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Gteneral Heference: Fernow, ﬁis’mrx of Forsstry 1913,

The recognition of a relabion bebween plant growth and
ingolation, the emount of expovsure %o the muns radistion, iz not new,
In his "Hatural History™ {B0 A.D.}, & compilation of informetion from
abont two thousand aubthors, Pliny deals at length with agricultural huge
bandry, anl discusses many agpects of the effect of climate on planis.
The suitability aﬁl the Bosphorouws for pomegranstes snd fig-trees, the
suitability of the more northern sogions for pines and firs and the 4if-
fleuldy of cultivabting chestnubs and cherries near Rome are voumnented on.
Hursery practice, the growing of trees from seed and tramsplanting, is
treated. In fransplanting trees he recomwends that the oriepnbabion of the
tree with reaspsct to Lthe compass be marked so that the northern side will
not be placed in s soubthern aspeet and s6 exposed to the unageushomsd heat
of the sun. Pliny speaks of the water demands of the plant, and also of
the relation belween tempersture and aspect., He notes that the shade of
pines excludes vegebabion, and compares the relative shade oaet by pims,
cak, gycamore, cypress, beech, elm, aspen, walmul, anl apple trees. The
lore mssembled by Pliny imdicates a deal of practical knowledge of plant
cultivation and e high development of the art of plant prsd.uc‘!u:ion, though
there was no extensive forest practice. Bub after the invasion of the

Germanic tribes into the iomean verritory, agricultural, and with it, arbori-

guitural ard declined,



Following the barbarisn conguests there wes little

need for #agigh orddr of silvicultural knowledze, because not uatil

the s.mé. of the Middle Ages in 1500 did the need of forset management 1o
meintain wood resources bhecome general. The necessity of forest mansge-
ment arises only when there are no unsxploited forest rosources lefd
within the reach of sconomical trensperiation. Up %o 1600, forest prac-
tice had been oconcerned chiefly with the righte of use and ownership, al-
though there hed been s ome reforestatlon by peeding snd planiding,

In the three centuries from 1500 %o 1800 bthe need of
establishing foreet lands as pormanent sorees of wood bevams apparent.
ﬁegtxlaﬁiana providing for the regeneration of the foresis after culting
were esbablished, Different cntting mebthods which abtempted to ingure
reproduction were adviged and subjected %o prectical Hest., These silvi-
cultural practices were reduced 40 well-differentiasted formal "gystema®
by the beginning of the ninefeenth gerbury. The development of natural
scienes maaﬁe- pogsible the study of the fundamentel physiecal and chemical

" factors whose variatlons are regponsible for the suctess or the failure

of thewse practless, bub the complexity of the processes invelved has not led

to as redpid an advance as in the physical sslences.

2
The importame of "light", bebtter termed radlation, as

a 2 ,

"Light” properly speaking, is only that radiation which i visible %o
the eys, Insolabtion is the smount of radistion origilnsting in the sun
and felling upon & surfece on the earth. By defimition, 1t comprises
infra-red, visible, and ultra-vioclet radistion.

& factor comprised in the silvicultursl term "toleranse”, is siill &
controvergial subjeot although Pliny hed observed the effect of the shade

of trees ln exeluding vegetation.



thile ?ries-‘slys wag the firgt Yo show that plende

Priestly, Zxperimenty and Cbpervations relating %0 varioup Branches
of Hatursl Philosophy, with s contlonabion of the Observasions of the

Ar. L1778

"melivrated” the atmosphere by the sbsorption of “fixed air® (G0g) with the

- prodection of "dephlogisticated air” {0p) hie resuits were confusing in thad

the plants somedimes "Injured” the alr ingYead., Ingen-Houss conveys his con-
tribution o the sabject in the Bitle of the volume by announsing ‘%the results

of "Experiments Upon ﬁg@t&mw discovering their groat power of Purifying

the Oommon Alr in the sun-ghine, and of Injuring it in the Shade and ab

Hight."*

4
London, 1779

s@ae‘hrﬁ and Stiless have orgenized the megs of informae

]
Spoehr, Photosnythesis, Hew Yor, 1926

G
Stiles, i?he}'tasymheai 8y London, 1926

dion vhich has been accumulsted since the work of Priestly and Ingen-Houss,
Out of the dete (Spoehr quotes approximately 600 aathors, stiles gives &

bibliography of aboud 90{) pa.pera) emargea the f&a% that radiantion is bub

one of the factiors: &i‘é’ea‘%&ﬁg ym}toaynthesis. The fa.e‘&:arﬁ may be pseparsted
into exbternal and intermal factors., The varistions of the exbornal factors
are due to altarﬁ;a.tiona in the enviromment. The influences of the internal
factors are due Yo varisblons which originate within the plant a,ml are only

remotely depexmdent on exbternal fackors. In ordsr of importance ﬁhey may ba



iisted a

i
Zxtermal, {genaral)

L. Carhon dioxide Bupply

2, Irradiavt Intensily amd wave length {fraquency)
S, Temp arature

4, Wasaer sapply

B. Supply of nmineral sutrients

7. Slestrical condiiions
Internal,
8. Chlorophyll conbend
9. Protoplasmio factor
10. Respiration
1l. Accummlation of vproduchs of photoayntheunis
An aYtempt Yo visuallze the interactions of Shese varig-
bles in a sort of diegram is shoun in Flgs 1. |, 1% is apperent thad
‘the solublon of the complex physiosl-chemical gysiem of the pland and en-
viruent hare presented is & d3fficuld 013 o
From the greab mase of published work on the phosogyathetis
process may be eulled the fallew-iﬁg information whivh represents our prepent
imuwladg& of the facis, |
1. The uarhcml dioxide supply iz the limibing Pacbor under
high lrradiation intensities while under the minimel intensities, the light
becomes the Limlting f&etﬁr.

2n. rhotosynthesis follows {rradistion with energy of wave

lengthe 0.7 %0 0.4 }L inclusive. The relative efficiency of the process ranges,

aceording to present evidence, fram 0.53 in the red end of the spechrum to

Ay



P 7
0,58 in the blue {warburg end Fegelin, 1323)

Zoit. Phys. Chem. 106:191-218

b, Planbs and leaves growing in the sunlight and in

the “ghade” show o Chwomatio sdaptation to thelr enviromment. Those grown

in the"#hade"” inito which penetvates mostly diffuse sky-light with s relse
tively high content of hiue show & higher effieiency in the blue than d¢

specinens customerily irradisted with bright sunlight., (1;ﬁngelrﬁa;.ma, l884,

Bugelmann. Bot Zeit. 42:8) 1884
s-imhlgﬂ 1906, ﬁax'ﬁ@'z_fm, i%08].
stahl. Lawbfarbe und Hunnilslicht, Jens 1906
I

Harder. 3Zell., f. Pob. 15:30B. 1803
ErEEr

wans

3. Temperature inoveasas of 10° ¢. in the region of 5°
%0 25° U, (41° t0 77° F,) double Lthe rate of phobosynthesla., Above and
below this reglon the relative inecreass with rising temperatures ip not
a8 great.

4y 6 aud 6, Hinimel water, mineral,ssd nu’kr;lezrb,_ and
oxygen sn;;‘plies‘ are necessary for phobosynthesia. The values of the op-
Himum mpplﬁ?‘”iare not known st present.,

7« In an ioniszed atmosphereg pholosynthesis proceeds
faster than in an unionised, .

