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INTRODUCTION

Thwe behavior of plants 1s roverned by thelr genetic
constitution, thie various chenical and physlcal processes
occurring withiin plants and the peneral physiolorical limi-
tatlions imposod on all organisms. ‘The rediscovery of Hendel's
work at the turn of the century stimulated research which
led to a bstter understanding of the Internal fectors con-
cerned withi the course of Individual developmont. The
renetlc constliution 1is vital to tiie ultimats form and
characteristics produced but may not be expresszed except
by iateractlon with environmmental lactors. This paper deals
withh some of these enviromuental factors in relatlion %o
rrowbh and develooment of florare crons pgrown under Marvland

condltions.,

tlaryland's climatlic conditions are unigue throurl: 1ts
location in & nortii-scutlh: transitional zone of the Tastern
Unlted States. FHy virtue of tiils location 1t 1s the approxil-
mate northern btoundary for growtih of sucih forsape specles as

berrmda grass (Cynodon dactylon L.) and lespedeza (Lespedera

gnn) and thne anproximete southern voundary for such snecies
Rty 3 (¥

as timothy (Phlewn pratense L.), smooth bromeprass (Lromus

jinernis Leyss.), and birdsfoot trefoil (Lotus cornilculatus IL.).

his unlouneness »rovides a diversiiy of climatle conditlons

and a broad ranfe of plani spscics or study.
i eteorolo-lcal obosrvations in the past have becn con-

e

fined nrinmarily to thie asrial zone aLove & nielrlit of [ive



faect, Observations wade at tiils helpnt, however, do not
necescarily reiflect tie Immedlate environmental condltlions
of many prowing plants. Selper (31) wrltes,

Withh the progress of sclence and especilally with the
increasing use ol sclentiile data for economic pur-
poses, new needs have arisen. The plan of the
meteoroloyrical yearbooks is no lonper sufficient,
Indesd they have even proved misleading when used
wilthout further practical nrecautions. I1or instance,
tiwe nmumber of frost~uayu, as publisiied in the annuals,
slves a {alse mﬁctur“ of tiwe frost danrer to arrl-
culture, Tne published maximum temperatures are

nob autuoritau;ve in determinin: the hest avallable
to rrapes on the vine, It was soon found that all
plants have tlhielr lives conditioned by that very

zone ol dlsturbance wJ&ch hag heen so metlculously
avolded in ﬂ@two%oln ‘ical ckservations, ‘ithin

tlids zone the vprevailing climatlc conditions are
dilferent from thoss at 2 meters hel-nht.

1‘]‘4

he necesslity for studyins the climate of the »lant layer 1s,
tlien, anparent 1T a full understanding of the effects of
climate on plant behamvior ls to he ~alned,

Perennial Torare plantg rnerslst for twelve months sacl
vear even thouris plant prowtil may be limlted to a period fronm
seven Lo nine monthes, It is i=mmortant to carefully study the
micro-cnviromment of nlants during the entire year, However,
it is even morvre important to study tihle environment during
periocds of adversity.

The time of spring prowti: Iinltiation 1s Important to the
farmer since 1t may mean added ssvinrs In nils feed vill,
Crowtly initlation at tihde bime of wear is roverned »rimarily

Ly terperature. An objectlive of tiils siudy was to raln

furtiner Imowledse concernliln; tamperature accurulation and
initiastion of snriny srowitlqh ol several forare gpeclicos,

S : . S T " o~ I N R B -y e ) ]
Anotasr oujective vwas to invest!-ate tiwe relatlonsnip of



increased temperature to tiwe rate of growth.

Summer crowil: 1g often 1limited by the species’ inabllility
to rrow durlin. hot weatiier or by the lack of adecuate, well
distributed suwmrer rainfall, These [actors gre of ubtmost
importance in plant 'rowth and stand survival of snech nplants
as ladino clover and Kentuclkv bluerrass., An attemmt was made
to determine the comlbination of microclimatic factors wiich
coverned ;rowthi and stand survival,

“inter damare to ladine clover and otier le umes nhas, In
some vears, boen severe In many areas of the YWortheastern
infted 3tates, Tiils injury often resulis from a comblnation
of winter heavin, desiccatlon, and incldence of discase. An
Investiration of tliose factors most Intimately correlated with
iig tyme of injury was anctier nurnoge of this study,.

4 nunver of Lmnortant forare cron diliseasces anpzar to be
correlated witi: ellimatic varlations. For Instuance, the severity

of Thizoctonia root and crowm rot (Hilrzoctonia solanl) on smocth

Lrome: rass anc virdsfoot trefoll appear to e closely asscclated
with hi h temperatures and i 1 hamidity values. The rclatlon-
snip between envirommental lactors and incidence of disease
can vrest be studled by investli ating tie actual environment

in wiiieclr thie plants are rrowins, tihat of the mlcroclimate,

Tiiegse were tiie maln obtjectives of tiuls study. Some were
covered 1n consideraule deotall wille others, because of lack

of coulnnent, tine, sote., werc stuodled less thiorou nly. TFills

nrovlen was larely sxnlorators In nature. It was desi-ned to
athuell some ol whie basle »roulons ol fera ¢ cron productlion



but in the maln dealt with & survey of the possibilitles
and problems in & study of this nature.
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REVIEW OF THE LITHERATURE

The relatlionship of various climatlic factors to the
growth, development and dlstribution of planta has been the
object of many_investigations. An excellent coverapge of thils
sub jJect csn be found in a number of reference books dealing
with plant ecolozy including those by Weaver and Clements (93)
in 1929, Lundegardh (52) in 1931, Klages (40) in 19,2, and
Dauvenmire (23) in 1947. In addition to these publications
Gelrer's (30,31) two texts on microclimatology (1927 end
1950) glve excellent reviews of work carried out in Germany
and other Turopean countries. These books deal largely with
the aerial enviromment and its effect on plant behavior, A
more recent book edited by Shaw (72) deals more with the
edaphic factors in relatien to tha growth of hisher plants,
as well as soll micnoflora. A11 writers. agree that in ad-
dition te soll varlatlons the anvironmental factors moet
affeeting plant‘reasqnaa appear to. be temperature, moisture,
and 1irht, | |

Various methods éf'elassifyiﬁg,clgmatea have been uti-
lized in the past, and in eaeh'therimpcrtance of temperature
hes always been emphesized, Briggs, Kidd and Vest (15) found
the incresse in dry welght of the corn plant to be more closely
correlated with temperature than with any other environmental
factor., Lundegérdh (52) writes that "temperature is the

master factor in the distribution of vegetation over the



earth, though ite action is always interwoven with those of
light and water.," Livingston and Livingston (LL7) have used
temperature coefflicients in thelr eclassification of eclimatice
zones,

The difficultles iIn relating growth to such environmental
factors as temperature, moisture and light become apparent
when it is realized that growth is a complicated summation
of a number of individual processes, each of which 1s also
influenced by these factors in varyling degrees,

Temperature affects the kinetic energy of the molecular
system, It affescts the sclubility, diffusion and reaction
veloclties of chemicals, The enzymatic action, translocation
and respiration processes in plants are all affected by
temperature, L1fe is posaible only within limits of cert#in
temperatures and growth is confined to an even more narrow
ranre., In general there ars three cardinal points for plant
growth, They are the mexlirmum, ninimum and optimum levels,
Thease are not delinite points, but integrate ones inteo the
other, They may also vary from one plant speclies to another,
The topopraphic loeation and level at which these temparatureu
"are obtained ave also importent factors to be considered in
studyling temperatnrehan&jplanﬁ reépéﬁae. -Gelger (30),
Waterhouse (92), kamdas (65), Wolfe (99), snd many other
workers have shown that annual extremes ofiiécthef,factora
may'varﬁ{coﬂéidéfably in dffférent piaﬁtacommvnitioa and

at different heights within the same plant communlity.



The officlal “eatlier 3Bureaun records are cbtained at =
helrht five feet above tlis soll surface. Thls 1s often well
avove the hely;ht at wnich many apronomlic crops pgrow, It is
in thils lower stratum of atnosnhere (often spoken of as the
"microclimatic laysr') tunat the preatest amount of vari-
ations in temperature and otiier environmental factors occurs.
with regard to temperature, extremely larpe lapse rates are
found in the few centineters next to tihwe soll-alr interface,
It 1s tihwas at tie soll surface or the surface of »plant cover
thiat the largest extremes in climste cccur, Falurkar and
Tamdas (53) report lapse rates of 1129 ¥, per inch neuasured

o Jeu

vetween O.1 and 1.0 cme. abiove a Lot steel nlate, whille Letween
0 and 10,0 cm, & disffsrence of only 65° 1, per incli was

1.
obaerved., aum (%) rencrts tlie lanse rats to te proater in
thwe cold than 1In tlie warm montis and the alr one-fourth foot
to one foolt above Lie ground to be warter in thie surmer and
colder in the winter than alr at four to six feet avove tihe
eround. sagroner (30) exanined sources of variation for
larse rates and demonstrated thiat preat differsnces In theoe
rates can e and often arse due Lo variatlons In metaods of
measurensnt. The incluslon or exclusion of the laninar
layer and sucli factors as sky cover, asoll type, time of day,
nlant cover, and wlad spesd all alflfect the steepness of the

rances that are »Iten

=
4
-
g
s
Faid
=
P
o

s B oy .
lavzs rabte, Secanse ol the large

Toumnd bebtween ovservations abt tiwe Hl-=-inceh ond soll surlace

l..,,‘,

lovela, nmore informaatlon lso noesded on tiie acbual celimate in
s

wiiclhi nlants are ~rowin . 4&n execellent coveraye of much



of the work to date has been presented by CGelger (31) in his
book, "Climate Hear the Ground,”

Both 801l and alr temperatures must be considered in
relating temperature to plant response. It should be pointed
out in this connectlion, however, that the goll absorbs more
than 00 per cent of the sun's radiation which reaches the soil
surface, Much of thils is later reradisted to the surrounding
alir so that in reallity alr temperatures are produced by soll
temperatures, Gsiger (31) writes,

Desplte the enormous distance the sun rays have to

pasas through from the limit of the atmosphere down

to the bottom of the atmosphere, a nighty radiation

flux penetrates down to the earth's surface partly

as direct sun radistion, pertly as scattered radi-

ation from the sky., The two together represent the

maln portion of the solsr heat at the disposal of

the economy of the earth and alr, Wherever thils

immense energy current strikes upon the surface of

the solid ground the radiation cannot penetrats this

obastacles A portion iz reflected from the surface.

Host of it 1s absorbed, changed into heat, and serves

to raise the temperature of the ground.

In addition to 1ts effect on air bemperatures, soll tempere-
ture may be axpected to 1nf1uenoe shoot Lrowth to thm axtent
that 1t affacta &avelcpment and.. functioning of &he roat i
system. Because of the difficulties involved in studying
roots, much less 1s known abeutAtﬁsir rrowth than has been
lsarnad about growth of the aerial organs of plants., The
primary functlions of the rootas, besides supplyling anchorage
for the nlant, are thes absorption of water and inorganie
galts and in some cases serve as storsags organs, Temperature
not only influenceas the growth of roots, hut also the various

abgorption processes, Its effeet on respiration may also have



a bearing on effieciency of the root system to carry on its
various functions,

The effecet of low scil temperatures on decreasing the
water absorption of plants has been known for some time,
Excellent coverage of the problems of soll-plant-water
relationships are ziven by Kramer (Li2), Crafts, Currier and
Stocking (21), eand Shaw (72) in books on this subjeoct, It
willl not be discussed in detall in this paper. Clements and
Hartin (19), Duncan and GCooke (2l;), and Brown (17) found the
absorption of water by sunflowers, sugar cane and other
grasses to be greatly retarded by lowering the root tempera-
ture to a levei approaching the minimum for growth.

Eramer (l;1) states thst this reduction is not only due to

the physiological effects of low temperature on the perme-
abllity of the root cells but that the physlcal effects of
inecreased viscosity and decreased vapor pressure also play
an lmportant role,

Let us now consider the effects of s0ll temperatures on
the abscrption of mineral nutrients by plant roota. It is
generally agreed that energy must be expended by plant cells
to bring about a transfer of solutes across a cytoplasmie
membrane against a ccngentraﬁion gradient., It therefore
seems reasonable that nufrient absorptioﬁ would be aflected
by temperature since 1t affects the matabaiic;activity of
the inﬁi#i&ﬁai solls. Hoarland and Sroyer (S&S:TOhﬁd ﬁﬁe
power of cells to accumulate glven lons to bve related to

temperature, They poinf out that tamperétura coefficlonts
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for salt accumulations must Le calculated Indirectly Inagnuch
a5 salt absernticn is dependent upon tiwe metabollce activity
of the roots. Other lactors sucii as reduced viscosity ol the
nrotoplaam and Increased movility of t.e ions may bve of
importance, Iany works have indicated tiat tlie absorntion of
golutes is reduced at low temperstures. Ilowever, 1t may be
very difficult to separate tiie eflfects of low temneratures
on the absorption processes I'rom thelr effects on trans-
location and utilization of tie nutrlents once tiiey are
absorbed by tlie nlants (Shaw (72)). It has been surrested
by ent (9&) and othiere tihat rcots may exert a siimulating
action on the srowth of slicots wiilch 138 not entirely denendent
vnon the absorptive functions of the root and perhians at-
tributable to a rrowth nromotlings substance developed in the
roots, Wi-htingale (59) found nitrete nltrogen te he readily
absorbed by pnlanis wien tlhe termperature was near the minirmum
for nlant rrowtii. Iowever, the reductlon of these nitrates
was rreatly reduced or inhlbited at these low temperatures,
The Importance of temperature on dormancy and flowering
of plants has been emphasized by Thompson (86), Post (45L) and
many others, It is a well-known fact that floweriny hablts
of plants are controlled by such factore as thelr renetic
make-un and the day lengsith uvnder wialchh they are prown, lHow-

ever, tlwse workers are rulct to point out that day len~ii

-

mav Le altered in iis Influconce on flowering by tempsrature

effeets., Tlie Importance of & valance between temperature
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E 4, K - F. - L4 . f
and otlier climatic factors s bzen emnhasized by Plitt (53),

Tollin~hwam (J7), and many otlers,
Pearl, Sdwards and “iner (H0), and idwards, Pearl and
Gould (27) found tlie mean time rate oi growth of Cucunmls

nelo and Celosia cristata seedlinss to be a parabolle funection

of temperature. As they incresssed tie temperature, the nerliod
of maxlmum prowtiy activity tended to fall earlier iIn the wiole
rrovwtia cyele., At low temperatures maximal rrowth rates came
relatively late in the prand pneriod of growth wille at suc-
cesslvely hirnier temperaturcs 1t came progressively earlier,
Jonce (38) reports that soll temperature controls chilorosis

ol rardenia and alsc affects crowtli ratos and alteration of
veretative and reproductive nhases oi prowth, A higher
correlation was found between soll temnerature and nlant
resnonge than testween alr te nerature and plant response,

srenchley and Singh {(1L) found that the parden pea (Plsum

sativisn L.) made good prowtly in ot alr provided roots were
kept cool., It was also lound that unfavorable salr temnera-
ture exerted less Influence on wnlant prowth than unfavorable
root temperatures. Slackman (3) states that when averare
s0il tenperature was below L2 i, many species of prasses
made no growth. They grew rapidly from L2° F. to L7° 7, if
nitroren was added, wiille akove 47° i’y there was a marked
increase In growii wi.lch was not reatly influenced by
annlication of nitror-en fertilirer,.

any workers have cobgorved tiat under normal growing

conditions tlie carioluvdrate level witiln the plant decrcages

£
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as tlie surroundins tempneraturc rises. The rate of photo-
synthwesls annsars to be relatlvely unafl.ected by temperature,

hereas the rate of respiration increassc ranldly with an
increase in temmerature, Low terveratureg favor accurulation
of ohotosyntuetic products, wixile Il: L temveratures may

deplete the carbohydrate reserves. bLbrown (15), and Jullivan
and Sprarue (£{1) found thils to be thie case in a nmiiuer of
fo.~7e grasses, The work of Farly and Cartter {2%Y) sus;ests
that as the orpanic materials required for rsrowitn are increased
by an accelerated rate of photosynthesis (because of a greater
incident radlation) roct temperature may become an increasingly
immortant limiting factor in shioot pgrowth of »nlants. The

interrelationsiilps of thwene Tacbtors apnears to be worthy of

further study,

St

Tarrison (30) prew Hentucky blueprass (Poa pratensis L.

at 50° P, and after defollatlion new leaves were nroduced wiich

-~ - " e 2 3 . s ali®ad J. S [, [P IS RN | K - £ N
erew very ranidly., I{ clinninss weroe sulficlently frecuent

thles »nractice eliminated recrowtin, At A0° 1", the inttial
rgrowthi was slower but inecreased and was malntained throursilout
the experiment., “hen nitroren was wilitliineld 1little new pgrowth
was made between defoliations. Darrow (22) also found the
sreatest root and shoot growth at low btemneraturss (15% 0,).
e nroducticn of rhizomes spnzars to be aszsoclated with
raroobydrate storare and under Lisn temperature they are
probanly used up in resplration Taster than they are being

nroduced, At low temperabures top prowilh was Lushy, tall, and

svecculent and tlie root systes were lerre, wihilte, succidont,
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and coarsely branched, wnlle at Ll i termsratures tie tons
were short, erect, and nonsucculent and tie roocts were s~all,
1irht brown, and densely tufted, Stuckey (30) also found a

close relationsiiip between development of colonial bent

crass (Aprostis tenuls)

jouy

nd s0ll temmeratures, In studyling

the effects ol scll and alr termneratures on prowtii and

&

develonment oi certalin prass specles idrown (15,17) found
taat, in general, tiess prusses were rore senaltlive to soll

te~peratures, Kentucky bLluerrass (Poa pratensls L.) and

orchard prass (Dactylis ;lomerata L.) made conslderable

rrowtin atb hOQ 'e (thie lowest tomperature used), The pro=-
duction of Kentucky bluerrass incresaced as temmeralure was
elevatsd Trom LO® ¥, to 90° I, The opti=uw for tom rrowth
was betwecn 80° #, and QOQ ey wille the optimas for root

and ro.lromo provwii: wasg D07 . Ve prowtii of orehinard r~rass

wasz somewhat slmlilar but was less dameged by ish soll

terperatures than was Lentocky bluegrass,

I testingy bremeprass clones under nlyh terperatures
Atwood and Maclonald (1) found thinat, 1n reneral, vields were
nicher at 70% . than at 00°% v, and 52°2 7, carrol (10)
rascrted hilghh soll temveratures to Le more destructive to
turf srasses than gimilar alr temperatures, Likewlss low

terperatureg wers more injurlous than lew alr tervera-

]
R

o
-5

tures. hlte (06,9?) Frev excised root tins of wikeat

{fritieun vulgare;, aad bomaitoss {(Lrecepersicon esculentum)

in a nutrient media of sucrose, yeast extract and inorpanle

salts to study the elfecl of itomperature on crowth. The
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rrowtii was measured after one weelk, The optimum for tomatoes
of 20° ¢, was excentlonallwy sharp., The ontisum for wheat was

¢, and 28° ¢, and not nearly so clear-cut,

F:_,‘\

hetwean 20

ent (95) found thiat optirnm growth of the tomato »nlant

U"\

was obtained at 25,5° €, The rreatest prowth was obtained

when day temperatures were 25,59 ¢, and nisht temperatures
were 17 to 20° €, These low terperatures were only effective
when malntained during derikness. The thermoperiodlicity
appears to be dne to two different processes of which the
darik proceas has a much lower cptimum. It was suggested by
thia same investicator that thls 18 a general phenomenon in
1lchier nlants., Alone these same lines Ulrich (89) points
out the Imnortance of temperature and dayv lenrth on the

"

nraduction of suerose by ths supar beet (Leta vulraris L.).

m

He surrests that beets have no scllie-repulatory necnanism for
suerose accwaulation hut are denendant upon external sitinull
directly or indirectly ascoclated with a chianre 1n climate,
Thls 1s rartlcularly trus with a lowsring of nisht tempera-
ture counlasd with a nitro-en deflclency.

