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B. The heat sums are usually based on average daily te.perature.
They do not take into account the possible special effects of
the maximum and minimum daily values, night tenperature, inter-
diurnal temperature and the difference between day and night
temperatures, etc,

C. The heat sums do not include many othey factcrs which influence
the plant growth or development, such as fecipitation, intensity
of lirkt, (as well as duration and quality), soil moisture and
temperature, etec, Vent (60) pointed out that no heat sum can
account for the ripening of the tormato,

D, Over the growing season the growth of a plant is a continuous
function, thus the growth versus time (say in days) is a near-
linear functicn. This function is similar %o the summation of
heats units versus time. In view of the phctosynthesis-respiration
relationship these two physiologically unrelated factors sometime
happen to be coincident because of their linearity. This does not
prove that the beat sum is a determining factor of growth,

PHYTOMETEOROLOGY AND RELATED SUBJECTS,= There exists considerable
confusion between the study;of Plant Ecology, Phenoclogy, Agricultural |
Climatology and Phytometeorclogy. The main differenée is their methed
of approach, even though they are related. The differentiation of the above
subjects are as follows:

A. PLANT ECOLOCGY (both Autecology and Synecology) : (a) Much larger
scope of environmental factors are considered, such as habitat of
plants; nutrients (mode of, influence of, decomposition and re-
generation of); biological factors (repreduction, population,
symbiosis, antagonism); the community, succession and fluctuation
ag well as dynamics of the ecosystem, (b) Interest in spatial
distribution, especially related to geographical study, (c) It

is interested im describing the existed biological event related
to its envirenment as well as the intererelationship of all
biological things. (d) It is a combination study in the develop-
ment of plants relative to soll, air, fertilization, etc.

Hence, the central tast of ecology is to delineate the peneral
principles under which the natural cormunity and its components
parts operate, Modern ecology is concerned with the fundamental
inter-dependencies between living things and their surroundings,

B. PHENOLOGY ( phytophenology ) : (a) It is a horizcntal seience
-2-



so that meteorological,agricultural, geographical and biological
sciences are all related to the phenological approach; (b) It

is also the science of appearance. It emphasizes the date of
-appearance of certain events of plant life cycles, such as date
of planting, of germination, of emergence, number of leaves
(ripeness=to~flower), of iloral primordia, of blcssoming, of
fruit setting, oi mwaturity, of the color of leaf, oi the falling
of leaf and the death of arnuals, etc. (¢) It is also an auxi-
liary science for the ultimal aim of phenologica.. study is to be
used for all the related sciences. (d) It concerrs primarily

in Lhe study of weather and native plants rpather than cultivated
plantse i

C. ACRICULTURAL CLIMATOLOGY (or agricultural ecology ): (a) It
stu.ies the geographical distribution, migration, ind origin of
agricultural crops. (b) It concerns biological relitionships
with the yield and quality of agricultural crops, :uch as relat—
ionships of developuental physiology; hormones and growth and
reproductions photoperiodism; breeding and analyses of envircn-
mental requirements; manipulation of developmental >hysiology
on economic crops, etc., (c) It is also an ecologicil approach
of agricultural crops,
Tha Study of PHYTOMETEOROLOGY is (&) from the standpoint of the pure
meteorological approach, of course, techniques relative to ricrometeorc—
logy,such as soil moisture and soil temperature, etc., are iizluded,
Emphysis is placed upon analytical and wathematical metheds as used in
neteorologys (b) with the average value of yield, of quality, «f growth
and doveloﬁment and with the average technique of cultural praciice,
such that the factors other than netecorological factors irfluenciag
the growth and development of plants are eliminated; (c) special wetroro-
logical observation, instrumentation, and analytical techniques ere
reguired for the phytometeorological approachy (3) It deals rore vitl
historical date rather thdn observational data of plants,
PURPOSES OF THE PRESENT PAPER., ==(a) To study the development snd giowth
of peas, particularly yield and quality, in relation to weather, incluling

micrometeorology, microclimatology and the edaphic factors; (b) To predict

- 3



the quantity and quality of pea production as well as the blossoming

and harvesting dates; (¢) To aid in farm planning== the location of the
most appropriate farm for pea prowing in a region (& study of micro-
climate, isop:.ene-chart analyses, especially slope :limate) as well as
in any other regionsy (d) To facilitate tie culiural practice = ine-
cluding: (i) Time and wmethod of planting and harvesting, (ii) time and
method of irrigation, (iii) time and method of sertilizetion, pruning,
if necessary, etcss (e) To control pest and discase by nians of spraying,
etc.3 (f) To avoid weather hé'sgrd, such as frost ==~ freesing temperature,
wind, flood, etc.; (g) To select correct weather conditiois for trans-
portation, storage, farm-processing, etc., if necded,

To the best of our knowledge, a review of this su)ject on a rorld-wide
base and an aﬁproach from the pure pkwtometeorolodcal method for the
growth and development of peas has not previously jeen carried wt,

In other words, it is a new line of investigation, therefore, ita
theoretical set up and its methodology should be tl:roughly explaind,
discussed as well as verified. Hore volume of that paper will be
occupied by the description of methodology. While tais is only a
preliminary study on this subject, in our opinion it ’s of value in

furthering the study of the methods of phytometeorolcgr.



CHAPTER IX
PEAS AND CLIMATE IN GENERAL

ORIGIN AND MIGRATION ~ The pea is the only vegstable that can
with certainty be traced back tc the Stone Age, as has been pointed
out by James S. Shoemaker., It was found among the relics at Morssedorf,
Switzerland (2000 - 2400 B.C.), known as the Swiss lale regicn
Ethiopla is probably the main center of origin in zrowing the garden

types now known as canning reas (Pisum sativum Le)o

Ethiopla las an average altitude of 5000 feet above sea level, and
the highest peak rises te 1h,760 feet, around 10° north of the equator.
Glancing at the mean monbhly daily temperature (‘f‘F) ard the mean rainfall
(inches) of Addis Ababa (00035 £4;) and Harar (6089 £t.), it is obvious
that the fluctuabtion of temperature is small, for the annval range of nonthly
temperature is only TearR at Addis Ababa and h°1°F' at Herar, The annual
tempsrature is €2, 1°7 f&r the former and 67, 5° F for the latter, Addis
Ababa bhas an anrmal T'aini'»all of L9.6 inches, while Harar recei*res 35.3
inches, All thzse envi *oumenhai factors are ssemingly favm'ab].e for the
production of pzas, even though Ethiopia 38 located in the subiropical

olt, In this labtitude "Ehe duration of erllghu" or the interval between
sunrise and sunset haog its lowest inberval from December 17 %o 25, of 11
hours and 32 minutes, and its highest interval from June 21 to 29, of 12
hours and L3 mimtes, The changes of civil twilight throughout the year

is quite uniform also. A maxinum change in the year is two minutes only,

1t is defined as interval betwaen sunrise or sunset ard the time when
the true position of the center of the sun is 6° belew the horizon ah
which time stars and plapets of the first magnitude is jJust wisible,
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x‘;ﬁz:'a"w 2l to 23 ainuites. Thus the variation of daylength in the growlng
period of peas is too small to be of significance. "I‘E'ae wniforadty of
daylength throughout the growing season may be significant to the weathere
pea relationsiiip, Reath (2L) has shown cxperimentally thet most varioeties
of garden peas will respond as day-ncuiral, if night temperature is 60°F

or above, The wmonthly dally mean te:uperatufe for Etliopia, thwroughout the
year is cbout GO to 68°F, (see Chart I below)., iith these two factors,
limited change of daylength and a few degrees diﬁ‘erencé in teaperature

from ionth to month; one wight assume that the pens grown there was daoy=
neutral, From the concept of direct adaptation, one can further assume

that garden peas originmated in & day=neutral stage. !oreover, carden

peas do well in umid, cool climates, with sufficient rainfall, but they

are independent of latitude and altitude az far as solar intensity, duration
and qulity are concerned, (Since the detailed record of the va,'riéhies 5
vield, qualities, and cultwral practices,etc., of garden peas grown in this
ancient pea producing center are unavallable, therefore only general climatole
ogical foabures can be deseribed). Chart I gives the average monmthly daily
mean temporatwre ond the monthly rainfall of Addis Ababa and inrcad to repre-

sent the gereral climetic’ conditions of Btidopia. '



TEMPZRATURE (F)

Chart §

Monthly daily mean temperature and monthly precipitation of Aadis
Ababa and Harar, Ethiopia, Africa., (Data obtained from fendrews:
The Climates of the Continent, 15L1).
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Peas were known for centuries in Rome and Greece, as well us
ancient China. References to it are frequently found in their litere
ature, One Lydgate, a writer in the time of Henry VII, mentioned
peas being peddled about the streets of london., They were brought
to America by the earliest colonists. In recé t years, the United

States and Carada have lead the world in the pea industry.

REGION OF PRODUCTION. Average pea (Pisum sativum and Pisum

arvense) of production of the world in the recent 1@ years (193L to

1952) was as follows:
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Table 1

The icreage, Production and Yield of Dry Peas in Different
Continents of the Yorld (1934-52).
(various types)

CORTINTNT AREA PRODUCTION YIELD
(1000 hectares)’* (1000 metric ton) (1000 kg/ha, )™
¥URCPE 527 650 12.3
NORTH & C=MNTRAL AMERICA 135 169 12.5
SOUTH ANTRICA 106 93 8.8
AS 5349 38LL 7.2
AFRICA 308 198 6.4
QCEANIA 23 .39 11.8
YORLD TOTAL 64,58 4993 9.8

In the United States, "isconsin leads in the production of peas for canning,
and Califomia in fresh peas. Peas can be gromm as far north as ifaine and
Waghington and as far south as Texas and Florida. They can alsc be grown
through a wide range of altitudes, as well as latitudes, However, the can~
ning pea region in North America is nearly the same as the Hay and Dairy
Belt, whieh ie in aceord with the known prefersnce of peas for cool temp-
eratures,

The yield and acreage of Greén Peas in U.S.A. by states (1951 to 1953)
was as follows: |

Table 2%

The Tield and Acreage of Green Pea Production in the
28 States in U.S.A. (1951-~53)

YIRLD IN TONS PER ACRE ACREAGE (Acre)
| STATE 1951  ° 1952 1953 AVERAGE (¥san 1951-53)
YAINE Rl 7 69 97 i s 7,627
NEY YORK 1.06 T2 .89 .91 24633

* Data computed fyom F.A.0. of the Unilted Nations: 1953 Yearbook of Food
and Agriecultural Statisties Vol, VII, Part 1, pp. 5960,

#* One heetare (or ha.) eguals 2.47L acres.

#=Data from "Agriecultural Statisties”, USDA (1954), p. 232.
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- YIELD IN TONS PRR ACRE ACREAGE

STATE 1951 1952 1953 AVERAGE  (Mean 1951 -« 53)
PENNSYLVANIA 1:285 . 486 1.20 1,10 1, L00
OHIO <93 426 = .76 .82 2 hoou
INDIANA 8L .88 .ol .89 2,553
ILLINOIS 1.16 a0 .99 1,02 . 284233 .
MICHLGAN 290 HL .69 &) 54913
WISCONSIN 1,24 1.00 1.01 1,09 127,667 "
MINNESOTA 1,01 BT ¢ o817 » 72 '§5f267
I0UA . .87 w1200 W76 .78 b.133

- DELAGARE 1.10 :97 1.2k 110 2,L67
MARYLAND 1,25 1505, 1,07 1,18 8 500
VIRGINIA .9 82 . ,90 - 289 2 5200
IDAHO 1,00 1 3L ;1,19 1.18 9,033

~ COLORADO 1.2l #9810 oTh .99 3,00 |
UTAH 1,51 1ng&h 1,32 82%
WASHIINGTON 1,20 1.2 1,39 1,28 6,133
ORECON #95 115 1,19 1.10 \ S 087
CALIFORNIA 1,32 1,53 1 821 1,37 9,96?

OTHER STATES* 1,3k _.;3‘jw1 o2k 1.2k ,557

The above‘table.illusnféig§f$hat the highest yield of peas in
United States from 1951 to 1953 was Utah (average height 3000 feet sbove
sea level), however Wisconsin had the highest acreage for pea production.
This may be caused by the cooler inter-mountain climate, particularls
low night temperatures of Utah ag®Compared with Ethicpia, as well as
by the benefits of irrigation, which is common in the state of Utah,
Again, looking at the two general climatological parameters, namely
temperature and precipitation, we can choose the significant month .’*
for these parameters for qualitative correlation with the yield in
pounds per acre, This is shown in Chart II and III as follows:

#Other states include: Arkansas, Kansas, Missouri, Montana, Nebraska,
New Jersey, Oklahoma, Tennessse and Wyoming.

##Significant month designates the month whose climatological conditions
are important to the growth and development of plants in general.
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Chart 2

Effective Monthly Daily lMean Temperaiure

VS,

Yield in Different States of U.S.A. (1951=53)
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The reversed temperature gcale was used so that the reader can
easily relate yield to temperature by a plance. In this connection,
it is obvious that it works very well for several states but not all
states. Of course, the state-wide average terperature adopied in
chart II will not represent exactly the actual air tenperatire of pea
groving regions,

Chart III

Effective Monthly Precipitation
vs.Yield for Different States in U.S.A., (1951-53)
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fhe consistancy of the siymificant ontk -y recipitation vee

o B

wield is not nearly as _cod as that of tewperatures, This wi ht be

,J\«.J

due to oihie facts thal the space variation of rrecipitation is large

and the .onthly precipitation interval is too lon Lo be sijnificant

for yields Again, this is especially true for the western coastal states.
vor the Unised States, as a wiole, the yield of peas bas shown

an averase inerease of 24 bushels per acre in the 15 years (1939 to

1953), as shown in Chart 4, The ain reason for this trenendous -change

of ield uay be due to che cholee of better fuius, or in ovher words,

s Larked dirference in microclimate. The improvement of cu.pural

practices may also be responsible for soue of the increment, The Bloxaming

curve used in Chart ¥f is defined so that the swmmation of a‘ea balow

the curve, o ne ative areas, is equal to that above, or the positivo

arease (Both positive and negative areas have been shaded and the

{ncrauent of yield in 15 years range marked)o
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Tha conbributicn of temperature and rainfall which go with

the departure in yield from normal#* on a yearly basis have been
~ shown on Chart § and v€. Curves in both charts have been fitted by
the method of least squares, In this paper, all lines or curves are

fitted hy the least square method, unless specifically stated.

Chart ¥

Yield of Green Peas vs. Annual
Temperatures in U.S.A. (1939-1953)
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#Aécording to the U.S. Weather Bureaus® definition of "nomal" for
temperatures For regular full-time Weather Bureau Offices %he
"ormals® are based on 30 year records from 1921 to 1950: Jor
cooperative stations, in general, they are based on 10 years of
records between 1921 and 1952s



Chart ﬂ

Yield of Green Pean vs, Annual
Precipitation in U.S.4. (1939=1953).
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The adoption of anmnal values rather than monthly or éaily
values in the abgve two charts encounters difficulty in the extreue
divergence of growing seasons. [or instance, the usual date of
planting of peas in California is November 1 o February 15, and ths
usual date of harvesting bégins on February ¢ and ends June the 30th.
Thus the most active harvesting time is betwwn April and May, while
in Wisconsin the usual date o£'plantihg is Arril 10 to May 15, which
is quite close to this harvesting date for Ca.ifornia., Z&ven though
the annual mean value used in the above is fai ’rom ideal, the gensral
$rend of irritabilities® shown is useful throuern1£'this paper. They-
show: (1) Peas are cool season cropsi not only is cool and humid climate
needed, but also the requirements of tolerance to ¢ illing and light
frost#itare necessary; (2) The need of wéter for the :owth of peas
have a certain limited value for obtimum growth beyoﬁd ﬁich there is
an upper, as well as lower limit, Neither too wet nor i dry will be

favorable for ncrﬁal yield and quality.

REVIEW OF PAST WORKS. It will be convenient to study i weather=
pea relationship in the following mﬁnner:

(1) In chreonological order

(2) According to varicus requirements of peas which are

related to changes of weather, as: a.) water, b.) bheat,

c.) light, ete,

A. WATER REQUIREMENT: King in 1892 (L5) found that the watsr
requirement of peas expressed in transpiration ratio %o be L77 in sourg

per pount of dry material, which is only slightly lower than clove;
(56L) and oats (515) and much higher than corn (301), barley (375),

¥ The ability of plants to reapond to stimull of the enviromment,
##Peag have an inactive hypocotyl, therefore even a sevem frost damsye’
on the leaves and vines asove geoond w31 not cause the killing of ths -
plant. By stooling from the axillary buds underground a continuous
growth is always possible. [




and many others. Briprs and Shantz in 151L (8) rade a ..ore elaborats
study and they found that the transpiration ratio wou.d be different for
different varieties of peas and also is changeable wita time, however
the transpiration ratio for the average of all variet’es of peas is still
higher than the average of all coumon crops. Shuttleforth in 1899 (LS)
performed experiments en the water requirements of 4mz turing crops in sub-
watered cylinder;. His findings were 10l pounds for pzas, 65 pounds for
cats and only 3L for wheat, WValker (55) tested the ield of peas rer acre
in Epie County, New York, The yield is closely coritlated (0,89%£.01)
with the rainfall during the month June, These dat are based on the average
yield per acre on an Erie County fam growing a lare acreage of peas from
19111( to 1925, For each 0.10 inch variation in rai‘all, there was an average
variation in yield of L.l bushels., From this timedn for decades no public-
ations appear on the water requirements of peas. On the contrary, Curtis
and ‘Clark found that sufficient. aeration for grow: g peas in culture solution
(hydroponics) will definitely increa.se dry and fr h weight of peas as
well as length of roots and length of top.