8. Incresged rates of phobosynthesis are associated
in an uncerdain manner with larger chloraphyll contents. A meve important

relation is found, however, im the fact that leaves of the lower chiorophyll
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soghent de not begin photosynthesls except a% higher mininal intensibiesn,
E'm:’a ot lower bemperaburas. e -
9. The "pxuﬁapl#amie" factor s beld %o account for
sane of the effeats of tewpersturs upon photesynthesls.
i, The rate of resplvation is found Yo be ésaeaiateﬁ

with the mabe of photosynthesiv.

11, ©he scoumulation of the products of photosynthesls

y
may slow down She reactlon. i
; k I i .
/ ! ! ) ; )
- . { L L /
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/



Irradiation Intensity and the Growih of Tree gpevies,

AR ex%ﬁensivé I&i*ﬁera;mg on the nesmrenent of the
i3
rediastion under the forsst capopy cen be @i%@d;‘ )% The problema
{11}

Toumey, “Besndstien of Silviculture Upon an Beolesical

Basisl, Himeosraphed Amm Arbor l%‘_ﬁ = Part I11:586-345,

which have been studied are;

{1} The change in quality m(ap@at;ml BHAYEY diatribuﬁi@z&)-
of 1ight filiered thro canopy.

{2) The intenwsity of light under camopy compared with

that in the open; srd the r@l@rbim &bilw;{ of specien to grow in the dim-

iniahed xataﬂsiﬁiﬁﬁq ﬁ.“°

é e L
Gl s, ;

Speciral Bisﬁri‘%mtian of ﬁmagg; Fii Lerad é;ig@t. .
’"‘"‘--ﬁ .

rederbaner - mesaured the ap@@‘hml_ distribution of

Gentrabl. £, d. gesante Forsiwesmen., S52B-330, 1307

visible light with o hamd spectroscope and monochromsiic filber glaswses,

The method was defective in that he could not obitaln pure monochromad %"’ !

filters and becwuse of the difficuliy of jndeing intensities near the eme
tremitles of the visual gemsitiviiy cm'v@. Hip evidence way b0 the affech
that the light 'bmmsmii;‘md by tmj ;;;Jmpy is significantly different fram
filtersd white licht. The canopy abstracts the radiand engrgy belween ithe
Fraverhofey lines B and €, in the vicinity of the ¥ line, and beyond he X
ling. The lnteolerant spevies 4o not use the dlue and violet, the tolerant
uge the blue indigoy and viplet, These resulis are interestiong in view of
the faet &f chromabic adapbation, but are acaéaaiy conclusive bescange of |

the lmperfections noted. The eye is nob adapbed for fine differentistions

in tha reglon of the ;B;_;am- € linaes.



13 )
yonohel by spechroscopie methods determined the sbserp-

3 Hitteil ¢, gchweliszer., ;Gantmlé.m%alﬁ £ d_. Toreb. VTap-

suchswesen, 1l. 1924

tion of lesves, the forest canopy and individual tree crowns by measuring
percentage compositilon of the light peassed. He concluded that (1) the
apen grown leaves of beech were more efficlent In absorptien than the

shadow grown leaves, especially in the red and greem., [2) The shade
leaves of nearly all deeiduous a;?éz;%%@ﬂ%s tra.namit more “Light" than
the sun leaves., (3) The 1%@;11’@ pasaing %hru%;ﬁg;;:é canoples is the

game as that passiog thﬁ;;kfj;ﬁa hardwood 1@@@@, with slight additions of
di ffuse blue sky radiation. (4) Under m;;wmm% tha penstrating

radiation is spectrally very clese %o that of the diffuse sky Light,



EE

Zotal Light Intensiby under Canoples.

with the emception of the workers noted above,
physiclogiste and ecologlsts have used varietiss of printing-oub-
papers or "ordluary" plates ené Films for the measuremexnd of light

& .
intensities undor canoples .

14
Wiesner. Sits. d. k. Aked, &, Wiss., Wien, 104160B-711 1895

Der _Liah‘agamgs der Pllanzen, ig0v
Glements. Research Hethods in Zeology C 1908
Pearson. . 5. Forest Serviee Clrc. $#174 1910
Gordon, Prans, Hoy. Seob. Arho. Soo. 261147156 1912
Yonk . Zeit, Biol. Technik. u. Methodlk. E,E,%“% 1915

Grafe, Ernahrungspheiolozisches Praciicum der

Hiherer pPflansen, p., 1lé- 1514
Salisbury.Journ. feclogy (Brit.) 4:82-117 1916
Holean Joar, Zeology (Brit.) é:lﬁﬁ—-&?& 1819
Lofsfield Carn., Ins, Wash, Pub. 334 p. 1921
Tansley Practical Plant Scology p. 1928
Plits & Pessin. Bul,. Torr, Bob, Club, % 12038-210 1924
Pessin., Heology i 1R03-. 237 1228
Klugh. Beology g 1208237 ‘ 1986
imndegardh Blol. Zenbral 42:404-481 ADRS

{Reviewed idBlogy 6182, 1925)

The criticism of all these methods with the sxsepbtion
of Xlugh's panchromatie plates is directed againsgt the poor sensiilvity

diptribubion curve, In hip case we are not sure that thie spectral energy



sensitivity emrveilﬁ} of the source nzed has the same energy dﬁ,gtributién

(&0)
Flg. 5. Loo, oity p. 218

a8 gunkight. I% ig improbable bthat the ehromatia,-hé:zﬁa of equal breadth
on & nermal spectrom éhauld be of equal energy content :;.nthé source used
for obisining this pileoture, |

Cerdain investlgators have advoeated or are uging the

YeoBeth Illnmimmter{ls} « In erlticiem of this use of ’ghis ingtrunong

(16}
Klogh  seolozy ,ﬁ, $208 1925

Fopys  Bot Bas. §j_§3306~3153 1928

Gresoveky. Yale Porestry School, private comounlcat lons,

1% may be romarked-thet-as Table L shows, in the reglon of A 660y,
where Werbuwrg anl Kegelein show the photosynthebie effieiéﬁmy t¢ be B9%,
the eye rates the energy as 0.061 of what 1% does in the region of maximum
visual sensltivity at aboub A BEO-660 ik o

7}

A.ldri.ah( used & pyronometer for the only physically

LTI
“\\ Amms Smitheon. Astrophys. Obs. 4:267-268. 1922

sound obaarmtiﬁns of }g‘mﬁi&ti@n intensities panehmting bres canopies
of which the writer kuows, Table 3(18)
Table 91 Ioe, oli, P 268

ive Lljhis maulw. The localities

ares

"{a) In the shade of two large ‘%mees, no wndergrowth
within several foeb,

"(b) Under some rather thick saplings, partly shaded
by higher trees, thin undergrowbth,



*{e) In & bed of fernp which cvovered the insbtrument,
ut with an open space directly above.

“{d) In open spacey trees all srouwnd; ferms and other
vegetation on ground,

“le} Wnick growth of saplings, cosidersole small vegs-
tation on groand.”

fommenting on the observationy of the different dsye he remarvks:

"Sept, V. The sky on this day wes cloudy amd very varisble,
Observations had been taken om the whole sky and
gun twoe houre before the instrument was moved %o
the grove, bub alter that the sky beoame nearly over-
cagt, At the close, obeervaiions on the whole sky
were taken, but there was 8o mmech wariation thab
the resdlnge were of 1itile walne,

Sepb. 12. "The cobservations were repested with & doudless
sky. With betier conditions the readings showed
far less veriatlon among themselves than on the
praeceding days,.