The lowest temmerature at which growth toolk place in root

tins of Plsum sativum L. was found by Lelteh (L9) to be 28.L° F,

However, she arsrecs wlth Lehenbauer (Ll) that at hilcher tempera-
tures (above S?.SO ¥, for corn snd B8L.2° F, for peas) the
initinl rrowth rate 1s not malntainsd and s marked falling

off in rrowth occurs durin~ nrolonred exposure, Thelr results
supnort the oninion expressed by Lundepardn (H2) thiat the

van't Hoff{ rule has only a limited annlication to the



Lemperature-srovtly curves for planvs. o states thal plants

proLably have dllfferent optioue tempervatures lfor each: stare

of srowth. Leitelr (LU) states that {for seedlin, s of Pisum

E:

sativun &t esch hiszher tenperature a different curve must
be constructed for successive tlrme intervals. ‘'[he prowil

(:‘ e o~ £ i B )
rate curve from -2% ¢. to 29° . was not a van't loff reaction
AESEE o > A g N (o g e P4 0s e »— 24 p O Ve s © N <Yy
but a logaritivale type response. Detween 307 and 4O~ C. the

prowtiy curves were not found bo be slmple time curves In

gtudying the Influence of envirvnmental factors on the prowth

«

of corn (lea mays L.) plants under fleld conditions :isele (28

found weekly lncreases in dry welpnt ol maize plants to follow

thwe auvtocatalytic types of curve for single pnlant nills, but

thatl the curve was flatitenced alaost to a siraipint line wien

2] 3 1

congtrueted from data obtaincd in crowdsd plantin;s.

Plhe definlite relatioconshily viaat exlets Letwecon environnent
and »nlant rrowlti Lwas nrompiled many luavesti ators to ilormzulate
L2

mathenatlical expressions of plant prowtis in relation to tie

i

various environmental itactors, &g a result, such metiiods as

the ceommound Intercst law proposed by Llack:an (10), Heed's (H7)

diiferoatial equatlion for rrowti, the autocatalytic Tormula

N

discussed by lwbertson (70), and Thornthwaite's (88) tempera-~
ture efTlclency Index lheve tecn devised 1n an efilort to relate
growtii and environmentval facitors, These lndlces make no
allovance Tor the existence oi physioloplcal limlts. The
payslolopical index 1s based on Lae researciios repcorted Ly
Lehenbausr (L4) on the rates ol eloapgation ol malze slocots,

e shwed tiat the hourly rates of elongation ol nalze shools
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exposed to maintained temperatures for a period of 12 hours
were 0,09 mm, for 12° ¢,, 1,11 mm. for 32° C,, eand 0,056 mnm,
ror L3° ¢, under the conditions of his experiments, The
phyalologlieal indices are determined from the smooth praph
of the 1Z«hour exposure periocd, 7The physiologlcal indlces
present a clear concept of the behavior of the malze plant
under the particular environmentsl conditions malntained by
Lehenbauer, However, this system also has limitations,
.Livingaton (L9) expresses 1t in the following words: "While
it 18 guite apparent that the system of physiclogleal indices
here described is far aupérior, in several respects, to other
syatems heratcfore auggasted, it is equally clear that these
'ihdiﬁes arﬁ to bﬂ raﬂar&ed as anly a first uppraximati@n and
that more physialo'ical stu&y will be raqulr@d bﬂere they may
be taken as generally anmlicahle‘

Under field conditions in 1939, Bair (2) found significant
correlations between weekly growth rates of maize and
Lehenbauer'as physiological indices. Thils was not true in 1938
and he states that poor rainfall distribution protably accounted
for this poor relationshin, All Sf these temperature indlces
are more or less interrelated, DZach has some particular ad-
vantage, 1f nothing more than simplicity, and each has scme
specific limitation elither in actuasl determination or in broad
application.

Studles thus ar have succeedsd in showing the grest
complexnity of the growth and development of plants with relation

to the environment in which they grow. All specles do not
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benave allike under thie sane envivomsontal Tachtors and the sawe

o

gclos may even beaave diflerently at eaclh: stapge ol growtl:,

st

The optlnum for growtii of diflferent narts of tihe same nlant

may also bLe differeni. HEdwards, rearl, and Gould (29) revort

tie optinmu- termperature for prowtn of Cucumls melo seedling

hypocotyls to be 30Y C., wuile the optlmum for roct growth
is vetwesn 15° €, and 20° ¢. The response of hemp (Cannabls

satlva) to differential soll and air temperatures as reported

:J
@
i....l
@
C

by Uelson (57) shows Lhat maxlmuws stem elongation occurs when
hirn soll and alvr temperatures (30° <¢.) are mailntained, while
tiie higiest dry welpglhit was obLtained with high soll tempera-
tures (30° C,) and low alr temperatures {(15° ¢.). “he lowest
vields were obtalned wien thls condition was reversed., A
nrenonderance ol male nlantg was obtalned with hipli soll and
air tewmperatures, while low soill and alr temperatures pro-
duced more lemale plante, ull (37) found Lirh soll and alr
temperatures to be most beneflelal in terms of dry wslsht

yields of buciwleat (Fagopvrus ssculentun) plants, He states

tiat shwob ternerstures appear nrinerlly bto resulate develop=-
mont wille root temperaturces influence citlefly tie general
growti. processes of tills anecies., Poberts and Struckmeyer (H9)
calculated characteristic top-root ratlios for different
specles, Thiese ratloe were ound to vary withh changes in
phvalioloylcal conditions wilca were in turn assoclated with
sengonal development of plancs, Ulilerent lirut and temposra-
ture conditvions did not have simllar effects on tie varlous

specleoo. Thwey conclude taat tie condition witida the tops
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is a large, if not the controlling, factor in the production
of roots and thwms the top-root ratio,

“ort (100) reported that plant helshts, root lenrths,
and number ol tillers of ifarquis wheat decreassd as soil
temperatures were ralsed from 22° to LY C. The greatest
dry welpghts of tops and roois resulted in plants grown at
a soll temperature of 22° C., tihe loweat maintalned in the
expoeriment., It was found that heading was accelerated as
much as eleven days by inereasing the soll temperature from
20° to ° ¢. However, temperatures above 34° C. retarded
or prevented heading entirelys . Hammond shd Kirkham (34)
found dry matter acounulation in soybeans ( Glyeine max}
b@th in thﬂ graﬁnhoaaa aad in the fisld ﬁm be eﬂmpogu& ‘of
'tnraa exﬁaaanxﬁﬁl aawmanﬁa whima eainuidedéwith thraa &ia~
tingt plant growtli stages. aimilarly dry weignts versus
time curves of four vari@tiﬂ& @f narn ggewn for two different
vears Iin the fleld showed ﬁrawth curves to be made up of a
serlies of four exponential segpments whioh coincided with
four growth stages of the plant. In both cmass the last
break appeared to mark the end of vepetative expansion,

"he practleal appllcatlons of studifes dealing with crop
plants &and the environment in which they grow ls becoming
more evident. Katz (39) hae used heat unit sccumulations
in determining planting and harvesting dates for canning
peas, Tempsrature records [rom Hadlson and fleld data from
Columbus, %lsconsin for & three-year period were used. 4

linear relationshlp was found tetween heat unlt accumulations
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and tenderometer readiny's. ‘lenteroneter readincs are a unetion
of growth, Both direct summation and exponentlial metliods were
used, Thie difference betwesn thess two methods was found to
be small,

Shaw and Thom (73,7L) found intervals betwoeen emerpence
and tasselins of corn to be very imnortant in deternining
maturity dates. / one depree rise in averuapre temporature for
tie 50 days after planting resulted in a three-day shortening
of the interval., Accurate predictions were diifficult before
8llking time, ldaturity was dellned as time of reacuing mazxli-
mum dry weirhit, Over a four-year period the intervals between
silkin: and maturity for three varletles was almost constant,
and because of this the maturliiy date could be rather accurately
nredicted, By using thls prediction of maturity date and by
proparine a crapnic showlin: thw preovebllity of frost occurrence
for eachi revalnlng day of the season thie percentajye ol solt
corn could Le estimated with a nigh depree of accuracy.

attempts of workers to forecast disease enidenlics of
various gsorts have been underway for sowme time. UYhe Iirst

notato Blisht foreccastin: sarvice in the United Jtates wag
& R

recently developed by reliius (Y5) and otaers in the Unner

Vississinpi Valley resion. In 1946 and 1947 Cook (20) lore-
casted the occurrence cof tomato wlisht Iin Hastern Virsinia,
Iis Torscasts were based on the apnearance of late bligsnt in
relation to tie temperature anc rainifall for #ay, June and

July over a l7-year period,



Cvor larce aress with simllar temperature condltions the
relative abindance of svallable molsture has rore nronounced
effect on ths veretutlon and on the adaptabllity of the area,
or any part of 1t, to cron produetlion than does any other
ginsle factor of the envirorment. Tarcer and "hom () have
uged raintrall records and corn ¥ields from six Towas countles
to characterlirze drounit. The criterlion of drousht intensity
was baged on thie ancunt of rainifall wilech will Just permit
normal corn development Aurins a perilod of ¥ consecutive

aseks and Lls the minimum total reculred rainfall for that
span, Correlatlons between meximun ralnfall deflcits and
deviatlions of couniy corn ylelds Ifrom the long-time welyhted
averare for that county were made., They indlecated that for
veers In wileh drousit conditions occurred from 29 to H0 per
cent ol the total veriatlon in yleld was explained by thls

criterion, in studving correlations Getween preclinitation

and vields of corn in the Worthern Creat Plalns, Jenrra (H2)
found correlation coeflliclents for the precliplitation during

thie rrowlns sesson to be muchh Nlpgler than those before th
growings season.  The reverse was found In the case ol small
Frains In wilelh preseasonal correlatione were hipgher,
Swanson ({2) has used precipitation distrivution, ranges of
termnarature and otiwr cllimatic factora to obtain weather
natterns Tor areas of the Central Greai Plains, He states
that these patierns are not Infallible but are useful in
nlanninge a ecropning sysben and as an ald in developnent of

new adapted varieties of field crops. They are also valuable
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in interpretations of cron perflormance, Preclnitation is
only importent insofar as 1t makes »nogsible adenuate soll
moisture for the prowtir of nlants. Avallable soll moisture
is considered to be the water retained in tlie soll between
thie extremes ol fileld capacity and pernanent wililiting ner-
centare, Under ZSontzern Tllincis condltions ¥ceKibben, Card,
Van Doren, and Fuelleman (Sh) report that wnen rainfall
dropned below two inchies in two wesks during the sumier,
additional nolsture had to be applied to maintaln maximum
grovwth of ¢rrass-legums pastures In Southern Illinols, These
are only a few examples of the applications of meteorolorlcal
investipgations as related to crop production.
Thne influence of ligsht intensity and nuality upon growth

of nlants has been studled in some detail., 3Suirley (75)

prew nlants in the grreenliouse and outslde undsr a ssriesg of
snades »rovided witin forced ventllation and found almost a
stralpslit line relationsiiip between dry welsht and increasing
1isnt dntensity durins the winter with sunflowers and
Calensopra s8pp. During the sumwer the relatlionships were
degcrived by & curve wilcli apnroaciied the horirontal at
Wirier 111t intensities or more than S0 per cent of full
sunli; nt, Wit GCeum spn,., and buckwheat the slope decreased
at lower intensitles. Liore dry matter was o»roduced by plants
studied wien the complete snectrum was utllized than under
any portion of it. The lsafl area of the cucumber (Cucunis

mapa ot e PR e et

sativus) was found by Grepory (32) to be more dependent

[
a4

vpon lishit than upon temperaturs. wvever, £3° 1, was the
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t temperature used and this may have been above the
eritical tewporature for thls gnecles,

“ropory (33) renorits relative leafl prowtii rate and nat
ssainmilation to be Indepandsnt., In erowded barley plantings
larger leaf surfaces were agssc-latod with a decrease in net
assimilation if plants were grown under reduced 1lirht intensi-
tles. At other times decreasins relative leafl pgrowth ratos
were agascclated wlth steady assimilation rates. Thie investl-
pator states thiat the optimumm for leafl growih appeared to be
at a lower lisit intensity. iflaclman and fatthael (5) have
shown the rate of photosynthesias with low lirht intensitlies
to bs almost direetly proportional to 1irit Intonslties
nroviding other lactors are not limitineg. llowever, at
hirher Intensitlen tnls relatlonsiiln does not hold. The
Iintensity of 1isnit 1a diffleult to evaluate., [otli tie
nuantity and suality of ligsht reaching »nlants must be con-
gldesred, fhotoclectric ec2lls and recording equlpment are
negded and recommended for continucus rscords and evaluation

£ 1lirsht factors. Suen eauinmnent is desceribved br 3erpelizen (71),
“helford and Kunz (75), and Sprasyue and 7illiams (75)e A
sunmary of the performance of integrating ni.ototube recorders
a8 been reported Ly fomers and Hammer (77).
¥o literature deslins with 1li-ht relatlionships of mature

forare stands was Iound but tihe i-portance of liyat to prowth

of wyouns stands whilelh are rrowings with a companlon or nurse
+ . ton 7 BT FARRY
cron shiculd not bhe overlooked Pritenett and elson (5%

rrew alilalfs (Cedlearo sativa) and bromeprrass in the
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rreoentiouse with lisut rangins from 28203 foot-candles to 197
focot-candles. The latier condition was found ln the field
where new oat varleties were rrown under hirii nltroren
Tertilization, Tioey found the dry welrhts of plants to
decrease as light Intenglity decreased. Hoots were aflected

tc a larper extent than shoots. ¥o resnonse to nltroren
anplication was obtalued when tlhie foot candles were 1,22 or
less, MHodulation of alfalfs weas inhibited at 257 foot-candles
but was resuned when tlhe shades were removed, HFlanapgan and

jashko (29) found hirher red clcocver (Trifolium pratense)

ponulations and less leozs of stand of red clover and alfalfa
with lclier licht readiness, Decause of differences in
leafiness a conslderadble diflsrence was ound betwesn swall
rraing uvsed In thelr abillity to alleow 1i:-4t penetratlion to
tie small legume seedlings beneathi the graln canody.

Pl o

In additlon to termpersture and ite effect on rrowth and
cevelepnent of plants many studies have been made on winter
nardiness of plants. A ratier comnlete review of winter
ardiness of plants alons with current theories as to the
causeg ol Injury and registance of certaln plants has been
compiled by Levitt (46). ¢inter hardiness is often considered
synonyrnous with cold yeslstance. In this connection Lamb (&3)
noints out that winter Injury ray also te due to secondary

eilects of low temperatures, suci. as smotierings under ice or

ti~hitly packed snow, or uniwaval of nlants due to alternate
g v A - PR B E PP T ey e e o 1 url oy 4« -

Croegzing and thawlno. e stateos, "in the solt wheat belt of

tie Tortheastern Tnlted “tates, 1t lg only in execentional



seasong thal winter wheat lg killed by the direct oflect of

r

low temperatures, In the oninlon of workers lony assoclated

tiils area, the moat common cause of Iinjury is nrobably

o
el
ot
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neaving: that 1is, the »ullins of the nlants from tlhe soil
S 4 ] 3

e

when the suriace 1ls rsised by froet action.” Tabsr (33,0L)
Tound that soils differ preatly in anount and rate of heaving
and that the sume scll benaves diflerently under different
conditions of freezin~, Ile states that heaving pressure 1is
often preater than can be exnlained by expansicn alone,

It is due Lo the segrregatlcon of water as it freczes. Pressure

5

efTects accompanyling tie Treezirny of solls are due Lo tie

]

rrowtih of lce crystals and neot to chanres in volume. Pressure

ig developed 1In the dlrectlion of crystal srowth wiilcih is

determined chilefly by tie directlon of ecoolin~, Oryatals
srow in thwose dlirections in wihilchi they are In contact with
undercocled water., leat ls conducted away from the rrowing

lece crystal, He ~lvos calef factors controlllin- secre-

P

ration (formatlion of lce ecryatals) as the slze of soll
particles, ancunt of available water, slze and nercentage of
volds, and rate of coolins. Second and subsequent reezes are
more seriocus because tlie goll 1s left loose and expanded by
previous frost action. In the laboratory hie measured heaving
pressures as nlsh as 2,3 tons per sauare foot. Ile claims that

P

the maximun pregsure, altlourl not measured, "must have been

thie true explanation appesrs to be that heavins is caused,

almost entirely, by the drawla- and accumulation o’ water at or

o
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near the soll surface brought about by the force of crystal-
‘lizatiéﬁ;” Thle frazan;watgf grﬂué.ﬁpward}in ﬁhsffarm of
massive caplllary 1ce eoiumna, pillaés, ridgas, or solid
sheets of lce, Aﬁ’th@ water 1s pulled to the point of
freezing and as ihese differ&nf forms of ice grow they push
upward, This in general undsrliea nearly»nll phéenomena of
soil, plant, and pavemant heaving, He states that in the
cagse of plants these ice erystals attach themselves very
tightly to plant root or crown and as the crystals melt the
plant roots are left exposed, Munichsdorfer (56) states
that the energy for crfatal formation is supplied by removal
of heat, The growth of ice layers does not take place along
iinaa of least resistance but in the directlon of heat removal,
Excellent reviews of the mechanlcs of heaving and conditions
necessary for its ccourrence are given by Munichadorfer (556)

and Bouyoucos (1l),
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Thiis study was undertaken [irst to obtalin data lor tle
Northeastern regional forape strain and variety testin
nrosram, At each marticipatiﬁ; statlon 8 set aof standard
weather and edaphlc observations were to be made over a pure
¥entucky Lluersrass sod wiileh was kept clipned at annroxi-
=mately a two-incli level, Secondly, thils study was undertaken
to lcarn more abtout the growtl, development, and behavior
of forage crops under Maryland condltions.