The Agricultural Experiment Statio\h of Ceiornia has estimated
the amounts of water needed for different vegetate in a region of very
low raini‘aill, where most of the water supply mus cte from irrigation.
Those estimates, which assume that the root zon of he soil was well supplied
with water at the time of planting, for peas a.d winr lettuce is 6 irches
of water and all the othe.r vegetables are higier thloeas, Celé'ry can be
as high as 30 inches. MacGilliwray in 1952 (28) peiofd out that root rot
is exapgerated by excessive rainfall and it is seriatin hot dry spells,
In 1952, Fieldhouse, in his Ph.D. thesis (13) deterine ynder controlled

experimental conditions that moisture is absclutely neati for maturity and

-17 =



yield of camring peas. Veibmeyer and Hendricksen * in 1655 concluded

from their own studies extending over many vears and from the woik of

V others, that transpiration is independent of soil moisture so lonp as

the moisture content of the soil in contact with the absorbing poriion of

the roots is at or above the permanent wilting percentage. Brown axd
Futchison in their book called "Vegetable Jcience,” (see ohapter 19, pages 277
to 28L) stated" , . . rains following within a few minutes after the :eed

is planted often cause a marked reduction in germination. If rain doet not
follow for 36 hours after the seed is planted, the germination is rarely
reduced %o any sericus extent." This may be the result of low soil tempir-

ature due to cold rain, or change in seed depth due to droplet impact.

(B) THERMAL FIELD: Saunders in 1892 (LS) found that the germination
temperature for the smooth pea is 80° F, wrinkled pes, 68=72° F, The
vitality is almost destroyed ati 90 7 for smooth peas, In the same year
Shaw and Zavitz (L5) sowed peas at different dates between April 18 to
June 6. The bushel per acre decreasad with each successive seeding. For
those séwn on April 18, the average yield was 21 bushels per acre, while
those sown on May 23 yielded only 9. Richards (35) in 1923 pointed cut that
soil teuperature was an important factor affecting the pathogenicity of
corticium vagun on the peas, Callender in 192L (9) studied the temperature
coefficient of peas which is a measurement of the sensitivity of the4pé§s“
regponse to temperature. le fbﬁnd a high temperature coeificient of 118
for peas. Also he stated that peas will be killed at 95° F within 73 hours

and can be dama:zed after only a few minutes.

#Veihmeyer, F.J. and A. H. Hendrickesn: Does Transpiration decrease as
the soil moisture decreases? Amer. Geophys., Union Trans, 36: L2528 (1955)



Jones and Tisdale in 1925 (21) investipated the eifect of soil
temperature upon the developmwent of nodules on the roots of certain legunes,
Their findings were that if the daily rean teuperature in the soil reaches
59 to 86° F, diseases will develop rapidly, if there are any., Fesola (30)
of Finland, in 1935 compared the effect ¢.” daylight and teu:peréture related
to growth of peas. He concluded that temperature is the decisive factor,
while lipght can be neglected as far as his country is concerned, Boswell
and Jones (5) in 1SL1 stated that 55 to 65° I' is the optimal temperature for
garden peas. Both quality and yield will be reduced, if temperature is higher
than 80° F for even one day. FElossoms and pocs will be seriously damaged by
frost; however vines are undamaged. They will Hlossom again and yield a
delayed crop for hardy peas. Alaska types of pras have higher resistance
to frost, while Perfection is def;fmitely stunted #ith abnormal growth and
low yield, As a whole, peas are less resistant 1o heat and cold than
cabbage. Campbell (10) in 1¢42 found a very good velationship established
between temperature and tenderometer reading. In .543 Kopetz (2L) performed
experiments on peas in Halle, GCermany. B2 emphasizvl that the poriod pre-
liminary to flowering, the “pure warmth sum" can be ‘cgarded as the "varietal
constant" particularly for long day plant, From 19k on, many papers have
baeen published in the United States with respect to tiz heat unit systenm,
Bomalaski early in 1948 (3) started to use growing degwve days unit to
measure the maturity of canning poas. He found that th» maturity as '
meagured by tenderometer reading is quite uniform at a (iven heat sum. Peas
planted early, when the soil is cool, requires a lower hst summation.for
maturity than .thosg planted later in the season. Variabiity in heat summz™
%on, due to soil type and fertility, topography and field itands are reduced

in the plantings made later in the season. Ip the same yets, Barnmard (1)



and afterwards Prillips (31), Kotz (22), Fletcher (1h), Yalls (Sh),
Hester (18), Sayre (36, 37, 38, 39), Huffington and seaton (hl,hé,bB,bh),
" Seott (LO) and many othem made various tests on tﬁe heat unit system and
the yield as well as the quality of canning peas. Their findings can be
summarized as follows:

(i) Thée daily heat unit accumulation for the growing seascn or during
harvest is a straight line functions; (ii) the daily yield increases are
closely related to heat unit values but fall off with advanced maturity;
+{4i1) the tendercmeter values show a definite curvilinear relationship with
advancing maturity; (iv) the daily rate of change in tenderometer reading
values is relatively slcw between 85 to 100, but quite rapid beyond 1003
(v) the heat accumulation necessary to bring the crop to the same stage of
maturity as represented by a given tenderometer reading value was not
constant, but varied in such a manner that it was lower when the seascn was
cool, amd higher when the season was warmg (vi) Alaska (Alaska, super Alaska,
Alah, Yukon, Rocket) neceds IZOO;IZSO degree days for 100 tenderometer
readings; late Sweets (Profusion, Princs of Wales, Psrfected Wales,

Alderman, Bonneville, Miracle, Signal, VWisconsin lMerit, and ¥alah) needs
1625 to 1725 for 100 tenderometer reading; (viii) Temperature is by far
the most important factor for predicting harvest maturity of peas., Heat
unit values in different areas and betlween ceasons uay varyj however, the
accumulated heat unit technique proves to be a useful means to predict
harvest maturity; (viii) for the coﬁputation of reat unit in the germination
stage, soil temperature, rather than air tenperature, should be usad;r

Thg arguments for supporting the heat-unit methods are: (1) No better
method gx;¥£;-to také the place of it; (ii) It provides an effective basis

for spacing successive plantings of a crop so that the cannery will have



an uninterrupted supply of raw material at their optimum maturity cnce
the varietal constant has been established; (iii) It is a definite aid in
forecasting and a fairly accurate ucasure of performance {or different
varieties, ana a definite aid in guality controly (iv) Other factors
affectins plant -rowth may conteract each othe~, and leave terperature
alon2 to be the determiring factor for weasuriup the waturity; (v) The uecat
unit systew was started as early as 1735 by RBaumur® , who suppested the
quantity of heat recuired to bring a plant to & given stage of maturity
was fairly constant. lle called this "the thermal constant". Since then,
this approach has been adopted and modified for test:ng various plants and
even activities oi insects and birds, etc. Uhe findings were fairly
satisfactory.

Since 1948, Thornthwaite (50,51) and his collaborators have defined
the potential evapotranspiration as the amount of waper.which will be lost
from an extensive water surface or cne completely covei=d with vepgetation
where wre is abundant moisture in the soil at all times., For eigﬁt years
in their association with the John Hopkins University Laloratory of
Climatology, Seabrook, New Jersey, various experimental siudies were made
on instrumental designs, as well as agro-climatological stidies for various
varts of the world. Their findings in crop-westher relatiorships, particularly
on the growth of garden peas in "develop-unit" related to the potential
evapor-transpiration, dre claimed as a new approach to replace the century=
0ld "heat unit" method both for plant developme:t and for the p.oblem of
determining irrigation needs. Thus, the prediction of yield as w21l as
the date of blossoming is possib’a to a high degree of accuracy. 'Development
unit", is defined as the amount of development, in length of interiode that
#fhidaumur, R.A.F.de, 1735: Observations du thermomttre, faites & Paiis pendant
Ll'année 1735, comparées avec cells qui ont 8té faiies sous la ligne, 4 1'Isle

de Francey, & Alper et en quelquesunes de nos isles ¢e l'Amerique. Pris
Memoirs, Acad. Sci.
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will occur in & plant which a unit amount of water is belig transpired.
A riefl sumnary of Thormwaite's evaluation of the potential evapo=
transpiration is made below:

let "e" be the monthly evapotranspiration in centimeter and "t" be
mean monthly temperature in °C, an equation ¢f the form =

PR SRR G S PREREPIE - ¢

may be written, where the coef{ficients "c" and "a" vary from one place to
anoticr. For tle determination .f coelficient "a", a monthly index can be
assirned ass 12 5/5)1°51h. Surmation of the 12 monthly values rives
an aopropriate heat index, I, uhkile this index varies frow 0 to 160, the
coefficient "a" in Bg, (1) varies {rom O to L.25. Tie relation ¥etween the
two iz eclo.ely approximated by the expreusions ;

a = 0,000000675 I° = 0.0000771 1°4 001792 24 049239 « o & 4 « « o(2)
The coeflicient ¢ in Eq. (1) varics inversely with I. From these relations,

a general equation {or potential evapoiranspiration was obtained, It is
e:loé(lot/l)&'aco990000070000000(3)

With the Empirical equation (3, thus established, all con:tants have to be
adjusted according %o factors related to latitude and duration of sunlight.
In this comnnection, & mmber of monograms and tables have teen devised and
rublighed (195h) by the Jomms Hopking University#.

(C) THE PHOTO-FIELD, Sevey (LS) in 191% published a bock on "Peas
and Pea Culture" in New Y;fkg After collecting varicus opinims of pea=
rrovers, Lic caro to the conclusion that tle parden pea prefers abundant
1i~ht for its growth and development, Pesola, in 1935 (30) on the other
harc, performed oxperiments on peas prown in Finland, and found they were
not affected by lipht as far as teuperature=pea relationship was concerned.
METher,J. R., "he Heasuremernt of Potential Lvapotranspirationn, Publicat=

icns in climatology 7 (1): 218=225 (195L). The Johns Hopkin: Univ.rsity
laboratory of Climatology.




Fuchs snd Kopetz (15,2L), in 19h3, made experiments on garden peas in -
both lklle, Germany and Finland, Day=length has been emphasized by tham,
llovever, they found shat the Finnish type of pea is day-neutral in Finland,
where days are longer, but neverthelesé urder the warm environment at
lilalle, peas are found to flower earlier. Reath and Littwer (3L) have
perforned controlled experiments on various varielies of canning peas
through 1952, with respect to time oi flowering &nd edible naturity, all
variatica behaved as long~day plants when grown at & nirht tei perature of
509, Alaska and Surprise, however, were definitely day-neutral, if night
tewperatures are maiintained at 60°F, Idaho \.hites, Gradus, Alderman, Early
Farfection and talah (late and midseason peas) behaved as lone=day plants
at hoth 50 and 60°F, flowering 10 to 27 days arliep in the l6é=hour photo~
period. This was the iost complete pavar, to our kaowledge, dealing with
days requisite to flowering, days to matﬁrity, pod characteristics and
viie heiphts. Their findings were that both teuwpercture and photo=pzriod
mave a marked influence.

Betwoen 1950 and 1953, Lynch and lijtchell (26,¢7) made an entirely
different approach to the prediction of maturity anc quality of reas
grown in Australia. Hb weather data was used in thelr studies, but
through mechanical and chemical moans, namely maturomster reading, as well
as alcholic insoluble product index, they were able to macc their predicted

valucs close enough to the observed values,
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METHODOLOGY

Rafore proceeding to the uethodology of phytometeorology, it is
necessary to consider certain related subjects. They are: life cycle
of plants; growth ana developmenty 'and sharpness of phases,

LIFE CYCLE OF PLANTS, == The lLysenko Theory of Phasic Development®
and the Theory of "Physiological Predetermination™i# by a group of British
(kidd and West 1918 and 1919 and Tinker, 192k, vhyte 1949, etc.) and
Gernan\workers, Klebs (1918 = ), as well as Ashby hypothesis of heterosis
on the studies in inheritance of physiological characters®#** by a group
of American warkers (Ashby 1930-37, Lindstrom 1935, Bast, sprague 1936,
Luckwill 1937, etc,) cone to our attention r. garding the responses of
plants to tieir environuents at diffcrent phases (periods or stapces)
oi their lire cycles. The {indings of the previous work in this respect

we Lay sunnarize as follews:

<%
fysenko (1$35) postulated the theory according to the assumption of s
{a) Growth and development are rot identical phenomena,
(b) The entire process of the development of an annual seed
plant consists cf individual stages,
(¢) The stages always preoceed in a strict sequence and a sub-
sequent siuge cannobt set in until the preceding stage
; has been complsted,
(d) Different stages of development of the sawe plant or crop
require different environmental conditions for their
completion.

##The theory of pre-determination emphasizes that events in the seed=
stage, such as the effect of fertilization on seeds from the nother
plant at the '"Maturation' phase (and also vernalization, winter forecing,
chilling pr .cesses as well as the germination stage), deternine theyield
and guality as well as thc growth anda developuent of a plant. This is
the so~called theory of pre=determination’.

¥¥¥The causss of hoterosis: It is not effected by the relative rate of
growth, as deternined by inherited and environnental factors but the
duration of the period of growth an: the initial size of plant, or the
size of the floral primordia., The primary cause of the phenomenon lies
betlwecn fertilization and setting of seeds. The significant stagss for
the forration of heterosis should be noticed.

o )y



The life cycle of a plant can be divided into L distinct parts

" and, subsequently, subiivided into 10 sub-phases:

(4)

(B)

(©)

Seed Stage: In this phase of plant life; 3 sub-phases are
described as follows:

(1) Ripening-- the presence of mature seeds or fruits over

a certain percentage;

(2) After-ripening = Sceds separated from the mother plants,
or falling down on the ground, or in storape. There are three
significant chinges in seeds during this sub-phase: (i) changes
in permeability of seed coatsg (ii) the férmation, or chanpes
in content of certain enzynes, (iii) the transformation or
digestion of stored foods,

(3) Dormancy - after the initiation of dormant perioc, seeds
are in -est. lHouever, tlere are still soue winor intermal
changes poing on.

Vegetation Period: After germination there are two important

developments in this period:

bl

(1) Pure vegetative development == [t'starts with leaf primordia
and it ends up with vegetative growth both in volume and weight.
(2) Reproductive development == This begins at the initiation of

flowering stage,

Flowering stage: The sub-phase are:

(1) Ripness=to-flover == Notiting can be observed in this sub-
phase yet, except the number of leaves present after sprouting
can be counted prior to the floral primordia,

(2) Floral Primordia == with the presence of the microscopically

recognizable“prﬂnordiao
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buds and flowsers,

(D) Pre=Reproduction Period:

(1) fToductive Preraturation == This is the initiation of
production,

(2) Parental Udaturation = This is the fruitirg or fruit setting
stage witk the starting of frvit form,

For simplicity diagram 1 below shows the interpretations of varicus
autliors, There are arpuments regarding Synapsis¥*, Syngany* as well as
the irritability** of thermal phases and photo-phases related to Qarious
ages of a plant. osince they are out of the scope of the present volume,
no further discussion is necessary,

More specifically, a typical 68-day life cycle of Alaska rea is
illustrated in Biégram 2. Only the therzal phases are considered, This
involves the soil temperature for the seeding and germination stage
(prior to the emergence of the arched epicotyl above the surface of the
soil), and the air temperature for the rest of the life pericd,

In fact, most historical data did not have a cotplete.reCOrd for
all sub-phases of a plart life cycle, Therefore, a ratker simple
civision naybe suggested as follows: (i) sced stage; (ii) seedling stage;
kiii) grand vegstative pericd stage; (iv) flowering or pollination stage;
and (v) post pollination stags,

#Two "crucial stages" of sexual reproduction: (2) Synapsis - chrowosone
conjuration in mweiosis within the impature flower bud during gametoplyte
maturationy (b) Syngany = fertilization or gametric union in the eubryo-sac,

*¥The ability of a plant to respond to all typ:s of stimuli,
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SHARPNWSS OF HASES. = As stated in the pr Ing section, the refined
classification of varicus phases of the life cycle of a plant Las been
investigated by cany workers since 1900. Nevuthé]ess, not much work

has bezn done on the sharpness ol nhases, If a phase is said' to be "sharp,"
it wust lave the followin: qualifications: (1) 1 r.‘ust' Le detercined by
objective wecans, (2) It rust be ceterrincd accura.aly, (3) The be;inning
ana ending of a phase for the sawe variety in a fic'd should occur in a
slort interval of tiue, not iore than a cay or two, L) The simpler the
method ior phase determination, the botter. Ia the c.ze of peas, their
maturity (or from ripening to after ripeniny stage) cai be ~e-ured by
either the alcoholic insoluble product (A.I.5.) or the i 'nderowcter
#eading (T.R.). The latter is rather cormen vractice for canners. Fo.
the parental naturation stare, it can be deterrined by (i) numrer of peas
per pod, (ii) lenpth of pods; which determines the edible raturity (experi-
ment by Reath and Whittwer (3L) ard othsrs.) The euerpence of peas from
the surface of soil, the completion of rlumules, the stipular leaves, as
well as the avpearance oi the first tendrils. The iength of irternodes,
etc. can be counted ard ur~asured in the oifferent stares of the vegeltative
growth pericd. As for the [lowerin; stage, Riveness~to=flover cin be
recognized by the nuuber of leaves present. Floral primordia can be
detected by the aid of a microscore whilc the blossoming inflorescence
can be seen by the naked eye. The growth of a pea plant for its eniire
growing period can be counted frox the third node up (for the first iwo
nodes are underground under norral conditions). The length of inter-
node varies with varietal and envirommental differences., %With a single
growing point and rapidity in growth, the ueasurement of the number of

nodes and the length of internode can be used as criteria to deter:ine
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the stags of

10 stage devslopment of the végetati?e stage to the complétion of a node
(basex on nodes of a single pea plant) for famers in Seabrook, Yew Jersey
to follow. The order of node is nared with a number, (egg» It stands for
the fourth node, ete.) while the tenih of a node is piven by decimal
figures., 5,8, thus, means the plant is a% a stape of the S5tk node and eirht
tenths toward the 6th ncde. A furtber ciscussion of Higpins! metheca, as

iven in the

vy

well as other devices for phenclogical ohservation, will be
section on "Presentatinn of data ang obsarvaticnal puide® in this chapter,
In peneral, peas have a habit of prowith and development which may
be ulitized more readily Lo recognize the phases than other crops.
leverthelsss, we are conirented, in praciice, with a handicap, — ihe
irregularity in tine of appearance ol a plant phase Ifrom one pari to an-
other at the Same fauldg It has been racorded that the time frow the
uate of planting to the date of emergence may vary from 5 to 15 ays from
year to year, due to the differencss in climatic factors. It can vary 5
to § days in the same field, due to the difference iﬁ microclimatic
factors, as well as the edaphic conditions, WNeither the date of flower—
ing, of maturity, or of elongation of imbternode, etc. would be uniform
in the same field, This discrepancy can be eliminated by recording when
thé'majority (say 50%, €0% or any arbitrary percentage atove 50%) of the
plants in the field appear in a2 certain observed phase. Furthermore,

n several fieclds of ons area will aiwayes
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GROWTH AlD DEVELOPIENT - It is beyond doubt that environmental factors

vlay an inportant role in growth and devel-pnent in all phases of the

life cycle of peas, in addition to genesic :nd other factors, Went# has
performed experimente in che larhart Plans wsearch laboratory in