On October £ o third got of ohgarvations wao taken. The it
strument wee placed in the seme five positlons as
befors, This Yize the leaves were dezinning to
fall, and many thal remained on the %rees had
twrned yellow, The sky was cloudless and very clesr.”

Farsher he reomarkeg

"Weadings were Wlon wostly In groupe of four or five.
In the tble are the times for the middle of eath group, the average
ealories for the group, sn esbtimabion of the total sky and sun radiamtion,
snd the ration of the observed radiation under the $rees to the ssbimabed
radistion above them. The estimated whole sky radl ebion is bamped, for
Séphember ¥, on the observations taken on the tower, fullowing those in
the grove; for Sepbember 12, on solar observedions by the pyrheliomeber
and total aky ouservations takez; befdre the pyranometer was moved %o the
grove; for Qetobar £, on pyrheliomebter wmeasvremsnts Saken at Adifferend
alr magses during the afternoon and total sky observations taken in the
morning with the pyrheliometer , the sum of the values ab corresponding
sen altitudes beling usad,

"Referring to the column of ratios in Table | )
there ls & slight incresse ab & between gapbember 12 and Ootober £, This
is 40 be erpected, for in thi s plese the light was obatrusted by high
leaves, and seny of those had fallen, ¥For placs b we £ind sporoxinstely
the samo ratic for both days, perheps becsume the follage of the saplings
and undergrowth did not full so esrly us {Bet of the larger trees. The



decresse in the retion at ¢ wonld foilow an lnerease in the thickness
of the ferns. b 2 nndsy ae.nl.u;ga similar W thoss of b & novlceable
incramee in the miio cocurred, <©his was very likely due to the absenes
of any shedings by higher tvees. The msulis of these follsge abs@rva-
tions are uesger, aud of small rellebility. Eeverihesless, they suggesd
a field for wide ard important resesrch consepning the nocessary amount
of light for varicus Sypes of plants and ab various steges in itheir
development. The pyranometer, supplied perhiaps with spesial colored
geraene for nessurlng Giiferent kinds of lighd, seecms remarkebly well
sulted to this purpose. It is hopad $hat a smch more extensive inveati-
gabion along this line may by underbeken.”

A% mugy be remaried Ati_mﬁ all these observations

gongider the radiation on e flab horiszontal surfece, snd that none of

thew are soniinuous for long pericds of $ime.




For the purpose of thisa paper the work relating to
the atudy of insolation mnd forest tree growhh ngy be swmarised wader
thrae heads:

(.‘5.} RBedisnt energy and phobosynthesia

{2} Irvadidtion inteneity and growth of bree gpeci ep

{4} Heteorologlesl records of solay energy.
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“Beale of Telerance
TR e
Toumey., Fert I

The measurements of light under the forest canepy
ha%m been deseribed in the preceding paragrapha. They serve ss a cheok
on the empirlenl observations of the telernnce soels. The earliest and
the till most practical gulde to the relative mbility of trees 40 endure
¢ghede hap been the aybitrary arrangement of the trees according to the
comparative thriftinese of the different species in idemtioml habitats.

?eamaylg list® a number of growth charagteristics

19,
Locs. eits Po 388

whieh can be used in the arrangement of the tolerance lists: They are
the reletive values of

1. Height ggpwﬁh.

2.. Amount of seedling raproduction.

3, Grown density.

4. Viger of dominated trees.

5s» Bates of natural thinning.

B+ Bates of sell pruﬁing;

7 Humber of branch orders

8+ Order of appearance of tree dominants.

0f these, he olasaem as the most impertant eriteria

for Few England studies the relative vigor of dominated trees and the

? relative amounts of sesdling reproduction. Burne varied the diptance of
ii9°*‘¢§ epecimens of irees from @ source of energy im an efforh to

 determine the radintlon intensity of the compemsation poimt. He $hon



chetked the radiation intensity by the use of & thermoooupls. In this
wey the werying distance from the seuree, and the corresponding
radiation intensity _g&% an absolute measure of the tolerance acale,
and not merely & "greater then® or "less than” vyalue. His work is open
%0 the eriticism that the influence of temperature on the respiration
point, and the influence of the previcus irrediation history are

unknown. These faeotors have besen shown by ﬁardargg to be very

Jahrbe Wis. Bob. 581254-298 (spsoifically p.281) 1915

égi 531=571 1921
Bar. Devt. Bots Ges. 415194 1923

important. For this zﬂé;asen:, while the relative positions in the
ta;erﬁ.me seale are undoubiedly ecorrect, cheok observations om the

absolute values mede with these factors in mind are desiradle.



ice) Resords of Solor Energy

Heteorelog

A mrgé fund é;i:’ information exists on the causes
of variation in the amount of solar energy resching the sarth's
surfece. These variatione may be due o

(1) vVariations in the svlar constant,

{2) Yariations in the distence from earth

to sun. Bince the rediation intenaity
varies inversely ag the square of this
distance, we should expect it to be 7%
more dntense with the earth in perihelion
early in January then with the earth in

_ 21
aphelion early in July .

See aluo Humphreys "Physics of the Air® pp. 76-78 1920

(3) varietiome im soler altitude with time of
dey end of yeayr resulting from (&) the
affeut of the evsine law of engle of
ineldence snd from (b) the absorption of
the verying wasees thru which the
radiation pasden in reaching the earth'v
purface.

(4) Varistions in the trensmission of the
aftmaﬁphgre which shangs the absorpbions of

the nir mess in (3).



Veristions in the Pronsmiseion of the stmosphers

Fulling liste seven ways in which the solar radiation

incident uwpom the outer extremity of the esrth's aimosphere may be changed
{2z}
in amount sand spectral distribubtion before it reaches the sarth's surface.

an
in extensive bivliography is to be found in Pulling, lec. ¢if.

Plant World 22:167-191, 1919
e :

i by,

"1} General sceibering by the pé?manenx gases of the shmosvhere,
{2) General saa?tering by water vapoer.

(%) selective (banded} sbsorption by the permanent gases,

[(4) Selactive (banded) absorption by water wapor.

(6) Absorpbtion and reflection by clouds.

{6) absorpbion and reflection by dusb.

{7) Absoxpbion in chemical reactions™.

83
- Fig. 2 shows %the averasged effesct of the carth's atmosphere
Fig. 4 Fulling, Flant world 28:171. 1919

on +the epectral disbtribubtion of energy. %he ordinabes represent the relative
energles, the sboclesas. Yhe wave lesgths spaced on the vormal specirum,

The varicus degres lines represent the altitude of the swn from the horizon,
which i@ the complement, In degrees, of the zenlth degree angles of the sum.