In addlition to measurements in the Kentucky blueprass
sod, observations were made in orchard grass, ladino clover,
orchard prass-ladino clover mixture, bromegrass-~ladino clover
mixture, alfalfa, and btare-zrround plots., The alfalfa was
cul at the hay stape, while thie remalnling speciss, sxcsept
Fentueky bluegrass, were harvested at tne silare stage,
Continuous scil and air temerature records were obtained
in these nlots by usin. a 1%-polint recording potentlomete

ghiwown in PliFure 1. Near the end of the experiment the
recorder wasg equlpped with a3 tine clock which enabled the
onerator to cocbtain only the desired temperature records.
Previous to this the maciine printed continuously and as a
result only one out of every 15 cvcles of w»rinting was used.
After tnls change any Interval from 10 te 120 minutes could ke
selected, thue making it nosslble to record only the data

desired, This offered conslderable saving in cnarts, and
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Figure 1.

Recording potentiometer used in this study

27
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translormation of records from charts to data sheets was
mieh easler. The instrimsent 1s always energized so that
erronecsus readinge do not resulit. Only thie printing and
chart drive mechanisris were halted, The modifications
necessary for installation of thils clock were made by

Pre G, T, Vihelahan, wio was a Jashington representative of
the Irown Instrunent Company

Perlodlic spobt checy readinss were made with s portable

potentlometer. This instrument had a range of 10,1 mllilivolts
covered by a 1ll-point dial swiliteh having steps of 1.0 milil-
valts and & scale of 220 divigions., In addlitlion, 1t had
provisions for asutomatle comnensation of the ranpe junction
temperature when connected to comper-constantan thermocoupls

2ad nosts, It could alse e used as a standard potentlometer
for measuringe any e+«n.fe., In whilch casse tie referonce Jjunction
would be lnoperatlve,

Zoll temperatures were obbtalned at 10-inch, 3-inel, and

cene=-hall inch depths willc air temperatures were obtzined at

2 ineches, 12 inches, and 50 inches above the soll surlace.

It was not possible to obtain continuous records at all of
these levels i1n each nlot since only 15 noints were available
on the recording instrume; These locatlons were occasionally
changed to mset spsclal situations. The only thermocouples
that were not chanped were thosgse locatsd In and above the
unliform Kentucky bluesrass sod. They remained connocctad

to thie recorder throughout the experlinental neriod,.
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A panoramic view of tie arca showing tihwe anenonetor,
recerdlng raln gauss and standard eatiier Sureaw szelter,
wiiclh housed a Lyprotuermosrani and standard naxlsnum-minisum
thernometers can bLe scen in Yiwure 2., The small bullding
in the wﬁntww’hausas the recorder and ctuer Instrunments. The
tliwrooecouple load-in wires were talten overicad from the
bulldlin, to the various locations, Tils enablsd machinery
to move freely over thie plot areas witiwout cauvsing danage
te tice wires, Tlese lines leading to eaclhh plot were attached
to a Junctlion box enclesed Ly & wmetal lousing sioown in
"lpure 3. The thermocouples from the various s01l and alr
levels were attached to tie othsr slde of Liie jJjunctlon box.
Thls arrangement enubled ecasy removal ol thie therwmocouple

rad

for repair, should 1t be dasaped, wlthout naving toc replace

=]

tiie entlre lead-in wire, It also made the gystem more
flexiblo in that the recorder npoints could be easily shifted
from one locatlon teo anctlhier wliticut disturivins thie thermo-

counliss enbeddod In the soll, YViils was & savinecs 1n materials

e

as well as labor. DSuch an arrvanrsement dld not alter thie
thermocouple reading., A tiwernocouple was Jormed on each

slde of tie Junction box, but since tiiese two points wers
esgentlally at thiwe sane tesverature, equal potentials were
produced by each, These potentlals were in opposite directions
and therefore tended to counteract one anctasr; tius the true
potential for the eircult was rnet caanped, Huamber 20 paupe
copnor~constantan wire was used {or these couples. These two

wires were bound toyether te {orm one compact cable.



Figure 2

Figure 3

Panoramic view of the experimental area during
the winter months. All recording instruments
are housed in small building on the riglxt

Close-up showing junction box, location of
thermocouples above the soil surface and wires
leading to the so0il moisture blocks

30
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Small wmetal shields were pluced over each tlhiermocounle
used to oLtaln alr temperatures, Tiils protected tie element
from direct radiation irom tie sun. Thne siields were nainted
with a dull wi.ite palnt and leflt cpen it tie bottom and both
eada Lo allow Tor adeuuate alir ventllstlion. The tiwrnocouples
placed In the so0ll were embedded in a plass tube annroximately
one and one-nall inches lony winlenl was filled with solder,
Care was Llaken to ses itaat no alr spaces were lelt in the plass
tube around tlie Ltiervmcocounle widlels would act as an insulator
tous producing & slisht lay In temperature recordings {for
tiege nolints. The wire itsell was encased in an acld resistant
plastic tubing wihicii was pusiied into tie open end of tihe plass
tube, Tilis Kept tue wires dry and Ifree Irom corrosive action
wiille in the scoil., The plastic tubing it very tightly and
could not be used to cover wires longer tian three cto four
feet, In sucl: cases several wires were led underground
tarousis & larger metul pipe. Tue plastlic covering was used
only to protect the lead wires from tae base ol the plpe to
the provected liermocouple, Jara-wax and calkln conpoind
wors used to seal thie ends of btue pipe agalnst sntreance of
molsture, Thermecounlss In the soll used for spotb caeck
readingsg vere constructed so Lhuat they could be easily aittached

to the nortavle potentliomoter.

Yor sawpling alr temperatures tue device sliown in Pliure |
wag used, The temperuture at sany level could be obtalned by

turnias thne selector switen Lo Lono deslred level, It was

llght and easily transierred Irom one location to btilie other
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Figure Ire

Instruments for sampling soil and air
temperatures
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Short metal pegas 1n the ends of saech leg kept 1t upright.
For random sampling of soll surface temperatures a probe
with thermocouple embedded in the tip was used. This ie
shown in the center of the pleture to the left of the
potentiometer.

561l moisture was obtained by uasing plaster of paris
resistance blocks witlzi two electrodes embsdded lnside,
Hesigstance readings were obtained with an alternating current
impedance meter similar to the ones deseribed by Bouyoucos (12,
13). The arr&ngament;of'thﬂaé molature blocke and of the
thermaeouplss in relation to the soll profile can be seen
in Flgure E.;ﬁbiéﬁuge”poréentagaéjwéré’cﬁﬁainédfg;”jniﬁéh,
10~inch; and 18-inch levels of sach plot. Diffareﬂtiy colored
wires were used ht each level for ease in idantificatién.
These were read twice wéekiy, or whenever a‘éhange in moisture
ececurred, An attempt was made to get readings Just before,
and juast after each raln to more completely evaluate the
soll molsture relationshilips,

Gvaporation rates were measured during the summer months,
This was accomplishied by using black and white sphericsal
atmometer bulbs described by Livingston (50). The evaporation
rates were observed in the different foraye mixtures and at
various levels within each sward, The latter technlque was
undertaken to get some ldea of the magnitude and stespness
of the evaporation-transpiration gradlent found wlthin and
above different types of plant cover. The arrangement of

these bulbs can be seen in Figure 6. Hach bottle was eguipped



Figure 5 Soil profile for the area showing the location
of moisture blocks and thermocouples. Portable
potentiometer shown in the background.

Figure 6. Arrangement of atmometer bulbs used to measure
evaporation rates
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withh & merscury tran to prevent rain water from enterings ithe
norous snhere, The bottles were welrhed each day to deter-
mine the amount of water lont, Thls was more accurate than

a volunetric measura, nroviding cares was exercised to insure
tlwnt the outslide of tihie bottle was dry belfore welighine.
rmidity readinss were obhtainad with a hygprothisrmupranh and
hand aspirated psychrometer, A Dewcel unit for obtalning dew
nolnt reedincg was also used to a limited extent. 4An attenpt
was made to adapnt thls unit for use with the recording
notentliometer by solderin: a small therniocouple to the

hernoreter wihilch was houaed In the senslitive
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glarent, Tils was succesclful exeopt that the temperatvrces

were ountside tne rance of tho rscording Instrument. It could
not he uped for contlinuone recordings witoout modlfyines the

recorder and thereflors was nobt used sextensively.

Ao1imdted study of Lichit menetration and sampling of
1Lirat readinre was underteken, An instrurment for obtvainine
centinucus 1lipih records was not avallable for tila study.

nortakle Veston l1irut meter was nused to make the sampling
gtudy. The meter had three ranvreg of zero to 10, zero to
one thousand, and zsro to ton thousand fost-candles, Tho
gsengltive seleniy cell was attached teo a long extension
cord and hermesticslly sealsd go that 1t could be nlaced in
wet erbace, 1f necessary, witiiont dsmare to the unit. In
order to place the olanent at the lesired posit

oot wiio alsturbance to the herba;o a ld-Il'oot,

wand wes oonstructad,. Trite wand 1s

I P - E I
LIt welon
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shown in Figure 7 along with the light meter. The pointed

end allowed for easy penetration through the herbage. Cali-

brations on the handle allowed for accurate placement of the

element in the herbage.

Light meter and metal wand used in making

Figure 7.
illumination measurements.
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taken at each polnt located in this manner, The variance

was measured as follows:

s, = Xy - xz){?-/ y
= | (a)

where xj and xp were the two random temperature readings within

each block and Xk was the number of blocks. The atandard error

| iy . 2,
X \/ w /n (B)

whmre n ks the total nnmbar of obuewvaﬁians.

is then

The aamn procadnrs was u&ed Iin atudying th@ variatiana
that axist in light ragdinga, Kowaver, in thls case a
slightly different approashuéaa made. After each reading
wag taken in the forage another was Immediately talken on
the zenith of the sky. Ratlos of 1llumination in the forage
to sky 1llumination were then computod, It was felt that a
series of diurnal samplings at suitable intervais of growth
¢ould make poasible the conversicn of continuous measurements
of sky 1llumination to that found within the herbage, It
also sesmed desirable to investipgate the number of such
ratios that must be obtalned for reliable estimates of
light penetration in a forage of thils type. Light readings
were taken only in the yleld strip from each plot. Sinece
this length was only 17 feet long tiie area could not be
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easlly divided into six eoual blocks. Two blocks on eltiier
end wers two and one-halfl feet In lengcth whille the center four
were tihwrec feet. Since the strata were of different area
welriiting had to be employed in estimating botn the mean and
the variance, If the welsriitas are defined as

w, = area of 1t gtratum
- total area of nlot (C)

then the wel;phted mean is obtalned as follows:

M
- = -

)
Thils is an unblased estimate of tiie ratio over the plet, Th

(D)

variance of an individual stratum was ovtained by

g2

. .2
1 (;{1 - ng)

e

—
—

e8]

(£)

and the total wvarlance thien bescomes

2 j we al
Su = i Sui (¥)
i=1

A detalled analysis of tihis sort of data is given by Thom (85)

E

in a paper on the desiyn of meteorological experiments,
The infTormatlon described above was collected, sumrarized,
and an attemnt nmade to interpret plant response In terms of

these data, Luarly aprins prowtl:, drournt susceptibvllity, and

"...!o

winter survival of certain srecies were tlhie factors considered

in mosl detail.
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Durine the sarly sprin. montis of 1991 and 1282 nlant
growtiy was neasured eacii weelkk, A ternperature-grouth index
was calculated for the correspondin. period., Growtii rates
were obtalined vy chcosings twelve "averare" plants 1In a ©- by
20~foot plot. Leaves from eaci: nlant were marked before
snrin: srowth started and thelr average leaf elonpation was
used as a criterion of prowth, Tie leaves were ldentifled
and Initlal loeation of leaf tins wers marked on a small
stalke adfacent to the leal to be measured. The elongation
of thecse leaves was asccurately measured every seven days

.

by the use of calipers. %iie sane leafl was used throuriwout
tie oariod of situdy wilch was from PFebruary 27 to Hay 23 1in
1951, mnd Varen § to lMay 23 in 1942,

Yarious methods of relating growthh to bternperature chiansce
were gtudled., Correlations were calculated tetween srowth
and values obtalned by varlous msitiods of condensing and
averain; tesmperature data, The dally averare temperature
wers obtalned In two ways., e (first metiiod was to averare
vie dally maximurs and nminimun temperatures; the second to
chtain the average using two-ihour readings throucshiout th
dav and nirht. Temperature indices were calculated using
te exponentiasl and other tewperature-growtlhh formmlae nrevi-
ongly mentioned. ‘‘akeley and Riyney (91) surrest that all
weatlier data should be on puncl: cards soc that all tvpes of
freaunency distrivutions could bte made and thelr relations to

nlant srowtll better understecd. Freacuency distributlons of
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two-our temperature readinrs were nrenared from thiegs dala.
Tiese freqguencles were nlotted for eaci: level witiiin each

nlot, first usling day
tl.en tihe 2li-lour totals.

more accurate evalustion of

srowtih ol tlwse specles, 1.
of these specles anpeared U
eflfectiveness of each addsd

approash was used

duratlon and freguency of

and ni

Tl s
- dile WY s

to obtaln,

ey
A, AL

temperatures separately and

it was felt, allowed for a

thie critical temperature for

e. the temperature at wulch growth

o bepln in the sprin: and the

increnent oI tempsrature, This
if posgible, the effect of

temperatures on plant resnonse

rather than merely consideringe the raximum, minimum or
averare temperature for & ~-iven period. Initiation and

rate of rrowith were studied

cenecke and Jost (7)),
out tiie Importance of thls

posuars ol three

art optimum temperature at 3

witen tinis time was doublsd,

was at 27.,2° C. with an exp

states that a metlhiod used t

conslideration dally tempera

for the entire interval. P

tenmperaturcs more effectlve

correglating temperanturces wi

twe-liour recordinss to
inece there undoubtedly
t

and nlsitt temveraturcs

and one-halfl

with

in thils manner.

in eiting tihe work of Talma, nolnt
time slement. Fith a short ex-

hwurs Lepidium sativum showed

fal
e

.
0° and an optimum of 29° ¢,

»
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hiirhieat rate of actliv
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osure time of 1l hours, Newhall (58)

¢ nraedict prowth should take into

ture rather than an overall average

sarson (Hl) considered daylight
in

tiwan low night termperatures

ti: nlant responses.

this type of stn

oy
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Gidla

‘erence between tlhie day

regspect to prowtii, tiiey were



first considered separately and then combined,
Temperature~growth indlese were calculated from these

frequencles by using the following formula:

G e 2’"_ Fy (@‘43) (@)
121

where: G is the temperature-growth index
Fg¢ is the frequency of a temperature occeurrence
T 1s the temperaturs at any two~hour interval
B is the base temperature

n 1s the number of observations for a
glven period

Bage temperatures of 38, L0, L2, ), 46, LS8, 50, and 60
degrees F, ware considered. A baa& of LO®° F. was eventually
anogen . na baing_tha mﬂﬂt arfaetivo and was uﬁe& throughnut
the axperimmnt. Indiaea wera also oaleulatad fram theae
frequency distributions by modifying the growth formula used
by Livingston and Livingston (h?) which was as follows1i
t-00

Uael (H)

When the frequency of temperaturs occurrence 1s incorporated,

thias formula becomes:

U”t«r‘?‘t 2%& (1)
i=1

where: U 1s the temperature-growth index

Py 18 the frequency of a glven temperature
occurrence

T 18 the temperature at any two~hour reading



temmerature
tempersature observations

¥ 1s tiie base

number of

n i3 the
ffor & piven neriod
No attempt was made to correlate temperature and growti
Mo Tre

asince otuner iactors Lecone
An

during tie summer wiontihs
limiting for prowthh at tuls time than temperature,
attemprt was wmade Lo relate tihie survival of ladino clover

winter lisaving and lncidence of

taken ol thiese

stands to sum:er drougiit,
digease, A series oif plwotorraphs was
plotes throughout tie year., Uils pave & pictorlal story of
Yield data, & record of rain-
and termperature at the various
raring

tiie beliavior of tiie plants,
e situation,

80ll molisture percentagre,
swilt-

fall,
levels pave a ratiier complete story of
ne winter montiis records were made of thie amount and freauency

g

in relation to itl.e extent,
ol nlant

t
of heavinr., This was studied
ness and duratlon of freezing. under various type
cover and on bare ground. The Instrument saown in Flpure 9
was used to measure the amount of heaving that took »nlacs,
#ooden doweling withh diamweters of one-fourta inech, three=-
one-nalf inecii, and one inech were usaed, These
sround at l., 3, 12, and 1/ inches, 7The
FMetal

el-hthis inch,

were placed In th

ingtrument was desiyned fto be moved from nlot to plot.

