a good growth response on account

of the presence of carbon dioxide in +the Water,pr65umab1¥.

There were more leaves and their average diameter was some-

what greater than in the check plet. The lsaves were stocky,

well colored and appa:ently in the best of health.

The lettuce plants in the third plot were groewn in
an atmosvhére free of carbon dioside and were unable to
survive the experiment. The leaves became noticeably weak
and pale green in-'cclor at the end of seven days. At ths end
of fourteen‘days a larqe rortion of the green chloronhyll
had disappeared and the plants had assu-ed a vaery pale,sickly.
green color, rather spotted and rough. The plants died en the
seventeenth day of the experiment, wilting and aprarently
dving from lack of feood, as the soil was moist and in good
condition. The wicture shows the ewmaciated and starved
appearance of the leaves very well.

The lettuce plants in the fourth nlot were the most

vigorous and healthy of all of the plots. The increased



growth was apparent in ten daye and became more ncticeable
53 the e -veriment was contined. The =lants were excevhional 1y
stronz and stncky and tne leaves were v =ry crisp, indicating
a ravnid, succulenterowth. The numosT of leaves averag=d ten
while the longitudinal diameter was Vel four and cne-hal
inches. The tright greencolor of the lsaves testifed to the
healthy conditicn cof the planfis. "rile, +the aupericrity
could noﬁ be eztimrated in rterws of vercent, tre advant.ge wasz

appvarent.

+ Plot : Plot : Plot : Plot
: 1 : 3 : 3 : 4
Numb=r of : : : :
Leaves : 8 : 8 : o) : 5
Lorritudinal : : : \ :
Dianeter Laeaves: 3" . 3" : 3" = s
Appearance :Healthy + Hezlthy + Healthy : Healthy
Yarch 24,18<3.
P Plot * Plet P Plot ' Plet
: 1 : P : 3 4
Number of . i . :
leaves . 8 . S . ? .10
Tenzitulinal | ) . .
iamet2r Loaved 4n . 4 1/5"; 3 6/7"; 4 +/5"
. Very . S indly. . Strcoky
. . Healthy . Healthy, D*ei on . ard Very
prpearance . and . and . Mandd, 1858 Vi~orous.
. Vigorous ., Vigorcus . . '




Summary.

i The following points have been emphasized in
the carbon dioxide experiments with coleus and lettuce
plants:

1. That the coleus plant grown in an atmosphere

.

ree of carbon dioxide could not manufacture
starch to any extent, although carbon dioxide
wag added to the soil.

8. That the coleus plant grown in a normal at-
mosphere manufactured starch in sufficisnt
guantity to react tc the iocdine tesst.

3. That lettuce nlants Watered with'distilled waker

~in which carbon dioxide gas was present made a
m@terial growth res—onse when comvared to a chegk

plot.

with carben dioxide to the extent of five percent
made the greatest growth response.

5. Thgt lettuce plants grown in an atwosphere free of
carbon dioxide died in seventeen days.

8. That'coleus_and lettuce plants seem to be very
sensitive to the presence or absence of carbon:

f dioxide.
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III. PEAR BLIGHT.



THE PRCBLEM OF PEAR BLTISGHT CONTROL IN THE ROGUE RIVER VALLEY

The first recorded account of pear blight was
published in "The Transactions of the HMassachusetts
Society for the Promotion of Agriculture” by William
Denning in 1794. Mr. Denning noticed that this dissase
attacked apples, pears and quinces in the highland regicn
of the Hudson River, New York. Subssquently, other men
réported its presence on Long Island, in New Jersey and
near Philadelnhia in Pennsylvania. A4s the fruit region
spread we:tward, the disease kept arace and the blight
appeared in Ohico, Indiana, Michigan and T1linois in the
early thirties.

Pear blight has done a sreat deal of damage in the
eastern part of ths Tinited States Juring the last century.
The regions of Vew York, Michigan, Florida, Georgia and
many other eastesrn states has suffered seriouslv, in
fact, comuercial pear growing has larcely ceased to exist
In these afiected regions. Bartlett nears vere once
commonly grown in the east, but thess have given awav to
the bybrid varieties, namely LeConte and Kieffsr, which
seem to e sowewhat more resistant to the ravages cf thé
near blight.

Armles have provad an €asy prev to pear blight,

although not to such an extent as pesars. The characteris-



tic injuryv, however has been to the bloszomrs and tender
twigs, rather than to the large branches. The varieties
that have been most seriously injured have been the Ben
Davis, Spitzenberg, Yellow Transparent, Alexander,
Wealthy and the Red Astraken.