Fig . 52% is drewn frem Kimballle date on probable radiation

24 5. Lat. 42° ¥, HNortheastern States. 10¢. cif. pe 773

intensities at normal incidence for the Southern New Tngland States (Lat, 42° H.)
Phe ordinsbtes are gram-oslories per sguare cenbimeter per minute, the values |
are glven for the 2let of each month, and eath of the family of curves rép-

resents the designated mamber of hours vefore or after noon, solar time, Fig. §



g4
is & similar disgram for 1llumination intensity, Thes data was obisined by

bue calculation of the constant rabic betwoen the energy recordsd by the |

photometric messuremonts with g Sharp-Eillar 'phatme%r.gﬁ It may be well
5B : _ ‘

Kimball. Honthly Veather Rev. Ba14¥8, 1924

to sbress that these are galonlabed vs.imev:a;, They are based upon the EXDeT i

montal determivation of but & single experimental factor: the averaze vapor
bressure for & number of yearsz. From the values of this factor the abBOrp=

tione of the various sir nagses are ealeulated,



onl Hot-dunction Thermoplle,

From an e¢ologieal viewpoint, the types of pyr~

heliometers and radiometors available have the disadvantage thet the
receiving surfecas heated by the rediation are plane. For follewing
the diurnal changes in direct selar radistion (sky radintion sliminated
by diaphregms) eome pyrhelicmeters are mounted in e ¢losck-driven
squatorial trmnsit. In mll other onses ‘th@ radiation measurements
obtained on a horizontal plene are subjeet to lemberi's cosine law
relating intensity to mngular incldence.

The issue of the comine law of inoidence may be evaded
by the adaption of epherionl hod~junciions. Fig. 6. shows the insbru- |
ment eonsirusted with spherionl hot-juncilon end Fig. 7. 1s a detailed
Bketch.

The epherical hot-junctions, five in number, are
Gersan 54lver beads 0.1 inch (2,5 mm.) in diemeter to which the
sonstantin and irom wires, 0.005 inch {0.13 mm.} in dismeter, are spot
weldeds The cold junctions are cold~rolled pleces of pure niskel 0.2
inch leng x 0.1 inch wide x 0.02 inch thick {5 x 2,5 x 5 mm.). To
these also the thermo-element wires are spot welded. The cold junciions
in mddition to being bright are shielded by the eilvered annuler ring
of miea which aleo serves to hold the thermo~element wires rigidly
separated. The "anchors" of +the electrie~light bulb stem support the
spherical hot=junctions and the annular ring. Afier mounting on the
eleetrig~light buld base, the hot-junciions erse coated with lsmp-~blacgk
mined with & minimum eof Bakellte varnish. The whole is then baked in

an electrie oven in which the temperature is graduslly raised to 17¢° ¢



No satisfactory physical device for the memsure-~

ment of radimtion in egological studies exiatod & when this
study was initiateds It was firet necessery to elaborete and adapt

the instruments.
' For the designing of satisfactory apparalus for

silvicel work the following criteris may he established: 1t must e
(1} gapable of calibration in absolute units

( ‘2} Reeording, with a minimam of fleld equipment

: { 5} Zasily and safely transportable
I
by 4} Sensltive
| L
{15} Mtinately capable of measurement of $he spectral
digtribution of emergy.
irmé.mnﬁ anarw by ite Exea%m; eﬁ:ﬁ’&e‘b bea’s mam;a theg?/ requirements,

Ths instrumaﬂt laa% usea wie the 3@~e&11&d "sg aniﬁii Rot-Junction

Themoplle.
) It the seumaé”éf the evolution of the last instrument
tha aa—-@&lled E&;&:aive Pasa Tm;-mapila was-bullt,” The records taken in

ide wi.‘bh this ﬂ.evice-

the mm@r ef lﬁ!?..ﬁ were

1:1 the course 02’ *&h@ ﬁsld wurlz in the mumers of 1925

and 1926 a battery or ﬁkmapzlw and & rm@mmg ga&mﬁ@ma’ber were used

canpoien. iz wzzzpmaian amd;as E -3 mnim sulfata-—emlis aei& photogensi-

tive selution was r.m&é. far E &a‘%@rmination of she nltra-violet radiation



in sever hours.. The bases sre then put inte the regular elestric-
light awtometic mechine, which unites the bape and globe, ovacuates the
bulb, seals off the ewmountimm tube, mounts, bakes on the threaded
brass base, and sclders the leads 1o the contacts of the base.

Tages of these five-junchlon bulbe are mounted in
geries giving & totel resistence of mboul six ohus. Approximetely 3.4
millivolts per gr. ¢al. per 8q. ¢m. or 0.29 gram cal. per millivolt are
developed by the pile. |

The possible sources of error in ‘thie device ~ the
amount of polarizatlon and the over-run oy updeyr~run or the ohange in
the angle of ineidencs of the radiation raméin to be investigated.

| Unless the diameter of the bulb is more than double

the dimmeter of the sirele passing thru the senters of the hot=junctions
end the genter of the annulus, the ceaustla ourve caused by the reflee-
tion of the light from its inbernal surface may fall dn the junctions
and the nnﬁulua and ereate en arrﬂrgg; )

i

Kimball+® Hobbs, MHonth. Weather Hev. 51#239-342, 1923

Miller, Homth. Weather Rev, 43s264-266, 1915

This sourse of error does not exist in the devise., Howsver, the bulb
is not abweolutely fres from optical irregularities.
The use of the exhausted electrie light bulb inhibite

the effect of leaks, us glass meals ars used thyuoui.



Wave lepsth ﬁangitiviﬁ- Qurve of ihe Eeelogicel Thermopile.

‘Bue %o the presence of the glass envaelope and fyom

. the data on the absorpiion of lampblsek® 1t may be stated that the

Eﬂ., o ' ' ' ‘
Goblentz, Fur. Standards Sei. Bull. (7196) 9:288-335 1913

probable sensitivity eurve of the apparstus is non-selective within
the regions of wave lengths 2.0 10 0,31 + Irredisnt energy not
~dying within thie region does not, 1t i belisved, affect the
registration of the apperatus. A sygtematie investigetion of the
ﬁanaiﬁivity iw in ordew, but hze not yet been made.

, Gonserning the raiatians of these wave lengbhs to
photosynthesie ceriein statements are justified. Criticism hes been
made against the use of apparatus which depends upon the heating effeet
of radiation a8 an instrument fér-maaauring the tetal redietion affeatiﬂg

planta. ?bumeyal f@ilawinglﬁlngh33 empheoizes "the measurement of light

a1, ' ' '
Foundations of Silvioultura.. 1926 p.326.
32

L
Klugh. Beology 63205, 1925

that & plent is subjedted to in = given hebitat ia a# entirely different
thing from the measurement of the hesiing effsct of solar radintion that
1% is subjected to in the seme habitat.” He apparenily prefers
‘meapurements of the radiant energy with panchromatic plmtes or with ihe
#acheth Illuminometsrs, in which the eye is the photo-sensitive device.
Helfurther proparly emphesizes that "33 elthough thers appear to be



e

Toumay, Log. Gite 1%6, Pa 326.

eorrelations between the distributions of radiant energy sexpressed in
these units (absalute gram calerus ger.aq, ¢m, per min.) and the @ffaa%
produged on plants, the total amovnt of radiant energy received on &
gi#uniaite tell little or nothing of thé netual amount of that energy
to which the plant om the site reaects." Bul he further states thaﬁng%

Only the light rays are important in photosynthesis and chiefly those

Toumey, Loo. eit. 1926, p. 327

in the red end of %he gpecirum."