3 scill at a deptli of thiree to f{our feet,

frost line In the area., Tliese were
instrument. reading

araln in the gspring

any

nines were nlaced In the
toe

was well below tie
sunport of

.4 .
wihlen

used as sockets for tle
was taken on eaclh pipe In the fall and
vardard locatlon to determine 17

a transit from a

with



Figure 9 Instrument used to measure the amount of
heaving* The arrangement of permanent
pipes and wooden doweling is also shown*
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moverent of these nipes nad occurred during this period,
Yovement of plants and the dowellir was obtuined by dstermining
I

the dlstance frowm the lastruzent arm to the top of tiwe nep or

a maried poeint on a »lant. Iy attacliilng ths rule to a long

@

[
oy
Pk

handle the operator could stay off tihwe vlot when naliing these

neasurenents, Tiwe game 8llisc rule caliper was used hiere as

&1

was uscd in measurings leal slonsation., Swall julce cany were
nlacec over tie poermanent plpes when not in usge fo prevent
ice and snow from collectiny in them,

A measure of the masgnitude of ti.e experimental error
lnvolved in heaving measurements within a single plot was
ottained for all specles and nmixtures of specles included in
the experiment. The woodsn dowelliny were placed svstematlically
In each plot, Tils wasa necessary in order to use thne mesasuring
equipment to best advantare. The total varlance for a single

plot was obtained witir tiie followin, formula waich removes the

autogorrelation effect by dlifferencing

e
¥

) S v~ Y- 2
:‘5 {"“2 ‘-;-;,3 ) + ('A‘L"»“"l‘; )u- L2 N B % (:\1-3{:}) (J)
where xy to Xg were thwe total seasonal heaving values for

rg2 within a sinyle plot. Hence, the sawpling

i (K)

where k 1s the number of blocks or groups of peps differenced

i
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Yieathor and Teorage Crop Production

The climatic econditione wnlen prevalled during the course

»

of tils study were extremely varied, This was fortunate since

-

nlant growth and behavior over a

4

1t made possible & study of
wide range of condltions, Uihe montilly temperature and pre-
cipitation records for Collere Park representing 5H50-year
averayes are presented in ¥Ficure 10, alony with montihily and
daily temperature and preciplitatlon records at the Plant
Pegearch Parm, Collere Pari, Harviand for the yvears 1971 and
1952 durings whlch time thils study was conducted,
The rainfall during the late swrrer and early fall nonths

1970 was near normal, Thlg resulted in excellent fall
prowili of orchard rrass, ladino clover and other forare grasses
and lerumes, In contrast to tihwse conditions nrecipltation
was egxitremely sparse fromn July tihrourlhh October of the follow=
inr year, These conditions resulted iIn very poor fall rrowth
of most forare specles, & comparison of both fall and zoring
rrowth as well as tie proportions ol clover in the sward 1s
sown for these two years in ¥isure 11, The mixture of grass
and clover was maintained the first year, but the clover was
virtually sliminated the folleowing wlnter., Ladino clover
was entirely eliminated in many areas whether 1t wae rown

alone or witi an assocliated rrass. These losses of clever

tande apneared to be tlie result of a comblination of several
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Fall 1950 Spring 1951

Fall 1951 Spring 1952

Figure 11. Fall and spring growth of orchard grass and
ladino clover from 1950 to 1952



major lactors. Some of tihe more lmportant factors apneared
to ve the severe late swmier drougsht, poor fall growth,
excessive winter Injury, and a nirh incldence of disease,

Liet us now consider In soms detall the condltions tuat
trourht about tils large difference Iin growth and stand
nersistence., Precilipitation turourshwut the winter and early
ganrin- meontls of 1950-5%1 was near normal. However, a drourht
of shoert duration did sceur during the latter part of iay.
This dild not result In severe damagre to any of the plantines
althourh ladino clover, espscially in plantin-s with orchard

rragss, was bepinninge to show simnme of water stress durins

H

o

not afternoons. The orchwmrd prass was at tals time 10 to

20 inches Ligh, wille the ladino clover in this asscelation
was on the averare only O to 12 inches above the pround,
Altliour-h the montihly average temperature for iHay was below
nermal, there were several warm days durlng whieir temperatures
of 100° to 108° ¥, were measured at the top of tie ladino
nlants wlthin thie orchard gprass-~ladino plantings., This was
cfven an Inerease of from 10 to 20 degress aiove the tenmpora-
tures outside of the herbare at a helysnt of filve feet, whleh

is the usual level Tor standard alr tenperature measurerenis.

arly bthree tlmes the normal

rate for tills time of year, Tils, coupled with slirhitly below

normal temperatures, resulited In nearly ideasl conditlons for

rrowith of forare crops, Yocause of taese condltions extromely
hlenn vields were obtalined for the irst two harvests. All

nlants made good recovery immedliately following tlie second



narvest but exceptionally low rainfall from the latter nart
of June untill the first part of MNovember retarded srowth of
ladino clover especlally, Tihe few surviving plants of the
lerunes were undoubtedly malintained at tlie expense of tihelr
root and sgtolon reserves wilel left them In a very wealiened
condltlon colns into the winter montha. Only 0.%5 inches of
rainfall fell durin, Aupust., This was 3.0l inclies below the
lone=time average for the locality, Iany of tiio ligsnht showers

that did ocecur throupiiout tihils perlod succeeded only in

molstening the ton Iinch or two of =scll. luch of this molisture

lady
[

¥

evaporated directly from tiwe scll surface and follagrs and

ald not effectively replenishi the steadlly declining soll
molsture supply. Thls resulted in esgentlally no yield of
eitricr the grass or lepumne for tihe last harvest, &z shown 1in
Talle 1., oven thousrh the talrd harvest adied very little to
the total seasonal wields for 1981 they were hilpher than those
for the previous season, 7%ils was, of course, due to tiic very
heavy growin boefore the Tlirst two Liarvests, A pnlctorial

story of the rrowth of orclhurd prass and lading clover Juring
ti.ls secason can be secen 1n Floure 12 wiilch shows the luxurlant

doa

crowth ol bLoth gpeciecs for the Ilrst two harvests and the very

gparsae, dried up growil Lor tihe latter nart of the soapo:r
Tote the larvpe amountl ol elover thal has Leen elininated by

the middle of furust, The crchord prass 3o also showlng
conglderable damare, Thils droucrht cornditicon lessted throurmia-
ouvt the fall period, and tlhiese nlants were not able to make

any appreciakle pgrowth before tile winter neriod began,



Table 1. Forage ylelds of orchard grass, ladino clover, and alfalfa for the
three-~year perlod, 1950~1952 inclusive. Ylelds in tons per acre at
12 per cent molsture

Ladino Clover 1/ Orchard Graapg%[ Orchardé-Ladine 3/ Alfalla J:
Harvest 1950 1951 I§é2 1550 I9Rl 1§52 T3E0 1951 1@35 : x

.23 .98 .10 1.3 2.16 2.58 111;, 1.79 1.40  1.60  1.79 1.87
o34 .86 06 1,16 ,87 1.28 1,06 1.12 419 L8 1}3‘1, 22;
.32 .0f .11 .88 .24 Jho 62 21 .29 49 .55 -

| .36 3R "

Bl VU O

TOTALS .89 1.88 .27  3.27 3.27 L.62  2.82 3.2 2.50 2.57 3.65 2.52

Average of 2 plots
Average of 3 plots

Average of 5 plots

A N

Average of 2 plots

es



Figure 12.

53

first harvest

second harvest

third harvest

Growth of orchard grass and 1ladino clover
during the suiamor of 1951

Note the high proportion of clover eliminated
from the sward by the time of the third harvest
and th® limited growth mad®© by the orchard grass.



Precipltation was at or above normal throusrhout the
winter months that followed, and s0ll molstures were lncreased
and maintained at a hir~nn level toarousiiout thls period. The
aigh levels of so0ll nmoisture incressed thie tendency for
neaving ol ladino clover stolons. Host oi the few nlants
remalining after the fall droushit period wsre not able to
survive tlic severe winter conditions., The heavinr and sub-
sequent exposure of roots and stolons was followed by a
weel or more ol cold, dry winds whicli dried out tihe exposed
plant parts, Tlils was followed by about two weeks of warm,
moist weatier whilchh wag conducive to development of such

crown and root rot orranisms as Sclerotinla trifoliorum Zriks.,

wileh took a heavy toll of the remainineg planta. 4 result

ol tiiese condlitions is denicted in iI'lgure 11, where the ladino
clover as bdeon commletsly eliminated from the orchard grasa-
ladino clover assoclations., The same thlny cccurred where
ladino clover was grown slone.

Grapiilic presentations of ti:e soll meisture conditilons
in some of these plots Irom July throurh December 1991 are
#iven in Ficsures 13 and 1lli. 7The reneral trends shown here
were tynlcal of tiwose obtalned in plots containin, other
anecles or mixture ol species, The soill molsture levels
were hi-h in tie early part of July followlns the neavy,
frequent rains tliat occurred durin: Juns. fMllowins tihdls

g

0i nlentiful ~olsture condlitions thie lack of adequate

rainfall to renlenlsl: tie soll molsture supnly resulted in
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a steady decline In tie avallable soll molsture especially
at the more sihallow dentiis,

In some nlots thwe soll molsture percsntasres at the
1li-ineci. level, as well asg at the =ore siallow deptiis, was at
or near tie wiltin: point during the latter psrt of the
summer, The permanent wilitin~ percentape for tiwis scll was
apnroximately five per cent. althougsh meolsture levels at
tiie three~Iinech deptn were affected by ralns of as little as
0.1 to 0.2 inches, the 10-inch and particularly ll-inch
denthis were cnly sliritly affected, The rains durins most
of the summer were sc¢ 1liznht tuat wmoisture penetration was
seldom riore tihian an Iinch or two,

It was observed that tne survivel of ladino clover
was noticeably higlhier on those plots where tiie soll molsture
alao remained at hisher levels durlns the swurrer woniiia. A
conparlison of the soll molsture poercentames at thie 10~ and
10-1inch levels i1s »resented in Fipgures 1% and 16. It should
be noted that the molsture percentages are consistently
Oirher in tnose plots vwhere stand survival was greater. The
differences in stand survival coincided very closely with
tile available molsture supply. Tiids 1s shown In Pipures 17
and 18, Whe soil molsture conditions in Figure 1l were
measured in the area shown in Plcure 18, The soil molsture
levels shown in Fligure 13 were measured in thie area gshown
in Flgure 17. tlore favorable molsture conditions were noted

in thils latter area, Consequently a larger percentare of

ladino clover survived the summer drourht and the survivings
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Pigure 15, COMPARISON OF SOIL MOISTURE AT TEN-INCH LEVEL
- IN TWO LADINO CLOVER PLOTS
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January February March April

Fixture 17. Survival following winter damage to ladino clover on a plot wh»r®
only a limited amount of heaving occurred during the winter
period. vaI



January February March April

Figure IS, Survival following severe winter damage to ladino clover on a plot
where considerable heaving occurred during th© 1)51->2 winter period
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plants made considerably more fall growth., IDscause of this
thie so0ll surfone was Letisr nrotected from low tesmperatures
and logs winter Leaving oceurred, The first ploture in
Feures 17 and 18 wes talken in the middle of Janusry immedl-
ately following a perliod when rather severs heaving of ladino
clover stolons and roots had occurred, The remaining views
ware taken at Intervale of approximately one month, Tach
successive photograph covers exactly the aame area in each
plot, Camylﬁta elimination of ladine clover socourred in the
badly heaved ares whlch alsc had a less favorable soil moisture
supply the previcus summer, while & failr amount of alover
survived &t the other losations. The severity of heaving can
be seen in Filrure 19. This stolon was heaved so that between
one and two inches of fresh roots wers exposed to the cold,
dry winter winds, The smguntféf é&ﬂ&ée&t{bﬁ and breakdown
of the same roots and stolons that ocourred over & maat&‘s
time aan be seun . -n taa lgwur ﬁhotograbh, ; &; b

Pollmwi&* severs haavinm and dcsiacatian several weeks
of warm weather made conditions fdeal for the destructive

spread of Sclerotinie trifollorum and other root and stolon

rot organisms, This resulted in virtually a complete bLreak-
down of the expossed tissus, &s shown in the lower part of
Plepure 13. In eontrast to these conditions the degree of
winter survival in the 1990=51 seasen is ahown in Fisure 20.
There were no teat sroas of ladino clover showing any more
heaving or logs of stand Lhan can be ssen in thils seriss of

nietures, It should bs polnted out that the fall graﬁtﬁ in



Flur©o 19.

Ladino clover stolon

Same stolon one month later

Heaving damage on ladino clover

A freshly heaved stolon and roots, with the
same plant section Shown one month later

after exposed parts had been dried out
and broken down. 'L

61
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January February March April

Figure 20.

Winter survival and excellent spring growth of ladino clover for
the 1950-51 season.

EO
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1950 wag considerably rreater and more uniformly distrlibuted
than on the same »lots tihe following wear whon essentially
no fall rro.tly was made,

Precinitatlion for 1952 wag about normal excent for the

months of Mareiy, Aprll, I Auvrust and Tiovermber whilcell were

-

well abtove thie long-tlme average for tils area., Ceptember
and October had very low rainfall with only 0,50 of an inch
falling during the latter month. This emphasizes the well-
known prinecinle that distribution of rainfall may be as
imnortant as total amnmounts,

Temneratures for 1952 were slintly hlghier than those for
the previous yesgr as well as tihe lons-~time average, During
several days in the lstter nart of June and {irat of July

dallvy average temmeraturss of 100° ¥, were noted.

~

Termperature 1In Helatlon Lo Crowth

Temporatures and thelr effects on the Initiation and rate
of early spring rrowtn of several Important nerennial forage
snecles were studlsd during the early spring months., Tie

srowtnn of Rentucky bluecsrass and orchard pgrass in 1951 was

started durlng tile wsek ending laren T. The followin; snrinp,

[

rrowthy of orchard prass beguan anproximately one wesk later

while IHentucky bluepgrass was two weeks later in starting its
growtiz.. The prowti of ladino clover also began about one
weew later in 19452 than durlng the orevious spring.

The effects of tempersture on the Initlation and rate of

rrowth were studlied by caleulatin. temmnerature- rowth indices



for asveral soll and alr levels within eschi of the svneciss or
mixturs of spscies belny considered, Formula (G) pare L2

was used in caleulatin: these Indices., Soll surface tempera-
tures apnaarsd to e more closelvy assoclatad wilthh initliation
and early sprin~ growth rates of the several spocies than alr
temperatures, Thils doos not seem unrsasonable since a very
larrse percentare of thie root system of these rrasses and
lerumes 18 located in the top few inches of soil, Ulie repro-
ductive nortions of new stems and leaves are also located near
thie s0i1l surface at thils time of the year. Also the prowth
proceases must start in tne roots or stolons where the carbo-
hydrate reserves are stored.

The temperature-crowtli indlces for the soll surface of
each smecles and mixture are pressnted in Tables 2,3,lL, and §,
alons with thelr acownulatlions, Tihie accumulations wers begun
in thie middle of February annroximately two weeks belore the

inttiation o prowth of any of tliese speclea, This was done

&

to take into aceosunt a nossible tine lag betwsen termperature
chanse and plant resnonse. Thess indlces are in reallity a
maagure of the relative anount of lLieat mlts ascoumulated
durins eaclh: weekly periosd,

In studying the data it was observed ths
and nl-ht temperatures were Important in determining growth

Initlation and that boti must be consideresd. The earlier
timo of prowth initiation in 1991 apneared to Le assocclated
with nleher niznt teuwpsratures. However, In every case, the

crowti: of thne variocus snociez beran only wuen the seceuvmulated

*
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Table 2. Temperatu?e indices for %Gil suriaoe of orchard
srass nlot, 4 base Lempesrature of L0° 7, was
used for tihecse galoujutﬂonu.

1951
eok ay Mlsnt Total

ending weekly Accunmu- Leekly Accumu- eektly Accumu-
Totals lations Totals lations Totals lations

=12 0 Lﬁ 0 0 10 AO
1 4 1 1 : s
QZ 1[% 190 50 A1 2%6 251
3-5 1/ 2b2 52 147 208 Lo9 6 0
12 281 733 7& 2846 359 1019

1 148 831 303 1éq 1184
2b 252 1132 (é 362 1802
a-a LIk 1577 217 f4e! 661 2163
43 2010 1564 750 £97 2760

16 1 252l 225 975 739 L399
23 .93 3017 213 1182 706 20K

1982

2-12 82 32 L L B6 86
1 2t 118 0 L 36 122

2 116 234 1 5 117 239
3,q £3 297 3 8 65 308
2/ 177 7h 39 L7 216 521

? 217 £3 27 L 2hlh 765

2 19 1310 245 319 86 1629
L~ 1959 259 573 96l 2575
) Sl abgz 300 878 9lis 520
16 739 351 392 1270 1131 é@Sl
23 1022 103 G 185l 1606 257

1/ 4Approxzimate date of growth initiation in 1951

2/ Approximate date of growth initlation in 1952
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Table 3., Temperature indices for the soll surface in orchard
grass~ladino clover nlot. A basge termperature of
(07 . wos used ror tiwese calculations,

1951

s om

Day . Hipht Total
Tieelt Geeltly Accunu- seekly accunu- veelklly Accumu-
ending Totals lations Totals latlions Totals lations

2-12 0 0 ﬁ 0 0 0
1 103 10° 1 1 117 117
26 161 26l bl 7% 225 3h3

3=5 %/ 26y 529 137 215 Lo2 Thi
12 2/ 296 8ex 116 331 hi2 1155
19 172 997 13 334 185 12&.1
2 2Ly 1251 29 373 273 15610

-2 457 1728 228 6ol 71% 2329
9 Lhe2 2100 130 781 632 2961
16 379 2559 2Ll 1025 623 558&
23 511 3070 238 1263 749 1333

J
§
Pt e
™y
S

(A NG R

O R
H
-
H
e

}..J

21

-

Ut

SO O

H
A
T

-.4
=
NG ONETW O

L

0
2 : : :
3= o5 209 2 37
12 ;/ 150 3055 35 43 195 sh3
19 L/ 1806 4545 20 71 21 787
24 6513 1165 25l 324 347 152l
L2 665 1835 277 602 g 2v69
3 661 2197 259 591 950 Eglg
16 321 3318 891 12832 1212 kg}l
23 1251 Y L1 1923 13892 4623

Avnroximate date ol growitn inltistion for
orchiard prags 1901
Apnroximate date of prrowth Initiatlion for
ladiao c¢lover 1951
Apnroximate date of prowti: Initilation lor
orcnard pgrass 1902
Approximate date ol rowth Inltlation {or
ladino clovsr 1952

KRR K
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Table l., Tewperature indlces for soll surface in ladilno

clover plot. 4 base temperature of L0OY ¥, was

used for tihese calculations.,
1971
o ey Nlsit Total
Teek LVeelldy  Accumu- Teoekly Accumu- weekly  Accurma-
enaing Totals lations iotulo lations Yotals latlons
T-12 . b 0 0 L L
1; 1,5 159 30 30 185 189
2b ?Eﬂ 69 99 2c5

3-8 g aﬁ 142 2l 1356 é
2 1/ 2 52 293 150 133;
1} 029 1271 11 30 2Lo 1525
323 159k 63 367 346 13551
- 2 €25 2119 221 £88 ;gé 2707
naz 25L1 1561 717 umz 3390
16 601 32i2 185 93 786 176
23 513 385 20l 1135 817 8993

1952

2=-12 135 136 L I 1uo 140
1; v 191 O L 195
26 167 353 1 g 155 5
3= 68 526 C 10 73 ; 5
12 189 61s Lo 50 229 HE
12 2/ 235 G800 28 78 263 928
2t 557 1007 217 205 81l 1742
L~2 71 2218 20 e 1021 27563
9 718 2936 237 762 955 )371«.3
16 39l 3530 ;6& 11L6 1252 1976
23 1@@9 5279 A1l 1760 2063 70139

1/
2/

Approximate date of prowth
ladino clover 1901

inttiatl

on for

Apnroximate date of growth Inltiation for

ladine clover 1902
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Table &, Temperature indices at s0il surface for Kentuecky
bluegrass. A bases temperature of L0° ¥, was used
for these calculstions,

1951
_Deay Hight _Total

Veek Weekly Accumu~ VWeockly Accumu=~  Teekly Accumu~
ending Totals lations Totals lations Totels lations
2-12 0 0 0

é 52 153 % g 260 60

120 72 9 211 271

3-5 1/ 229 %01 121 aga 390 6%1

12 239 2L0 13l g9k 373 10

19 1085 7hs 2 21 132 11

2 155 901 6 %87 222 138
L2 352 1253 188 7 cho 1928

9 30 1583 201 87 231 2l z

16 1439 2022 218 1124 87 314

23 L82 250 253 1377 735 3881

1952

2-12 91 9L 10 10 101 101

1 Lo 131 1 11 , 1%3
O A A

12 Iﬁﬁ %&2 Le 68 13@ 5%2

12 2/ 20 L6 52 120 256 g

2 £63 1209 28% Lol 8%7 1 1a
-2 ézg 18&3 32 730 961 257

9 6i2 2L9 f77 1107 102 599

16 73 220 éhz 15&2 117 ?YZ

23 1082 2310 27 217 1709 6L8

1/ Approximats date of growth inftlatlion for
Kentucky bluegrass 1951

2/ Approximate date of pgrowth initiation for
Eentucky bluecgrass 1952
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day teanperatures reached an apparently "eritical” ranre.
In 1952 high temperatures that occurred cduring tie last week
of Jenuary and tie first week of i{ebruary anpeared to be
too early and/or to he of too short a duration to effect
initiation of springs growtli.