California recently with a very homogensous srvironment, showing that all
plants will grow to idertical sige ard shape, i they have the same

varietal and penetic characteristics. He corrlucad that the same variety

of plant seeds, if they are treated exactly ti> sars in regard to environment;
will behave uniformly throughout the growiny s:ason. This 'uts the emphasis
on the environment,

It is extremely important to differentiat: the words, "growth" and,
"development ," for they are basically differegt. Growth is 'n increase
of weight without any profound gualitativé chaages in.the grow.ng rart.
Develonuent is tle progpress of a scries of intrnal qualitazive thanges
(with or witlout exterral changes) rovorned by the factors of the ex-
viromuent which leads throurh all different stszes until death,

In consideration of the srowinp seascn of jeas as a whole, the
terowth" can be cousidared as a cortinuovs function, wihile the "developuent?'
is a Jiscontinuous one. bealing with the problems of "yield" in peas,
throughout the entire growing season, is a problem of erowth™ whereas
limiting investipation 42 a certain phase, such 4iy, blossoming is a

subject of "development.®

#Information obtained frem ¥.U.. Went's lecture i University of
Visconsin = March 1956,
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PRESENTATLON OF DATA AND OBSERVATIONAL QUIDE - A%t this point let us
consider some of the environmental factors, for a plant may be reparded
as expressing the environuent, ‘
The ecosystem has been considerad as tie largest functional w.ity
and incluoes both the organisms (biotic eowmunity)} and the abiotic en—
viromment = each influencins the vronerbties of the sther. A pea iield
may be corsidered an exanmple of an ezosysizn. Tha blotic conpmnitics
(i iosvhere in the byescer sense) include ite pea crop, weeds, companion
rops, nicroorpanisms, insscts, eic. iffacts between plants (competition
for lirint, moisture, nutrient, carbon dloxide, etc.) and the effects
of the temperature and water conductivity of the plant are blotic factors.
The seeding rate, weed crutroly and wethod of cultivation are also
biotic in being controlled by ran,
Tie abiotic environment, in thé nain, consists of the atmosphere
and the upper layer of the lithosphere. The foraer invelves all atmosphéric
phenomena, intepral or partial, which concern the rlant; namely, the
thermal field, the photofield; the water availability, and their inter=
relationships, The latter involves the scil moisture, soil terperaturs,
water table, soil structure, as well as surface ardu subsurface run-oify
rercclation, etco These are relaticns of a plant to its substratum, or
edarhic Zaclors,
It is possible to :ésu;b thaiv the biotic facters are constant,
as usec in t.is piytonetecrological stucy, ard let the developuent and
groath be a function of edaphic anc climatic factors, A constancy of
biotic factors eould be cobtained by either kuown cultural péactices or
through statistical manipulation, thus leaving edaphic and climatic factors
alone for our present investipation. A briei statement ol these two

factors follows: 3
- 2!‘3



(A) Clinatic Factors: (a) Photo-field.=~ Solar radiation is
the rain control cf the plioto-ficld, Inniﬁidual jactors
are (i) tio intensity oi 1i;hty (i1) Ll duration of lirht ==
or the len:th of civil twili hit tine¥ plus tie dayli;it tie;
(iii) e guality o1& li;ht = the variation of wave length
due to altituie, turbicity cf strosphere; etc, It is coiuon
knowledre tha: “he inconing raciant enerfy of the sun briugs
about fundamental chemical and physical changes ¢f a plant
for tie arufaciure of carbolydrates, profein, fate and other
complex naterials, beside inllvencing the air teuperature,
the soil temperature, soisturs content (both in air amc soil),
and transpiratisn., %The ure of sclar cnerpgy for the photo=
synthesis process is atout 308 i the total anerpy, while
in the eno the plant croduvetion is ouly 2%. This reduction
in the use of zolar energy feor vlant procuction is :ainly
controlled by the cnvironental factors wiich in turn cause
tiie plysidlogical ifunctions, :cuci. as ihe trauslocation of
horm.ones, avxius, etc., (b) thert:al-ficld —iinvolves, the
air toewperature, the soll terperaturce ana the teuperature
of the leaf. OUtrictly speaking, air tei.perature is the
space-avera:e tewperature of tle gasecus mediun o the vlanut,
It is .of the air tewperature o *the weatier shelter as
reported "ofiicially" by the local ieather Bureau., The soil
teuperature is related to the edaphic factors, while the leaf
tenperature is related to the biotic iactors. Leaf-terrerature
changes externally with the intensity of solar radiation, air

temperature, wind, etc. and irternally with the biotic functioning

»
# Reference cited on pare 6.
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of the leaves. Thus, as & cloud covers the sky ior a

iew uinutes at a tize, or a rals tlows across a leailet,
the leaf-tenperature 3111 charnye accordingly. ?2’8}?503.:’11‘..’.1‘6
content of thu lzaf, tie decree of itle ovening of stomata,

as well as the structure of lecaves will alfect the

even if the sxternal factors sre the szze. In the diwrnal
change of air tewperaivre, tlx wifht tessralurs is nuch were
important to the prowih and develormeri of plants. Oihers,

such as the {luciuation
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ratio = 2nd its ccudensation vroduchs® ~—dew, for and mist,

etec, This can be exnressed ia terms of water deficit ard

Vlert has coupubed theorstically fror the apovunt of dew deposit jper

year relative lumidilty and radiation witlhi fhe asgunption that the
sky is cloudless, calm, clear thrcugzeus =he jear, It turns out to
be 15 inches. Harrold and freibelbis#® neriomed a seriss of lysiueter

% o

neasurerents at Coshaetan, Otdo, It .as found that an average equiva=
lent of 9.1 inches of rain =#as depositad Shroushout the year in the form
of dew ==—approximaiely 20% ol sne iHoial water zupply.

(2) Outgoing waier from plants: The dissipation of water can

be accomplished by the foliowing nrocesses:

(i) Transpiration == stomatal, cuzicular and lenticular;

~ .

(ii) Bvaporation == from surface = 30il or wet leaf surfaces
(iii)Run—off -— aurface and subw-surface iun—-ofl}

{iv) Rrcolation — Tiltration «f water %o below ihe root zonej

Y

{v) Interception == Uy leaves, sic,

(B) Edaphic factors == Any factors other than climatic and bictic
ae o £ BB R e ey e e A vt 3 o o 7 TR my e 5 s
as described in the Ieoreroipg seciisn are edazhic., They are soil

to.porature and iis gradient, seil meisture, so0il structure,

asration, drainaze, nutrienis, and P of soil.

ll,
Two zain types of raw patevial are nasedeod for the study of
environmental effects on the growih ami development of crops. They

are: Environmental data and phenological data. The presentation

of cata is the key to a successiul study of the environmental

weather—-plant relationship. The phytometeorologist can present a
*¥F,%i. Went: Fog, mist, dew and othzr SQuECGS of water, Vater

Yearbook of ﬂgricaluura, pp 103 ~1d99 19
#4L,LsHarrold and ¥, R, D”Gl‘@lOl Agr 'cxl sural Hydrelogy as
Evaluated by Monolith Iysim eter U.5.0.4. Tecimical Fulletin 1550, 1951,

5 =
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s@ the pro, er o.servational bechnigues are inacecuate or gveon nonexistent,

This is particularly true for the phenolezivel recorde Uhe exdsting
phenolo;ical data are far too wmca_ er 0 nobelr the snvironmental data. There

is an imiediate nsed to increase phernological vovervatlons for the study of
garden peas. This is a parvamount step for improved analyses, /An obssrvational
¢ulde is described at the end of this gsectbicm,

1

Pointe uniich showld be notigced cu the jresamation of data ares =

L3e

1, Data expressed elther as a cin:le element or & coubiration of
eleuents nust be  rescumted in teriw of chert irtervals of tips, such
as week-interval, S-czy intervel, cz2ily vasie or even hourly bvasis,

.8 a rule, the siiorver the intervzl, tie betters

2. Average valies should be avoided, if possitle, lican values, such
as. anmual tenperature, monthly daily resn tenpersturs, seasonal mean
teuperacure, stf, ;re in a sense rictitious while the Lourly teuperature,
‘daily uaximum and amindmum bémperatLre are real,
3o 4nvironmenu31 cdatz shot 1d rerregent the actual enviromment at a
spob or an area or over a re_ion. Thus, the miereclimatic data, or
data ouserved in the ield should te used, pafticularly for elements
which ere subject to rapldé space veriztion.
Lo Phenological data should be taken accordin: to the sharpness of
the phases, Blotic ractors should be eliminsted by wucans of ;raphical
and mathematical methods (for dstails cee next section)

5¢ Desirable form should be chosen for the presentabion of data or
the coudnbation of phenological and envirommental data,; such as,
graphs, mabs, tables, ali mment disgrams, formula, eLc,, as well as

models in thres or four dimensionsc

e 36 =
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6. For inade..ate ouserviciovua .aterial, or even missing data
which are needed in the analyses, uLhro. h theoretical weans (or
a suitable technique) a substltute may soietiues be secured.

7o ILen;th of record , resented ciioild ve, at “east, 5 years in
a . roup so thac scatter dla racs wil be at least va uely
representacives Of cowrss, the "ar_e the record, tie betiter the

rasulte

henelo; ical ouservacions of ;eas scowld ve wade ats

(a) plantin data (ime ©f day, begirning anc ending ) and sequence
of antinge Lote uvie intensity and awount o: jrecipitacion within
36 hours after seeding,

(L) emergence date: ..ecord the ,ercenta e of e.ergence,

(e¢) daily develop ent of plant.=

(d) blossoudn,_ date: .ecord the dirfevent ~ercenta_og of ilovering.
(e) date of fruit maturity; record tendermometer readings, average
nwwer of peas per pod (perhaps the aleoholic unsoluble products) and
auount of yisid.

(f) date of nacural  rowth stop: - Nove the articular appearance
at the terminal  rowin; pouint when srowth has stopped naturally.

4 cowplete record of the micro-environment, cultural yractices,

fertilization, etes, sho.ld be taken for each field,

YLD .l (UsLITY alilYoid, == A4 correction sho ld be _ade for inerease in

yield or improvement of quality due to improved cultural practice, so t hat

the corrected varlability of yicld mi; ht be representative o the changing

environment, This is possiblé thro._h the experimental record of the increase

in yleld resulting rrom an improverent of cultursl practice only. “Cultural

Fragtice® is a ; eneral terw vhich involves a certain control of the environ=

% For details see fppendix I.
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In practice, thiere are two .ethods ror this correction of yield, if
oniy known i ures of :ﬁcrease in yield due to cultural .ractice are , ivene.
These carrected fijures can ve called “artirficial yield." They are:

(1) Graphicél wethod; (2) Lathematiczl nethod,

(a) Graphical method: Plot tine (b~ year) a:ainst yield (in.;ounds

per acre) on ordinary ;raph ‘apere

Lacking any other eviderce a linear re:ression line may ve cowputed
the slope of widich _ives tie rcte of iuproverent of yield (Chart 2)., If
the date of introduction oi new iractices-is kinown separate lines sheuld
be arawn for tle data earlier and ‘ater than tlat cate, I occasional
irre ular, anu _racdual iujrovenents are rade a frechand curve of best
fit uust be drawn. The "artificial yield? is chen taken as the departure
of the actual value fro.. tuis line. If a siu-le khown date of improvement
is écconpanied by experimentul evidence of the auount of inprovement,
sey 10, then ylelds prior to that dute uay be inereased vy ten percent
tO male tlew couparable to tnose obtained ﬁfter vie cultural improvenente

chart 2 shows the correction of 57 (and 10;) increase in yield
dirin  the period of 9 years at ..osendale, ..isconsin,

If this so-called artifieial yield or yield corrected for the 103
increase as indicated in Chart 2, is divided by mumber of (rowing days
for each planting sequence thﬁs as" “apparent or potention yieldn would
be obtained with a unit of p;uhda per acre per day. Chart 3 is made by
plotting this against num.er of rowing days for the uean of the first
and the last sequence, The arithmetic msan of the number of growing days

(d.es 60.5) is indicated by an arrow in the scatter diagram while

*This is a complicated combination of all enviromment factors, biotic and
ablotic., Therefore, ws will define cultwral jractice as the control

(by the human being) of the environment to rit the crop; while breeding
is the control of the crop to #it the environment.
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vhe arithastic mean of ipareat yieid {i,e. 3L.4 uuygc/guyy iz shown
in dashed Iine., 1t dis ouvisus £has tiue vess Iib ) ine (or vae solid line)
oy ul.e, ceatter dia ram s very closc so'the dashed line, In othier words,

d

r of apparent yie'd existed and the lon cr the
Jrouin: seasen the Li her tie yield. This is ;t ticular'y true for the
sare e.c and tius she rirst plantin, sequence: Jor cach y.or has loner
riod cr srowth, .:ich is usually accompanied by a ki her yield,

(u) Arithestic Lethods £ linear co.reetion can .e cssaslisied tarough

mathemacical “ormu’ciien for any as:iwucd or detepwined percentage increase

Shuv ovgail. d is essurially c.e sane as thot outained Uy the ,raphical

nethod svuted a.ove. rhepeilre, i. is alsu called the artifieial yicld,
3

L '

Iet i ¢ the oruer of yoar; ¢ the corrected valiej d i wrbure of rield

frow cie arithietic meun; I c¢he voccl number of yecrs; M the arithmetis

moan yield; Y. vhe yleld of the ith ysar, chen we have

S d"'_‘lﬂ"Yiaaaooooooococoooo(l})

d

dic:di'-;} /2 =1 31000 0% . G P )
\

Tuis is :ore-ace trabe toan bhe graphical wethod, wut it 'is hard to
reconcile to differert rabes of incrsas in yield, In obthur words, only
the; lincar correction can e imde throu:h tathemaiical . cans, in practice,

An exawjle o) ar; lying equacion {5) alove Lo ..laska pea data in
Gillet and ;oﬁduel, .isconsin ror the year:z 19456 throu h 195 is shown
In-Pa.le 3
PuiPi LTICH OF 1sTEOnOLOGICAL CHALTS .=~ e are cuncerned ,rimarily with
the meteorolozical emvironment. The reparation of meteorolo;ical charts

1 (A}

werein illustrated can be applied to Lhie edaphic enviromments as well,

) 1

It is necessary to enter day uy day weather reccrds for the field (or for

the nearest stacion) on a chart, such that day to day chan es of weather
5 & AL g

s

3d due o Lie im sovewent oo culiural ractices. L corrected yield
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vorsant .ebeorelo ical _arsmueters for .sas, as .entioned i tie forae=
_oin. seetion, .ill be 1llusbrated Jurther dn details as rollows:
(1) .ater .eq.irewents (or water availavilicy) is tic determining
fachor responsible for yield and gialivy of a ,€a plant. .ecause:
(a) It is a uesophyte;
foj It has a .edium to Lish transpiration ratio of 451 to 6503
(c) It reeds treuendous moisturs Loth in alr and seil, as
ex; z;meq:allg detormined by Fielchouse (13), even though
veus canuot stand wet rootse ioreover, wiltin  and rotting
of pea 7117 be caused by hi h soil moisturs levels but will
. bLe vrevented Ly flooding*
{d)~ I isa ni itropositive plant, such tiat the nitrozen compounds
in rain or snowfall are of importances
Thus, tie svount tnd t.e frequency of ,recipitation in the rowing seascn
and oi cie previous wincer shio.ld be plotted in a meteorolo ical chart.
.ielative humidity at noon heour, as well as its daily :.ean, should also be

entered 1or reference, If possivle, the soll moisture data shiould be

counted as ong ol ohe duportant entries.

P

{2) The porcenta e of possible sunshine, tie cloudiness, the solar

intensity, as well as thie length of dey, should be plottad. BDecauses
v J 3

{a) Psas are long=day plants, exceph in the case that the ni hb
be:. perat is maintained at &0YF, tiien Alaska and surprise
are clas as a day-neutral, (34).

(b) It seews that peas nesd a {vll bri ht sun for the oplima
develop.ent since there is ro report thalt shade is needed,
In tidis cormetbion, Haelklas and Velhumeyer*¥ have found a

iom, i
high correlation be rc en solar inte re”tv and the vatser used
by plants. Thi »)
intensity for

.

R, o) 5
¢ growth of plantg.

s

#jater - Agriculture Yeurbook, 1955, P 31. Jcleratia is a soilborne fungus
which can be favorably developed by hi_h soll moisture and can be survived

by flocding,

for 11 years in dry soll, hLowever, it can ve destroyed in 6 to 12 iesks

e A Halklas, f.J. Veihmeyer, and ..,l, lisndrickson: Determining .ater

Needs For Crops Frowm Climatic lata; Hilgardia, 24 (9): 207=233 {1955)

- ")3 w
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{3) ‘the wadismum and vdnimm temperature (if possible, tie dally
(\ mean ni bt te. perature, as well as she waily wcan te. ,esature) sihould be

_entersd. Decause:

{a) H. C. Thouwpson, of Jornell University, srouped jcgetables
intc three classes ..ith respest to cold resistsics, namely
hardy, half=hardy and tender. He deiined thardy' as those
wiich will stand bard frost, "half-hardy¥ as iiose which will
withstand 1i it frost, and "tender? as t:.ose which will not

withstand any frost. He puls peas-as nardy plsn:s; This

N

ard devslopment of zeas.

(b) the :.i_ht tewperature wi it be of more influence¢ than the day

tenporature for ithe vegetative phase as well as ifter blossominge

The [orzer seems to contribute a positivs correlation to the

1eld, while the latter a nesative ons.
> < ;

{c) ‘the fluctustion of ai ht ana day terperature aprzars to be an
important factor c’ontrolliné the develecpuent of ths plant,
: *:,hez'e\i’oz‘*a, a su.umtién of fluctuation is mceszzjzgr for a certain
( .. gtage of plant-life, |

neither the monthly nor seasonal tewperatuvre ciz aciuvally represent

the thermal field of the plant envirommsni.