The middle westarn states, comprising Illinois,
Towa, Nebraska and Xansas hawe paid tecll to the ravages
of pear olight. The loss has arounted to many thousands
of dollars in this area and has materially reduced the
prcfits as well as the vield, but net to such an extent
38 in the eastern st ates.

Pzar blight has followed two well defined routes

)

e

in its spread westward. The southern route, asz it
called, i2 clearly traced acrcss Colorado, southern Ttah,
and Nevada to the San Joaquin Valley of Califeornia, where
it first apneared in the sumcer of 190D, It has gradoially

d
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spread ncrihward to the Sacramento and othar smal ja-
cent vallevs until it has reached the Rogue river valley
of gsouthern Oregon.

The blight did not av.ear in southern Oregon until
in 1807, but sinaoe then it has been a relatively serious

problem, gradually assuming a more serious and alarning

aspect in spite cf the efforts to control it. The most

H
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gerious outbreak in the history ~»f the Regue river
valley occurred in the Spring of 1830 when climatic
cenditions hamuened to be unusually favoravle $0 the
gvread of the disesase. Many thousands of dollars were
lost before the spidemic was brouenht under cocntrcl late

o

in ths swmer,. sevar

o

1 large crchards were comuletely
killed and scores of swaller orchards s=2ricuslv injured.

The nothern route of the blight can be traced across

Q

olorado, northern Utah, Iduho, eastern Oregcon and Wash-
ington to British Columbia, where it appeared about 1880.
The blight has slowly moved down the western vart of
Washington and it is only a wmatter of time until it is
found in the Williamette and "mpqua river valleys, which
are relatively free frowm it. The concensus of ovinion
seems to be that the diseaze will cause serious injury
to the apple and pear plantings of the northwestern vart
of Oregon when the two infections meet.

Foreign countries have never felt the full force of
the pear blight. The disease has never been fond cutside
of the Continental North America, although many réports
of 1ts »resence in other countries have been received. The
term "fire blight“ ig commonly used in referring to many
plant disorders and dis:ases in Australia, New Zzaland,

and Tasmanis, and the horticultural literature of those



countries abounds in references dealing with fire
blight. However, the American Pear blight, or fire
blight, has never been positively identified, and
probably will not be a problem as long as the strict
quarrantine against American pear stock is maintained.
Professor T, J. Burrill of the University of
I1linois, discovsred the true nature of the pear blight
in 1879. He discovered that the trouble is caused by a

bacillus, which he called Bacillus amylovorus. By determ-

ining the specific cause of this serious disegse, Professor
Burrill was abl& to bring the disease before the spot-light
of publicity, with the result that a great dezl of inform-
ation 1s to be had. Bactericlogists are familiar with its
morphology and cultural characteristics as well as with
its life history under field conditions, so that there is
no difficulty in identifying the organist,

Pzar blight attacks every tree and shrub of the
pome family. It is comwonly called near bliecht because
it has been much more disastrous uron the vwear (Pvrus
compunis) than uvpon any of its numerous hosts. Tt is
also found uvon the ap-le, (Malus), quince, (Cydonia
vulgaris), wild crabapnles (Malus Coronaria), hawthorne,
(Crataegus), service berry, mountain ash (Sorbus Aucuparie)

and other native powaceous fruits. Tt has recently be=n



found on the »lum and gpricet.

Bacillus amylovorus elongs to the general class
of micPfoscopic organisms called "hacteria®. Single
cells of the orsanism are oval shan=2d, 1.5 to 2 microns
long, and from .5 to .75 miorons wide. The organisw
multiplies by dividine in th2 middle and zrowing to nor-
mal size in about averv fhiry minutes as leng as condi-
tions are favorable to the growth of the diseasa. They
are covered with hair-like flagella which enable ther to
move about in the juices of the disceazed narts of the

plants, being single or attached, s

’

varal end to end.

®

Gelatine wnlates. Growth is slow, equiring thres

tec five days for arwsearancse of colanies, which are of g
yellowish color, sharply ovtlined, and globular of lentin-
cular shape. Surface colonies slowly liquify tre gela-
little nits.

Agar plates. Colonies ars svidsnt in two davs,

becow ng characteristic in five davs. Surface colonies
are from two to three mm. in diareter, in the form of
thin, white, finely granular or cloudyv circular growth,
with a densely defined white center. P2ep colonies are
somewhat larger, globoss, dense oﬁague to yellowis

coclor. The surface growth is coarsely granular or

flocculent, whitish.



Beef bouillon. Becomes uniformly clcudy in

twentv~-four hours, €lightly acid. Cloudiness slightly
increazed in forty-eight hours, nsutral to litmus.
Recomes a strongly alkaline substance in twentv days.
Odor not warked.