aven thouph there wesx a differsnce of a week between the
tirte orchard grass started prowti: In thne twoe years, the
differeonce In accurmlation of heat units for the daylirht
hours was escentlally the same. These values were [ 52 in
1991 and L7l the follewins year, a difference of only 22
unlts, Vhen rrown witi: ladino clover these values were 29
and 500, respectively, with a difference of only 27 units.
The siichtly lower values Tor orciiard grass ~rown alone
indicates that plants are better avle to take advantasre of
thie inecreasing temperature with a more readily availatls
nitroren sunply, since tiese nlots were top dressed with
amrionium nitrate, wiiile tine lepume supplied tihie nitro-en for
tne grass~lepume nixture., The prowth differential brousht
about by thls difference in nitrogen sunpoly and availablility
was naintained throursliout tlie early spring prowili neriod,
This is in aprecnent vith tle work renorted by Llaclouan (9)
wno {ound essentially no rrowtli of several {orare rrasces

e e <] . B - O 7

when the soll tewperature at four incies was below L2 F.
Fetw i}.'ﬁo R a L7° i eyl 4 . ~ - gy o

retween 427 F. and 475 7. tie anplication of nitrogen preatly
increased the rrowlin rate over tiie nplots wiere nitro-en was

not applied,
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The differences in night temperatures between tihe two
vears were large compared to tie small differences la day
temperatures, iwven thoura these dilferences were laree the
total hest unit accuwnulatlion for tine day plus nipgnt was very
close, The first yeosr 660 units were accumulated before growth

initiation of orchard srass srown alone and top dressed with

nitroren, wnille 7L nnits were accuulated when grown with

ladino wlthiout surnplyine addltional nitropen, The ITollowin
voar these values were 521 and S 3, respectively. These

* Y,

differences seared to be reflected in the behavior of the

48

plants during these two sprins seasons., e first ysar

crovti: was Initlated somewihiat earlier apparently due to the
hipher nipht temperatures. The followin: year the day
temperatures were equally warm, but the nigsnt temperatures
were colder, Tils was ascoclated witis tlhie later growtis Initi-
aticn but a sliyhtly alsher growth rate once ;[ rowtli s .urted.
This higher growtihi rate tiie second year also scemed to be

assoclated with a steady Increase in temperature, wlereas

tihe nrevious spring growth was initiated and tlien retarded
by a weelr of cold weather, Tihe nlants never gecned to

completely racover Trom bthis teworary setback. Hlackran (9)
found that the greatest "derree of earliness™ was obtained
in tliose years when the four-ineir goll terperature (at

9:00 a.n.) inereased more slowly from L2° to L7° ©. and wihien

3 - » ] o
tlie temperature was betweon L 2° and h@c e Tor a considerable

nortion ol that »eriod,.
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In the case of Xentuecky blueprass the results were
esgentially tlLe same as tihose found for orchiard grass with

4

a total of H51 units acecumulated in 1951 and 765 the followling

(335

Vear. nere is a difference of only 1UZ units even though a
difference of two weeus occurred in date of prowtih Initliation.
lowsver, wien broken down into day and night values the relation-
shilp was not as rood, Ti:digs can be accounted for in part by
the fact tnat thne Hentucky bluerrass sod nad considerably more
rrowthi In the fall of 1950 than ir 1971, This heavier —rowth
served as an insulatings layer resultlas In cooler day 1. mera-
tures and warmer ni ht temneratures at the socoil surlace tian
cccurred in 1952, Purthermore, growtlh measurements of the
longer lsaves of orchard prass are more easily and nerhaps
more accurately made thian growtis measurements of the smaller
leaves of rentucky blueprass

Cnece growtll ad started ecach 1increased increnent of
temmerature resulted in a correosponding: increase in prrowth.
The weelllv rrowth rates of tle varlous snecles sre shown
in ¥irares 21 and 22. The accumulated growtii of eaclhi is
riven in Figures 23 and 2L,

Durling bothh seasons the growtih of orchard prrass rrown
alone and top dressed witlh 150 peounds of nitrosen ncr aere

.3

was considerably more than wl

2 crown wilth ladine clover and

not top dressed. 8 stated carlier the »ore wnilorm Frowth
in 1952 arneared to Le clogely associated withh a stead

incrense Iin terperature, In 1971, tlhe tllrd week after

rrowth beran was qulte cool, Tihils caused a reduction in the
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WEEKLY GROWTH RATES OF ORCHARD GRASS AND LADINO
CLOVER GROWN ALONE AND IN ASSOCIATION

05!
44
11952
34
2
N LLﬂLLUﬂ LLﬂhhhh
LADINO CLOVER ALONE LADINO CLOVER WITH ORCHARD GRASS
184
“
124
104
]
64
4
|
3-5 3-12 319 3-26 4-2 4-9 4-16 4-23 3-5 3-12 3-19 3-26 4-2 4-9 4-16 4-23
WEEK ENDING
ORCHARD GRASS ALONE ORGCHARD GRASS WITH LADINO GLOVER

WEEKLY GROWTH RATES OF ALFALFA, BLUEGRASS AND

BROMEGRASS
18 [
6]
144
1 N 195
101 1 1952
o
s
4
| o]l
- |
] ~CALFALFA -
5 |— =
a
3]
21
y
il
3-5 3-12 3-19 3-26 4-2 4-9 4-16 4-2 3-12 3-19 3-26 4-2 4-9 4-16 4-23

WEEK ENDING
BLUEGRASS BROMEGRASS
A



74 gure 23, ACCUMULATED SPRING GROWTH OF ORCHARD Higure 2li, ACCUMULATED SPRING GROWTH OF BLUEGRASS,
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prowtii rates of each species. This termvorary setback anneared
to Lte carried throuv-hiout the next two months at wil
the leafl eolonpation measurenents were discontinued

41

Periodic phwotogrania were taken of each nlot Lo tave a
nlctorial recors of the prowtih. of tue anecles beins studled,
Tiie same porticn of each »nlot was nhotopranhed each Limae and
thie carera was set at the same hely it and angle in every

instance, oth blaciz and wialte and colored nhotographs were

73

taken, The crowtii of orchard grass and ladino clover 1s sliown

in leures 25 and 26, The first nlcture was taken during the

{'i‘

weelt growth beran and the last one the weelk growth meansure-
ments were discontinued, The sane serles for 2alfalla and
bromwesrass 1s shown in Figures 27 and 23. Tie Eentucky blue-
rragss nlot was clinned eacli weelt after thie leal eloncations
were made; bLhercefore »rnotogranhs would not be effective in
showin~s prowth rates of tiils specles, Thwese weokly clivnings

3

were saved in 19372 and the weokly vields of oven-dry material

P

were correlated witir the resnectlve amounts of leal elongation
during the same weck., 4 correlation coefficlent of 0.938 was
obtained wnlch was slenificant at the .05 level, The growth
rate of Kentucky bluerrass was not as rreat nor as uniform as
In the rage of orenard rrass, but the same general crowth

natterng were obtalned. The temmerature indloces for rrowth

were very nearly the asme In all cases.

i

Growutiy rates of lalilng clover durlny botli vears was gome-
fratlc arnd mmcli less unifoim than with the srazsces and

alfalfa, Thls was partly due to the extrene difflculty in
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Figure 25. Pictorial presentation of spring growth made by orchard grata and
, ladino clover in 1951- ?

The first photograph was taken the first week of Harch
and each succeeding one approximately one week later.



Figure 26* Pictorial presentation of spring growth mad® oy orchard grass
and ladino clover in 1952.

First photograph was taken during the first week of growth
and each succeeding on®© approximately one week later.



Figure 27%*

Pictorial presentation of spring growth made by alfalfa in 1952.

The first photograph was taken during the first week of growth
and each succeeding one approximately one week later.

-3
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Figure 28 . Pictorial presentation of spring growth of bromegras3“1adino
clover in 1952.

The first photograph was taken during the first week of growth
and each succeeding one approximately one week later*



makling accurate leaf elongatlon measurements in the fleld
witiout Injuring the ladlino clover petlole and sartly due to
tlie nature of the rrowtl: pattern in tlie early stapes, Drought
conditions in tihe sumrer of 1981 followed by adverse winter
eonditicns and a lLieavy infestation of suca root organisms as

Selerotinia trifoliorum in the spring resulted in comnlete

climination of many ladino clover plants. Tnls partislly
accounted for the erratic prowth pattern.

Correlation coefficients between prowth rates of tiuese
snecies and various metiicds ol expressiqagy temperatures are
nresented in Tables 6 and 7. The first and most obvious
characteristlic was tue great similarlity betwesn all mothods,
For instance, 1 one metiod gave a nlgsiy correlation coefficlent
they were all hirh, Tae next outstanding characterlstic was
tiimwt all of the coefiiclents for 1992 were larper tlhian those
for 1351, excent In tlhe case of ladino clover, This noor
relationsiin was, of course, mainly due to the very erratic
and wealr growtii ¢f the badly heaved and diseased ladlino clover
plants. '‘hese lacts were rathner startling at first but a
lilttle study on the problem helped to explaln some of the
reasons. rirst, one would expect to find a very Ligh corre-
lation between soll and air temperatures since tiie alr tempera-
tures are & result of =201l tewperatures., <hort wave radiations
from tihe sun are absorbed by tlhie seoll and otlier objlects on the
ground or in tue alr and reradiated as longer nwsat waves,

thereby warming up tie su

fod

crounding athmogniisre., Tons wave

radlation may also be rellected back to tle sarth by
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Table 6. Correlations of leal elonpation with A0-inch air
terpesratures using, four methcds of calculating
temperature values.

Dally

Average
_Temp. Temperature Indices
Two- i'odified
Tyne nour Livingston Frequency
of iy reoord formula Tistributlion
Cover Year Ave, Ave. Day Nicht Total Davy Tight Total

Orehard 1991 .7h1  JOLL JGH3 0 JA33 0 L8630 L8360 JAL3 L8002
Grass

7
1952 .9LE L961% L98L¥ 967" L963% 9567 | g68®

Grehard 1951 L8017 .009 L9107 .630 .09L .856 L.HA7T . 827
Grass 1/ o e g 2
<9627 J9TTT J97LT J96LT 196

1952  .960% L9567
radino 1951 L7308 L883 ,839 .866 .883 .897 .76k .877
Clover

LN
B
L
o3
w
A\
%

19852 L825 ,819 .817 .867 .838 .816 .8Lo .82h

Ladino 1951 .963% .939% ,903 .90% Jéoq 889 .86 ,903
Clover 2/
1952 L,275 .287  J1hk7  .320 204 .219 .200 .198

Elue- 1951 L6201 JA77  W7Lho WAho W73h L5061 .201 Lsl2
grass "

1952 L0878 .908 L8566 (9327 .4893 L,879 JG70  .850

alfalfa 1952 L9L6™ L9u9™ L967% [9m0™ .968% .960% (977" L9707

Lrome - 1- r,E-. . (}L{j"- . ;)30%:- . 9 Bw .927‘& . 93,'{" . 1931",: L001 . 922w
S£rass

Orchard grass prown withh ladino clover

Ladino clover j;rown witihi orchard grass

K

3
a5

Significant at P g9 level



Table 7.

01

Corrslatlions ol leal elongation and soll surface

temperatures using Tour metaods of caleculating
termmeratu

Trne
of
Cover Year

e

[ R,
VL1183,

Tamnerature Indlcos

Dally
Averara
Camn .,
axe- Two-
in  hwour
Ave., record
Ave,

Podified
Livinpgston
formula

freguency
Distributlion

Day ilgsht Total

UGrehard 1951
Grags
1982

Day  Hight Potal
* s :

<9117 L5elL .82

L2ng L BE7 L8855

871 W91

», a0
2 o

.231

.909
» 300

Orchard 1301
Crass .
&/19;2

« 900

L0h5% L B10 L9BL®

.963% .968%

-
859
L]

«795 0173

.929% .9l 3%

.‘30? .\5366 0828

Ladino 19%1
Clover

1952
Ladinoe 19051

Clover

.73k

LB807 .7E2  .830

2/ 1952 WJLbh Jheg JLe3 583 JL4B6 LLO7 L3735 .397
Ky, 1951 L.83L .8¢7 886 L8586 789 .96 709 011
#lue- :
s g oo o Yty oy ey S
CI"&S&% 1}:)2 - ()32 . :)i'? ) glL . Vul . goif - \9219 e }i3 L4 ‘9;1 )
Alfalfa 1952 .013  .9257 J77L 792 .785 .Bh2 L9257 032

1962

Bromne -
rrass

-

£

0
9367 057

.913™

Yo

SN

CGrehard

FTreE8

Siegnificant at P o1 level
- PRY

crown with ladino clover

Ladino clover prown witix orciiard prass
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clouds, etc, The higier correlatlions obtained with the

alr temperature in contrast to the soll temperatures can be
partially explained as follows, lLirher correlations are
obtained using thie soll termerature while tiie veretation was
relatively short but after the crop plants bepan shading the
801l tne alr temperaburaes became nmore and more imnortant,
Tiils shwdins effect was rotier larre in the casme of orchiard
FYass,

Toie data 1in Table 8 indicate the extent to whileh the
varlous s0il and alr tempeoratures are related., There is
nearly a psrfect correlatlon betwesn soll surface temnera-
tures and tiose noted three incones below tihs soll surface,.
Tiie correlation was somewinat lower vetween the soill surface
and the alr temperaturcs at 3, 12, and 60 inecies above the
soll surface. The pocrest reletionshilp was found at the
threc=inch helght over a sfentucky blusprass sod uniformly
clipped at two inches, The vaelues obtained at tie 12~inch
level were sliphtly nirusr, with tue hilghest values for all
snacles beiny obtained at the H0-inch heirsub.

Cenerally speallns the day tewporatures gave a sllieshtly
hirher correlation value wlth srowth tihan did tlie nloht

temperatures. This was narticularly true the first year,

]

Thie poorest correlatlions were obtained bLetween growth rates
and the tliree~inch alr tewneratures, This was 1o be expected
gsince 1t is in this repion toat the preatest extremes in

termerature occur,.



Tvyne of
Cover

yme
A

CGorrelations of soll surface
air temperature indices.

Level of Heasuremsnt

arperature indices with

Thres Inches faree inches Twelve inches
below above above
_.8o0i1l surface goll szrface __s80il surface

Olxty inches

g8oll surfsce

Day  Ticht Total Day wjyht Total Day uigat Total

Ky, Blue=- 1

rrass

Ladtau
Clover

Alfalfa

sars-
fround

Day

Total

.320% 23 G940 L8985 L7985 L9al®

<905
.978%

.)Ll
97

p-%4

1931
O

%
L ]

o]
2
I

. .901% Lg% .878  .959% Lo

.999* L916% 937+

A4

.933f
<9LE"

-9&5
‘952

n o - 699 132,760 .321 .532  ,860
<9997 «399 49997 .951

T .938% Lo7h 98l -9@2* .95 3%

-v9)

<957

. +902
953

95T T2l L938F 1932 LB25 L9267 .

9957 L996™ L998%

890
L9B2%

. gllﬁ . w‘?],

9}1

29967 .596% 999"

Ol 6"

+ gcd

'-997% .993% L997¥

.986% L9m¥

o732

ey -

iricant at

7,01 level



Growth rates of the various forage speciles belilny studied
ere plotted arainst the temperature-growtn indlces, These
d¢ata are presented in rigures 29 to LO inclustve. In these

Firmures bhe weosl srowtl: rabes ol each specice were nlotted

agalnst weekly temperature indices, In additlion these same

data were accumulated throushout the neriond of study so that

=

a comparison of thie tvwio systems covld bte mede for

“hen the growth rates of orechard yrass were handled in

ti:xls maaner, & close relatlonshdp was Cound betwsen nlant

jeN

prowvitl: rates caleuwlated temperature indlcos, as chiown in
Firure 29, This was true durins bothh sessons witii the hilgher
temnerature indices obtalnsd in 1952 belins assoclated with

tiwe hlpner growth rates Jor tihaelt spring. The polints for each
vear were located in asbout tie same ares for the esrly period
of rrowtii, btut alter ti:ls Initial perliod cach year was
cnaracterlized by a different type of curve dependin: unon
ature situation. The prowih rate tended to increase
witi eacl: Increment of heat units, Thie larger and facter
prowtl: rates ior 1352 soveared to e assoclated with the

fact thiat once temperatures Lepan to rise taey continued

to do go, thereby avoldins Injury to younpg succulent ~rowth

o

- -

by sudden dreps in tesmpersture ag cceurred in 1991, ‘tiotice
how tie nolnts {for 1971 are rore wilidely scattered durins the

first three weeks., The tevperature-prowth relationshin is

even better wnen tlwse dats are acecumulated., Thisn ia shown

in Flpure 30 where tie points are not scattered in the early

vart of the sesason but form ecssentlially a stral;nt line. This

twoe years,
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was true for boti: vears wlti tle differsnce between years

411l being malintainsdc., “he strong relationsiip between

(i*

-

terperature aad ;rowth for tiis time of year surrests tuat

crovwih ratee could te ratier accurately predicted Ifrom such

e

The same fonsral . pattern occurrsed when oreliard
crass was rown wlil ladlinoe clover, Viemre 31, The naln

diifervnce was tiab bhe sarly growth of orchard grassg was
less wonen prown with ladlao clover tian waen grown alone and
top dressed witii nilro. eu. 1ils leower prowthi rate produced

a more flattened tenmporalure-prowtn curve, when the data
were accurulated as Leliore, the tyoe of curve siwown in

Flrure 32 was obtalinsd., llers as belfore the accuwrulation of
tlicse data tenasd to swaootic ocut ths small variations that
cceurrsd wlta the resulit tual a nearly straipght-line relation-~
sl:lp was oLtalined. Jlhethwer prown alone or wltih ladino clover
tiue growbii rates wers uboubt tue same for bvoth years. This
was true untlil tiie temperature index reaciied a relative value
between 6 and 7 unlts. Irom this polnt on the rrow. . rates
vere greater for tie second year,

et more erratic es-

The
neclally durins the first year. llowever, rood agresment was
obtainced bebwesn rrowti and tempéraﬁu?a indices. vTheﬁe data
arc presentoed In Figur@f33. In the case ol bluegrass, as with
creiard Frass, growtih 3ates were mucii amaller for the 1951
scascon. I:ils larpe dirference In srowth rates anneared to

be more closcly associated wlth temperature thian witih any
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&

otiier environmental factor, Uoed agsreewent wasa obtalined
when these dsta weyre accurulsated, ss shiown In Flpure IR
The differences that exlsted bstween years in the case of
orchard grass were nobt prosent with blueprass, All noints