This last stetement may be misleading. The relative

importenceé of the red end of the spectume is not due to the exclusive

use of energy of this wave length in photosynthesis., Warburg and Negelein
(see provious citation p. and sse also Table I) shewed that 4he
ralative used of the red, yellow, and blue poritions of the spectirum were
s 59 153.5 s 33.8., These are, taking 59 equal to 100%, decreases in
use of energy of 9.3% in the yellow and 42,77% in the blue respectively
of value in the red. Furthermore, there is the fastor of chromaiie
adaptation tu be considered, and its guantitative walues ars not known
though 1t may compemsate for lower use in the region of shorter wave
lengths., The relatively greater importénce of the red lies in the fast
that the peak of the energy distribution curves for total sun and sky B
at .5 (an the greemn) for 6000° K, ~ zeinth distance 78.7% and at .58

(in the yellow) for 5000" X, ~ zeinth distance of the wun. (dee Fig. 8 J.



Bﬁp These values ape in general for clearer deys. HNo date sould be

From Kimball, Monthly Weather Rev. 521473-479, 1924.

found for the "golor %ampamtura“sé of the overcast aky,

36, | | o |
Priest. Journ. Opt. Sop. Amér. éséiﬁo-&%

Journ, Opts Socs Amer. & Revs Se. Inet. %3180, 1923,

It will be notisced thet the pemk of the vieibility ourve of the sye
falls between these maxima, - at o550 .

On either side of the maximum the visibility curve
of $he eye falle awey sharply 41l at .8 it is 507, .65 4t is 10%,
and .66 it i;ﬁ 6fs It is mppavent that the 1lluminomater measurementa

transgress quite as much on the under estimation of total redietl

due to fullure 1o give full value 40 the red portion of the epsetrum =
ag the thermopile may be at feult by ineluding the irredient band .70
to 2,00 at ite full value, though it is of doubtful Bignificance as &
soures of photo chemical energy in photosynthesism. That this roglon
may be important in its effect on the temperature coefficient of photo=
synthesis ie a subject for experiman%.
But in so far as the relative SRRy meagsursments

are ennaemed, the themepile measuremenis ere epparently ae wlid as

illuminometer doterminations, Kimh&llm hag shown that redietion

37,
loo, 0itag ﬁ@ﬁt-hly Woather Raw, %@%’?3"4’??, 1924

"Qomparisons between photometrie measurementsa of daylight and

pyrheliometric measurements of totel radiation sesvesasnoe indicate



that Af the redietion intensity on a herizontal surfoce, expressed in
gram=onlories per minute per @ﬁ.eggiﬁz multiplied by 6,700, the remuli
will give the illumination intensity on @ horigomiel surface in foot~
gandles within = é per eent; giving velues which neer noon ars teo low.
and which sre too high whem the sun ls near the horizon.”

This finding justifies the use of the thermopile for
soological works Furthermere, the combinuous apd approximately
simalianeous mmmﬁa grém widely separated pites which are possible with
4he automatic commuinting galvenometer give it sn lumenss aéwﬁaga over
the personal sitention required for the visual apperaius. Apnother gain
ig a%tr;ihﬂ%ed't@ the integration of sky mnd divest golor irradiation
without the effeat of the coaine of the angls of incidence entering as
e cosfficlent, _

For delimiting the vediant energy to the effective

veglon of .7 te .4 it is planned o ueé screens with the spparatus,



In Qﬁing the thermoplle &g & static instrument the

eireuit is esomparatively simple. The depired number of thernoplle

bulbs are ¢onnseted in meries with negatiﬁaa to paaiﬁxveé. The negative
| and the positive of the serise arrangement mre then connected te the
respaciive posts of a galvavometer. 4 warinble resisiance 1s placed in
one of the other of the leads and serves to alter the semeitivity of the
thermopile oirenit, permiiting edjustment so thet all bulbs register
alike with the same irmadiant energy.
Wave Length Senmltivity Curve of the Eoologieal Thermopile.

| The thermopile galvanometer records automatically,

demanding atteniion only for removing record, winding, oiling, snd
similap attention to the machanieal operations Fig. 9. shows the
apparatus set up in the field.

The chart as obtained from the machine shows the
varietion of irredient energy intemsity in emst of four steations et
intervals of four minutes,

A reeord {rom ons of the four stations is obteined
every minute, the aémmutaﬁion oyele being completed in four minutes.

Viewed as 8 graph, with the intensity laid off along
the axis of tha'otdinatan end time along the axis of the abscisses, the
argn "undarneath®™ the curve (between zero intensity and the p;attéd

reading) is work:

TV = w@rki

4 is these worketsrme which are compared for the

different eltes; they are the vaelues obiained by comparison of the arses
enclosed by the ocurves. |

The sreas undggneath the curves were obiained in twe



T

ways, The mageive-base type produced a very jagged surve due to the
lag of the cold junetion. DBecsuse of the awoute angles end long
renches from point to point involved it was considered betber to get
the srea by an indirect mebthod rather than by plan&mataring- The
surves wore thersfore traced oxto & uniform bond paper, out oud, and
woighed. 'The weight of the paper per unit ares wes chocked and found
4o be = 1.5%. All 4he weighinge were done in & dry warm laborutory
within & short perliod, and it is bél&evaﬁ the arror dus to method of
obtaining sree 1s negligible. The relative retios of the weights of
the cut~owks are the relmtive ratliocs of the work values whieh are

desired,



Ridgoway®"

decompopition of oxalic ameid in the presente of urenium as a means of

resonmended the use of the pholochemigal

Ridgevay ~Plamt World 311234-200 1918
Nowthly Weathor Rev. 46s117-119 1918

Bagon Priliip. Journ. Seis (a) §1281-303 1010

measuring light, and advised the use of uranium pitrate ms the uranyl
Bra1d®’ aud Buent showsd that after the comeentration

At

Braid. Jowmn. Beol. 11e¢49-63 p, 60 1923

of the oxslic had diminished 257 = ¥hat 1s, %o 75% of the original

eoncentration, the reastion rate was alterad, Spaahrii found &

Privete ocommunicablon

tomparature coeffisient. The wrilter checked these results by the
qualitative tests aboub 4o be described.

Anderson and Robinson? using uwranium sulfate

4.

Journ. Amer, Chem. 506, gz;(%) T18-T25 1925

found that the reaction rate was not aliersd until half the exalis

asld hed boon decompomed. They also found that the reaction had no



. LA 14
temperature coefficient and was of the zero order. They give @ table

%* . — -
Lo, it g-ﬁfﬁg

of amounts of decomposition for varying parte of tho specirum and the
gorresponding energy sontents.

| By bracketing these walucs and swbstracting as shown
in Fig. 10 we may arrive ai 8 e¢rude sengitivity eurve. This data is by
1o meang {inal Iar gonelusive, but it is kpows that the subjeot of this
gonsitivity curve is being investigated, mnd i% is hoped that data will
. be awilable shortly. |

' The method im as followss Two golutions are made
wp (1) the photogensiiive solution eoniaiming 643 ZePedle of pure oxalic
—— ana /<7 GeP+1s of uranium sulfate (U0, S0, * BHgO),
' (2) the standard permangamate titration solution,

.16 gepsls of potassium permangsnete, o be standardized, volume for
volume, against the standerd photosemsitive solution,

For exposure ¢f the pholosensitive solution the writer
naes & spherieal pyrex flask containing approzimetely 285 ml, | inchas
in dismeter. The flask has a short neck so that a Fo. 0 (A.H.Thomas)
stopper makes & snug it when the inmner end of the stopper is flush with
the point where the neck flares inte the bulb, The flask is filled with
solution just above this point and the stopper inserted. Pabe T (Fig. 11)
is then pushed in until it just clears the bobtem of the flask and the

whole inverted as shewn in the figure. The tubulature allows for volume



changes in the liguid and the escape of the gas (G0 and GO }formed
. during the deeomposibion.