Potato bouillon. Becomes uniformly cloudv in

twenty-four hours. Growth most active at surface.
Slightly acid to litwus vaper. After forty-eight hours
liguid becomes heavily clouded and decidedly alkaline,
Clears in about twentv davs with abundant sedirent at
bottom of plates.

Sugar Free Bouillon. Clear at end of twenty-four

hours, with only slight sddiment at bottom. Nsutral to
litmus paper. Aftzr several days becomes 8lightly cloudy
and .alkaline. No¢ odor preoduced.

Agar slant. Groewth zlight fthe first twenty-four

hours. Moderate glistening white, ovalescent, but

} 4
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ittle
spreading growth which is not visecid. OGrowth increases
but little after twentv-four hours.

Glucose sugar. No gas. Growth cof crganisn

vigorous, in twenty-four hours, forming thick layer at
top. Submerged colonies are granular. Little change
neted excert that white surface layer tecomes thicker ag

time goes on.



Glucose bouillon. Uniformly clcudy in twenty-

four hour=z, with abundant floccl and a weak pellicle.

Acid reaction, remaining zcid.

5

Milk. No chanze until the third -~r fcurth 4day when

»

things begin to thicken, becoming very thick by sixth
day. Milk does not curdle, but becomes subgelatinous.

In about ten days the thickened gortion gradually settles
leaving & clear watsry liquid above, Acid at first but
beccmes strongly alkaline.

In discussing the migratery habits of Bacillus
anvlevorus, lliss Bachman sald that the bacteria move
almost entirely through the intercellular svaces rather
rather than thrcugh the sap tubes ag orevicusly supvosed.
In the young stews, all parts are dizseased, 2ven the wood,
but in the clder shoots ard branches, only the phloem
region is affected. The cell walla are apparently not
dissolved by the bacteria. The cells are killed prinarily
by the extraction of the wa*er from then.

According tc Burrill, in his study of diseased
tissue, the most conspicuous change that can be observed
by the aid of the wicroscope is the total disappearance
cf stored starch,

Waite found that the blight bacilli apvarently live

on the nitrogencus matter, sugars, and to same extent, the



organic acids present in the cells. These substances
occur abundantly in ycung growing tissues.

Stewart found that the blight bacilli are nresent
in gfeat nurbers in the intsercellular spaces and to
some extent in the cells,

The camplete life hiztory of Bacillus armvlcvorus
under field conditions is well Xncwrn. Tt winters over,
under fzvorable conditions, in relativelv few hold over
cankers in protected parts of pear trees. As the dlight
can stand but a brief expcsure to sunlight, and is «quickly
killed by a period of drying, it is evident that the hold-
over cankers nust be in some wvrotectzd wart of the tree,
usually on the nocrth side of a branch. With the return
of arowing conditiens in the spring, fermentation sets in
and guminy beads of exudation appear around the edges of
the cankers. Thess drops contain millions of the
living bacteria, in an sxtrerely active cordition.

The disease 1is carrisd from hold over cankers to
pear blossoms almost entirely by insects. Bees are
particularly active in spreading the crgaznism at this
tire of ths year. The bacillus multiplies very rapidly
in the nectary of the flower where it is left by the bees
¢r other insects. From the rectary it easily enters the

soter tisrcues of the bark and carblum, and its procress



into the larger limbs is only a matter of time, in many
casesz. Biting and sucking insects are active agencies in
the spreading 6f this diszase, during the spring and
sumaer, causing nany infections through the succulent

water sprouts which anwear throughcut the trees,

Symptons,

The first symptoms of pear blight are first cemmonly
noted in the early part of the season. About two weeks
after blossoming time, the tips and Ylossoms of the affect-
ed yarts wilt, turn brown and finally become black, indi-
cating that death has bscome general in the tissues. Fre-
quently, in severe cases, the disease will kill every
blossom and twig on the tree. This form cf blipht is
known as twig or blossom blight and is fairlv eommon on
rearas althcugh more so on anrles and quinces.

The rrogress of the disesase, under faverable con-
ditions, 1s into the larger branches and trunk of the tree.
This type of injury is known as "bodv Blight" and is by
far the worst form on pears. The large branches are easily
girdled as the disease progresses at a fairly r=rid speed.
The growth of the organism within the tissues is accomrpan-

led by a water soaked avpearance and finally a blackening
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and shriveling, accomranied usually by a conious exu-
datieon of a dark brown color ané gelatinous nature.