Tell essentially on the same line for the two yesars, The

ji

LT

Aiferences betwaen btheoe weolly

El
i
kS

nragentation and tie derree-
dar accwnulations ware sven reater than those found wlth
ot ol did the accumulatlions canse the
nolate for the slnsle gseason to be "wore nearly in a stralpht
line, tut 1t also tended to minimize the differences between
pata for the prowtii rates of wllalfls and Lromepsrassz were
collected for only one year, They are nresented in FPigures 38
and 36. Tue growih ratea of alfelfs were much more unllorm
throuricut the study than were the rowth rates Tor bromeprass.
Tiie relatively small amount of prowtn of btromegrass can bte
acecounted for, in part, by the fact that nearly all of the
ladinoe clover in tuls area had been lost dnring the previous
winter therebLy rasducing tie nitrogen supply for the pgrass,
Z1th relotion to temperaturse, the prowti: rates of bromerrass
tended to fall somewhat at random but stlll showed a weak but
noslitive correlation. Ilowever, wien bthese data were accumu-
lated In Fisurs 35 a nmuclh bebter relationsiily was colained,
Tne reneral growth curve for alfalfa dild not chanve ~reatly

waien the date were acewiulated. The npoint that should bhe

empiiasizeda here, however, ls thuat, In pensral, rood arree-

ment was obtalned between srowth and tenmperature indlcees
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Figur@ 33. WEEKLY GROWTH AND TEMPERATURE INDEX FOR BLUEGRASS
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Figure 39, WEEKLY GROWTH AND TEMPERATURE INDEX FOR BROMEGRASS
AND ALFALFA
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whnther thev were accoprulated or whwether ftier were handled

7
-
@

on a weekly basls, was not true with all of the data,

a8 wlll be nointed out later,

The differences hetween weekly presentatlon of the growth

date and the desrec-day accumulation of these same data were
miach creater for lodinoe ol than Lor any of the otuer
svecles, The growth eurve for 19Y%1, whieclhi Is shown 1n Filg-

ure 37, was very si=nilar to the rrowth curves of the other

snaclea, However, thw date for 1992 was ouite different.
In thlg case the nolnts gseoamed to Tall et random withh only

a very slicht noslitive trend,., dWhen theege sarme data were

m In Ploure 30 the reenlt was egsentiallyr
a straisht-line relationshiln, Thesc diffesrences wers even
~reater when the dét&, shown in Meares 39 and L0, for the
orchard srass and ladino clover nlots were consideresd, In
thls cass the weelly vuiw&s, when ploatted, produred a randonm

#14

distribution of tiie »noints “lils was espocially trus for

@

the 1952 wvalues., Thi

4]

was what sbhould be expected since
thie actnal rrowth of Individual »lants was very erratle
eanocially durins the zoecond svrins, However, when thicsse
data were accwmlated an excellent rolatlonshin seemed

A

svident Letwesen prowtii and temperature Indices Trese

» data pave straolpght-line relatlonshipne for both

;(‘! 1
E

Taears rocardless of the btrue situation.
It seensd obwious that tls depres-day acecwnulatlons
orz rather ha-ardeas Lo nge In relatins temperaturs and

prowtii, In tihwse inslances very pood agrecment was obtalned
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Figure 39,
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when In reality a very ooor relatlonsiilp existed., In studying

these data furtier 1t was {found tiiat good aprrecment could

even be obtalned Leitween two sets of randeomly dlistributed
numbers nrovided they were accunulated in thils nanner, To
demonatrate this, a set of values was cliosen from a table

of normal random nuubers and designated as growtihh rates,
Anotner set of unrelated numbers was chosen and these were
desirnated as temperature indices., Uhen these data were
plotted a typlecal scatter dlagram was obtalned, as shown

in Fipure Ll. Since thwese two sets of firures were unrelated
this 1s what would be expected. Iliowever, wiien tlicse same
data were accumulated a stralght-line relatlonsiilp between
thwose two unrelated groups of values was found, as shown

in ficure 2.

In view of these facts 1t seems ratlhier imnortant that
anyone using this type of data nressntation should be well
achuainted with its limitatlions, It 1s also extremely
Imvortant to those searciilns the lliterature since a rather
larre amount of temperature-srowitn dats has bheen and still

i1s bYelng pregented in this manner.
viinter Heaving

Winter neavings damape to forage crops and small crains

3
In Faryland and otlier Northeastern states 1s often rather
severe, « study of winter heaving in relation to termnera-
ture fluctuations and ctler climatic factors was beyun

-

durin~ the winter of 17571-72, ¥ost of the discussion will
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* b

deal with methiodolory and teclmiques in heusving measurements
taken in the winter and s»ring of 1951-82, alony with
neagsure of the sampllin: error found In suci: measurements,

The ariounts of heavines in the various »lots from the
middle of Lecenmber 1991 to the last of January 1952 are
tabulated in Table 9. Tuese values were cbtained Ly measuring
the upward movement ol pointed wooden dowelings wilch were
driven into the soll, as shown in Figure 9, There was con-
siderable variation iﬁ the depree of heaving Lelwesn measure-
ment dates, the variation being more pronounced on those
plots exnibiting the wost heaving. The amount and uniforalty

4

of plant cover, or lack of suclhi cover, had a marked effect

g

on the amount oif frost acition. Illowever, 1t was obsgerved
that a considerable wvantity of ecrop residue was not neces-

ding tiwe materlial was 1xifor“1"

<
b
[

sarily essentlal »nro

,,..4

fference was noted among the

f- =

distrivuted, Very little 4!
four pe;y idlameters used., However, tue deptlis at wivich

tuese peps were placed in the soll were lwmportant. A strong,
pogitive relatlonsiilp existed betwsen deptls of placement and
the ascunt of neavin-., an analysis or variance of thsse data
is presented in Table 10. A simmificant difference was obtalined
for tyne of cover and for tl.e cover by dentiy of nlacement
interaction, while a Liglly sipniflcant Jdiflorence was obtalned
for deptiis and for t..e dentus by dlameter interaction. In
other words, one aeptl. nroved Lo be critleal under cone cover

wiile a different level wae oritical wnder another cover., 'The

larrer ne;s Nesved losas than e smallsr cones wien nlaced
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Tavle 9., Amounts of winter heaving of wooden dowelings for
two~month period from December 1951 through
January 1952,

Depth of Dlameter Heaving
dowallng of (centireters) v
in soil doweling Other
(inches) (inches) Bare pround Ky, bluesrass Snecles
L?r 1 7.00 . 7
1/§ 'exe! .%2
3/8 8.73 Ll
1/l 8.07 .51
8 1 .08 .2l
1/2 R .30 .98 1/
.95 2/
1.03 ﬁ;
.63
52 5/
3/8 6.26 .21
1/l 6,05 .0t
12 1 Les iy
1/2 i.gg 3k
3/3 .21 .19
/L 3.9k 3L
16 1 3.55 W17
1/2 1.29 .17
3/8 .39 .15
1/k 1.11 .10

Orchard grass

L.adino clover

Orchiard grass-ladino clover
Iromegrass

Alfalfs

LERRKY
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Table 10. Analysis of variance of winter heaving measurements
on Kentucky bluegrsss and bare ground plots 1951-52,

degroes of

Souarce - fresdom
Cover 1
Dates ﬁ
Dates X Cover L
(error a) ‘
Depth 3
Depth X Dates 12
Depth X Cover 3
Depth X Dates X Cover 12
{error b)
Diameter 3
Diameter X Cover 3
Diameter X Dates 12
Diameter X Depths 9
Error ¢ 93
Total 159
«

significant at .05 level

‘meem . .
square

33.425
.388
3.826

3.135
549
2.32
501

0003

.009
068
146
-037

6,258%
1,096
L.639%

<1,00

<1.00
1,838
3.946%



at the ashallow depths, whille the

99

reverse was true when nlaced

at preater depths,

i geparate analrsis was made of the data from the nep
movements Iin the orchard prass, orchard grass-ladinc clover,
bromegrass-ladino clover, ladino clovsr, and allalfa nlots

and ia presented in Table 11,

variation between dates, and the

action was also simmificant,

%,

tiie extent of heaving on

14 not increase as the

on those »lota with ladino clo

to Incresase duringe the winter,

tendency for more heaving in the

the bromegrass »nlots where tiie

residue wasg mors evenly dle

true even thou- iz

Lromarrass

its rrowth habita,

The pers were arranced

for tiils rengon the wvariation

could not be measured wiih
variance, An analysis of the

removing

A summary of the varliatlon found

cover Is ovresentced in Table 12.

errorg were obtalned 1In all Instances sxcent with

orchard rrass and one of orchard
relative standard error was well

Just as bhefore

Withh respect to the

the alfelifs
winter season prosrossed.
ver

There wag

rOw
tributed over

wes somewhalt less

systematically In

the conventionsl

experimental error was

autocorrelations as descritved

there was a
dates by association Inter-
otlizr wlots,
and orciard grass nlots
Heaving
alone or withh a grass tended

algo a sligsht

orchard grassg plot than in
th and consenuently crop

the area, This wasa

virorous in

each plot and

between peps wlitiiin sach »nlot

analvsis of

rmade by
by formula (J), nare LS.
under the wvarious types of
Pelatively low standard

one nlot of

rrase-ladlne clover, The
within the ran;e tolerated

152696
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Table 11. Analysis of variance of winter heaving measure-
ments on bromegrass-ladino, orchard grass-ladino,
orchard grass, ladino, and alfalfa plots, 1951-52.

degrees of mean

Seource of variation froedom squarse F
Datos h .35900 65.992%
Associstions Y .01480 2,665
‘Dates X Assoclations 16 .02075 3.814%
Between duplicate plots

(error) 25 +005LL

Total L9

% significant ag .QS lavé1 -



Table 12.

Type'of Co?er

Lffect of nlant cover on the variation of heaving measurements
within Individual plots.

Averare heaving rates for each peg ugéd for these determinations

Plot I _Plot TII

Taice Twlce

Relative | Relative
Standard Standard - . Standard Standard

Kean Error Error L Mean Error Error
95% of (9% ) (. 958 ) of ( 95% )

Yeans {Confldence)

Alfalfa
Orchard Grass

Orchard Grass-
Ladino Clover

Sromegrass-
Ladino Clover

Ladino (lover
Ky. Bluegrass

Bare Ground

(Confidence) Means (Confidence) (Ci 331
.607 £.0209 L0101 3,51 \599 £.0139 0066 2.32
.705 Z.2hok .113h  34.09 4581 £e0227 0107 3.91
43 42618 L1235 35.26 LB42 £.0S56 0262 8.66
62 £.0L36 .0206 6.79 ;612 g;é277 L0131 k.53
708 Z.043  .0208 5.2 659 £.0158 0073 2.35

560 £.011L 005 2.03
1.692 £.0971  .0LS8 5.7k

107



by Tield experliments of this type exeept with tlie orchard
grass plots, Tils variation was caused ln each: case by one or
two of thw neps whlelr hannoened to be located in an area
essentlelly free of cron resldue, In future sxperiments thils

could be stratifisd out,

Temperature Sampling

Tne temperatures used In all of tihese studles were tasen
from a sinrle polnt withln each plot, 1.s. one noint ior each
level witiiln the »nlot. Sinece a gsingle thiervaccounle sampled
only one noint of the arca 1t seemed desiratle te dstermine
how accurately tixls omne vmolnt described tae temperature for
thiat stratum abvove or within thie plot. To obtain a measure
of the variahility the plot area was divided into six equal
blocks, Two polnts were located at random wlthin cacii block
and tiie temperature recorded or eacii of thwese locatlions,
Sarpling data obtalined in thls manner for temperatures one-
half Aincii below the soll surface in bare ground, blueprrass,
orchard grass, orchard grass-ladino clover, and ladino clover
plots are pressnted in Table 13. It can be seen that the
uniformity of plant cover rreatly reduced the sanpling error.
The largest samnlinge error was obtalned for the orchard grass-
ladino clover plots, wit.. tiie next larrest value for the
orchaard grass plots, The lowest values wers obtalned Ironm
tne bluegrass nlot whilelr nad a uniform turf. It siwuld be
nobted Lhat thie standard ervor was less than one in all cases,

and only In the case ol the orchard grass-ladino clover nlot



Table 13, Sampling of one-half-Iinch soil temneratures within bare pground, Kentucky
bluegrass, orchard grass, ladlino clover, and crchard grass-ladino clover
nlots. ‘Tieather was slightly cloudy with a mediw wind. Samples taken

11 4pril 1952,

Standard

randon

sanple
Type of within
Laver blocks 1

Twice

relative

standard Hean
error = temperavure

Bare ground Xy S b
X2 43,7 6
Kentuclky i1 683 6
blueprass Xa £3.7 6
“« Far
Orchard 2 ab.z O
prass a3 bbb
Ladine X 72.5 6
clover is  71.9 b
Orchard- A 53,2 6
Ladino Xo H5.8 6

e

]
(o)

(-3
o

oo
vt O

[ 3

Jhiun

.

e
O3 L ¥a

L]
[F

o

{ 5 Do )i 1ol

\ Yoy 1y R

(coniidence){econfidenca)
7

L1Z 62.5 £.293
1.01 63.1 £.70h
.92 A3.2 £.627

1.97 houly £1.167

0T
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dld the 99 ner cent conflidonce Interval exceed one. The

,..;

tesperature recorder used In tils gtudy was accurate to
withiln one derrce; congecuently the accuracy of the measuroe-
=ments would not have Leen substanitlally inereased Ly sampling
more than one roint witiln eachi nlot,.

Altizouriy thie error Inveolved In samnlin~ alr temnoratures
was silli-htly larper than those lnvolved In samplins scll
temperatures, thev were still swmall, as ig shown in Table 1l.
ATter tihe corchard grass and ladino clover had made some snring
rowth, another set of soll temperatures were collected along
with alr temneratures at three and twelve inches above tlie
soll surface. The three-linch alr level was beneatnn the
folliage canony in both cases. The twelve-inclh level was
well covered in the orciwmrd grass plots. YWhether the thermo=-
counle was inside tie herbage or above 1it, the exnerimental
error was gmall, ‘“hen thie orchard prass was two to tlhires
inehes ulely, thie relative standard error for soll surlace
ternerature measureuents was 1.01 per cent, but after the
follage roached s nelr-iit ol two feet, tlhie value waaz reduced
to 0.5,2 per cent. T Fferinge action lncereasged as tle
nelrint and density of rrowil: increase:d, Ladino clover nlots

£

had not made sufll

L/

iclent rrowth to unliformly cover the area.
Tiils resulted in increased sarnling errors for tunose plots,
owever, in most cases tue samnlinege error was witidn the
acceuracy of tlie recorder,

Alr temmeratures were also accurately meagured by only

one noint witiiin the r»lot., Thls was true whetlier the



Table 1L. Sampling of alr and soll surfacs tenvaratures on orchard rrass and ladino
clorer »lots. Weatier was clear and calm, Averape heislit of orcherd
rrass was 18 to 2L inehes, while ladino clover was Lrom four oo gix inches
qwan W?t“ vev“ sparge coveragrs on narts of tlie plot. Semples were taken

nandon Standa ean
Tyve garnle error temperature
of witnin ___DBlocks of (95 )
cover  Levil blocks 1~ 2 3 4 5 B mean i (confidence)
Grenard Soil o Ahe3 6Ly hedd h2.t f2.al 6200 . ,
Lrass surface Xxp 3.2 61,9 H2.8 SH1.7 He.l H2.2 130 LS H2.o 5.257
3" alr 2 73.8 7h.6 7l.7 76 73.0 73.3 . o
Yoo T7e3 TheT 734 73.7 73.0 73.9 .Lo8 1.21 740 £.897
12" alr 2y 78.3 81.3 79.9 79.2 78.; 8o .
o 80.8 79.6 82.0 78.7 79.0 30.8 .31% <07 799 £.6
Ladino Soill ey 76.8 75.1 78.3 Thur 79.7 8L.S )
clover surface X5 70.6 ﬁg.{ 78.7  Thair 7%.8 go,b6 8Ly 2.33 80.0 A1.06l
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temperatures were teken within the herbage or above the
foliage canopy. It can be seen iIn Table 1l that an average
difference of nearly six degreaes was obtained between the

3~ and 1l2-inch air lsvels within the orchard grass plots yet
the standard error did not change appreclably, After the
orehard grass had grcwn abouﬁ 18 1nahas tlie sampling error
for the soil surface beaawe vury small. It was also small
at the 12~ inch heipht where th@ Aoliage was 1@&3 &ensa. The
aamplgny error was sam&waat higher at tha 3 inch laval wheré
the.herbaga,was less uniform, belng very dense in spots and
relatively sparse at ofiier locations, However, in all cases
the esxperimental errarkwés var§ small,

Since 1t is often neceasary to use tamyer@ture values
obtained from Iinstruments in a weather shelter, 1t seemed
desirable to find out how closely the temperaturcs obtained
inside and outside a standard Weather Bureau shelter compared,
Wide dirffererices in temperature readings were aobserved on
very calm days, but differences were small when the average
wind speeds were three miles per hour or above. 4 few
examples of the variations fouﬁd ean Be seen in Table 15,
Wnen wind speeds were less than one mile per hour, the daily
averags temperatures for the two locatlons often differed
by as much as ten degress, whille a difference of h.?o F. was
the largest observed when the wind speeds werse between three
and four miles per hour, since at these aspeeds the alr was
well mixed, This lag in temperature change may not be im-

portant undser most conditions. lowever, when detalled



Table 15. Effect of wind speeds on temperatures recorded inside and outside
of a standard Weather Bureau shelter. Days were grouped according
to wind speed; then days wlthin these groups were chosen at randem.

Average

wind Inside Outaide ,

speed weather shelter temperature weather shslter temperature

(miles/ degrees Fahrenheit) (degrees Fahrenheit)

hour) Haximum Minimum Average Haximum Minlmum &v&rage s

less than 78.0 55.8 66.9 90.2 574 ©73.8

one 1.4 Ee.o 6.7 77.0 3.0 5.0
70.0 (7.0 58.5 ?8.g 7.0 62,
sg.a 10.0 8.9 9 L. .s2, B
66.0 32.5 Lg.2 1540 33.0 39.0

3=l 80.0 50.2 6541 80.0 L. 650

86,7 65.8 75.2 87. 5 6 h ng‘a

8233 69:6 71‘2 83 . 05 Y
86.7 65.8 76,2 87.1 6 2 76,7
Lg.e 25.0 37.0 L9.0 25.0 _:37.0

Lot
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Table 16, Light readings in mature stands of orchard grass, orchard grass-
1adinc clover; and slfalfa, The readings above the herbage were
taken immedlately following those inside. All measuremsnts
expressed in f@ﬁt*candles‘

Orchard Grass-

Orechard Grass Ladino Clover Alfalfa

height of readling helght of reading height of reading

three twelve one - three one thres one

fesat inches = ineh . feot inch foet ineh
10,000 3,500 - . 90 9, 900 80 2,500 85
10,000 4,790‘ 22 - 10,000 60 2,5eo 300
10,000 2,300 . 190 10,800 H00 ,;00 8l
10,000 2,706 .. 59 - ‘5,860 300 2,400 ﬂa
10,000 h,300 190 . 9,800 150 2,400 10
10,000 3,200 250 . 9,800 1,000 2,500 130
10,000 1,900 3. 9,800 73 2,500 130
10,000 1,500 éaﬁa 9,800 120 3,500 8
10,000 2,200 - 180 - 9,500 180 2,500 7
10,000 3,500 © 100 - 10,000 600 2,500 110
10,000 1,200 60. . 10,000 160 2,500
10,000 2,;00 ko 10,000 200 2,500 53

AVE, 10,000 2,792 0L 9,867 369 2,492 105

60T
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less than the orcliard grass. Uther measurenents were made,
but these serve to 1llustrate the extent to wilch foliage
intercents and prevents lisht from reaciiing the soll surface.