Fox ra_ea.aufamem of the radlation the bulbs were usually
exposed in ;a_é,ira, A standard period of exposure was uged which varled
according to the intensity of the rediation. Thirty minutes under a
clear blue sky in June will decempose half the ozalic acid in the solu~
tion of the desoribed concentratlon. After exposure the bulbs were
brought in, shaken, snd sllowed to stand a conple of mimutes unbil the
gas might be released, and the liguid cooled (or warmed) 4o gtendard
temparature, A4 256 ml, sample wes then drawn off, emough concemtrated
_Egs% a&deﬁ o warm Lo about 75 Lo 959 Cy, and the solution titrated ﬂm
the standard permanganate. The endepoint is determined by the barest
trace of pink lasting sboub two mimates, Let Bp be the amount of pere
menganzte in ml. necessary $0 neubralize a 25 oo ssmple of the unexpoped

uraniun salfate-oxslic acid solubtion Hy (contalning ©.5 g. of omalle

. aecid per liter). After exposure let 1% take 4 ml, %o reach an endpoint.

The amount of decomposition, which 1s Yhe messure of the effectlve ab-
sorbed radistion, is in terms of §tandard permangante -
Sp ml.~ Aml, N ml. decomposition

in derms of sbandsrd oxalatie

Bpml-“gml.ﬁﬁml.“‘?ﬁ‘g‘“‘"

in terms of oxslic apid
b}
S, ml. - 4ml, ® N ol '“éf—__‘ x 6.3 mg. oxallc acid,

. . 44
And pince one milligram of oxalic acid takes 21.7 gr. _aal.t )

v \ : _ -
Anderson and Robinson, Journ. Amer, Chem. Soc, ﬂ;ms. 1926

for decomposition, the energy in calories represented by the decompositlon



—— gy

of the oxalic acld for a glven expopurs is «

‘gr. oal, = N ;P__ x 6,3 mg. oxalic x 21,7 gram, cal.
0 _
If the time of expomre ls represented by P (perioed) in

minntes, the average rate of energy used per minute is

gEre Sols = ?P X __6,5 mg, oxalic acid y 21,9 gram cal,
39 P ‘

Phe writer substanbiated the assertion of Andersen and
Robinson that the rate :of decomposition does not vary untll approximate-
ly 60% of the solutlon ie decomposed. By exposing palre of bulbs cone
talning partislly de@ﬂr@ased solutions beaide bulbs conialning fresh une-
exposed solubions, the decompositions were ldentical within the limits of
error of titration, which wee less than 2%,

The temperature coeffieient wap detormined by parallel

exposuras under a Hg are of four sels of bulhs in the air and in B
water bath man at 20, 40° and 60° respectively, mntlos between de-
composition at the different temperatures, ng, E&aﬁﬁ Hao@. and in the
alz -K‘:i ware equal within the limite of error,

Hono O Bond O -

The bulbe were set up and expoged in the fleld, working
from 'a field sbatlon near the recording galvanometer. In all capes the
pariod of exposure was noted Ss 8 necessary psri of the observation,
and for accarate results the perlod of exposnre should not be longer than
to pernit half decomposition of the oxalic acid, The intensliy recorded

is the average for the given period.



Fhoto~eleotrio Cell.

Iy the field of slecirical melective photometers the
photoelestric cell is very promising. It hee been used in seologleal
work by Shelford®® who used a petessium hydride cell for detemination

25,

Shelford ond Cail. Pubs Puget Sound Blol. Ste. Jrl4l-176, 1922
Shelfords Procs Soce Bxps Blol, And Med. 23 (7)r520-523, 1926

of rediant anazgy'pane%xatiaﬁ into s water.

Ivee?® upes a Case cell for the measuremeni of luminous

Ives. Astrophys Journ. 40#182-186, 1914

Trens, Illum. Bng. Soe. and eubssquent pepers.

sunlight out of doora, which forme the é@mpariaan gtandard for indoor
111umination studies. |

The photoelectiric cell can be used in & simple circult.
A potential ( V) is connected with the gell (o) and a galvenometer {a)
in series, &8 shown in Fige 11, A damping resistence (R) is ocoasiomally
necessary. The elecirons sjested from the photosensitive aué:aoe garve
in the flow of current which 18 inoremsed proportiomslly es the number
of ejocted eleatrons is incremsedi The deflection of the galvancmster
is direvily proporiional to the light intensity. Tt Je possidble to
usa the potentiometer method if desirebls. IveaQV finds the use of

.
Astrophys, Journ. 395428, 1914

electrometor, or ballistic deflections undeglrable beonupe the mates

of the offact are not sonstant over various different intervels of tims.

=



The small potential wey be emplified with & three
slectrode (thermicnic, vacuwm) tubs, and & less sensitive gelvanometer
naed. But such & elroult regquires aénatant ghocking of the "A™ po~
tential end B® current, and therefors more alfention is necessary.

The choice of the photosensitive mieri&l depends
upon what vegien of the spectrum 18 fo be inéestigaﬁw. & number of
elements and compounds have been investigated, and mmong them mweilable
either commerecially or at s price ares

(1) Potassium hydride, sensitive in the blue*®,

*8,.-
Ogneral Eleciric Company Ciroular.

{(2) Thelotide®® sensitive in 4he blus but cen be modified

49,
Cape Research laboratery Gircular.

by seresns and filiters to mateh mlmost exmotly with the
eye genalitivity curve.

5
(3) Gadmiwn, in the ulira-violet 0.

500
Dorne Het. Zeit %ﬁl‘ﬁ 1921

A mumber of factors which concern the manufacturer,
as llsted mainly from Fervee and Rand, ares
(1} The nature and amount of the gee in the ¢ell determines

ite reslstence 1o some extenit. Hydrogen, helium, and especielly argen

are used,



(2} Up 4o & certain point the ourrent incremses with
ﬁha'iapre&sad potentinl. After this point is passed, the inerement of
current with additionel voltege is but slight.

{3) Blater and @siﬁelﬁl found that the angls of inel-

51 T
Wied, Ann, Der Physs &1433 1894

555684 1895
g%;é%ﬁ 1867

denca varied the ourve of selaciive responss.

| (4) Certain typss of cells pass & eurrent in the derk.
These are mostly difficsulties due to lsalkege aiang the interior glaéa
purface of the cell and must be sorrected gy design.
| {5) Certein cells show fatigue or decreased photo=-
smiseion after exposure. The mature of the photo-sensitive surfece -
controle this defest ~ apparently the alkeli and alkeli-earth surfaces
era freo from 1t.

Ferree and R&nd'é diseussion of the advantages of the
photo-elecirle cell as & device for memsuring radistion is now out of
date. It may be said: (1) apparently the preiéﬁa?minatien of the
constant of efficleney of cells varies from unit 4o unit. (2) The
reproducibility of measureble photo-effest and selwctiveness of well~
made cells are eatisfuctory.  (3) A linesr relation exists between the
light intensity of a given range of wave lengths and its effect. (4)
The gell ig extvemely ssnaiﬁiva and miaute'incramenta_cf redlation can
ﬁa meapured. With the help of the Veguum snplifier cireuit it is
possible to use an insensitive galvanometers (5) It muet be stendard-
ized speciromeoplenlly in terms of absolute unlts against {iltered

energy standards.