The activity of Baci®lus arvloverus gradually
lessens as the summer passes. Towsrds fall or under un-
favorable conditions the organisrm ceases to spread
raridly and geces into a relatively wassive stage. A
sharp lihe of demarcation separstes the dead fissue from
the healthy tissue, forming the characteristic canker,
with its dark brown sunken surface of bar:. They are
distinctly sunken, smooth, nevar checked or spotted with
pustles except when sarrophytic rot fungi gain entrance
later,

Influende of weather and scil conditions.
re favoravld to the

Certain colimatic conditions

8]
14}

L]

rread of pear blight. 71t has been observed that thre

oy

izsase 1s always wore severe aft:r 3vells of warm, damp,
rmuggy weather, dvring pollination or later. Humidity of

the atmosphere, coupled with warm days, as well as increased
moisture content of the soill, causes a larese amcunt cof

water to be mresent in fthe vlant tissues and this condition
frequently leads to serious results. Weot onlv is damp
weather liable to cause a greater susceptibility to the
disease, but it also facilitates the svread of the bacteria.

They cannot stand extreuely dry weather, as they are

easily = . killed by a wound drying out before they have
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infected the living tissue. [Jherefore, climatic
conditions that favor the activity of the disease in
the host also favor the dissemination of the bacteria.
Soil conditions determine the prevalence of pear
blight to zome extent. While a tynical mear soil is
defined a3 a rich, deep moist heavy scil, yet under
southern Oregon conditions, a lighter tyve of soil has

been found preferable. The v»resvailing twpe of soil
best suited to pears is known as the Agate Gravelly,
Loam, Deep rhase. The dewth of the =cil ranges from

two to four feet, and is of a dark red color, belng
underlaid by a gravelly subsoil, usually firmly cemented
together. However, other soil types of a heavier nature
are commonly found.

Irvigation is regularly practiced in southern
Oregon, as the sumcer rainfall is insufficient for pear
growing. It is the general »ractice among experienced
vear growers to apovly the minimum rather than the maximum
or optimum amount of water, on account of the influence
upon vegetative growth of the bearing treec. It 1s quite
possible during the early vart of the summer o keep the
tr~as in a healthy growing sondition without applying a

great deal of water, depending upon cultivation to con-

serve the soil meisture. Howaver, during the latter rart
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of the summer, when the blighting is not so vigorous,

a liberal supply of water is used to put size on the
fruit. Baritlett pears are given a heavy watering ahout
the first of August, as the fruit matures about the
middle of the month, and Bosc pears, which mature about
a month later, are heavily irrigated about the first of

September.

Dissemination.

The chief agency in the spread of pear blight is

insects. The chief offender is the aphis, »f which thers

-

are several diffesrent kinds, while the click bestle, bess,
ants and many kinds of flies likewise contribute. The
insects becore contaminated with the live bacteria while
visiting the active h~1ld over cankers in the spring, and
carrving the bacteria to the nectaries of the rear
blossoms. The bacteria multiplv very ranidly under favor-
ablz conditions, and as insects visit fhe Dlossoms in
search of hmey, they carry the bacteria to other blossous,
goon infecting theraands of blossass.

The comcon grain or weed thrips has recently been
found to be an especially dangerous carrisr of the disease.

mThe insects are small and work into the blowsoms and axils

of the young growing lsaves and due to their habits, cause



a great many infections. Hundreds of click btestles
have be=n found around the rocts of the pear itrees in
the esarly morning. They ascend the trees durirg the frre-
noon and fead upon the blossoms and tender shoots, des-
cenging in the later aftsrnoon. Hany of the infections
have resulted from the activities of these beetles.
Various aprayvs have been used to control the in-
sects, but at the present time only one spray is re-
couriended. Nicotine sulphate 1---890 part water; distill-
ate oil emulsion 1%, applied when the first outbreak of
blight is noticed, will quite effactively control naw
infections. 1If new infectiocns ars not controlled in some
manner, 1t is almost imwossible for hlight cutters to
keen up with the work, whereas with a thorough a»nnlication
of the insecticide, infections will be nr2vented for &
few days and the cutters can zet the eridemic under control.
Sulphur is commonly wut around the roots of near
trees, two or thres inches below the surface to ke L the
click beetles and other insects away from the rorts. Tt
1s aprlied at the rate of four pounds ver tree and has
been found effective when wsed consistently. A three or

four.inch band of tanglefoot is also put around the trunk

of the trses to keso the crawling insects from gaining access

to the tree vroper.
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The problem of control.