3 e

The temperature=prscipitation carrslation in one re;fon will differ

from that in another. Therefors, it should bs establishei whether ths

diversity in quality of peas as related to precipi't.atioa san bée seen direetly

Jorlks
$E

1 terms of tezperaturs, Usually, the higher the tempsrdure, the higher

12 tenderometer reacding.

L ; o bl =

o si nifies in part thai low temperature uni_ht bererit the rcrowth

(d) Temperature is just as lmporimt as precipitatiu: for peas, howaver,
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bk gin 14 i EaX Geders 2 InbEregl e
o ¥ y o3 o S e e = o - e e B o TR £ o i 2 oy e
SO kvl BACA ©30LL . 11020 220y e response of ga.plant So tisse £a¢ LOrSg

eier singly or couwbined,would ve _irferent in dirferent sta es of ‘rowthe
¥or lascance, tiwe ve etative ;hase will be favored by increuss of roots,

uptake of rutrient sales, jarticularly nitro en, sut 2ll this will hinder

o]
W

CEREty
B a7

ripe-te-flo.ur s.a e, beecause in .he . o.erin sta e, 1i:-ht,

'

particular’y daylen th in can.ination ith te. e ature, will rlay the importe

part, In thds connection, all differeni sta es oo the

sioild enter inbo the neloorolo ical chart as cowplietely as possible.

l.l-
‘.1

fn exa. pJe of che 1®veorolo_ical chart is showun in Chart 8o

cisn i Ty el INLbbeDiv o LT I L= WV = 45 rar as drou it is concerned,
hie amouét of anu Irecuency of ;recipitaiioﬁ, such as inches of rainfsll
and nuabor of raimy days, are the major factor.

sew can be concidered as a wajor rastor in so e re;ions, vub is

3

weasure. Yhis A1l deserivad later in tihils chapter, Lhere

f:.
1_3
L9
=
I

cit
o
(o}

are a mmuer ol .ays to disslpate tue tobal amount of actual rainfalle

They ars: interception, surface rup=olf, sui-surface run-off’, percolation,

1 o e 5 emnnon e yomays g < P 2 - ot 2o} -
“6 we.l as eveporablon anc transpiraticn by plants. Thus, neither does

all radnuall (o to the

\

.sub=surface rup=off sesws 1o Ue lar er andmore wariable i th
time Lian correction for inmterce tion ani transpiration precesses, 8L,
L corractiqt of actual wecipitation for run-cori has been studis=& for
Feyette silt loamy soil. Xind of crop, as well as the intensity of
precipitation has been corsidered. e rissions lines were coL. uted frem

16 yesars of record for the evaluation of run-offe For details s

Il. For the mumber of rainy days, the official definition thab one hundredih

of an inch or worag per day constitutes 2 rainy day is not appilcable,

- L5
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.:-uith 5_1e cm'ract:t.on Lo run-soff.,' bue relative

amoum. or ,racipitabmn in A s 1 .Tho aenma;bgr.c;;_‘ lfﬁj.ﬂuer?a_g (1.8 1,

‘eezs) can ve coupuited irou the neteorolo ical

®

sadaratelys the '{;‘erm n_slative minimm® refers

> B 3, v s » o continuous :

,chart of =ach rom..nu 538801t

: : % NEiE e ey R 7
; Lo 1:,2':.9 aount of rainiell in the dryest whole .vxeex for 2,34 weeks, etz )

of vie rowiiy season, LIFAr sva 1u¢r.mg the.re v'ci e cdndmum amount of

precipltation in wesldy iutervais; a sealter diagram is pre pared on
<: ) ordinary graph paper for each intervel ..ith absclssa .or acount of precip-
itavien in iﬁches arnd crdinate for departurs of vartificial yieldr in Loundis
| ; ; led

per acre. cach point on the curve represents a year, This so-cal

frglative  minimum (recipitstion in weekly intervsl,” was initiatzd by

o

sar;er tau Thom (48,49) of lowa Jtate Collere, fmcs, Iowa, Tiey applisd
L tids to the  study of drou bt intensity vs.-the yield of corm in Io.a.
~hat we lave doue uere 1s an adaptaticn of their idea, A medal of the

~

gurwe for this type of seatter dia ram Jor Lhe analysis of drou lt

<@
Y
]

- in - the crouln season is showa in U a;rsgm 35
7 R 5
e : Diaszanm 3 :
: 4 model of Zeatter Slsgram £oP the Analysis of helative BMinirmm
-‘mmpimtl.u and Jejarturs of Yield *in h—weef.. interval,

~ 300t
& e - A
B a0
a 200 L=
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,?f X
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s DaTTUTS
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@
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The interssction cvetvesn che curve cnd the zero~ylsld=de arturs
line. establishes the winimum amount of rainfall reeded for that particular
weckly interval, to still _et normal yleld. it is marked with an arrow
an. labelled with, "N" on &l above dia ram. The awount of rainfa‘.;l_ assoeiated
with the peek of the curve indicates the hi hest yield or the optimel rainfall
in this particulai' weekly interval, This is marked with an arrow and
labelled with "0#, Fijures indicaie the year of sach point. Taking all
these scatter dilagrams together, the critical relative minimm values
for each week interval may be coubired into a composite charte A model of
this is shown in Diagram L

Diasram 4

A model of the normal and the optimal yield of crops is related to the amount

of rainfalle

7,00 |- . Optimal
6,00 - = lormal
A 500 fm e
- ‘
2 'g 4eC0 | ik
55
o I N 7
Sg 3.0 =
=
3 ':g 2900 T Vo
[-- Qe
=5 R’
Ed 1,00 - =
g (o]
Sk 0 SN T 1
1 2 6 8
* ..gekl§ Ingerval

It is obvious that a swooth curve can be drawn through all the points
for pormal yield, as well as ancther curvé for the optimal, This ;lves
a further Jjustification of 'r,hese\ values obtajned frow the scatter diagraus,
ThHe saue procedure can ;pply on the evaluation of number of crop rainy
days, a.,lication of uhich for Hosendale Lata is shoun in Chapter IV.

-l:Bu:



Yy ia this paper, are tiab 'srrorsiof auy sorty and UYoorrelabions,n
@bdoe, Can be visualizsu 2v wnce, besides the case or constructioun. Im uids
2 LT ate L1 3 =16 RETEN HIS T 5 AL S T Sl 1 A Bge (oot Diio i 3 e ~

. RS P 22500 v e e >
UOO Liucll oot Siia 0iGs

E.

connection, wany Lrials cau be nade «iciw't cost

2 | Ve 0 S A T B 25 il EDAZ: > 3 e
The closeness o e gcubves Or-Siag ram Gt S o 1SCP1outlicn can

be tesied wibn iricimetde rrocability _epere This ic dous by plettin g whe

cumlative distribubtion of the sawple upon the probability .aper and then

;Obil;:

how elosely this curve approxiuates a sbrai bhi lines If the curve

2
7

iJ

43

approxiuwacely a stral b line, the distribution is ap.roximately normal,

. s T 1 o

If it dewvlates cousidecable from a strai ht line, then the distribution is
not noruai. The fact that the sauple distribution gives a curve uivich is

not a siraigih line is an indicstion that the population from which it

caues is uct normwale IJiagrau 5 belo. shows how a curve can be straizhtensd

ou by & protability paper vhile Ciagrem 6 is an epplicalion of this on

~

the yleld of clgar-iinuier-isaf versus weskly interval 1 precipitation Iin the

)

<ast hill farms of the University of Wisconsin, tzdison, .dsconsin,

an A1 ustks

TS et 4 1o
Distributi

n: eifect of normal=yrobability pape:
13 =

5% Solids cummlative=-noys
A ; mal distribution curve;
| 1
x| Dash: A sbreight line.
1'07 Ll_m (stmetehing from & pro-
2 tability paper)
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a erop, will
avalnation of dvought, oo
*5:-:.;)2.&1%15&1 in the followd

Firsi, measgure the

root zone Lo sitart with.

(1) Tran 313.1’ tion,

dissipatior of meis

{3i) Precizitaticn.

Tasg of 'f;m:ar throuzl

san be npsoglechbed wis

-ys of drowht in a growing season which

rcught,. berewith, can be defined as the time

27 pereclation and evaporatioy is go

p10ff during time of rainfall,

aad speecies cf plant, Veilmeyer

ancther approach of whieh the ves=

ased on water aveilability. This is

keeps the
i when planbe-
aboub the near wiltepoint, Thus, yleld, as well ag
2 raduced as Uhe days of drought increases. The

‘pumber of suca dry deys in s growing season, is
ag paragraphe

woisture content of the field to a depth of ths

Then eztimnte the diminubion or inersage of this

sording to

or water uptaken by rlants, This is the malnm

sure stored in the soil.

This is main sOUrce of additien of soll moisture,
fisconsin the form of previpibation in the
Fer the former; ths
both surface am gubmsurface can be
supeff regression chart (e ippendix IT),

% paratively

Therefore, they

shcud mach error,

sanspiratien can be dene Indiretly through the

8ht, fownd thab

L4k considerabls root Syab s (pes nob decresse



as soil moisture decreases.* A correlation of the difference in evaporation
betwsen black and white atmometers and water used by crops holds throughout
the season when the crop has obtained its maximum spread and provided the
field capacity is above permanent viliing point, This relationship is given
by the simple equat.ioh:

TR ) S e A ()
where U is tho monthly uae of water by crops in inches, S is the coefficient,
or the slope of the regression line (which will be different for different
plants and, of course, should be determined by empirical means*¥), and D is
the difference (in cubic centimeters) in monthly evaporation between black
and white atmometers, Each D unit is equal to 0,028 gm-cal/cm? mean monthly

radiation, Therefore, equation (6) can be rewritten as:
U-=RS/0,028 =« = = = e m e e m e == === == - (7
whers R iz the mean monthly radiation in gram calories per square centimeter.

R cun be obtained from stations with observations of solar radiation. Also,
R i3 more representative of a larger region than either temperature of pre-
eipitation, _

It is obvious that for a given plant, with a known S, then

| U= KR, where K= 5/0,028 = = = = = = = = = = = = (8)

Thus, the rate of diminution of water from the soil through trans-
piration ecan be determined from solar radiation data. The evaporation of
moissure from the soil surface, as found by a number of investigators, is
insimificant in comparison with transpiration. This is especially true

b & LFVILLE L3 Ssd
s conclusion is based were

QY80 DV ELNE $.
43: The resulis,

m LIS FZTounc 18
#*Raforence cited on

*

Pe

on

obta:ned by Veihmeyer's group from areas (f widely different climatic conditions,
sucl. as Navis, in the Sacramento Valley; Santa Cruz, on the coast under relative-
1y l.ow avaporation conditions: Shafter, on the upper end of the interior valley;

and Coachella Valley, a very hot, dry area in the south.
#%Tha value of S assigned for crops is independent of the total leaf area and
also o’ the height of the plant, The coefficient S, for alfalfa and walnut,

are atout the sams, The formar is 0,0134 and the latter is 0,0135. Nevertheless,

S eun be obtained with better results from a Livingstons black and white bulb
atmeneter with a flat surface rather than a spherical one.

= 52 =



[avin_tae evaluation of U deseriboeu above, to etuer with the
precipitation duta, it is  ossible L0 conpute the numier of drou: ht duys
in che _ro.ii. sceasone Tie resulbs will be cettor if cthe auvove equat-

- ions hold for each individual day, /n illustration of the couputation
of the numoer of dry spell days is shown in Dia rmm 7,
Diagrum 7

b - in illustracion in the coinputation of muboer of drou ht days
in the _rouin scason

11858 d-. dew
& 2.. vain
b= - —— fisld ecapscity iine — — — — — —-
L50R
5 | i 1 | | | oy
ay 20 21 22 23 2L 25 26 27 28 29 30
The occurrence of drou_ht days can ve easily scen in uie atove diagrams
D3 (?). — The contribution o:i dew Lo the total inco:.i_ng availeble water

for tie jrowth and development of a plani is considerable, even though
wifficulties still exist in the acv:urdbe determination of the auvouat of
deiie ..ont rade an osbiiace of Lhe awount of  dew deposited during calm,
clear nights. [lis approach was based on a compubation of the balance

of total loss of hea® Ircm the prseipitable water held by the lower co-
lumn of the atmosphere with the latent heat evolved by condensation in

the process of dew formation, Ile pointed out that theoretically for a
whole calm ax_xd clear night, a deposit of one millimster of dew is peossible.
It is estimated that for a relatiFe mmidity of 40 pereent, about 500

& @ 53 =
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reuiatlon ic  reater. oince tie relaiive lwmidity is lover, tie air must

- ve cooled iore te reach tie dew,oiut. These tue oprosite e\’:.'ects lar-ely

counterbalance cach othere. In ¢.is casge, dew is :Lndependant. 9 relative
bhuiddiey, .ut sole_ly dependent on ausolutz iumidity,

By an- large, ic is fair to vale an cstimate thay tie aeposit of dew
for a calm clear ni bt in the latitude of ifiscousin is avout U.8 il “imeter,
or .03 inches. This auwount of dew is more sffective for -ie srowbhy cﬁ’

Jlants than the same crowb ol reci
i

’

tatior; uecause it lorms ‘radually
in tie dark, calm clear wui it, and tie intak: of dew is vy youn; sucenlent
leaves instead ol roots, llerefore, losses Lr verception, evuporation

vy sun.izht, wind, etC., in vhe case of rainfill can be avoided, Furthere

»

mare, sat rated air .n the vieinity of plants 5 essencisl for their ;rowvth,
In particular, a wates supply even in such mini.o anounts as dew, .ould be

plants ab ni it, sice iost plant :rowth

effective 1o the _routh of
occurs during the ni lt. The dew waler that rurs off the leaves collects
in the voll on which it drips. 7he awount of dei, however, is too suall
to wet rorc than a few allliceters of soil, lenc s> Lhe intake of water

by plants throu _h the rout zone [frou. dew is ‘I}.O"f. a: .uuportant as absorption
divectly turough clie leaves, ¥

TUT'AL FLECIPITATION 1N TILS (lbiODUCTIVE STAGSe=e Tle accm...-g_ation'of raifne
fall in the reprecductive sta e, that .is in zhe period wetween 2 ossoming
and zaturity is important, as rfar as the quality o pe'as is concewad, .
The hi her the precipitacion, the better the quality as measured LY .¢ndgp-.
ometer reading. This Zdea has becn checked uith ilaska peas rown ia

Gillet and Eonduel, isconsin. /n example ir shown on Chart 11,

- 55 &
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CUEULATIVE OLGWFalLl & weliFuli 1illi TC (LUNTG DiTie=The normal cumulative
percenta e [reqguerncy of winlunm te. e ature in the rirst weck oi loveuser

. - - 4 7 ek - y o-—. . 4 : T 1 o v o2 -2

at .1 varado is 09, abt ow.uelo. 32 F, and 5% at or welow 289F; wiile in

T S E : 0. ol :
vhawano, it is 743 at or belou 32% and 55% at cr below 28 Fo¥ That is to say,

sbricts, the source of wost of vur data loveLuur days are close

;..u.

in these @
to freezin ., Sinee the vapor ;réssure a.L these te.peratures is low, especially
over ice, there is justification for using this tiie as the ve_ inning of
agcumulation of precipitation for use the following spring. In other words,
voth snowfall and rainfall on a [ield will tend to be reserved in the soil
rather than to be dissipated by icans of btrenspiration and evaporation,

run-off anmd perceclation. This reserved moisture :ill not only ve of use

%o the crops,  articularly the early cool sezson créps, bui will also

affect soil teuperature and the activitiss of microcr anisms in ammonifi-

oG
Y

ation and nitrificatiomic, vurt:ewmcre,'chc nitrozen level will be

inereased on account of its pres.nce ia baﬁn snov and rainrall. Thus,

thie correlation ocetween such totzl accumilatad precipitacion prior to planting
and the yield, as well as quality of crops is worth invest iJaLions@ since

the pea is a nitropositive jlanmt¥tnis factor is sarticularly effectivee

The effect on the yield of Ailzska Pez in rlA‘Eb and zZonduel, .isconsin has
atarting
been tested using precipitarion aCuLmuLated Cetover first of the _.revious

wirter and the first of every successive ronth to the date of planting,

The day of planting is excluded. .xamples are siven in Chart 12 and

“Dat Irom .ang,Jde.¥s and uuom_, Voile .aytuﬂ”.ugu of .isconsin; Part ;,
erature, ;.{I'. P 0 sta L)U..A,Q Uﬂl‘fﬂ ¢} w18 (.«0(1"1 $o be puu idh d .LII 19560

HiPhe opbimal soil teirne ature for nitrification as well as amonification
6°Fs lLccordin; to laksman, Usi.,

T

)

R
ic
in field cendition is 2%5°C or about 61,65
weil ferobiclogy, John .iley & Jons Tnec. N.Y. {1952),

W rplanation see Chepter 3 = page h3»



in Yield 1b/acre

Departurs
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LG, ks

anoualy® os the ascummlation of Total urecipisation “roo Jpril rirst

to tie wnte of rlantin, versus Jeparture of Yield fo» .. as:a reas

croun in (illet ani Donduel,
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~isconsin, (1946 - 1955)
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o1 diirereny lontiis yor noryal yield is

coubinacion of sgveral charts of

aly of Frecipitation
( inches

oraer Lo  ive a uworual yiald,

gy

n of total precipitation frou. the

the type of Chart 12,

410C 4200 4200 4400 4500

inchies o1 total accumlated precipitation

Tha

shown in Chart 13, which is a

#The departure of a certain  eriod uean va've of a cetsorolo ica
fro. the :san value [for Lhe sane

period at tie sane
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atoumuiation of Total Frecipitation prior to rlanting Date for

Hormal Yield of (laska Fea in Gillet and Donduel, .isconsin (1546=1955)

]
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D
Lenth beging from the first of

The ogive® of the above chart s ows that the accumulation of the
total ;reclipitation frow Cetouer rirsi of the previous vinter, as well
as that frou lay rirst, has pv correlation at all for the yield of peas.
The rest of the Lonths indicate a fairly -ood correlation., _hether or
not tids contribution to yield is important ;111 ve discussed at the end
of the rescunt chapter, Table L sihows tle results of Uhart 13 inm tabular forns