The I'leld crop's ablllity to comnete witii summer weeds and

grasses ls closely associated with 1ts abllity to prevent
lisht from reachilng young weed gseedlings in tlie early summer,
hius preventing thelr prrowth,.

It seuomed desirable to find a method of sampling light
intensities which would ~ive maximum results wilth a minimum
number ol observations, The first and most lorlcal step,
then, appeared to be a gtudy of the sampling error involved
n makins 1i-Lit messurenents in atcrop of this type. A
summary of some of the data collected durlin: the study is
included in Table 17. The standard errors were ucl: larpgeor
than those found for temnerature sampling as was to be
expected, The relative gstandard error was les:z than th
desired 10 »nzr cent only once of the nine examplesz used,
These values ranged from é.& to 2.3 in the orchard rrass
nlote, The error was conglstently lower for ithe l2-inch
nelsht than for the one-incii hslgsht where thie bunchh type
growtihh of orchard grass caused a greatsr variation in lisnht
renetration., I tie most variable plot is considered, it
would be necessary to take three tlmes as many observatlions
to reduce tie sanpllin. ervor to an acceptable value. It 1is

cleor tihat smaller strata and a larger number of sarmnling
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able 17. Summary of experimental errors involved in light
measurenents made wilthin the herbaje of several
forage crops.

T™wice
elght Averape Helative
of nlot Standard standard
obser- ratlo 1/ error error
Type of vation 955 of ( 95k )
vegetation (inches) (confidence) mean {confidence)
Orchard grass 1 .001001 £.000139 .000063 13.9
12 275088 £,0178L8  .008109 5, L
Orchard grass 1 L0111 MB 00194k .0008?3 17.1
12 . 33241 051867  ,02356% 1546
Orchiard grass 1 05641 £.0013156  .000595 19.8
12 ?ulOL° olhliol  .ozozil 10.8
Orchard grass 1 L018870 £.o0LElSL (002052 2.3
Crehard grass-
Ladino clover 1 .037294 £.003012 .0036L0 21.5
Alfalfa 1 L0L1502 £.005790 .00308% 16,3

1/ Ratio ohbtalned by taking a reading inside the herbapge and
then Immedlately takings a full sunlimbt reading. Tﬂe
ratiog thus obtained were used In all caleulations,
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points are needed. ¥From the data glven here, adecuate

sampling scliemes could be devieced,
Svaporation hates

Evaporation data were collected only during the normal
erowing season. In order to learn more about the effects of
various environwmental factors on the rate of evaporation, a
limited bubt rather detailed study was mnade for a period of
nine consecutive days, Plant cover, wind speed, relatlve

mmidity, temperature, sky cover, snd rainfuall were some

of the factors studled. The orchard grass sward was

eporoxinately 2L fachice $211 ot the time of tuls study.
These data are presented In Figure L2, The most strilkiing

ohagervation that cuan bve made Is tiat evaporatlion rates were
clesely correlated witi: wind apeed and vapor »nressure
defiecits, 1hiis was especially true at the levels above the
vegetation., Yhese rolatlionships are as expected, but the
magnitude of the daily chanpges wlth luctuatlons in weather

conpditions were most strilkiing., Lven tlhously hig

Lo

: wind spoeds

b-:"

were always associated withh hipghl evaporation rates and low

wind speeds with low evapcration rates, vapor pressure

deficita appeared to niay an even rreater role, The aversage
nd speed lncreased from arocund 0.5 mlles vner hwour on

the 12th of ¥ay to 2.0 miles per hwour the followiny day,

Cduring the same time the evaporatiosn rate iInerocased very
Ittle, the vanor onressure doflelt decreased slirntly, and

tihe siky cover was reduced, The increxsed wind sneed



Pigure g EFFECT OF SEVERAL FACTORS ON EVAPORATION RATES FROM
SPHERICAL ATMOMETER BULBS IN ORCHARD GRASS PLOTS
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appeared to have had little effect In thils case. The helight
and denslty of »nlant prowth had a sirniflicant influence on

the rate of water less, On lay 7, OY inches of water were
lost by evanoratlion at tie 50-ineh heipht, whille at the L=inch
helrht, approximately 20 inclies below the top of the srass
canonpy, only 13 inches ol water were lost. The evanoration
sradient from the il~-ineh to the 060-inch level formed a

t itnercass in

©
e

rseneral pattern for cach: day with the proat
evaroratiosn occcurring at the ton of the grass canopr. dhlds
was less proncunced on r»ainy days. The extre=nely hish
evaporation rates st the 2l -inch level with respect to the
other levels on avy 10 can be exrlceined in purt since it
waz at this level that tioe hirhest temnerastures were

racordied, These data srphasize the importance of consider-

ing, all envircmmental varlaticons when studying evanoration

The amount of water lost from the white atmometer bulbs
was consistently less than thie amount lost from tiis black
telee, Yhis was trus whether the bulbs were nlaced at
3 or %0 inches sbove a Kentuclky bluegrass sod. wsvapcration
rates were also measured In orchard grass, orchard grass=
ladlno, and ludino clover plots., A summary of these data
from June 7 to September 27, 1901 1s nresented in Table 18.

The evaporation ratsg in the taller growing specles
wore consistently lower than for tie same level over the
entuclty blueprrass olot

fowever, ithe diflerences veiween

the taller prowin~ specles were small, It was even



Tavle 18. weekly averare evanoratlon rates from spherical
atmometer bults placed in bluerrass, orchard
grass, orciwmrd crasg-ladlno clover, and ladino
clover nlots {rom June 7 to Zeptember 27, 1971.

Inetaa of ‘fater Loat

Black DSulbs white ulbs
' Orenard
rrass-
Elue=- Slue - Orchard Ladino Ladino
Frass , rass Frass clover clover
ook lelyiit above soll surface (inches)
ending 3 0 3. b 3. 3 3
b7 P79 L7.0 1u. 22.7  18.8 16,0 19.0
1k 15,0 13,6 8.7 12.2 0.3 7eC 8.4
21 3.8 Lb.7 10,1 27.2  15.1 1l.7 1@.&
26 e L3030 17.Y 25.7 5.2 643 5.9
-5 PL.O LO.9 15,8 2%.,0 6.3 L
12 3 o 3.9 27.9 10.7 9,0 1ﬁ.z 11.3
12 20,5 31.0 12.3 20.2 16,3 1540
2 31.86  37.7 17.3 27.0 16,5 1.5
) 37.5  L9.9 20.3 32.4 1L.8 15.9 17.3
5 27.5 Ble9 19%.7 23.5 19.3 13.1 1.7
16 1 33.8 19,1 27.7 1ll.2 1.2 17
23 ﬁﬁ.ﬂ “ha0 31,1 38,9 22.3 26,7 30,6
3 49 7 ,§.0 28,7 33.9 2i.2 30,1 33.6
)=0 26, 23,8 17.8 22,1 18,6 19.° 20.0
13 36,0 5,0 13.5 30,0 20, m 2.0 23.2
20 2%.9 36,8 12.8 22,1 12.L 16.5 15.1
27 30.0 34.9 12.9 29.5  1L.9 15,0 13.5
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difficult to nick out any simnificant trend among any of
thie taller specles,

Evaporation data werc collected for only the bluegrass
and orchard srass »lots in 1992, llowever, the water loss
was measured Tfor thrce levels 1in the orchard grass and four
in the Kentucky bluerrass nlot, Only tiie whlte atmometer
tulbs were used In 1972, These data from June 23 to Awujust h
are summarlized on a weeckly baslis in Table 19.

The amount of water loss was almost directly proportional
to the helgiht of the tulb and density of tie vegetation. When
tiie orchard grass was cut to approximately tlie same helghit as
the bluepsrass there was llttle difierence in evancoration —ites.
fiowever, as the orchard grass Increased 1In helynt the water
loss from a given helrhit tended to decreass., This was es-
neclally true as ths veretation covered the atmometer bulbs.
Ilowever, even at the 2L-1inch heirlit, whicii was well above the
canopy of prowth of botli srmecies, evanoration rates were
conslistently hirher over thse bluerrasa nlot. 'When the orechard
grass was 10 to 12 inches aipii 1t was observed that water losses
from the 12-inch heighit over tie bluerrass and tiwe 2h-inch
helyht over the orchiard rrass were about the same, This
geere logrlcal since in eacl: case tue bulbs were annroximately
tiie same dlstance above the vepetation. The differences that
did occur appeared Lo be due more to tne lreigiit of the bulbs
relative to the nelriit of tiwe nerbage and density of nlant

-

srowbin thian to any differences amons the specles belng grown.

owever, tlie gradients obtalined on the blueprass nlot tended
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Table 19. Yeekly evanoration rates from whlte spherical
atmonmeter bulbs placed at various heiphts over
bluegrass and orchard grass swards,., Data from

une 23 to Aupgust L, 19U2

Inches of water lost

Dluegraas - Urchard Grass

Week Incnes above scil surface  Incnes avove sSoll surface
ending 3 10 2L 650 3 i3 2l
H=30 17.4  22.7 26.6 30.9 2.9 11,8 22,2
T=7 20.0 25,3 29,8  34.4 1.6 21,2 26,1
7-14 b 20.5  2L.5  29.4 16,3 22,2 2h.
7-21 16.9 22.3  27.4  32.6 1643 22.0 26,8
7=-28 23.2  28.4 Z.1  L1.3 16.9 30.15 3Ll
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to be somewhat less than those for the orchard grass even
for the few days following harvests when the height of

herbage was esssntially the same for both speciles,



DIBCULGION

The plant mieroclimate has been variously referred to as
tiie climate of the arsa bhelow a helpht of flve feet, that
witiiin the nlant layer, or even merely as tiie ares near the
soil witiout definite limits of heirht. It may be differ-
entiated from macroclimate In its attenmpt to measure local

Tfects., In thils study itue main emphasls was placed on the

»

environment of thils local verisation which is o

"

nerimnosed

on the macroclimate., the effect of macroclimate would
exnibilt ltselfl as differsnces beltween the response oi plants
at tize various locatlons of the 15«10 Hepional Variety and
Strain Test, Tie differsnces between response of nlants

at any one of tiiese locations, or tae differences in »nlant
reanonse between years at sach location are dus to the loeal
variation, the microclimate., Lixamples of tixls are nunerous
in Karyland. HRed clover stands, in some areas, are almost
entirely eliminated durins some years, while thie same varietles
nlanted on the same land may periornm relatively well the
followlnys year. Heaving injury to ladino clover may be more
nronounced in one vear tihan another.

The data collected during ti:ils study seemed Lo Liave

thielr rreatest value in re-emniasiciyiy, the immortance of

various climatlic factors in forase cron nroduction. Stand
survival ana maintenance of the Jeclred grass-le. ime mixture

orte

&
o
o
®

n affected as muci by weatlier conditlons as by any



other factor. Problems of soll fertility, scedlines establish-
ment, defclilation practices and peneral manarement problems
are &ll paramcunt In determining the nroductlon, aquality,

and persistence of foraree, However, thess manasement
practices would be enianced by constantly bearing " mind

)

thie many climatlc factors involved, This becomes mure 1m-
portant when both grassos and lepunes are grown toretlier

in a sinple sward., I pastures contaln the taller growing
apecies, rotational crazlis ls tae nractice renerally
recomrended, ~uch a nractice increases the carryin;: capaclty
and prolongs the 1ife of thie stand., The usual recomien-
datlons are that after casch praziay ladino clover siiould

inehes before 1t

e

-

Ve allowed to reach a hei-kt of 8 to 19
is grared again, It siwuld rot be pastured clossr than 3

Pt -

to & Inchees since close, comtinuéus graxinge delays rocovery
rrowth, weakeuns the nlants and encourapges the encroacliment
of weedy snecies,

Perennial weeds sucir as wild morning-glory (girsium
arvense Scop.) have beecn controlled by proper timin- of
cultivations., Alter reviewlns, macir of thege data, lobbins,
Srafts, and Raynor (60) state that best results were obtained
when willd morning-gslory was allowed to grow for several days
after new siioots emerped before tlhe next cultivation was
made. Lurings tids pericd thie nlant tends to exhaust 1lts
regerves instead ol addin to tlhen, and L1f tlils practlcee

ig continusd, the carboliryirate reserves become so low the

I/\)

nlant can no lonrer survive, Improper fimines of clinning



or grazins may have a simllar efi'sct, especlally 1 droucrht
prevents plants from maliing suifficlent recovery prowti,
T™his not only reduces yvields but a&lso causes a reductlon

in plant vigor, Lovvorn (71) found that with 2allls rrass

{Paspalun dllatatum), carpet grases (Axonopus affinis),

bermuda srnas ,zlon), and Kentucky bluerrass

fertllity levels and cutiing treatreints wers more lmportant
than 1igsht and temperalure on top growth yields, lowever,
the lowest tempersturc used was 60° F. Yields decronsed
more by Ifreauent cutitinrs at Licn temwmperatures and nigior
fertility levels than et ile lower levels. for tiese two
factors. It apnears, theorsiore, bthat more careful manare-

a

mant 18 requlred at tie Ligiwer fertillty levels and in

re~icns wiere nligsh termerabtures occur. The intoraction of

local climate and management was forcefully demcnstrated

during the summer of 12751 wiien rainfull was well below the

ny tie latter part of

et

,..u

long=time averare or t.ls area dur:
the growins season. wpecause of its rataer shallow rootb

systen, ladino clover is rath

o
Lo
4]
l-V

:nsitlive to relatively
short drouplite, “als ig especlally true wien it i1s pgrown
with a relatively viporous rass sucii &s cliard grasia.
Drougnty conditions annocar Yo be more nhazardous following
clivnine or ~rasin. wien the root reserves have Lesen lowered
by thne early rocovery gsroviti. These were e condliions
wiileh existed in mideruway ol 1501 when rocovery ~rowth

Iollowing the second harvest was essentially stooped

apnroxinately ten davs after harvest., Lherec was inadequate
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rnolature during the renmalinlny surmer months for any appreci-

able prowti to take »lace., 4 third harvest wus resoved

fron the ares in lete Anpust, This tended to further reduce
the carbtohydrate reservoe, The few plants thiat L3 survive
Lis suwrer drooght wero unable to make any appreciable rall
growth wltli. tiie resull tiat most of the clover went into the

winter In extremely vo.r condition., It was unusually vulner-
arle to heaving and obtlier tynes of winter Lnjury because of

the low carbolyrdrate reserve 1n roots and stolons and because
of the hl- I percentare ol older tissus remaining.

Toward the end of the swwmer wien the drouriit conditlions

N

beca~s moslh severe a Siffsrence was noted 1n the amcunt of

}

crowtl: muade on certaln plota,. Latsr on, in looking over the
goil moisture percentapes [rom the varicus plots, it was
obLserved that in thwose plots where a larper arount of growth
had taken place there had also besen & more favorable molsture
supply. This was true for tlie 3-, 104, and 1l8-inch soil
levels, 48 a result of these more Tavorable prowing con-
ditions a larper nercentapge of nlants in these nlots were
able to survive tiwe drv perlcod. “he surviving nlants in
tiieons pleots alsc made more fall rrowthh and were able to
replenial In part tlielr depleted carbochivdrate recgserveese, The

nereased srowbti: alse Lended Lo mininlrze the effects of

s

winter freszing and tlawins by »roducine a more nilorn

coverin:s over the scil

2rface., Toos aeaving ocerrred under
tiese condltliv s, and ..o hwaving that did take nlace was more

werform, whilca tended to reduce Tvrther nlant danmare,
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Tlie complete answer for loss of clover stands undoubtedly
does not lie in these factors alone, but from the data col-
lected and from dally observations made thrcuriiout the year
thiey anpear to he extrermely important. Althiourn detalled
heaving measurenents were not made during the winter of
1550-71 there appeared to be as mueciy, 1if not more, winter
heaving than occurred the rollowingy year when detalled measure-
ments were made., This was based on a comparison of the degree
to whilclhi permanent plot stakes were heaved durinr thie two
vears, I{ was also based on thie temperature records for the
two years, One nseds only to refler to fipure 10 to see that
temperatures durlng January and February of 19%1 were lower
than for Lo followln: yvear. It sliould also be mentioned
for the rollowlin, Decenuer. lowever, monthly avsrare tempera-
tures do not furnish thie complete story. altiousl: long cold
periods result in prester Trost penetration, Irequent freezing

and thawin~ witi: relatively shallow frost penetratlon anppear

%

to be more harzardcous as far as Lodino clover is concerned,
This 1sa true because of 1ts relatively shallow root system
and because any neaving ol thie scoll results in heavinge of

this plant since thne stolons 1lle directly on thwe soll surface.
bven thiourh heaving conditions were severe durins the 1950-51
winter veriocd the added cover pnrovided by adequate fall
rrowltii prevented any apnreclable plant damage. Tals can be
best seen by comparing Plgures 17, 18, and 20 which show

sssentially tiharee depgrecs of nlant cover and likewlse turee
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degrees of atand survival, There was essentially no loss
of stand durin; the 1970-F1 scason whille two depsrees of
injury are sinown for tiwe Tollowin:: yoar.

When perliods of ratior severe heavins ars followed by

O

only & few davs ol temperatures around 507 F, organisne such

as Sclerotinla snpn. srow ranldly and ckta’n vasy access to

n s

tiie Injured roots and stolons., If the‘period of severe winter
heaving 1Is followed by a few days or weeks of cold, dry winds
tlie exnosed parts may ve tadly desliccated. It 1g difficult
indeed to separate the eflects of tiwese two factors since
thelr Injuriocus effects are compounded under most condltions,
Situations such as thiese cannot always be corrected, but
managrement nractices can be modlfied to pglve thie preatest
advantage possible to the crop nlant. In Instances where
aunplementsl irriﬁmtimn can ve supplied many of these
nroblems may te larzely corrected nrovided nroner fertility
and management nractlceg are alsc followed,

Temperature in relation to plant prowth and development
Lias been the object of many Investipations., Urowth is a
very complex phenomenon, vet a cormonplace process and one
of the oulstandin, characterlistlics of livings matier. It is
& proecess which 1s difficudlt to define. It may be considered
in termes of whole orvanisms or in terms of Iindividual plant
narts. In general, rrowth involvss thie pnroduction of new
protoplasm, tie formation of new cells, and cellular enlarge-

ment and gpecialization., 4“he formation of new living matter

1s always accompanied by an increase In total wel bt and
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usually by an increasc in total volwie of the avstem., There
seems to be no one deflinltion of nplant rrowth wiilch is appli-
cable under all condltlons, nor does thiere seem to be a single
criterion to use in measurling rrowthi.