N
=1

controlling rear

~

The only successful methed o
blight &t the present time ceonsists In cutting ocut and
destroying the dissased tissue as quickly as 1% shows

my

up. This is a rather drastic treatment but the experi-
ences of several vears has v»roved it to be the only
feasible way of controlling the disease. The pear trees
should be locked over every week or, better yet, every
three days and all of the diseased twigs, branches and
cankers carefully ramcved. The blighted twigs and
branches are usually cut off from three inches to one
focot below the last visible evidence of discolored tissue,
and in severe cases, as much as two feet. Experienced
man can judge rathsr easily the extent of the infection,
by noticing the typrical water soaked avpearance of the
diseased tissues, whersas inexperienced men are apt to
overlook this imuvwortant voint, and not cut out at a
sufficient distance below the infection,

Cankers and diseased portions of the main lirbs and
trunk are carefully remcved wherever necessary. The
diseased bark 1g removed and great care taken to cut out
encugh healthy bark tissue to completely surrcund the

canker. With the active infection on the larger limbs,
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it may not be ovessible to trim around it, and in that

case, the liub, of cocurse, is glrdled.. As was previously

stated, the bacteria are mresent in only the phloem or bark

tissues of the older marts of the near trees, so that in

the main branoches, the bacteria arse confined to the bark.
Wounds incurred in removing the blight twigs and

branches should be disinfected iruediately with a solution

of cyanide of uercury, in ords2r that any bactsria adher-

ing to the owen wound might be killed. The pruning

shears, knife or sawa that are uvsed should also be dis-

infected evary time a new wound ig rade, corrosive subli-

mate being used for the instruments. The importance and
necessity of adhering to this vractice cannot be over-
emphasized, as a gre.t rmany infections may be started by
discbeying the recomuendation. Many other disinfectants
have been tezted ot ovut none have been.found as effective
as cyanide of mercury and corrosive sublimate, when used
in the correct proverticns. The accepted strength of
both cyanide of marcury and corrosive sublimate (bi-
chloride of rercury), is 1 to 500 parts water. Thite
Jablets are vreferable to the »pink tablets of cyanide of
nmercury on account of the fact that they dissolve much
more rapidly and more thorouzhly. The two disinfectants

are commonly 1ut in the same container, and bHoth chemi-

cals applied to the wounds or instrucents, thus elimin-



~16-

ing ccnsiderable worlk,

Experi uen+ by Reimer of the Southern Oregon
Experiment gtation indicate that corrosive sublimate is
a very wowerful disinfectant under certain conditions.
However, its value is impaired by certzin conditiong,
as the presence of organic wmatter, especilally albuminrs,
causes it to form insprt corbinations which destrov the
value of the poison. Therefore, 1t cannct be used on
naked wounds of the wear +ree with any degree of success.

Reimer has found that cvanide of wmercury cannot
be used with any degree of certzainty as a disinfectant
on umetal tocls. Why the cvanide should not ve effective

1

w

a questicn, but it is supposed that 2 chemical compound
ig formed with the iron in the tools. Recsearch data has
failed to verifyv the supposition, howevzr,

The present method of corntrelling blight 1s un-
gatisfactory and expensive at the be:t. The disease may
gpread very ranidly and cause a great deal of damage
before it can be stopred in an indifidual orchard. If
an adjoining orchard hanrens to be seriously infected and
the own=>r refuses to cuf ~ut the blight, ther= may be a
constant dissemination of bacteria to 211 of the nearby

ar chards The: problem of control is z comuunity affair,

in the larger sense of the word, and the efficiency of
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control depends largely uwnon the spirit of cc-operation
pervading the locality. Fortunately, however, there are
at least two avenues of control remaining, which, in the
crinion of men who have studied the sub] bear investi-
gating., The first methnd is that of artificial immunity

Ead
¥

and the second is that oFf naturel immunity.

The problem =f artificial immunity has only been
glightly investigated and little information is to be
had on the subject. Artificial immunity is that form
of 1lmrunity galned by inoculation with a vaccine. ir. C.
C. Cate, County Patholcgist, of Jackson County, Crezen,
has been experimenting with a vaccine composed of dead
‘tlight germs. He has been running experinents the last
three summers at the Southern Oregecn Experi:zent Station.
He has chosen the tender srowing tivs of a Bartlett three
year old tree for the experiment, inoculating the tips
with live bacilli and then supplying the vaccine four or
five inches below. His r=sults have not been of a conclu-
sive nature as yet, but give promise of value if carried

further.

The probler of natural imrunity opens up unlinited

fields of ressarch. It is a comrenly known fact in
pathology that certain organisms are more resistant to

disease and will thrive und=2» cenditions inimical *¢ cther

A4 -

organisms of the same varlety or species. Pears are no



exception to the phenomena and already we know that
certain varisties of Pvrus communis, the Furopean pear,
and many species of the oriental pears ars resistant
to blight.

fr. ¥, C. Reimer, of the Sovthern Oregon Experi-
ment Station, has been engaged in testing the relative
irmunity of different pears for seven ysars. He has
undoubtedly succeeded in gathering the largest collect-
icen of pears ever eocllesgted in e place, having ovar

one thousand varieties and svecies of Europsan and

3
(R
I
'_l
]
lJ
l o
H.
41}
wn
t-hy
@)
H

Oriental pear= at the atz2tion.
carrying on & resistance test are unexcelled as hundreds
of varieties of Pvrus commuris and hundreds of forms of
Oriental v2ers are growing vigorously.