“*iccumulative curve, term used in statisticse

o5t




fecurmlation of total precipitation prior to. lantin

« s e |
normal ang ponduel,

=Y o> -
sld of flaska 5

‘_-

v
J

Menth begine from the first of:

£

3 Oct. Nove DeGo Jame Febs Iere  Apre
T

82 12,60 10465 8,00 6uh5 5.5 40 3450
&8 o

— O

O oleqy

WUR AL TIV. IURIDIEY XN LODKLY INTSRVALS.~The

F» £
7er

sane reoach as deseribed in ©
I L ZOIOY IUTLVALSe  The differences are
of unlit ee well ag ohe choice of the representative Lour for

of the relative humidity. In tle usual sense, relet

M gercenta e, therefore, the unit is not suit
cevaral weekly intervalse Thus, a ne v unit is chocen. It is

o
=

the present paper that the overall mean value For a

cne unite Of course, this is rather arbitr

cultable unit can be chosen at the convenience cf the Lorker,

crrample ¢iven in Chary 14 below, an average relative hmidity

cn one day or 3087 acsumulated per week is adapted as cne 1

all the weekly accurmlsted walues have to be divided by 308.

unit

.isconsin (1946~1955),

in the

date for

ey
1.50 ( inches )

weral methods follow

he section on W LiTIVE-

choice

the ouservation
ive humidity is expressed

able f'or an accumulation of

suggested in

ne=-week interval be

ary for any other

In the

of l(f{%

Hence,

As for time

cf observation, in U.J. .eather Burcau practice thres obssrvations are made
for Lhe Jocal time: 7:00 A.Me, 7:00 P,H. and bhe noon hour, The first

two observations rep

roon nour cbservation represents the day-time. In

¢i Lobacco leal for cipar~binder

correlal the noon hour daba. A seb of rather unicue

- 60 -

sgent the night humidity pretty closely while the
our test of the yield
in ladison, .isconsin, we found good

scatter diegrams



By det of the actual water vapor

pressire present bo vha sabtur tion water Vapor pressure al the awnlent
air te.perature, in rercent. The ater vapor pressure usesd is reierred
Lo .he vapor res.urs over a £399 waber Sir.acee U colrse, vapor pressure
OL Water over ice as well as over ;ren ieaves, etce Will be quite different

over a iree woaber surfuce, In equation i'or, we inave

3 Ty s g
i{lal’li [l el/(-)s Zie .LU‘J e Em e em e e e me e ee e e e (())

T1 18 cha velar Teas faimd 3L oy
~welie L8 Lhie velative madaity

where
e is the zctual awbient Vapor pressure
T is the ambient temperature

e iz the saturated vapor pressure at the same temperature Te
8

aloneg,

(P),

wet bulb tewpecature derends upen the nature of the

]

ventilations, 4s

an ilvportant paromebter

four

-

mete \mlo ical parameierse

Chart 14 gives

5218

for the uo"n:h and opbimal yield or

1938), while the sunrw v
7o

the web bulb berperature (Tw),
ar as plant growbh is

d rejative humidivy fore closely related

availability

an ex ression of tie waber
air bewperature (T), the air pressure

For an ordinary psychroreter, this
wet oulb surface, as

is concerned, the relative
to Le considered. In fact s many investi

to plant rowth than many other
i

A

rglative mininum (., required in vweelly intervals

ci ar~bL'nder-tovacco in Madison (1930 -

weekly dntervals is shown in Chart 156

w61 -

cators
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Aol Ve ke UM - NOGTUANAL T;hiq.u.Liﬁo-For regions where the hourly

- . 1 s
tewpesture has besn observed, it is convenient to conpute the aritimetic
meen of ni i tile tew;erature cr the interval uvevween the be inning of

civil twili bt and conding o the civil twili:ib the next . orwinge TFor

. s

re;dons without awurly tenperature records, . le wean ni bt tl.e teuperature
has to ue con uied rro. the daily peximum and che winimie te =rature record.
i Theopetical method hios Leen established and is siwsin oo Arnpendix IV,

Toe relative maximun wesan nil ht Le e atire in weekly inservals ic
ouvbalréd b, follo.in_ exaetly the sare method as staved in .ne section

cesiv IV 5NN - Do LUCTT X8 v-_ull"ll‘l...—a—-i--l)’ exce,.t tl’ ¢t Lhe

values are wost intereuting here. The reason for uging the maxirum

o

ni Lt cewperabure instead or the winimum tewm ecature is that peas ars wore

sensitive to uizh ul kit teuperature: presumably the Li her the nizht

£

temgerature, thie loucer the yleld anu guality.

No tests .ill be deseribed in t:¢ presert volume uweing this parametor

cveDIlaLal Tabban Ui T0TL GliCL o= The rate of change of air te_perature
usually follows the sun an le. In the latitude of .isconsin, the warming
process, om the averase soncuhai rollous & sinusoidal curve, vhile cooling
follows zn exponential one. Lfter the air tezperature attains its daily
maximum value, soe 11 Lo 18 hours are required to coue to the daily minimum
the next worningy and the time require. depends upon the ssason. For the
pea~growin: cseason in .iscounsin; it is auoub 13 - 14 hOL?Sa‘ The difference
between the daily maximum and the ninfmum of the followin: day cam be called
the inbter-diuvermcl temperature difference of maximum cnc mininmr. In brief,

it may be named "the inter~diurmal temperature aifference.” It is She -

fluctuation of teuwperature frow day to ni nt. Iost canning peas seem to

be very sensitive to Liis chianse, sxcept those reen pea variebies such
o 2 r) [

o

as little Larvel, an old hoie sardsn pea aud .ando, the Uou. uot weather



Tluettniion lwve vesh accorplished as belows

o of rlustustionese The sumration of all the differenczs

-

sure intes-diurmally, as stated above,

)
<

catizen 1o ering and weturity of Alaska ¥Peas is :diven in
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Ol 7.@¢ Cuave luxiisfoed 1 LI auvove chardy 1s 1ess SLeep iLndn LY C1 Chart

=

17, lor the slope is Goi'7e

Chart 19

summacicn ol Inter=diurnsl Telcerature grence _etwsen _locgoudn

-

GifL 3
and Haburity versus Departure of Yield in .elvidere, Illincis (19 46~54)
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idghine;niive correlation as wefore, a_ain the slope is still
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tite cianje of slojpe from novrth Lo south, ror it indicates leos sensitdvity

s

.

o inter-diurpal fluctuatdon ab pelvidare, Tuic slops ol teiseraburs

Pluctustion and yield curve versus latitude is gdven in Chart 20.
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the interediurnal te. peratire in °F;
i is tie date of the calendar cay;

Tm is the daily maximem cemperature in °.~’

Tm is thne daily minimum cespera.ure in °F;
&

% is number of days in & certain sta e of ;lant | rowthe

In tiie present exanple £ is approxiiately egual to 1 way. ror tie

period betweun che olessoming and waturity for [laska peas in ti.is latitude.

NICLT i SuTU.le==A test suwewhat similar to that rade for inter-diurnal

teperature dif ference in the avove

<

e swiation of all stiie daily nean i ht te.peratures (T3) throughout the

growin; season can be cxpresssd nathematically as below:

[

R . :
in B g. p: (Te = TG’L)TG,U_ P00DOQO0GE0CRI00GNA0D@ (u)

where Tie= the efrective .:i ht te.perature or the daily night
tive te.rerature belo. the upper critical {enrperature
Te,w an.. above tue lower critical teumperature Te sl

TeS the daily mean ni ht tenperature in °F;
the dute of calendar day;

Dp = date of glantin: (or seeding);

Dyg date of narveating (or maturity);

T =critical teiLperature; subseri vt U desi nated upper “imib,
€7L, lower limit,

In re. ous with ho.rly teuperature re:ords, .he values of Te cun Le obtalued
secdily, owever, for re iouns .ithout hourly teuperatire recards tue daaily
sapss, the valuss

minimu. te..cerature can oe used as a substitute. In tulis

assi;ned for the critical tewperatire (both upper and lower Llimit) should

be so adjusted empirically for the best cosrelation.
The use of upper and louor lirit of the critical tewperature is such

e 70 =

saction was alsc made for i ht teiperature.



that to tave all dai’y wern i ht te. peravires (Te) substract the lower

irdo eritical te: erature (Te.L), rirst, Then, il .any daily uecan iight

'

ten,eratire 1s Li uer vhan Lne uvpper critical vewperacure i record
(or value) o. that ,urticular day is discurdec,

AN oXa. e of onis is s.o.n on ciart 21, (a) (b)o 7whe u per and the

To.cr liwit or critical tenpera.ure used ior chast 21 (a) vere 45°F and

- o . § . . ; 2 3 O, (o) i .
39°r, respecvively, «hile in Cuart 21 (L), 50 i ana 39 .ewre used recpectively.

2
These, votues werc obtalned throl L o series of btestie chart 21 (2) is for
siie Lot plangin  sequonees, .hile Jhart 21 (b) is for tle fMest planting

sequencs oi /laske Pecs ir .losendale, .isconsine

Chart 21 (a)

suwation of i_ht Pe.perature versus Leparture of Yield for /laska
leas in tho .scom Flanting Jequence at ..osendale, .is. (1946=1954)c

-1 400

Correct Yield: Assuming
5% inerease in yield -

200

47

_| =200
i :

12 ] | 1 i $ { ! 1 i i 1

5 15 25 35 L5 55 65
Ni;he Tewperature (°F)
- T
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e ¥ i ey Y s usSLoa I ~ne SO e s}y ~ve e Tl s
e L UL L. R LLTeS ULOA 1l Le aueve owo charts cov e ohe 481y

vdnimr cerperesi r2s ouserved in U1 orade, .iscuisine Jo.relations in

tlis secabber dia raw oi Jhart 21 (2) ceen just as  ood as in Cinrt 21 (v)e

-

Indeed, w.¢ euphasis Uy varicus sothiors i recent years on ui, Lt teinjersture,
as an inporvent facter in the _rowbh of 1lanis, has .oun lereby subsiantiated,

lirht and

=

PIgrO= ol Ullltem= Tods rerers Lo a cowuined effect o

¢. eratire on thie rowth o plants, he 71 hi desi nated here is tie day-

Ll d.avie Jb Liiv erfective LeraLure, In owr latitude,
the “ength  o: Gyy cah e ex re:s.d as  Louwrs between suniise wrid sunsat . for

cie ccdition of twili ht hours to thie daytime has no sigrificant effect on
the absolute valuve un.imetely s.eursde 'Wils is siaply b.cauwse ohe nonthly
caan e of twilight tive is ver: stnll, The effective terperature is
coumputed frowm a upper and lowir critical tecperature, as was dore in the
love oing scetiois ".f_he rhovo-thernal units, or siuply F,7,U. con be

apressod as follouse

[ = T at CEO2ORN00QQDQRD T
i% e,L )TC-SU 8 o (12)

'..-

where, i = dave of the :alendar day;

T = deily rd:imum tewmperature, OF;

e cure, (subseri t U desi-nated
it L, lo.er irdt) in ©7;

(
{‘J

Tg = possible unshine lio.rs,
T id o obic S resroc ol Y soinali £ % a3 A
the dnd.cbtln of rejsroc eilon vy a corwination of photo-period and

bei.perascure ns Leen used uy CiroLoczek (1924) and the cerm tphinto=thermal

induction! Las teon su | esbed s O en and _oout ir 1540, The photo-thernal
-ystem has ceen adoptad onw “®-.ed Uy a numb.r of .orkers: In 1948

-73 =
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iurneek~ [ade an iLdistorical revie. or reccarch in photoperiodism; Allard

4

. -

enphasi izod the inportance o: len th of way bto :lant ife, and Luttonson
1

sihuaics vheat ;henolo y covrelaced wich photo-thermal uniils, Cthers, such

ae fadaria:-a and inott (1951), ..e.th »nd .ittwer (34) in 1952, LeCall and

voi ho (1953), have rmade cirilar s udiec on “ectuce, reas i wheat respective

levertheless, no cowwy of lisvorical data for Alasia pea ylel. by mcans of

photo=tlierimal uai.s, (dne’ dis the use of vy er and lower te.pecature

Iindt s as desi nated in lis ejer) has been rade., Charts 22 (a) and

Photo-therral Unite versus Yield of Alasks Peas in Rosendale s
Wisconsin (1946 = 1954) == the first planting sequence.
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I

@ [)3 w ::) 10 60 lo 80
'uJ1m10,L ca—» ALl hyte, ...ls, Vernalization and :hotoperiodism -

: < q - = T o
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o 45 1 unit in tlic abscissa cquals 2200 iTU
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The upper critical temperaturs used in the above chart is 50°F while

the lower 1imis is 39°F. The unit used in the abseisse is 2200 r.T.U,

Chart 22 (b)

Photo-thermal Units versus Yield of Alaska Peas in Rosendale,
Wisconsin (1946=1954)« for the second planting secuence.
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photothexrmal unit ( 1 unit = 650 FTU )



The w er Zindt ol tue critical tewl.-eratire used in thce albove

N - O-\ YDk ) Xy 1 QY ST e v ™
chart is 45 ¥, .hile the lower limit is the sare as Chart 22 (a), The
unit im the abscissa used is 650 ©,T,U,
il Oniss ULITC o= Follo.in, the concept of the photo=therual-unit, it

is ;ossible to esteblish a so=-called "_ner;y de:ree unit® widch is defined

st
U = : ': Ta-’Tc,L )Tc U ol Siesesennsssassnsas (13)
1= P 2
where 1 = cace or calenda: days;

g .

Up= Cate of uaturity;

. T, =Caily rean te.perature; in °F;

Te= critical teijerature (subseript U desi mnates wupper limit;
I, lower limit) in OF;

E :: volar raciation (Langley per day).
Garner and .1lard in 1920 = 23 published a series of papersi® and Fost

in 1,42 il ished & similar .aper indicatin the importance of the length

c

of day rathe. than the intensity of solar radiation. Their findinss are
y —

rdnimum 11 bt intensity of 3-~5f.co%¥ seems to be sufficient for

C
e
xS
£
s
[
I

mos. plants, while full sclar radiation on a clear day at sea level is
about 10500 f.ce Cone marine al ae seem to be able to carry on sufficient

photo=synthesis to maintain tlemselves at a depth where the Intcnsity is

"

about the same as that of woonlight (bright moonlisht is about 0.05 fac,)
theless, so far as the Lranspiration~to=photosynthesis~respiration
relavionshiy is concerned, the ener;y-de;ree unit rather than the photo=

vhernel unit is irportant. - rurthes study of plant ;routh usin: this new -

#* @@INer,W.W, and fllard,ll,l,, iffects of the relative length of day and night
and other factors of the enviromment on growth and reproduction in plants.
Jour. Agre. Res. 18:553«6C5, (1920)

,further studies in photoperiecdiam. Th3 response of the plant to
the relative length of day and night. Jour. Agr: Res. 23:871=920.

,Effsct of abnormally long and short :lternatioms of light and
darkness on growth and development of plants. Jour. Agr. Res. 42:629=451,

#% 1 calorie per square centimeter per minute equals 6000 foot-candles,



unit shoudd be thorou hly tested. (n account oi solarization (or 1i ht
inactivation) cie Te,rend Te,y valve suould Le carefully cliozens

v

conyarison of hotc-checmal unite and ¢ner y-de;rec-units :.ith

conuideravion of tie efleciive ¢ _eraiure and “on th of luy, has veen nade
for iszdison, .discoisin Jor .ue ron.is or larch throuh  Cetoucr ror over

50 years of recorc, e nvcual ener y de;rec¢ wnit cow Lol 3s bagsed upon:
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ciart incieatos Shat tlhe inter-monthly chan e ol energy

\

Lar Lo thut of photo=thermal unitse This

sfrective bewperature [ lays an important role in the
‘ el of anits. The re_ional variation of teLpecrature
£ > spatial wvariaition of solar intensity and length of day
I s Seores of workers in the past obtained fairly ;ood
S oosbyeen ellective Leugerature and the srowth or yield of

vove clart shows also thait woth effective teuperature and
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pifenidin-tempopesvne~a3s energy desree curves skew up sowmewhat from

sprins to autumn months, hile the phote-thermal curve shows rather a

wormal distribution.