The present disadvaniages ares

(1) A certain amount of mechanieal fragility which
is now belng corrected by the mmnufacturers. |

| (3) The fact that a temperature above 30° ¢ (84% 1)

is uneafe for ceriain cell# such as the potassivm hydride.

The phote-eleciric aail was the "Fl-5 Vasuum" cell
obtained from the &aneﬁa; Elegirio Company, Schenettady, New York,
The cireult is simple; the negative of 280 volis "B" Battery ﬁaa
connected to the X-ray tube eloctrods om the outside of bulb, and %he
pesitive conneeted to the positive of the galvamometer. The electrode
at the base of the photo<slaestrie eell w&s_asgnaetaé-%a & variable
regsigtance and $he resistance uange@ﬁad ta)tha negatlive of the
galvanometer. By adjuatiﬁg the series resigtande the relative drop in
‘paﬁﬁnﬁial aeress the galvanometer could be wvaried and 4he senaltividy,
the deflection for a gi?éa irradiation imtenaity, altered.

Diffieulties with fragility have proved to be an
ebatacle %o general uee, and the low imjury temperature 30° ¢. (849 7)

provent the use of the apparatus in the sun.

The neﬂsitivity eurve of the apparatus has not been
worked oud. The wnakers etate that it has a marrow band af poneitivity

in the bluej wave lengths are not siated.



$he Thermopile Date.

The date for the ﬁharmopila is given in the form of
graphs rather $han in the less convenient form of tablea.

Fige 12 shows the regord for the thres sheliterwood
stations in +she Tom Swamp Block as obitailned in 1925 with the Massive
Base i*h@rmapila.

The results are given in two ways. The work - terms
in the open = iha ares wader +the cuprven eﬁtained ag alroady discusged «
are given in relative waluss., The data under the canopies are siated
ag percanﬁégea of the intensity penetrating the cmnopy, based on the
total radiation in the open as 100%. The seale of rolative wiues of
“he rad&aﬁian_ané the seale of the porceniege pemetration thru canoples,
are, it will be noted, inverted with respect ta-aaeﬁ athér. The data
for the opem is that for Station A (Fig. 3), the 407 and 85% canoples
ars the valuss obiained at Stations B and C respeotively (Fig. 3).

‘ The moving average for a ten~day interwval ie also
plotded in Fig. 12. This average is the arithmetical mean of a ten-
day perioed plottaé on the fifth day of that interval.

Fig. 13 contains the data for the same sites im May
and June and in September of 19826, “In thege 1926 determinationa the
Apherical Hot-Junction Thaémopila was used. In July and August the
oquipment was used in measuring the radiation im the open and under the
dense two=-gtoried white pina - hemlock rasar#eu

In sotting up the apparatus in the open it was set
gver & dry, hot soil gover of nesdle litter characterisiio of a slear-
oub coniferous site. It was noted that a “noon-time" dip oceurred.

Experiments showed that the cause was the heating effect of re-radiation



from the lither onto the lowar "eold"-junotions. By peinting the bulbe
with a Bakelite varnish mized with lampblack, the cold junctiuns ware
gtabilated and an improvemsnt in the repord resulisd. The ﬂaﬁabfor the
Adame Fay and later obssrvations which are presenbed im Fig. 13 are all
made with the blackensd bulbs. The dats for $he Shelterwood in May
and June wore made with the umpainted bulbs. This mway bhe the gause of
the diserepancy to be noted in the #wo yeara' records im 1935 end in
1926, in the Shelterwood sites.

Fig., 13 also contains for late August and early
September data in the Spruce Sample Plots, Cherry Ht., New Hmapshire.
The moving ten-day averages are alse given for this figure,

Fige 14 gives the surimposed moving ten-day averages

for the two years' records,

17 %
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Dispugsion of Tl

Although the individual day-to-day ebservations
exnibit great individual differences the moving benwday averages
exhibit several marked %eﬁdanwiea.

| While 4he gurves from Himbell's data (Fig. 3)
indioates the probability of magimum raﬁigtian in July end Auguet,
the date here presented alse show that total daily radietion magime
ars moud likely 40 ovcur in July end August.

The irradiation under the 884 white pine canopy
pecarding to the data for L9885 runs very clese %o 30%,; being & bit
above 30% at times of lower radiation in open, asd a bit below 30% at
timon ﬁ? higher intengity in the opsa. 1 the day~today radiation
- valuse are followsd mere;elaaaly it will be noted that this lnverss
razaﬁiﬂnship between percentage penstratlom thru cénopy and the
relative intensity in %h§‘ayan 18 aven mors sirongly marked.

That the percentage penetration and ralative
‘1ntenaitiea in the open are inversely related does not mean khat less
light penstrates the aa@apy on bright days. On the conirary, more
1ight peneirates the esnoples om bright daye. The uﬁﬁ‘raault is
‘%ﬁwnrd a siabilization of the irradiant ewergy undernsath the danopyt
the higher pereentae penetration on the cloudy deys makes for s more
squable daily radiation enviromsent, This offoet ia doubtless due to

the fach that the less bright days have a high percentage of diffuse
sky radiation which constitutes the greaier pert of source of

rediation under sanopies.

The radiation underneath 40% canopy shows the



same percentage effect ms does the heavier ¢ancpy. In general, the
brighter days show a smaller paruantaga penetv&tian. I% is notable
that iﬁ June oceurs the maximum percentage penedration at a valua of

" approximately 80%. During the summer the porcentage pemetrationm
gradually falls off 4o 50% im July and 407 1n August, This falling off
is attributed 4o two causes. The firet ie the relative incroase in
radiation during the suvmer monthe with the resuliing operation of

the percentage effect. The sesond is the gradual inerease in the
zomith diatante of the sun. The eky brighiness about the sun varies
inversely as the distance from %he sun., lines of equal brightness

of sky may be drawn around the sun as center. Thus the whole radlant
souree alters ite position with relation to the ecanopy as the
deolination of the sun deoremses with the insreasing wlapsod time
after the'aummﬂr solstice. The sparse canopy = viewed from overhead ~
is #ftaat;valy more denas dus t0 a "shingling” effect of the individual
erowng as thé zonith distence of the sun inereases. The additive
effocts of the percentage relationship and the shingling phenomenon
are sonsidered to account for the degreased percentage under the 40%
white pine canopy in July and Awgusti.

The agreement betwaen the 1925 and 1926 data is not
élasﬁ enough to be emtirely satisfactory. The instrumenis have not
been galibrated inm terms of abmolute unlits, and seeondary siandarde
are not available for callbration at intervels. The difficultiens In a
s¢ale of purely relative calibration as enforced by werk under these
conditions will mever be corrected until the sensitives have been

ealibrated in abselute units and a secondary standard is available.



The methed adopied for comparing the two moving
Gurves wag simply te euperimpose the two maﬂﬁg averages for May and
June. It is possgible “b_.ha% the unpalnbted bulbs becsuse of the heating
of the eold junctions were reading 20X Yoo low as compared with the
rgaﬁimgg later in the summer with the painted bulbs. If this was 8o,
this would degreage the summer maxims in the Adems Fay in 1926, 20%
aad bring them to values more comparable with those of the swmer
maxima in the Tom Swamp in 1925.