Mr. Reilier has i:ade two trips to the Orient in

company with the late: Trank . llavers, ™lant Explorer

of the TU.&8.Departuent c¢f Agriculturs, for the TUBpOSeE
of finding new specles of mear:. The firast triv was

made in 1€17 intc the region of Nerthern China and
Manchuria, and he brought back many new forms of Pvrus.
The secend trip was made in 1912, into theregion about
600 miles south of Psking. He brought back distinct
peclimens of P, ussuriensis, P. callervana, P. phasccarpa,

P. serrulata, P. betulaefolia, P, bretschnederi, P. caller-

yana, var. Faurei, and mary other tyvwes which may Trove
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to be new specimens. He also succeeded in collecting many

‘specimens of the edible varieties of Javanese and Chinese

pears.
The method used by Reimer in determining itmmunity of
the many different varieties and species deserves mention
at ﬁhis time.r Pure cultures of Bacillus amylovorus were
isolated from blighting twigs and cankers by the pétri dish

ishes were then transferred

)
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method. Colonies from the petri
to beef agar slants and from these slants beef bouillon
cultures were prepared for field work. Inoculations were

made from these cultures into the desired parts of the trees.

A platinum hook was used to transfsr a dror of the culture

te the place on the shecot or limb where the incculation was

to be made and then the bark beneath the drown was pricked

with a needle. The relétive resistance of the varieties was
then determined after hundreds of inoculaticns had been made.

Inoculations were made in the tender growing tips and

in the trunks. In the highly resistant form of the pear,

the disease would usually stop aftsr having killed the growing
shoot for a distance of from six to eighteen inches, while

in the less resistant fofms the whole tree would often

be killed. Inoculations fm the trunk of the



resistant forms, result often in no infection at all
or smwall cankers, depending unon the age of the tree.
One inoculation was generally made on =ach growing
shoot and five ™ t*»= trunk.

Sveaking of the results accomnlished up-to-date,
Reimer said that Pyrus ussuriensis, or 21830 B.?.I.,
was found to be totally immune to the dissase. Hz made
510 inoculations in 1913, 105 of this number were on
the tires of growing shoots, 85 on branches less than one
vear old, and 20 on the trunk of a two year old tree.
Not a single infection resulted from these inoculations.
On th= other hand, inoculations were made on the check t
trees of our common varieties at the same tire and from
the same lot of bacteria, and these all blighted vigorocus-
ly, thus the thoroughness of the testing can hardly b3
doubted.

Harked variation in the depree of resistance of the

dif

i

erent varleties of the Turopean wear or Pyrus cowrunis
exists. The relative im:unity of some of the more com:on
varieties as determined by Reimz+, in the order of their

immunity is as f~llows:
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1. Surprise 8, Lucy Duke

3. Orel 15 2. Boso

3. Warner 10. Corice

4, Birkett. 11. Bartlett

5. Krull 12. frorelle-

8. Fluke 13, Sznta Clause
7. Anjod 14. Howell

The hybrid varieties of Pyvus nomrunis and Pvrus

S
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rotina, the Japansse sand pear, arse netably T2sistant
to blight and rank up well with the Warner and Birketst
given in the above lis¥. The two most corwmon hybrid
varieties are the Kieffer and the Te Conte.

Resistan% species of Pvrus are confined largely
to the Orientals. The following 1is% renresents the
species that Reimer has tested, but the r=lative immunity

f

has been dat:rrined only in the first four species:

1. Pyrus ussuriensis, or 321880 B.P.I.

2. Pyrus Ovoldea

3. Pyrus variolosa

4, Pyrus callzryana

5., Pyrus sinensis--forms

2, No. 458, B.P.I.

7. Pyrus michauxii

8. Pvrus elasagrifolia

9. Pyrus malifolia 18. Pyrus salicifolia
10. Pyrus canescens 17. Pyrus cotinfolia
11. Pyrus fascicularis 18. Pyrus lonsipes
13. Pyrus amygdalisformis 19. Pyrus siniaca
13. Pyrus vashia 20, Pyrus dbketschnederi
14. Pyrus balansae 21. Pyrus vhaeocarpa
15. Pyrus nivalia 23

. Pyrus betulaefolia.