RETATIVE MINIMUM FPEROENTAGE OF POSSIELE SUMSHTNE XN WEEKLY THTERVALSe—
Percentage of possiole sunshine is defined as the actual sunshine in hours
dividad by the possible sunsiine hicurs in the day, expressed ir percentagee
Duta can be outained fro. the first class Jeather Bureau stabions in this
gtive mdnimum of these valﬁes in weekly intervals, as well

i may be investi.sted by the saue procedure as that

ussd in the computation of the accumlated relative humldity. The effect

of this percentage of possible sunshine on plant growth and development
from a combinstion of day-length, or photo pericd, and solar

results

intensity, An illustration of this is glven in Chart 24,
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Chert 24

Zelative linimum lcrcenta;e of Possible cunshine in Weekly
Tnterval versus Yield of Aleskn Peas in Ropendele, Jisconsin {1946-5L)

2 3 L 5 6 T 8 ¥
wesk-interval

_ 30
For 3 to 7 week-interval: y = h4x ~ 13
where, y is the amount of percentage possible - 25
sunshine;
x is the weekly interval, i ’:”_.—: 20 %
/ - g
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FINTGCi dve== Since a definition of tlhe plant is, "An cxpression of

envirorment,” as ,reviously stated, it is sale to say that the plante

roveal the totality of environmental factors. In the use of tlhe pheroclogical

phenomena ol one plant as related to these of another plant, the [ormer

is the Uphytoueter® or the julde pleat of the lattere The torm,

"phytometor,"® as it has been used by nany phenologists of the world,

implies the use of the appearance of one or a group of plants as the

measuring stick for amother plant or plants. This arproach may serve as
& I A\

a biological <forecasting tool e.;e ior the prediction of the date of

5

blossordn;, of maturity, as well as the yield and quality, etc, This

idea cen also be applied for phase to phase relationchip between the

tgulde plant" end the other plante In tils case, a plant with a high de;ree

of sharpness should be used as the _uide plant. It is interesting to

= B0 =



20he that the American Iadiams had a saying thet cora should be planced
when the leaf of a white oak was the size of a mousels cares This uses
She wbite ocak as a "guide plant” for cornm. Many biologleal seiences use

phenological events as measuring sticks from tius to time,

kueh has been s aid about the importance of the idsa of the phytometer,
out libtle work has been done quantitatively, i.e. expressln; the correlaticn
in figures, A comparison of the yield of varley =nd winbter wheat in lMadison,

Wwilsconsin for a number of years is shown in chart 25, The correlstiom
>

general, with the progress of the year is very goods

g;u
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letas U

M

‘ Yield of Zarley ni (anwing Poss Luah ‘b the course of she
( Year in dhdison; liscensin
Sxplanations: the aralyses basad upon the ble ol i

‘annual valuss in i‘ivaa( ice. the wvalue for 1920 =(1913 119 +
120 +921 4 122) * 5,and so for each ysar),

- L ‘\
o1 Al it 0 Y T O O 60 5 0 e O 8
20 22 .24, 26 28 30 32 34 36 .38 40 k2 A,
SICGNIFICANT ADV.LRSS WCATHR CIEOE .= It is obvious that cows cevere
\ weather is cnou h to cause considervaile damage to plants. Jurbhercore,

soue rablicr severe w.cather uay not be harmiul at a certain phose of.

plang develop ent, vut may be si_nificantly rarmful ;. cnictbiier phase o
‘- 82 -
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7} 3 - Iy (T Sy £ emathea Tl Sin e o " I NE N P Yoy ey 21 e vres -
amonnt and c¢uallity of yicl: in & Lrop; ho VeV3T, little has been done on
J s : % e B B B [ PR R T T 3 o Yz
sha effect of combinztions of cavirommental fachorss, It is beyona doubt

in unison and not separated. The difficuli-

ios arise from the lack of nethods of cocbisation,

In 4his section, tlree approaches to the cowbination of envirommental

fachors are surpesiod, They arc (a) mathematical approsch, (b) diarrammatic
ennroach ané (c) statistical approach,

nde conditionins faciors investigated can be

£

possible ii the énviromental

- wathemitical approach is

(D

(D

_-ed el

; - LT gk PR 1 B
voressed in nunerical terms, 5o far a8 o

concernedy 1o sinsle mumerical value can bo assigned te a given co omplicated

15 >

climate. It becomes necessary to work with individua. climatic components,

QL,

conbination ef all coupon2ibs being made by means oi partial daiff ferential
equations, oone obher exponential expressions related n.re or loss to the
statistical approach will be described at the end of this chapter,

et potential yield (¥.) be a function of biotic (b), edaphic (e),

climatic {e¢) and %ime (1) factors. Methematically, this may »e expressed as:

= YD.( bsegsg'l} ) ooooo»:-:oooooaaooaoooournoo(15)

Thius, we define the wofd "potential yield" or Yp as the inherit.d charadteristics
possessed by the seed or the reproductive organ of a crop such tiat it
contributes potentially to a Ymown yield at the time of hathr"tjov

If all envirommental factors were held constant, the yield would

vary but slightly; and if all environmental factors were joined opiimally

maximum yield wuvld be expected. It follows that a normal yield occirs only

, = gh=



with certain combinations of environmental conditions, such as all normal,
It is the departures from these wornal yield, with which we are concerned,
{for they are the departures responsible for the difference of yield in each
lanting sequernce,

Yp in Ege (15) may ;eﬁrcaent quality, as well as quantity, e.ge T.i. for the

uniit measure of quality, or pounds ver acre for quantity. By isolating the

tlie variable,we have

Al & (9L /2b)gye,t db ¢ (B foe)y oy de + (B foc), o do + (?Tp/ai:,z?’c,e St

where subscrips denote the factors held constant. The total time-variation

of potential yield (de/dt)win be

dxp/df, (@Y /2b)g ¢, db/dt + (afp/“a)bsc,t de/dt 4 (2Yp/oc)p,e,tde/db +(Yp/ot)nge

0000000 PGH0O0000000O0 (17)
The interpretation of the ahove expression in Bg. (17) is as follows:
The change of the potential yield (YY) with time and
&Y /dt o Dyt vield (Tp)
' d!‘ @g]iﬁat) di is the actual yield at harvest where
Dp

D“ is the date of plarting and DM is the date of maturity;
5

presumed to Le the date of harvest

. The partial change of, the polential yield with respect
sCsloe

to biotic factors with edaghic factors, climate ard

(3¥pia,
time beine constant;

dp/dt ... The total rate of change o’ biotic factors with timej

The partial change of the potential yield with
(aY}/ae)bg%tM ; »

respect to eda~hic factors, biotic factors, climate and

time being constantj



de/dt eoceece. The total rate of change of edaphic factors with

time;

(BYt/bc)b The partial change of the potential yield with resvect
’e,t. <
to climatic factors with biotic, edachic factors and time

constant;
dc/ﬁt evosoooo Ihe btoital rate of change of climatic factors with tine;

Garp/bt)b,cge o}%e partial clange of the potential yield with réspect to
tine, independent of biotic, climatic and edaphic factors,

With either constant cultural practices or for yield values corrected by
watheratical manipulation, (see Eg. L and 5, page Ll), the partial cerivative
in the first tenm(a!fx/%b)e’c’t will probably aluost equal zero, even though
the db/dt may be rather large. This s mply meaus that the response of the plant
tc its biotic enviromment remains constant, e.g, we assume no variation in
the competition for wmcisture, lipght, etc. between plants in one planting sequence
and the other. Of course, these biotic factors still vary with time. Thus, the

first temm to the right of Eg. (17) is approximately'zeroo
i.es (‘pr/vb)a’c’t, db/dt ¥ 0

The- last term of Eq. (17), (aIp/bt)b c.a8 the partial change of
3V
the potential yield with respect to time, if all tle other factors are
held constant. According to the cefinition of "potential yield" this is

approxivately sero.

with the above considerations, Fq. (17) can be rewritten as
dIJdt = (BYI/ae)c’t de/dt = (QYWC)e,t dC/dt aouoo.oootoooo‘la)

- 86 =
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ine intepration of the a‘ove exvression becq-ues

Dy Dy

O p/dt dt = (aYp/‘ae)c’t de/dt + (?ﬂp/ac)e,.b de/dbidt 000 (19)
] D
D P

Theny as a iirst approc<imation the departure of yield from normal will be
U
AY = Ta=7X QEE ©Tps/ae;) , yAe, + MpbeiACi| eoococacoca(20)
where the range of time is between the date of planting to the date of
harvest., That is a specified srowine season and Y is the nean yield,

The above differential form of expression is nothing but cormon sense
reduced to symbols. Tach term of the right hand side of Eq(20) is, of course,
a symbol which expresscs the rclaticnslhip of ome rrour of elements with the
others, The further break down of cach proup according to individual elements
is rather complicated, but useful. TIhe complexity is tco large to be handled
vy hand computation; therefore electronic computation is needed. For the
cake of convenience, a climatic factor is used to illustrate how a break
cown of fg (20) is possible, let this climatic factor be C, then the
consecubive and successive weekly intervals can bs assigned as Cq, Cas 03—---
ete,, representing first-week interval, second=weck interval and third=
week interval, respectively ~
Thus, for a certain year Eq. (20) becomes

(&Yp)y ‘:{A YPACJ' dCl ?AYI)/402 ";‘ AYp/I\CB dCB T oo00eecooceccce v 00000 (21)

where subscrips "¥" refer to a specified year, and

AIP/AC]_ ,AXP/ACZ BAYP/ACB , etco,

are the coefficients ard are quasi-constant for a given week-interval,

They can be assigned the symbols Ky, Ko, K3 regpectively. The terms dcl, dcz,

- B =



ch, etc. are Lhe cilaufe oi the particular climntic {actors in the Jiff-

erent consecutive weelk-intorvals, For a mumber of years, a group of linear

equations may be establisied as below:

@¥p)y = (KdG + KdG, 4 KydCy 4 ceouenns )y
(m*p)2 = (KdCy 4 K, + KydC3 4 eeaosscs )y eecoee (22)
(Axp) 3 ot ( Kldcl 't‘ ISZdCZ ‘%—" K3d03 ‘+ 00000 ) 3

7

(AYp)h = ( Kldcl + K2d02 P lSdCB 4“ s0000050 )h

- - - - = = = = = = = = -and tie like,

we may solve for the K's of tke above group of eguations with eiven

Yp“s and dC“s simultaneously, in the case of, for example, an C=year
cecord for 8 unknown K values. In gempral, a least squares solution is
required, Of course, either one of these methods is toc tedious, in general,
for hand computation., The aid of the electrcnic computor is usually

necessary. This ends up with a single-parameter equation to represent

ovne climatic element,

Fcr any one particular year a temporary vnredicted yield can be comruted
froa the single-parareter equation for any one element. lLei us indicate
{AYe)pc ars ﬁﬁX@)pe as ﬁhe departure of predicted yicld due to the element

P

c the corrected precipitation in the growing season, and I; for the

pereentage possible sunshine in the rrowing season, respectively, Thus,
a combination of different elenents is possible for this one particular

year as:

AY = &a "% b(AYG)CSL P Q( Ye)Cb °‘f’ d( Ye)cc ‘i’ POOGOOOOONGOO®EQ (23)

= f8 =



Lhere Ca, Cb, Cc, etc. are factors concerred. The nature of th=se
weirhting factors will be furtier considered as belows:

The constants of equation (23) are then determined by the usual
multiple corrclation method, After solving the constants, a, b, c, ete,
we obtain a final predicting equation,

Both eda  hic and climatic factors can be classified into vositive
factors and nepative factors:

(a) Positiv factors: The positively co:srelated elerents are either
edartic or climatic factors wiich ;ive an increase of yield oi reas within
certain linits of amount or intemsity. For instance, increased precipitation
usvally increases yield. However, +too ruch precipitation will reduce tkhe
yicld as .ell, In a scatter diagram, such as illustrated on pape L7,
Diarran 3, 1,50 inches in i weeks btine give the optimal yield, so that
the amcunt of precipitation has a positive influence up to 1,50 inches,
For more than 1,50 inches the yield will be significantly reduced, So far
the positive climatic factors investigated in this paper are:

(i) Pa- Tke accumulated precipitation prior to the sowing date of
a crop (sec page 57 - €0) in inchesy

(ii) Pe~ The correctaé nrecipitation in successive weekly intervals
(or in relative wminimum weekly-intcrval - see'pare;,LB—Sl) during the
rrowing season, in inches;

(iii) ReH, - Thr relative humidity or thc‘air, in percentare
(see rare 6C - Gl);

(iv) Ps - Tha percentage possible sunshine in wsekly interval, with
sercentage as unit (see page 79 = 81)

- 89 =



(v) The negativ: factors. The uegatively correlated elements
are either edaphic or climatic which pive rise of a decrease in yield
with the Increase of the intensity of the negative elenents, It is usually
found in scatier diaprans that there are linear relstionships thruughout‘
bet.een these nerative clewents and the departure of yicld. In othier words
the only liwitaszion of ithe intensity of these in correlating with yield
is couplete failure of tre crope They are:

(i) T = Sumration oi the inter-diurnal temperature of waximum and
mininmun in derrse Fahrenheit (see pare 56 - 70) 3

(i) Tz = The maximum night time teupe -ature accumulated in degrees
Fahrenheit (see page 70 - 73)

(iii) PTU = The sumation of photo=thermal unit, in degree-hour
(see rare 73 = 75)

4ll the rositive [actors, wubcn apclied to Eg (22), should be added,
whil= the nerative factor subtracted.

A1l the above equaticns are essentially linear, however, environment -
pea relationships are generally not linear. These non-linear phenomena may
be visualized in st of the scatter diagrams in the next chaper. There=-

icrc, ior a more satisfacto.sy golution, non—-linear approaches should be

intecoduced, such as, the contingency table approach® and the polynomial

approachy itk

#for & good example of the use of cortingency tahles, see -berhard i,
Yiash, et al, "The Construction and Application of Contingency tables in
weather Forecasting.,”™ Air Force surveys in Geophysics No, 19 (1952),
Ajr Force Cambridge Research Center,

##tFor exainple, of the application of polynomials to crops, see Yang, 5.d.,
The effects of certain climatic factors on the yield and quality of
Rarley. Ph.D. 1hesis, Univirsity of “isconsin (1551),

-90 =



(b) Diagrammatical Approach

Vie will consider two diagram: atical approaches to the combination
of envirommental factors: (i) the isoline analysis, (ii) the multidimensional
setup.

(1) Isoline analysis: The basic chart for the aralysis is illustrated
in Chart 26. It is a plot o. the relative minimum precipitation for each week
interval, as ordinate against the sequence oi years as abseissa. Isoline of
relative minimum precipitation are drawn for suall whole numbers. (The ordinate,
of course, ray be sove other element as well.)

Glancing at thesc isohyetals as conpared to yield, it is obvious that
tlere
there is a general tendency for the ridges to coincide with high yield yoars
ard the troughs with the low yield., Sometime one isohyetal will not indicate
this trend, in a particular year, however, the other isolines will do it,
For instance, the 1,00% and 2,00" isolines show a definite trough toward 193k
line wiich has a yield slightly below normal, while there is a significant
ridge in 6,00" isohyetal to compensate it. Note, also, the prounced ridge
situated in the 1SL7 line which was the lowest yield year, of course. This
whole analysis fails for 1935 and it is suspected that some other factors
dominate, A base line can be set up on chart 26. Measure the distance beiwsen
the base line to the intersection between one of the isolincs and the axis of
one of the years, Yield scems to vary directly (for most of the cases)
with this ueasured distance,

lie may perform a sinilar analysis for the accumulated nrecipitation prior
to the transplanting of tobacco prown in the same rugion, in monthly interval

arainst the sequence of jyears., Chart 27 is obtained,

- 9] =
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Relative linimum Precipitation in various week-intervals for Tobacco

grown in liadison, wisconsin (1930~38)
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Chart 27

Accunulated precipitation prior to the transplanting of tobacco
(Begins frow each month as indicated - Madison, Visconsin (1930 - 38)
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The samc brend as in chart 26 is ovtained, but this time not as
conspicuous as bgifore. Qualitatively, this shows a less positive correlation
with yield than for relative minimum precipitation,

Again, repating the same method with relative himidity in weekly intervalj
s reverse result was exrpacted, and is shown on chard 28,

Note the reversed position of the base line, Again, measuring the distance
from the base line as before, the alpebraic sum of the distances measured from
cach chart for each year can be called a "combined unit" and plotted against
the sequence of years; This is shown on Chart 29,

It is clear that the yield of tobacco-leaf has a better correlation with the
so-called “combined unit® than any one of the single neteorological elements
used., It scems that an improved correlation can be gecured if all environ-
rental factors are considereds The advantages of this diagramcatic apcroach
are that errors, correlations, etc. caﬁ be visualized readily, as well as
simplicity of performance. In this connection the trial and “error" method
can be used without tooc much cost of effort and time,

(ii) Multiedimensicnal set up: It is possible to s=2t up a two or more
dimmensional diagram Lo show the coubined effects of several factors inter-
acting with each other, A model of the L-dimensional set up for the relation-
ship between yield of cauning peas in liosendale, Wisconsin, the percentage of
possihle sunshine, and the corrected precipitation during the growing scason
in weekly interwal, is shown in Diagram 8,

The vertical axis {or the B=axis) of the above diagram indicates the yield
of ypeas in pounds per acre. The X - axis is the corrected precipitation in
weekly interval, and the ¥ - axis is the percentage of possible sunshine, The

t Ay
Ll

4

actor is included in both the X and ¥ - axis. This type of diagrammatic
approach gives an overall visualigzation of the relationship, but it is rather
hard to use.
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Chart

Combined unit versus Yield of Tobacco=-leaf

(1530 - 1928)

Madison, hisconsin
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(¢) statistical approach-——From scatter diagrams of the dsparture of
yield versus each individual environmental factor, it is possible to evaluate
the quadrant sum values by meane of "A corner test for Asscciation."™* Since
the quadrant sum values indicate the significant level of the scatter diagram,
the arithmatic mean for a set of scatter diagrams for an environmental factor
will give a measure of the closeness of fit. Again, the departure from normal
of the yield of tobacco leaf, in Madison, '1sconsin during the yeara 130-38 is
used as an illustration of the statistical approach here. Table 6 shows the
guadrant sum values from the scatter diagrams of an accumulated preecipitation
prior to transplanting (P,), the relation minimum precipitation in weskly
interval (P,) and the relative humidity in weekly interval at the noon hour

(RH) versus departure of yield of tobaceco leaf.
Table 6

Ouadrant Sum of Py, Pn, and RH Scatter Diagrams for Tobacco
grown in Yadison, Wiseonsin (1930-38)

Month Oct, Nov, Dec. Jan, PFeb, Mar, Apr. May Mean
Quadrant
Sum, Pg: =l -1 2 3 : 2 s I 5 1.75
eek 1 2 3 A 5 6 7 8 9 10 Mean
Quadrant
Sum, Pp: 0 3 7 5 5 5 6 5 5 6 5.22
Quadrant
Sum, FH: 8 6. 5 8 5 5 7 6 4 5 5,90

# (1) Wilcoxon, F., Some Rapid Approximate Statistical Procedures., American
Cyanamid Co., 1949,

(2) Olmstead, P. S., and Tukey, J. 7., A corner test for Association, Ann.
Math, Statistics, 18, 495-513, 1947.
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These quacdrant suns may be used as veighting factors to st up a prediction

equation. Taking the sum ci the nean quadrant sums as 100 percent and

exnressing the indlvidual values as percent of that value, thes: nercentages

nay lLe used as weirlting factors. For exauple, riven here these values are
B

13.6C for Pa, LCe56 for Pr, and L5.CL4 for B, Thus, the yield equation

for a given year can be written
AY = 13.60 APa¥ L0.56 A Pr + LS.8l4R.H., .--.- - (2L)

Thare is another way of securing a mathenatical expression using the
tyne of curve in the scattor diagram., The curve in diapram 4 is a typiecal
Sipmoid curve, illustrating the general variatinn of a nurber of climatic
factors varsus weekly interval for normal or optimal yield., <Jhart 15,
and 16 are almost straight lines ond chart 24 has been expressed as the
straight line y=/x-13, Sone other curves (See eurves in the following
chapter) can be eypressed in the form of the so-called "‘itscherlich"
exponential equation,

dy/de & K (¥nax = ¥) OF ¥ = Ypax (2 = 67 — _ _ - _(25)

"here ymz; reprasents tho maximum yield obtainable under the conditions
avaiiable, C is a combination of climatic factors, In this case, the com~
bination of climatic factors can be obtained, separately through both
moteorological and statistical means, Ileteorologically, one cin make a
rofined classification of air masses according to the meteorological
factors which affect the grovth and dsvelopment of a plant, From the fre-

aqueney of occurrences of this air mass, (8o classified) the value ean he

-s99-—



astablished, for the air-mass, itself, represzciiz a combination ol a gToup
- of meteorological factors.