The diserspancy between the 1925 and 1926 would also
be thus sorrected becauss the 20% corresilion applicable to the readings
in the open would not be applied to the 857 canopy or 1o the 40% canopy
data, The ﬁamgem}tum of the ground surface under the canmopies is
ralatively low and giable. If these values are relatively increased
40%, they then approach the values obtained with the massive base

thermopile.



in the region weve langth 0,80 %o 0,83 .

A photo~electric cell sensitive in the blue was alse
used for comparative determinations in the blue | 0.49 %0 0,42 ),

Thess observatlons were made in two siies on ths Har
vard Porest. (1) The shelterwood eutbing in Tom Swamp Block (Meadow
dater®); comp, b (Sub-compartments 0 O O ) and’(2) in the Adams Pey
Block (Subeompartments Z-¥ 100 ft. clesrcubt and the reserve i the
south of the endy of the N-S clesrcut stripe). gSome dgte from sites

in the Cherry Mountsin spruce plotias are slso intloded.



Tg&a@riytj,g%;of shélg%wgm gltes

The northeast cormer of Ooupartment B of Tom Swamp

(Meadow water) Blosk was, in 1911, covered wibth dense, excepibionally
regular, oven-aged pure white pine sboub BO years old. The ares is CORe
paratively level, with a glight slope towerd $he wesh, The soll is a frash
saniy lean, arl is classified ss sife quelity II. In the winker of 181112
an area of three acres, bounded on The north and eas’ by the two roads
ghown in the map {Fig. 4) wes thinned, 17 ¥ board feed peing removsd., The
gtumps from that cubiing are located in the map of 1924 by full bleck eivre
cles, After the Phinning sn sbundant reproduction of pine came in over
the whole area, bui dled lo three or fgmx' YGars.

Another large reprodustion followed the seed year of
1914, During the winter of 1917-18 & small arse }.EO by 50 feet {shown
on the map &8 aveas 4, 8, and G) was clear cub. A seedling count of the

| 26
ares in the springef 1916 by » student exeminer st the Hervard ?@r@:—aﬁ{ )

£6
" Compayiment records of the Hervard Forest.

gave 28,000 per avre in Yhe cleared arves and 60,000 per acre under the
gtand, The Aifference was adtribubed to desiruchion during the logging
operasion. During the sumser of 1918, the first afber cubbing, the geal-

lingg in the open were attacked by the beetle Hyloblus Palss, and in

gepteomper a eount showed a survival of 8084 (17,000 per sore) nalnjured.
0f the other 40%, which were votentiial or actusl loss, 58.5% (9,800) were
dead from Hylobius sbbaclk, 4.5% were stlll livisg but showed aigns of the
a.-‘s*héak by Eﬁl@hiﬂs and were withering, and orly 1.5% [400) were dead from

gbhar cauEes.



The examiner. . (5ep..l21B) comments, "%he& this ex&minatien vag

made, the seeﬂling:%%ad completed their- fourth. grawing sexnson, They were
Bmall for that age and not espeeially vigorous, avoresing only 3.1 inches
in helight. Phis is nndaﬁbta&ly due %o their having grown for the first three
years in the shadow of & still dense, though previosly thinned,stend of
pnée pine. Nor &1d they give any indication of having responded to the
ineremsed light daring the fourth growing seasen. In fact, the measurement
of mearly 200zmeedlings growing along the middle line of the clearved strip,
and of aboul the same mwmber of the seme age growing under the cover of
the adjacent pine stand, gave for the latter an average height .2 inegh
higher than on the gleared sirip. This shows,at lsast, that no immediste
reeovery from suppression may be sxpeetsd of pine seedlinga.

"The deeidnous seedling end seedling-sprout growth is
relatively sparse on this erea,due to the demsiiy of the original pure
pine stand, The chief exception iz thed of red maple seadlings,vhich the
table phows %o average 10,000 per acre,bu’ they are tiny planis only a few
inches high. If most of them survive they may in two or three yeurs form a
low but denge cover which will have %0 be removed in the firat weeding. The
seedling white ash, red oak,chesimut, et¢.,average aboug one foot in height,
and the seedlings-gprouts about thres to four feot.
"Pron the peed crop of '17 only eleven peedlings were found

on the gtrip, or an average of 220 per atre. ALl observed were healthy,



the Adame Fay Sites.

4 mized stend of dominend white pins, with an anderwood
of hemlock, both epproximately sixby years old, ocoupled the southern
part of the sdems fay Block until the winter of 1924.25. In that year:
& musber of plots were laid out sl variously trested. In the southern

par®t of the tract 26 a gridiron cutting was lald oui. nf these arsas

b

fee Map, Fig. Bull ¢ Harvard Foreamt, Ey s Marshall.

the sives seleclted for study were g =

(1) (vem;clear eu® %.W. sbrip 100 feel wide,

(2) Dense 100% canopy,bo the south a “regerve".
Phe latber formed a da&éle decked shand with a complete canopy,the tolerand
hemlock under the pine giving sn exceedingly dense shelier,

The ares 18 a comparatively level %op of a long egker-like
formation,sloping off into & spwanp on both pldes and with several large
pot-holes ?crmimg hollows at intervals.

Phe poll is a fresh medium to coarse Eaﬁ&,gi%e qualityil.
Under the canapy it is gavereﬂ by two to four inches of mixe& pine and
nemlock duff,but in the open this is fast disappearing. A ground cover of

herbageous maberial ému@ ig developimg ln the open,bub under the cancpy
: = ST e P e

%

thera iz nothing extept Indlan pipe.

4/ The twe sites in the Adsms Fay sre also belng used for fire weather sbudles,

The records of sir bempersture,air humidity,evaporation from Livingsion
stmonebors,duff temperature,and duff bumldity clted in eonne¢tion with

the Adems Pay shudy were gbiained from fire weather study retords.



Spruce Plots

% 2
Pour permanent pample plots 7 have been ostablished

&

'ﬁ‘es‘wel&', Uy s Dy 4, Bul, from Porest Service, in press

by the Foreet Service in New Hmmpshire on the Cherry Mountain sale
area. These plots a_.;;a in the sprace and hardwoods type, They are
being developed in order %o study the effect of methed of cutting on
{a) thé subsequent composition of the standi, and {b) en the inerement
of the residual siand,

Four half-acre plots have been established; each with a
100 foot imolation strip;

{1) The clear-cubting which has heen eud according %o
the usual practice on that forest.

(2] The selection ares in which selestsed conifers snd
hardwoods were out,

Through the acoident of windfall this mrep has hecone
divided roughly into two areas. Im the southern half the fall of
eleven trees has opened up the stand more than had been planned at the
time of marking., In the northernm part there has begn lass windfail.l

The windfall in the southern portion was because of
the shallow rovting of the onifers dne bo dampness of & siony hollow
in that area., In it a bush briar vegetation has come up, In the norihe
ern area gome lnoreased growth of the sdvance reproduction is evident
but it was not marked within two years after cubiing, and & negligible
amount of raspberry bushes has appearad.,

- {38} A "out-spruce" plot, on which the hardwoods were
left. The canopy of this stand was but 8lizhily altered.

{4} A contrel plot, on which no catting was nade,