The diffMlcultles in relatines growth to temperature beconme
apparent when 1t is realined that prowtih 1s in reallity a
complicated sumvation of & number of indlvidual processes,
eaclhi of wilechi 18 elso Iniluenced by temperature. The xinetloe
energy of molecular syste s, v . ~-coslty, solubllity, diffusion,
reaction veloclties and an array of biochiemlcal reactlons in
nlants are a Tew exarpnles of tiie many processes l1nvolved in
srowtli that are in turn influenced iIn some way by temperatures.

Lunderardn: (£2) writes, "Summer growth, the deveslopment
of storare organs, rults snd bulbs is naturally very closely
bound up with cartolydrate assimlilation. Growth in the spring
depends uron assimilation less closely, Tor the youny shoots
are scar~ao’y able to ascsimilate for themselves, and they
draw thely nouris.emont Trom stored materials in rialemomes,
roots and bulbs, In tie spring, tlherelfore, tiwe direct action
of tie temperabure upcn growils conitrols development, wiille in
the swamer, growth ig dependent vpon ascinmilation, wiiich, in

4
TG .

Cs

its turn is controlled by tempesrat:
The minimum tenperatures for prowth have bDeen delined as

tiie lowest temperature at which plants will centinue to grow

bde

without injury al'ter a snecifiled perlod of exposure. The
exact minimuam tesperatuvrecs are difficult to deteimine pre-

cisely since growbti: ratesc are so slow at low toneratures.
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Althourlh the theory of an optirmum temperature lg a rather
simple concept, 1ts preclse deifinition is difficult. In
reneral, 1t may be stated that growbtl rates tond to increase
with temperaturs vntlil a condltion 1s reached where the
accelerated activity cannot be maintained and prrowth 1s
depresssd.

It seemns loslcal tioat withh careful work it should be
rosslble to deternine a temnerature point st wihileh a maximum
prowthh rate could be maintalined Independent of the time
factor. Leiteh (4Y) has delined thls optimum terperature
as the highest termperature at woaichi there 1s no time factor

“

operating and distinruisgsied a muximum-rate temperature as

-

tiie tewmperature at wilcelx the growth process attains 1ts
hiprhiest value. we do not hlave at the present time, for
a sinrle plant, thoe tomperature~growth curve for tie whole

)

orranisms at tlie various stages ol 1ts development along

v3

witli chanyla~ externel conditlons sucei as 1llpyht, water,

[

nutrition, ete. If thils information were avallable ifor even
one of the hiﬁ@@ﬁ plants 1t weould be extremely helnful in
future work of thidls Lrne. fost workers agres taat each
developmental phass: oi & plant's growth is characterized by
a different srowbth curve, tut we know comparatively little

about the slape of tusse curves,

In tuals study 1t was Cound nossibhle te obtain a measure

of thie relative amount of Leat wiilc.. 3 accumulated by the
scil kefore any approciable gonrin: growth was made. This

was accompllisiica by choosing a base temperature and deternining
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the number of liours throushiout the day and nisht that tempera-
tures were above thls value. Iy welpghitins eachi Increcased
temperature albove this bLase value & measure of heat accumu-
lation was obtained, It was reasoncd that an increase of

two degrees above thie base termerature woulad nave a sreater
efl'ect on Initiation and rate of prowth than would an increase
of only one degree, and tiat two hours of tihie Increased
temperature would be more effectlve tian one hour., Formula (G)
was used In an attennt to properly welgut each increased
temperature reading for tae entire 2l -hour neriod, when this
procedurce was followed, values were obtalned which were
sansentlially the same Tor a nartlcular specles durings the

two years of this study. DLifferences between snecles were
also observed., +for oxample, In 1951 H50 wnits werc accuriue
lated in the crchard ~rass »nlotgs before grrowtly started,

whitle 12339 units were accournilated in the ladino eclover »lots
tiie samne year, Llusgrass also sesred to require Idsher
temperstures lor growtll Iinitlatlon, but tois diffserence

was not as nronounced. These data are by no means conclusive,

»

but 1t is felt by the writer that, 1in tilme, ratier sccurate

predictions could be mede on the initlation of svrins srowth

of suci forape crops. Iu time 1t soould Le posgeible to
devise nrobvablllty tables and from these predlcet dates
when grazing could beslin In cortain locallities, provided
previcus grazing managcenont and levels of fertility were

considered, just as tle nercentare of goflt corn ling tesn

predicted In Iocwa by Shaw and Thom (7&).
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In this study correlations between psrowil: rates and

temperature from the last of Fobruary to the latter part of

Hay were very alyh, Thls was true ropardless of the manner

in whieh termperature values were calculated, Thils merely

meansg that temperatures were 1, all probablility the one factor

most Limitins gsrowth durlng this particular nerlced of time,

Periians mora Information was obtalned from these data

wien the prowth rates and the terperature-growtii indlces

were plotted mRe weekly and as seasonal sccwnulatlons, Very

gimilar growth curves wore ocobtained for all of the apecles

durins both yesars of tlie study. IlHowever, the shape

[44

curve was g8lishtly different for each spacles., The most

striking difference was, however, between years for the

3

alfoeck

.
&

same wiad a signilicant in-

anacles,

fluence on the slope of the Whiis was true in every

case, Thne ~rowtlhi curve was affected

n
-
4]
¥
&)

*

by the differsnce In temorature for tie two vears,

differences sgeoewad Lo e as closelr asaoclated witl

early starcs

at any other time, plants seem to ke gulie sensitive

sudden chanreg In temmerature,

srowtiy,

tiie actual increase

and neriaps

Lo

It is true tihwamt plants do

not renerally resrond te small chsnges in terperature es-

de Sy e .
short duration.

Inndegardn (£2) tie M"aloci"

whici. 1s usually of siort dureation, may

e cannot pe e

towever, tuae effect
atlrely neslected,
efdect of termnmerature,

or may not have much
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ecolorslical importance but ig of imnortance when one ls trying
to relate results fronm experiments conducted under controlled
conditions to those actually found in tihe fileld where con-
ditions are constantly changing. In tixis studvy the sliock
caused by cool tomperatures of relatively short duration
appeared to have been one ol the main causes for the differ-
ence In growtir rates for tlhie two years. Thls an-eared to be
loglcal since tihils was the only weather factor found to be
substantially different Ior these two years except thwat rain-
fall was greater durings thwe 1952 spring season. However, soll

molsture was near {ield capacity durirny the pericd when growth
neasurements were being made for botii years. The larrer amount
of rain for tiie second year may have tended to Increase the
soil temnerature at tle lower levels thus gtimulating a

largseor amount o oot prowtl: at an earlier date wihich in
reality tended to 1ncrease thie effectiveness of Iinecreased
temperature. Vater has the ablility to absorb larcse guantitles
of neat wilcii can be released to the surrounding scil as 1t

»

moves to this lower soll levels,

Anotihwer point tiat siiouvld be emphaslized concerning these
duta 1s that accumulations of temperature-gsrowth data can be
hazardous 1 they arce not uged properly. In all of the growth
rate studlies better overall apreement was obtained when temper-
ature and growth data were accunulated for the total apring
season. Jhls spneared on the surface to be an excellent way

to study tomporature-gsrowitly relatlonsiiing since the accumu-

lation of thesa data tonded Lo smootihh out the Irre-ularities
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found In such growtl: rate curves, liowever, thne rosults oIl
tials orocedure bocame alarmings when coritain groups of growth
Aata, whlesh wer for wll »ractical nurnuses indenendent of
terperature, were accuwnulated In this manner, In such cases
excellent apreement was obtained betwesn growtlh and temperature
when In reallty the two sets of data arneared to bte independent,
It seemed obvious that thie depgree-day accumulation was a
fallacious methiod to use 1n relating ternperabture and rowth
since pood agreement was obtained wihen in reality no relation=-
snip exlsted., An attemnt was made to test thie validity of
such a procedure, 7To do this a set of numbers was clicgen Irom
a set of normal random nwnbers and designated as prowtlhl rates.
A second grourn of random nuipers was chosen and desliymated as
temperature indices. Tliese two sets of unrelated muambers nro-
duced a typical scatter dlagram when plotted. IHowever, when
accunulated, these data produced almost a perfect nogitive
correlation., <hils nrccedure was triced with several sets of
suecii data and in escn case simillar results were obtalned,
By accurmulating data in tids manner 1t was even possible to
talte two sels of data which had 8 negative correlation cf
r = -1,0 and change the slope ol tihe line so that a perlfect
positive correlation was ovtalned, This shiould adenuately
demonstrate the fallacy in sucli & procedure. In any iyne
of accunulatlon care shiould be exercigsed to assure thiat such

a thiing 1s not occurrin, witii the data, otherwise erronsous

concluslons may be dravn,
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Tiie vproblen ol winler heaving of soll from an apgronomic
gstandpoint is most gerlous In seedling stands of amall cralns
or forape crops, Under tlhese conditions tihe scil is stlll
relatively lcose from tie recent seedbed preparatlon snd 1s

subject to more heaving than a soll which has become well

settled sucii as an old stand of alfalla., Ilowever, such crops

vl

as ladlno clover, which has & relatively shuallow roct system

anc waoicli nas most of 1tes food reserves stored in large
stolons 1lyinys on the surface of tihie soll, are also extremely
sugceptitle to winter heavins. This may be even more serious
in old establisiied ladline clover stands than in younrer ones,

Tne results thus far from the heavine studles point to
thie faect that wood fell rrowthh is perhaps the beat insurance
arainst winter injJury to ladino, The mmnllormity of growtl,
end consecuently ~round cover, anpears to be as irmortant
as the degree or anmounc of cover. In additlon fto reducing
thie amount of heavins ocd fall growtihh 18 an iasurance
arainast weak plante wiilich are unahle to survive winter
heavinr. & correctlive rsasure of nogslible benoelit in Tlelds
shwowin, extenslve hesving would be tie rollin. of fields
eltiior in lete winter or early gpring teo push the hwoeaved
stolons back to btie soll surface and tius ninimize tie
injury from dryings winds,

Wore informatlion ig needed on the interrelationship of
lirsnt with otlwer environmental fuctors. Tials may be extremely
Important in a ygrass-lesiume assoclation. On clear days with

light Intensities of 10,000 foot-candles tiie Intensity in
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the lower levels may be 150 foot-candles or less, This may
very well be a contributing factor in the elimination of
ladino clover from thick, tall grass stands, This is perhaps
indlcative of the need for coopsrative eflffort betwesn the
agricultursl climatoclorist and plant breeder to develop
plants which will thrive qnder 10Wéf‘li¢ht intensities.
Spragua, Rohinson, and ﬂarher (79) report a marked difference
in th@ ability of varisus 1ad1na nlﬁvar clanes tb ETOV under
reducea light 1nkeﬁsities.” Some clones survived and orew
well for three ﬂonths under low light 1ntensitiea, while
others werse unable to liva‘.cre than three weeks, .

Continuous light studies were not made in this problem
and the sampling data obtained will be diseussed along with
the temperature sampling data, It was felt that if a sampling
scheme were devised to glve an accurate measure of the light
reaching the varlicus levels within different types of forage
a study could be set up to sample continuocus light intensities
at any level within the herbage. Thls could be done by
perlodically sampling the light readings at the various
levels throughout the growth of the forage and by obtalning
the ratio of the resdings to those of full sunlight a con=~
tinuous record of the amount of light reaching any given
level cﬁulﬂ be rather accurately caleculated.

A search of the literature disclosed no work dealing
with sampling errors involved In mieroclimatic studies, It
wag felt that such a8 study was necessary to determine how

accurately a single point within a glven area actually
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measures the temperatufe fér that:érea. The study of sampling
Qy%orq}ﬁag gonﬁinbd.zo mﬁésqrgmenta gfjheavihg, temperature,
aﬁd 1iglit » | | ‘ :

Because of mechanlcal ra&sanauit“waa necegsary to use
8 systemaﬁicfsamﬁle in m;king ﬁhe‘haéVihg measurements, In
dolng this it was realized that when systematic sampling 1s
used the sempling errors may be difficult to estimate., Since
periodic variation may have occurred in the plots used in
this experiment, as a result of seeding, harvesting methods,
or growth condlitions, systematic sampling may very well
have given & blased estimate of the sampling error. However,
by handling the data as indicated in formula (J) some of
the limitations of systematlc sampling were reduced, By
processing the deta in this manner the experimental srrors
obtained were more reliable, since the effect of correlation
between individual peg measursments was essentlally eliminated.
The large varlatlon found in two of the orchard grass plcté
explains in part the reasons for relatively large amounts
of winter heaving of ladino clover when grown with this crop.
It appears to be closely assoclated with irregularly dis-
tributed clumps of orchard grass,

A stratified random sampling scheme was chosen to sample
temperature and lipght measurements to elimlnate any possible
periodic variation 1In the stand as a result of seeding methods,
etec., The standard error involved In soil surface temperature
measurements was very small, being less then one for all

samples made., As the uniformity of cover increased, the
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accuracy ol a8oll temporature neasurements alac incroassd,
These dats demonstrats that one location within plota of
thils sive Lis adequate for rellavle temporature msasuremsntis,
™is was true for both goll and aly temperatures, ‘hen the
orcuard grass was 18 to 20 inches hiyh the smallsst standard
error was obiained for the soll surface tomperatures, with
the next amallest at the 12-~inch &ir level, The laryest
variantion was found at the J-ineh eir level., Thle 12 as
expescted since the greoatest varihtian in denslty of plant
growth occurs at this level, BSuech data should be of beneflt
in planning future esxperiments of this nature. |

The differenees found bﬁtﬂ&%ﬂ'ﬁ@ﬂpﬁ?ﬂtu?ﬁ readings
inside and outside of & standard Weather Bureau shelter
nay not ve of import for most studlies involving plants,
However, 1t siould be reallired that rather larpe &iffarsneas
in theas temperatures may exist and that Iinterpretation of
data should be m&ﬁa in lirht of these faots,., Thls would be
axtrexely limportant when resmonses to small dAlTerences in
tomperaturss are to be neasured,

Bomewhat larpsr errors were involved In obtaining
fliuminetlion data, with relative standard errora as high
as 2L,,3 per cent belng métaiﬂa&‘ Ig~o§éar to reduce the
standard srror to an mcaaptﬁﬁi& ycihﬁ. three to four times
as many samples would have to be taken in each plet under
these sampling m@ndiiiﬁna‘ ?hafsagéling érror aaéid Lie
reduced through the establisiment of a statlonary 1lluminastion

recorder to memsure full sky radiation since some error
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undoubiedly resulted through fallure to have ihe selanlum
eall exaontly horlzonbtal to the zenlth of the sky.

Zvaporation data collected merved to demonstrate tha
extent to which such factors as wind speed, vapor pressure
deficlt, sunlizht, temperature, and helpht of p}#nt cover
allected water loss. Issentially no diff&raﬁaamAiﬁ svaporation
rates measured vnder wvarions btypes of plang eCver waré noted,
Lowever, it must be rsalized that evaporation from a free
water surface or from a porous atmometer bulb surface nay
be extremely different from the evaporaticn from a leafl
surface, In addition to this limitation atmometer bulba
readily collact dust, pellen, and other forelgn matter which
reducss tinelr reliatility, For these reasons atmometer bulbs

are not considered sn sccurate measure of plant water loss.



SUMKARY

The interrelationshilp of weathsr to vields and stand
survival of ladino ¢lover was reviewad, An attempt was
made to charascterize and to dlscuss somes of the factors
responalible for loas of ladino clover stands, Amounts and
distribution of reinfall, extent and wniformity of fall
growth, severlity of winter heaving, and disesse incidence
aprear to be extremely irmortant factors. The prseipltetion
pattern and 1ts uffagzwaﬁ 8oll molsture playe an important
role in the pgrowth #f laﬁinb‘alnvér and consequently its
abillty to survive adyerse winter and early spring conditlions.

Vkr;eus_meﬁkﬁdﬁ @f ralating'ea?li'apring grééth &fv
several forage specles wers compared, Both meecrc- and
mieroclimatic temperstures were considersed. In these
studies leal elonpgation wes ussed as a eriterion of growths
A olome relationshlp waa found between leaf slongation and
astual dry matter production of Kentucky bLluepgrass, These
data were only for ths sarly apring growth perlod, The
temperatures necesaary for yrowth infitistion In the spring
and the "heat wnite” required for each inereased increment
of prowtn were studied, A mathematical formula wes developed
for caleunlating tomperature-prowti indiceg, Values obtsined
in this manneyr were ¢ompérﬁﬁ with othier methods of tampera-
ture presentation, All mathods pave close relationship
between temperature and rrowth rates for tlhie early period

of prowth, Temperature appezred te be ths one factor most



137

l1imiting growth,.

The degree-day accumulation method of presenting tempera-
ture-growth data woas compared with a method whereby weekly
growth rates and weekly temperature indlces were related,

Data wers prasented ¢o annw that éagr@a~&ay acowrulation s
# fallacious methiod to use in relating temperaturs and growth,

A-1inited &tudy was mada Qf’th# tamparntura Variwtian
found at different 1@?@13 w&thin diffﬁf@mt types of plant
sover, In studyling the sampling error 1t was found that
one obssrvation In a 3= by 1l8-~foot pl%% was adequate for
obteining temperature measurementas. 7The larpest sampling
errors were found &t the 3I»inech air lsesvel, The smallest
sampling error was found for solil temperatures except on
those plots where uneven nlant coverage was pran@nt; Thaege
values wore only slightly affected by helghkt and type of plant
cover,

Alr temperatures meoasured inside and outside of a atandard
Hoathisr Hureau shel ter were compared, #Hhen average wind speeds
were less than one mile por hour, differences as larpo as
10° P, wers obaerved, However, no differencs was found at
average wind spseds of three or meore miles per hour,

A schomo for tranasforning continuous full sunlipght
readinge into liaoht readings within the plant herbage was
prupuaad‘ Tr.e ratio of lizht readings in the herbape to
full sunligkt was used in place of absolute vslues. Sampling
errors Involved in lirht measurementa were rmuch larpsr than

those obtalined for temperature measurements. If the same
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precision 1s to bé obtalned as with temperature sampling,
smaller stirata andlallargar number of sémplea must bé taken,

Amounts of winter heaving were measured by obtalning
the upward movement of wooden dowsling nlaced In the plot
area, Variation in dlameter of thess peogs appesred not to
be sirnificant but the depth at whielh the pegs were driven
made conasiderable difference., The unifomity of plant cover
appeared to be more important than the amount or type of
nlant cover in redusing heaving damape. Freaquent reezing
and thawing appsared to be wmore destructive than longer
cold perlocds when the soll remainsd frosen,

hveporation rates were maasured within various types of
forage plant growth and at several helghts within assach,
Sphericeal atmometor bulbs placed in the herbage were used
for these measuroments, ind speed and vapor preasure
deflcltes were the most fmportant factors controlling evapo~
ration m™ates, Very little differsnce waa found in the
anount of water lost from atmometsr bulbs placed 1in plots

of' different forage speclies,
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