Theoretically, an exponential expression may be set up for both
positive and negative envirommental factors. et and P be a group of
negative and positive factors correlated with yleld, respectively. Y
represent.s the total yleld, then

T, = K «=8€ (1 = o™PF) = - - - (26)

Where K, a and b are constants to be determined.

Mathematically, tho above equation givec the following information
regarding the yisld of crops:

(1) If b or g~ 0, then also Yy = O, or, in other worde thiz
group of positive factors determine the yisld.

(11) If & orof = O, vhen Yy £ O and not & function of . In
other words, thic group of factors are not eriticael teo the yield.

(114) At constan’.&€ , the yleld incrsase logarithmically with
the ilncrease cf P tovard a maximue value K ook,

(1v) At constent B, the yleld decreasss loparithmically towards

zaro with Increase ofgf .

"hether o= not the abeve theovetical ccrsideration will be valid in
actual practice has to be verified.

The dstermination of the walue of  or B s possible by statistical
mathods. &

If two climatic factors are highly correlated a single factor may be
woed for thess two. Inforestion on this can be found in mosh statistic

books, sach &a Nrooks C.E.P. et al,: "Handbook of Statistical Methods in
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teterology™, 1953.

0f course, there are many other refined statistical techniques which
can be used for the combination of environmental factors and which have
been tried by various authors. Howsver, they cannot be included in the

pressnt short paper.
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CHAPTER IV
SOME EXAMPLES OF ANALYSES OF ALASKA PEAS IN FOSENDALE, WISCONSIN

In the following yileld analyses (See chart 7 and p. 37-i2) for Alaska
peas in Posendale, "isconsin, a 5% incresse in yield as a result of the
improvament of form management durdng & 9 year pericd vas assumed, Thusz
biotie factors have besn partially eliminated. The 5% corrvected yleld wmao
adopted for all the illustrationz in the present chapter, thouwgh both 57
and 10% were tried,

The meteorological data was obtained mostly for EL Doredo, ‘isconsin,
with additional dats frem Ripen and mateorologieel charts were prepa rod..
They are similar to chart 9 (p. 46) but are toc extensive tc be presentad
in this chapter. Thersfors, only results ars tabulated.

Again, as wae montionad before, all scatter diagrams were fitted by
least square, whers possible, Ixamplse given in Chapter III for ilaska
peas in Rosendale, “isconsin will be useful. in this chapter and it is
suggssted that resders rafer to those examples.

A summary of the yleld analysls of Alaska peas expresscd in pounda por

acre at Rosendale, Wisconsin iaz shown in Table 7 as balow:

1. RELATIVE-MINTDAUM=DEAUGHT EVALUATION IN "EEK-INTERVAL FOR THE GROWING
SEASON,.--Methods suggestod in the forsgoing chapter (Ses page 45-50) for

the evaluation of relative minimum weskly intervals of the smount of pricipi-
tation and number of crop mminy daye are illustrated in the following
paragraphss

(a) Amount of precipitation. From the run-off regression lines in
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Table 7

Yield Analysis of Alaska Peas in Pounds per Acre
Rosendale, Wisconsin (1946-1954)

Year |Arithmatie|Apparent |Number of Msan of Departure of Yield from
and Mean Yield in | Growing |[No. of |App. Yield|Arithmatic (5% inc|10% inc
Sequences | Tield _].‘b(iC/Day Days |Orow Day|lb AC-1D~l| Mean |Yield | Yield
1946 S | 2119 -5 45 92
S1 2416 Uo7 73 68 ' 283 340
sL | 2013 33,54 63 o 98 | 10
1947 Sy | 2054 =70 35 5
s, | 2095 31,22 70 " . -5 | =25
st | 1849 32,87 59 5 3 -90 | =50
1948 S 1713 411 =387 | <360
Sy 1816 27 bls 68 6L =342 | =330
1949 S 2383 259 270 284
sy | 207 | 39.95 61 - a 233 | 240
S1, 2261, h2e48 54 30| 315
1950 Sp | 042 -82 -8L | 81
sy 2022 %6.11 56 <161 | =170
s | 2w W53 $3 %5 xn 0 b
1051 Sp | 2415 291 283 | 288
S, 2246 39.57 56 260 245
I 1952 Sp 2226 201 80 55
sy | 2182 36.14 59 181 | 160
1953 Sp | 2095 -29 | -65| -105
sy | 178 27.23 62 " ~1465 | =490
sg | 20 39.20 49 s 33 0| =35
195, Sp | 72 -52 | =102 | -151
S1 7300 3L.43 70 61 %0 60 10
! "
Vean St 2121, 60.5 ok

=

Romarks: L. Spee.For 2ll ssquence the arithmatic mean is 2124 1b/AC3

2, 81, 51, For 1lst and last sequence the arithmatic mean is 2183 and 1974

1b/AC;

3, Mean of Number of Grewing days and apparsnt yield pounds per acre per
day in the 5th and 6th column are the average of lst and last sequence
respactively.
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Aprendix 1I, the recosded amount of precipitation must be modified to some
axient according to its awmount and intensity, Following the proceduras for
thy computation cf the relative nirdimum weekiy intervals, the amount of
prscinitation was obtained forthe second ‘hroughout the eighth woek-intarval
srread, Scatter dlagrams of t.hése are snown halow,

Chart 30

Relative 'inlmun Precipitation in a two-week-interv: .
for Alagka Peas prown in Rosendale

1946-1954
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Chart 32

L.0

Relative Minlmum Fresipitation in a four-weel--intewval
for Alasks Peas grown in Rosendale (1946-1954)
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Chart 33

Ralative 'inimum Precipitation in s five-wesk-interval
for Alaske Peas grown in Rosendsle (1946-1954)
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Chart 34

Rmlative Yinimum Precipitation in & six-wssk-intervsl
Por Alaska "sas srown in Roser-dsla [1946=195,)
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Relative lMinimum Precipitation in a seven-week-interval
for Alaska Peas grown in Rosendale (1946-1954)
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Halative Minimum Precipitation in an eight-week-interwal
for Alesks Peas grown in Rosendale (1946-1954)
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Chart 37

Total Precipitation in the Growing ssasen
for Alaska Pesas grown in Nozendale (1946<1954)
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From the optionel and normal walues of ylsld far the above scatter

dinprams, a composite chart can bs vravered wiith week-interval as absecissa

and amount of precipitaticn as ordimae,
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Chart 2¢

Aceumnlated Amount of Precipitation in weekly intervals
for the Optimal and Normal yield
of Alaska Peas grown in Rosendale, (1946-1954)

The peneral trend «f all the curvas of the ubove scatter diagram

Only a rather limited renge of specipitetion shows the optimal yleld.

indicate neither too drv nor teo wer will bensfit the yleld of Alaska Pras,

Tie

summary chart pives a ‘urther smesthin of thess curves and thus makes the

scatter diaprams more conajstant, !ote thet the optimal yield curve is
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loezted ahove ths nommal yisld curve,
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Relative Minimum Crop rainy days in three-wesk-intervals
for Alasks Psas grown in Rosendels, (1948-195L)
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Chart 42

Relative Mirnimum Crop rainy days in five-week-intervals
for Alaska Peas grown in Rosendale, (1946=1954)
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Chart 43
Relative Minimom Crop rainy days in six-week-intervals
for Alaska Peas oroxx in Roasendale, (1946=1954)
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Chart %4

Total Number of Crop rainy dayas in the growling ssason
for Alaska Peas grown in Rosendale, (1946-1954)
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Similarly & summaery chart of the erop rainy days for the Normal and

Optimal yield is shown in chart ;7.
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Chart 45

Accumulated Number of Crop rainy days in weekly-intervals
for the optimal and normal yield
of Alaska Peas grown in Rosendale, (1946-195L)
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Apain the optimal yleld curve is situated above the nowmal yield curve,
On careful examination of either the optimal or tha'nprmal value for each
group of successive week-intervals, one will find that many times a fractional
value of number of rainy days will be obtained, This fractional value e.g.
2.4 crop rainy days does rot make physical sense and should therefore be
thovgh® of as "2 to 3".

A swmmary of the amount and frequency of precipitation required for

optimal and normal yleld of /laska Peas wore tabulated in Table 8 as shown:

Table 8

Amount and Frequency of Praecipitation
in waekly-intervals required for the yleld
of Alaska Peas in Rosendale, ‘/isconein, (1946-1954)

eak-interval 1 2 3 I 8 6 7 8

-

Por Normal Yield:

(1) Amount® of precipitation
in inches (msan of 211 0 ].15 1 .55 11.08 | 1.65{2.87 { 3.50 { 3.75
planting sequercss)

(2) Number of reiny days
(Last planting sequence) | O | 2 3 6 g 10 o x

For Optimal Yield:

(1) Amount of precipitation
in inches (mean of zll 0 | .27 | 76 | 140 | 2.19 | 3,29 3.96 | L.25

planting sequencas) X

(2) Number of rainy days
(Last plenting sequence) | 1 3 5 y 4 9 11 < -
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2, CUMULATIV' SNO'VFALL AND RAINFALL PRICR TO DATE OF PL:/NTINGe ==
The total amount of precipitation accumulated from October first of the
nrevious winter, from November first of whe same snd so forth =ere awvalasted

ar balow

Chart 46

The Accumulated Total Pracipitaticn
from the first of Octobar of the previous winter versus deysrture of
yleld of 2laska P'eas grown in Wwsendale, (1946-1954) |
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Chart 4%
The Azeumalated Total Prscipitation

from the firet of Novembexrof the previous wintér versus dsperiure of
yield nf Alaska Paas grown in Hosendale, (1946~1954)
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Chart 49

The Ascumulated Total Precipitation
from the first of January of ths previous winter versus departure of
yield of Alaska Peas grown in Rpsendale, (1946-1954) &1
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Chart 50

The Accumalated Total Precipitation
from the first ofFebrvary of the nrevious winter versus departure of
yield of Mlaska Psas g'rzgn in Rpsandale, (1946-1954) W51
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The sunmary of the above scatter diagrams is shown as follows:

Chart 53

The Accumlation of total precipitaticn prior to Sseding
of Alasa Peas fc» normal yield, in Roswndale, (1945-195L)
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reproductive stags, it is necessary to fest

The scatter diagrams shown in this sesctisn ars not as good as those

for precipitation and crops rainy days. The guantitative evaluation of
these two sets of scatier diagrame will bs given in the last section of
thie chapter,

3, TOTAL PRECIPITATION IN THE REPROMICTIVE STADE,=e

In erdsr to deteraine the significanze of total prasinitation ia the

in Rosendale, Tisconsin were uwzed, Tha wast is ilivetmated in havrts
2

Chart Sia

Total Precipitaticn in the reproductive stape versus ylel:
of Alaska Peas, Roasndale, Wisconsin (1946-19%4]
(Flrst planting seouence)
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Chaat 5!.,!3

Total precipication for the Zl-days pmnz* to blossoning dats
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Chart 53¢
Total precipitalion for Zi=daye -»ior to blossaming date
varsug yleld of Alask: Psas, ‘ssendale; dsconsin
(Last planting se~wange)
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it i3 obvious that ths affect rainisll is more promivent during the
21 days prior to bloszoming for the flzs: planting sequencé {5ea chart
*4b) and in the veproductive stage for “he second secuence (Sve chart 55).

This tatter is most likely duas te ths =

%

bteammerature 18 usually toc mawm dordrg ths repreductive stage of the

)@cond sequencs rnd a cerfalip amsvnt of minfall i3 reeded to redule

4

‘ranspiration in order te have & better risld,

L, SUMATION OF INTER-DIUMAL TR-133TURS VARIATION FOE THE REPRODUC-

CTIE OTTA N
I‘d’b STAGE ==

The intar=diurnal terparaturs variation hss besn dafined in Bg, {10)



and illustrated in chart 17, 18 and 19 for Alaska peas grown in Gillst,
Bonduel and Rosendale; "isconsin; and Selvidere, Illinois, Thase charts
ghow a8 well-=defined negativa reliation hetween ths dsparture of yield and
the inter—diurnsl variaticn, 1L of thase tesbts ware restricted to the
repraductivs staze, 1t i3 now nsesssary %o test this narametar for ths
pariod 21 days befors blosmsaming ss wac dore in the pravious asction for

tha productive stags, Thase tezts ars shovm bolow:
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N

By comparison of chart 18 on page 67 with the present charty it
appears that the former is much better currelated with the departure of
vigld than the latisr, This shems thai ihe fluctuation of temperature
during this stags has 1littls affzct cn the yleld of Alaska Psas.

5, NIGHAT TEMPIRITURE SUMATION FOR THR GROVING SEASON ==

" This has been well illustr:stzd in chart 2la and b on pages 70 through
71, It i{s sugzested that tha rezder vefer to these pages. However, it 1s
well to mention here that the offlclal dally minimum temperature raport
may be usad for theas scatter diasvams instead of the mean night time
temperature cosmpatad from ths hourly temperatures.

6. PUOTO-THERMAL UNITS FUOR THE CRO.JING SEASON,—

The photo-thermal unit haz bsea csfined by Eq. {12} and illustrated
by chart 223 and b for detalls ihe reader way rafer Lo pages 7376,

In compariscn »f photo-tharmel unit and the nisht temperuture as
ralated to the yleld of peas in one lecality, thare appears little
34 fference 3o far as their scatier diagvams are cncernad, This shows
again thet the night tempersture has a dominant irfluence on the yield of
poas,

7, ENERIYDEGREE UNIT COFPETLTION FOFR THE GROTING SEASON ==

The energy-degrees unit, DU, has been defined by Fq, (13) as

O,

: (S P E
-5_"5’5’?’_ e r:,L)chu

BT =

Thare 1 18 the calendar dats, ’)r she date of plaating, Dy the date

 of maturity according to tenderomster scales T,, the diily mean tempera-

ture in deprees Fahrenheit, £ the sclar radietisn in Lanzleys per day
and Te the critical temperature (Subscript u dss'gnates upper limit; L,

= 125 =



lower limit) in degrees Fahrenheit. For the present example 4LOCF is
chosen for the lower critical temperature, T ; while 90°F is chosen for

T These figures were obtained from the mean value of the lower and

c’uo

the upper threshold temperature as illustrated on diagram 2 page 28.

Alsoy only 21 days prior to blossoming was used to represent the signifi-
cant period of the growing season and, moreover, only the maximum tempera-
tures were used instead of daily mean temperature. Thus instead of Dps Pm

and Ty we have D21, Dy and Ty, respectively.
Chart 57

Summation of FEDU for 2l-days nrior to blossoming
versus yield of peas in Rosendaley '/isconsin
(Comnuted {rom daily maximum temperatures)
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It is interssting to nota cthat the sbove ilagram duss not show as

" pood a correlation as using the summetion of solar radiztion alone, The
former has a guadrant sum of 8, while for the latter it 1s 13. The
aceumulation of solar ‘ntensity in lan;l:cya par day for 21 days prior to

blossoming is piven in Chart 58,

Shart 58

Summation of solar intensity fer 2l-days prior te blossoming
vorsus yield of psas ip Roysandals, Jiscornsin

Departure in Tield
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Various trials have heen made on this question besides what is shown
on charts 57 and 58, They are a summation of S computed from minimum
tsmperature with LOPF end 90OF as the lower and upper limit and the
summation of maximum temperature with the same limits, lYeither gives as

raasonahls » relationshir as thnee showm in charts 5% and 58,

8. RCLATIVE ‘“INDAN PEROSITGE OF POSSIBLE SUNSHINE IN THE THRK-
[NTHRVAL je=

Tha results of Reletive !Unimum rercentags scssible sunshine in
weekly intervals and tle ceparture of yield of Alaske peas in Rossodale
"{sconsin has been siven on chart 24 (pape 80,) Since chart 24 was ths
ascumulation of a series of nine scattar daprams in wsekly intsrvala,
the illustration of thess separate scattar Jlaprame is recessary in order
ts> pet a complete nicturs of how chart 24 was obtained. These scatter

diarrams are shown in Gharts 59 to 67.

9. A CHRCK OF THT SIGNIFICANT ADVIRSY ~ATHER,=—

“ualitatively, it is possible to make & budget for the negative
effect due to the adverse meather., ""hat we mean by adverse weather has
bsen described on page: 82-87 as intenss or severe snvironmental factors
which retard or even halt the growth and development of a crop. 4 glance
at the past records (1946-1954) of adverss weather versucr departure of

yleld of Alaska peas {“vsendale, Wisconain) is pgiven 'on table 9, page 13,
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Ceparture in Yield

Departure in Yield

Chart 59

rglative '"inimum Percentage of possible Sunshine in one-week-intervals
versus yield of Alaska Peas in Rosendale, 'iscensin (1946-54)
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Chart 60

Relative Minimum Percentape of possible Sunchine in a two-week-interval
versus yield of Alaska Peas in Rosendals, "isconsin (1946-54)
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Chart 61

Felative '"inimum Percentase of possible Sunshine in a three-week-interval
versus yleld of Alaska Peas in Rosendale, "lsconsin (1946-5L)
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“hart 62

tslativa "inimum Parcentass of possible sunshine in a2 four-wesk-interval
versus yield »of lgakn "ase in Rosendals; “isconsin (194L6~54)
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Chart 0¥

Ralative *Mnimum Percentage of poasible sunshine in a five-week-lnterval
versus yleld of Alaske Peas in Rosendale, ‘isconsin (L946=5L)

&00 - 5L

12.25%

53
g 1y § L | 5 | 0y }

a ]
10,00 11,00 12.00 13,00 14,00
|eowmlatod Percontage Poseible Sunshine; Unit 154%

Chart 62

Relative Minimur Percentage of possible sunshine in a six-wesk-interval
versus yiel:. of Alaska Peas in Rosendale, Tisconsin (1946-5i)
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Chart 6%

Falstive '"inimum Percentage of possible sunshine in a seven-week-interval
versus yield of .\laska Peas in Rosendale, Visconsin (1946=54)
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Chart &6

Ralative 'Minimum Percentape of possible sunshine in an eight-week-interval
versus yield of Alasks Pea= in Rosendale, Wisconsin (1946=54)
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Chart 67

Relative "inimum Percontage of possible sunshine in a nine-wesk-interval
varsus yisld of Alaska Peas in Rosendale, isconsin (1946-5.4)
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Some of the discrepancies of the above scatter diagrams might be due
to the difference in location of the meteoroclogical date and crop data,
Ths percentzge of jjossible sunshine was observed at lMadison, Wisconsin

while the yield datu: ie from Rosendale, isconsin.