One of the most promising lines of work and one
which offers the most immediate results is that of
growing our cou: ercial varietiss on root systems and
trunks which are resistant to blignt. The French seed-
ling, on which wost of the older crchards were budded
or grafted, is very susceptible to blight, in facét it 1is
often more susceptible than some of the common com. srcial
varieties and ie responsible for the large —ercentuge of
mortality attending well develo:ed infecrions on trunks
and roots. Tharefors, this Freznch stock Pyrus communis,
sheuld be rapidly discarded and some stock mcre resistant
used. DPyrus serotina is being recom.ended for stock pur-
poses, as it is more resistant than the French seedling.
Other species of Oriental pears will undoubtedly e found
superior to the Japanese fand Fear (Pyrus s=rotina), for
stock purpos=s, and Rsiuer is conducting extensive experi-
ments at the present time, with that point in mind. Of
course, the qusztion cf cong:niality ccwmes in, but it is
expected that the relative =sase with which the Criental and
European species will unite will be determined by a large
number of buds and grafts which will be wmade in the near
future. Observations covering & period cof three years indi-
cate that Zyrus serctina makes a falr union with the Eurorxean
rears, although not as strong and firm as between the var-

iousg varieties of communis.



-+t has bsen found practicable to grow blight
resistant varieties of European pears on the Japanese
seedling, vtilizing them for the main frame wcrk of
the tree. The varieties are grown on the Japanese
seedling stock for two or three years and them grafted
over to the comr-ercial varieties, such as the Bosc,
Bartlett, Anjou. This oneration obviocusly increases
the cost of the individual tree, but the added ex-
vense is negligivle when comvared to the greatly in-
creased wrotection given. The varietiss commonly
used as stcck for top-working are the Surprise, Rirkett,
¥rull, Tluke and Orel 15, all of which belong to Pyrus
comrmunis, The Xieffer was fcrmerly racomiended for
top-working but the unions have practically &ll been
weak, 111 shaved, or have not been sufficiently strong
to vrevent the scion from breaking off. The above
named varieties can be obtained from practically any
reputatle nursery on the Pacific Coast.

Blight resistant tynes and varieties can undounted-
ly be produced by breeding. For examrls, by crossing
with such high quality varieties as the Bosc or Anjou,

with such blight resisting varieties as Surprise, Orel 15,



Birkett, or other known varieties and then growing
thousands of seedlings, it will be possible to
originate a variety which will possess high quality
as well as blight resistance. Many other varieties
of fruit have been originated in the same manner and
it is only reascnable to vresume that valuable
varieties of pears can be originated in that way.
It should not be supposed, however, that high
quality and blight suscentibility are correlatad,
as the Seckel, a pear of very high quality, is

wuch more resistant than most of the lov gquality
varieties. V.ry 1ittle, if any, werk has been
done con this problem, but it is an excentionally

fartile field of endsavor.



Description ef varieties and Species.
A briéf description and history of some of the
better known varieties and species of Pyrus will be
of interest. This description is by no means odmplete
but some of the main points are brought out.

Pyrus ussuriensgis. Maxim.

The species is native of northern China, Manchuria,
and eastern Eiberia where it 18 widely disseminated. It
withstands lower temperatures than any other known bpear.
species and for that reason will be largely used in the
colder regions of the United'Statesl largely for stock
purpeses. In its native habitat the tree 6ften attains
a height of eighty feet and a diameter of three feet. Many
of the forms and varieties bf Pyrus ussuriensis have proved
totally immune to blight. The Chinese people have several
edible varieties of the Ussury pear, as it is comonly
called.

Pyrus callervana. Decne.

This species ig ﬁative of Central and southern
China. It bears a small, brownish fruit, with a de-
ciduous calyx. The leaves are of medium size, very
glossy and the margins possess short, round, or dentate
teeth. The tree is a clean, vigofOus, upright grower

with very smocoth bark. The form from southern China is

not as resistant as the northern form, blighting in two
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and three year o0ld wood. Only the tender shoot of
the nerthern form blight. Pyrus calleryana is one
of the mecat suitable 2risntal ‘ears yet found for

stock Turvos2s, and the unicn is strong and smeoth,
and cow ercial varieties of seizn pears grow

vigorcusly when grafted or tudiled on to it.

Pyrus ovoidsa. Rehder (Syn. Pyrus simonii)

This species ranks next 4o “yrus ussuriensis in

o

1ight resistance. The tender greowing shocts seldom

-

blight mcre than e’ght inches when inoculated in the

tips. The dieease has always failed to develop in

trunks of trees more than one vear old. A vromising

()

tres for steck purpcses, but not as gocod a Pyrus
calleryana, because the unions are not as geed.,  Trees
of the specles are vigorcus growsrs and produce medivm
sized fruit, egg shaped and with a parsistant calvx,

It ig netive to nerthern China.

rug variolosa. (Syn. Pyvrus nachia)

-

The species is very resistant, ranking next to
Pyrus ovoidea. Blight infections seldom extend more
than fifteen inches back frow the growing tips and trunk
inoculations on one year cld trees sometimes girdle and
kill the trees. Inoculaticns on two year old trees

rarely form a canker more than *wo squarz inches in



extent. The trees grow vigorcusly. Prcduced a

ivm sized pear sized fruit, with a persistant

=
o
R

calyx. The apecies foru = fair union when grafted or
budded to the Eurorpean pear=:.

Pyrus Communis

A1l of the commercial varisty of pears have
originated from this so called "French Seedling" The
resistant tc blight varies greatly with the different
varieties, ranging Irom high susceptibility t
relative immunityv. The courion ccmirercial varistiss are
notdbly susceptible to blight, although varying. Native
cf Southweatern Europe. Strong, upright grower, attaining
height of seventy feet frequently. Leaves mcstly cblong
ovate with prominent point, hard in texture and light
green, serrature small and much avpressed and cbtuse.
Calyx is persistant, rarely deciducus, stamens fifteen or
twenty.

The Surprise is highly resistant variety of the
species. The parentage is not known 2gcept that it was
criginally sent t¢ the Missouri Experiment Staticn from
the Stark Brothers' Nursery, Loulsiana, Missouri, about

twenty yvears aco. The tender tips wil? clight frow two

to six inches while the one yaar old wocd will not L1ight



tc any extent. The two year old wocd has never devel-
oped any irfection. The tree is a strong upright
grower and will orove of zreat value for stock purposes.
The Orel 15 was introduced from Russzia Wy the late
Professor J. L. Budd, of the Iowa Agricultural College,
Ames, Towa, zbout 1880. The tender growing tips will
blight for a distance of fcour or five inches but no
infection has developed on ths one or two vear old woced.

The tree 1s a strong upright grower, excellsnt for stock

The Douglas is a seedling of the Kieffer and thre
Angoulenme, originating on the farwm of C. H. Aver, in Douglas
County, Kanszs. The tender growine tips blight for a
distance of six inches but thes one and two vear old wcod
never becomes infected. The value for stoeck purposes has
not been established, but experiments ars peing cornducted
with 1%.

The Warner coriginated on the farm of Dr. Boor, Henry
County, Indiana, in 1833. It has shown a2 high degree of
resictance, the tender tits blighting only a short distance
while the one y=2ar old wood has not blighted. The Warner

1s valuable frr stcck purposes,



The Birkstt ériginated near Psoria, Illinois, about

one hundred vears zoc and apvears to be identical with
the variety kXnown as the "Sudduth". The tender growing
tips rlight sericusly, but the one and two yvear old woed

sigtant as the

O

t as 7

)

seldom blights. Hewever, it is n
preceding varieties and is not as heartily recommended

for stock purposes.

SUNMMAR

<

The following rcint s have been vrought ocut in
this brief discussiocn of Bacillus amylovorus and repre-
sents the latest i~fecrmaticn that the writer has been
able to obtain.
History: 1. Pexr blight was known as early as 17S4.
2. Bacillus amvlovorus followed two well defined
routes in its spread to the Pacific (oast.
3. Professor T. J. Burrill of the Universisty
of Illincie discovsred the true nature of
pear blight in 1879,
Characteristics: .
1. Pear blight attacks every tree and shrub of
the pome fruit family.
3. The organisr has distinct properties when

grown ~n culture media.



Preventive

IAV]
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The disease is easily recognized on

the near trees, either as blossom blight,
body blight, or as cankers.

Certain temverature and scil conditions
favor the spread of pear blight.

Remedial leasure:

Insects are the mcst common carriers of
pear blight and should be controlled as
much as possivle,

Blighted twigs, spurs and branches, should
be cut out at least once a week.

Every wound should be disinfected with
solutions of cvanide of mercury, 1-500, and
a solution of corrosive sublirate, (bi chlor-
ide of mercury), 1-500 parts water.

Knives, saws, pruning instruments of any

sort should be disinfected every time a new

wound 1is made.

Native pomaceous fruits should be removed
for a radius of at least one-half mile.
Water sprouts should be kept clcosely rubked

off.,
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F. C,
F. C.
Pear

o. C.
F. C.
B. S.
H. H.

The grcwing of blight resistant varieties of
comrrercial wvears offers an opvortunity of solv-
ing the question ¢f control.

rhe ravages of vear blight can be materially
reduced by growing the comwercial varieties on
root systems and trunks resistant to blight.

A descrirtion of the more resistant forreg of
Pyrus communis and other svecies of Prrus is

given.
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