= 13% -



Table 9

Occurrences of significant adverse weather

and yield of Alaska Peas in Rosendale, “isconsin
(Firet planting se,quences

Depart.uro)in Yiel:e((ip;unds oE Adverse Teather Rscords
acrsg) correc or )
Year| 5% increase | 10% increase | Last {rogt | Precip,with |No. of cases of day
in yield in yield in spring hours and night temp,
(days from | after sowing|  Ty>89; Tp>70
planting)
1946 283 30 T.lg g‘;{; 0 Toe (1)
12 4
97| -5 -25 Tn = 2407 | 0.16" Ty (1); Tg (1)
23 days
1948 =342 =330 Tm = 26°F 0.26" Ty (3)
69| 233 2,0 0 0.1 Ty (3)
1950 -161 ~170 mlzdgo, 0.,21" Ty &); Tg (3)
1951 381 %0 0 0 0
1952 12 ~15 0 0 Ty (8)*
g d
11953 =465 =490 Tm7= gSF 0.67" Ty ()3 Tg (2)
§1951, 60 10 0 0.62" Ty (3)

# This particular case most -of the warm spell occurred at the early stage

of planting;

Symbols used in this chart:
temp, and Ty the night temp., {igures in parenthesls are the number of

casaes.,

- 1% =

Ty the minimum temp, record, Ty the maximum




In general, the above table shows that the last frost in spring during
the growing season, the precipitation over 0,20" after sowing as well as
the number of cases of warm spells in the day and the night tend to reduce
the yleld. It is impossible to establish a quantitetive relationship
between these adverse weather elements and the yield because, for one thing,
the intensity of this adverse weather is not really cuantitatively indicated
and other adverse weather occurrences are not recorded, 2ut for a qualitative

check, they are useful.

10, COMBINATION OF ENVIRONMENTAL FACTORS ==

The methods for combinations of environmental factors have been
deascribed in the previcus chapter (See page 84-101) to some extent. Any
complete example for the illustration of any of the above methods will be
posaible only when adequate environmental data are available. This is
impossible for a summary paper like this, and further study on the com-

bination of factors is necessary in the future.
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CHAPTER V

CONCLUSION

Some unavoidable errors, significant points and a general summary and
detailed discussion of the present paper compared with pravious work are

included in this chapter.

SOURCES OF FRROR.——=There are at least three possible sources of errors
involved in the entire study. They are:

(1) Errors in crop data.— The inconsistancy in farm managem?nts from
year to year, the reduction in yleld and quality by disease and insects,
the technique in picking and transportation and the aceuracy in measuvement
are 211l possible sources of error in the crop data. Others ara the erosion
of top scll, ths treatﬁent of seeds (such as, methods of storage, msans cf
innoculation, etc.) and the accuracy in testing maturity of peas, For
most of the pea data in this paper the maturity test is not specified,
except deta from Gillet and Bondusl, Tisconsin. Acoholic Insoluable Product
(AIS) is reported much superior to tenderometer reading (TR). Thus, the
former test should go with ppe latter as a check. Phenological records of
erops are invariably inadequate. Even a msjor phenologiecal event, such as
date of blossoming is usually missing, In this connection, the assumption
made in this paper that the date of blossoming is 2L days from the date of

maturity is far from accurate, For an accurate test of crop data not only

- 13 -



letailed phenological data are needed but also tha use of the organ of the
" pea most sensitive to the environment is necessary. For instance, Clements
in Hawali has found the sugar content of the sheath of sugar cane was a
better indicator of the environmental effects than any other organ of the
plant. Clues for detecting a special organ can be obtained by chemical and
nhysiological as well as morphological means.

(2) The environmental data.=—- The two most frequent difficulties in
the introduction of Meteorological data for agricultural uses are: (1)
the neglect of micrometeorclogical effects; (ii) the lack of adequate and
continuoue records. The data used for Rosendale were obtained from El
Dorado for temperature, Fl Dorado and Ripon for precipitation, Madison for
percentage sunshine and solar intensity. Both temperature and precipitation
are subject to large variations with distance. Thersefore, the actual
metaorclogical condition for the crops are not fully described, Factors
such as soil temperature and moisture, evaporation and transpiration, wind
and relative himidity in terms of water deficit and dew, etc., are not
observed, Continuous recording instruments were not available for most of
the places, therefore, the diurnal variation of the environmental factors
must be inferred, TMurthermore, the accuracy of the imstrument, personal
error in observation, etc., will contribute a certain amount of error,

(3) Accuracy of techniqﬁeé.—- ¥ost of the methods used for analyses
in this paper are based upon scatter dlagrams and diagrammatic presentation.
“4th the ald of the quadrant sum test, subjective error can be made as

1ittle as 10% or eo, Therefore, the range of normal and optimal conditions
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can be described with an approximate boundaiy, I loreover, the so-called
normal or optimal envirénmental conditions for tha ylield or cuelity of

peas is not an absolute value for a given fuctor., It is evident that this
may be dus to group effects (interrelation and interaction of several
factors). Therefore, for a set of data the optimal or normal value can be
a certain value snd for another set of data, another valus. Errors of this
sort can not be avoided until the combination of factors is made.

The mathematical treatment of data, on the other hand, is far more
accurate than the diagrammatic analysis, if the representation of data in
space as well as the accuracy bf measurement are good. This technique ias
subject to much less error. However, it must be subject to physiological
considerations, In other words, the mechanical mamipulation of mathematlcal
rvles must be accompanied by biological limitations. The cholce of bio-
logical limitations is difficult, for neithsr the green house trial nor
the field trial can be adopted as en absolute value. Therefore, most of
the possible errors introduced in the mathematiczl approach come from the
sot up of boundary conditions.

As to the statistical approach the emphasis is on the majority of data
and the minority of data, or the special cases, may be sacrificed. In view
of the numerous errore described in the preceding section it ssems obvicus
that one method of roducing.these difficulties would lie in the wider use
o? carefully instrumented and observed test areas or "check plots.”

CHECK PLOT NESIGN ye

Most histérical yield data is very raw and poorly suitoed to analysis.

I% consists usually of a pounds per acre or similar figure along with a
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date of harvest (sometimes) and a rough or overall measure of quality
(occasionally). Fnvironmental data may be entirely lacking or consist
only of the U. S, "“eather Bureau cooperative observation station up to
LO or more miles away,

T+ would seem advicable to set aside a check plot in the most repre-
sentative or "modal" locatioﬁ on the farm or in the area. On this plot
careful observation of such factors as runoff, percolation, soll temperature,
soil moisture and all pertinenf'metoorological parometers should be made
and racorded on a carefully designed form or nunch cards. In additiong
cultural practices and phenological events, as wall as yield details should
be carefully observad and described. INotes on differences betwsen check

plot and general crop area round out the record.

DISCUSSION OF PRESTNI FINDINGS AND PREVIOUS ~ORK,=-

Since most previous work was concerned with a single environmental
factor and crop relationship, a comparative study of the present findings
and the past work must retain this single environmental factor framework.

For the water requirement of peas the studiea; such as those of King
(45), Briges and Shantz (8), etc., found relatively higher transpiraiion
ratio for various varieties of peas than for average vegetabls crops. This
doss not msan in itself that peas nsed more water than other crops. For
the transpiration ratio, 1£aelf, indicates the sconomic use of water by
the plants. Shuttleworth (45) pointed out in 1899 after his subvatered
¢cylinder experimente that peas definitely need more water than small

graing, such ae oats and wheat. All the studies of the watsr requiremsnts

= T



[ Bga of psas in ths pressnt work showed 2 good corrblatian‘with tﬁa watar
supply. ‘“aiker (55), tested the felation cf visld of peas and the rain-
fall of the significant month in Erie Sounty, Maw York, The yield was
clozaly comlat.ed, 0.89%£0,1, with ths rainfall durine the month of
Juns, In a similar manner phree kinds of tssts have htaen made in the
present paper, (i) a rough check eof tha significant {ocr sffactive) month
fer the yisld of paésa Qy'signifiean% menth we mean the month about tha

»
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csgomirg stage of pszs, The effective nouthly preecipitatien wersus
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eight different states in this country =ss testad for
ths yezre 1951 through 1953, Thie —3a znmn in shavt 3, "he rssulé was
poor. This might bﬁ~dﬂﬁ larpsly to the a-ass vardatlon of rainfail,
parbiculérly in ths western states, sush that stais-wice sverngus »f
precipitation are not reprssertative, {14! totel precipitation in ths

- rvenrndustive stags warmis ¢ uality anc dﬁﬁarzuré of rleld of ilpska peas
in Gillet and Pondusl, "isconsin fron L1946 z?-ncg* 955, £ il-day period
vag aszsamad as the resroductive atage, The findices Wsre shoam on chart
11, & quadrant sum of 6 was obtainsed for 73 100=-119 ané TRUAIC-119,
Tt only & L qradmant sum can be chtsinsd fop TR S0 0=9%, Thie shows that
the corrslation is fathsr lowr, not reaching the 1Y sigrdficanes lswsl,
Nevertheless, a much higher correlstion wasz fourd 45 ths s=acond planting

\ _

gaguence of Alaska pesa gresn in fosendale, "isconsin, This i& shown in
chart 538, There, the quadrant sum 33 9 and the sirmificance la?sl ia
1.0%. (3i1) Total pracucitat{on in thes pre=productive sisgs versus des-
partare of yisld o»f Alaska p2as in Rosendale, Wisconsin. This is shown in
crart Sib, The pre=productive siage is defined as 2l-days prior to date

of bloasoming, A quadrant sum of 8 and = significance lewsl of larger

= L0 =




than 109 were obtained, All the above findings show that that period i3
important to tharyield of peas, In fact, Azzi* has tested for over 30
vaars the sipnificant period of warious crops with good results. Hs
calls the aignificant periocd the "critical pericd” and; of course; the
iength of time is differant for differsat crops,

Joth relativs 'inimum wainfall erd crop rainy days in weekly

intarvals (Sas chart 30=45) were tastad ir the srasent paper. Thess

sszantiaily represent s prelative draught cariod of verdous lengths, The
e 3 . 7 14 % B Il e maind N T RS PP amen ekt P p— T Cawm D..d
correlation of yileld with this relative drauchii worke very well for 2=

mak-intervals =nd 2zs 3 wean qmedwant sum of 1§ 14 other words; tha alz-
nificant leval ig bHet o The szan auadeant sum for a8 5=7 ﬂﬁek
interval) 13 5, thas i# w* than 102 gipnifizant lavel, Thils for 8
sucessive weerly interwal and ths Gotal be&ciuitailon in tha -rowing
geason Lhe mean quaﬁz%ﬁt gam i8 as low z3 4 which 12 not eignificant.

As for ths correlatiorn with crop rainy days, all scatier disgrams for
diffsrent week-intervsls are almost the same with 2 rangs of quadrant

sum from 7 to ©. That meana the sipgnificant level Ls higher than 10%.
This indicates that tha'crcp rainy days is not s zood a paramseter as the
amount of rainfall in the growing season. Other parameter, such ag the
total precipitation prior to the date »f sowing, are nearly as pgood as
crop rainy days. (See charts 46-53) The trends of all the scatter
diagrﬁms from chart 30 through 53 tend %o show neither too dry nor Loo

wat will aid the growth and devslopment of peas, In other words, only

# Azzi, Girolamc, AGRICULTURAL ECOLOGY. . Constable & Company. 424 pp.
' 19560
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relatively moist conditions bstween the drought line and the flood line
give optimal yields, Although these two lines were not drawn in each of
the scatter diagrems, they can be visualized as lines parallel with the
Y axix and intersecting the zero-yield departure line where the curve
crosses the zero-yield Jeparture line. The one to the left can be con-
sidered the drought line and the one to the right the flood line. The
above statements hold true for the results of‘sevaral investigaters of
peas (13, 28, ete.). '

. It is interesting to note the statement about peas made by Brown and
Hutchison in their book called, "Vegetable Science"™ that "....rains
following within a few minutes after the seed is planted often cause a
marked reduction in germination. If rain does not follow for 36 hours
after the ssed is planted, the germination is rarely reduced to any
serious extent." This statement has been checked in this paper #a shown
in table 9. Instead of the rate of germination, since no record was
aveilable, the yisld was used as a measurement for the effect of rainfall
vithin 36 hours., The result agrees for most of the cases with rainfall of
more than 0.20" in a day. No conclusion can be made quantitatively as to
how mauch reduction of yield will be caused by rain within 36 hours after
sowing.

As for the thermal field, psas have long been recognized as a cool
season erop and this is particularly true so far as the night temperature
and soil temperature are concerned. The responsos of canning peas to

their surrounding temperature vary with the phases in thelir life cycle.
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A eummary of verious authors' views (5, 9, 21, 35, 45, etc.) on the irrita-
bility of canning peas for thermal phases was illustrated in diagrem 2,
page 268, As previcuely stated, most workers in this country have applied
the heat unit system to the yisld and quality of canning peas. Despite
aome dissatisfaction, heat sum workers have established a good gystem for
scheduling planting sequences as well as predicting yield and quality.
This is about the only tool canners are using nowadays in this country.

The present paper, on the other hand, deals with (1) The summation of
inter-diuvrmal temperature for the reproductive stage, as well as for
the pre-reproductive stage. (ii) The summation of night temperature in
the growing season above and below the lower and the upper limit of
eritical temperature respectively. (iii) The relative maximum noctumal
temperature im weekly interval. The result is that the summation of
night tamperature is exceedingly good n;tb a quadrant asum of 20 or sig-
nificant lavel less than 0,8%. Further study of night temperature alone
sheuld be encouraging and fruitful,

The relative Minimum weekly interval of relative humidity observed
at noon has been testad in the present paper for the Alaska peas grown in
Gillet and Bonduel, Msconsin. An accumation of relative humidity versus
weekly intervals for a normal yisld of peas, as shown in chart 16, is
almost a linear function, As previously explainad relative humidity
itself is a function of air temperature, air pressure, and the wet bulb
temperature. Thue relative humidity represents a meteorological complex

instead of a single factor,
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For the photo field; the lsngth of daylight, the percentapge of possible
sunghins, and the inwensity of solar ensrgy have bean studied ia the
present paper, As for the length of day, Reath and ittwer (34) have gi\-en'
axperimental avidencs (with respect to time of flowmring, ediole maturity,
pod charactaristics and ?ine heights! that Alaska peas are day-neutral;
if pight tempeoratures are maintained at. 60°F but a lLong day plant if night
temper:tures ars 5007, In this connsction, the photo-thermal unit (PTU);
as deflzel ir Eq. (12) pepe 73, has osen adopted in this paper with the
Lowszt Lhessrold temporatuvres ased is 9°F while tho upps> linit of the
threshold temperatura Lo 50°F far the first plonting sequonce and L5CF
the lasl nlanting sequence. (For dstail see pape '.’;76) The msan dif-
ference of the first and last plarting sequence at Hosendale, Misconoin
is 20 4zys fer a par.od of ¥ years (1946-54), The averags night tLempsr-
atures near the harvast tims are much higher for the July sequences than
foirr the Jane daye of the first planting =equence, 3ince only the mininem
temperatures were available for the El Dorado station, a lower value for
the uppor 1imit threshold tempsrature was chosen, nasly 45¢F, for the
last planting sequence., This value was cbtained emdirically 3nd 45CF wae
found to be the best value, Chart 22a and 22b showad an 3xcellent
correlation vith a quadrant sum of 16 or 0.8% significance lsvel for both
the first eanc the las. planting sequence., Thus the findiige of Reath and
"ittwer asree well with the present work, though fram a different approach.

The percentapge >7 possible sunshine was studied and (¢ illustrgted In-
chart 2/, as well &s charts §9 -through é7, The intensity of sunshine in

langleys per day was “ested in chart 58, In comparison of these twec
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APPENDIX I

A SUMMARY OF HIGGINS'S METHOD
for

MAKING PHENOLOGICAL OBSERVATIONS

In the Laboratory of Climstology of the Johns Hopkins University, Seabroolc,
New Jersey, Jo J. lliggins (19) has worked out instructions for msking
phenological observations of garden peas for selected volunteer observers
to uss, His work .8 summarized in the following items: (1) planting and
laveling of peas, .2) phenological cbservations of peas. For details,

the reader is sugyssted to refer to the original paper which includes a
series of plcturs: showing sach developing stagse of peas and 1s cited at
tha end of the prisent paper.

(1) Planting and Labeling of peas:

A series of plantings of the same seeds is made throughout the entire
growing seasons. After the first planting is atarted early in the
spring, succesc:.ve new plantings are made when the plants of the previous
plantings have ‘eached the fifth node.

The peas ave planted about 1/2 inch deep and 1 - 1/2 to 2 inches
apart in thre) parallel rows approximately 25 feet long with about 5
inches betwaza rows, The middle row is the "test row' while the other
rows are the "guanrd rows." A spacs 2 - 1/2 to 3 feet is left between
suvccessive nlantings, -

Ten prants ere selected at random throughout the test row for ob-
gservation, They are numbersd consecutively down the row and marked with
stakes., "he plante are also marked and numbered, Inasmuch as the first
nodee bec ms indistinguishable as the plant mature, tags are attached to
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the plants at a definite nods, as soon as it appeare on the plants baing
observed. Nodes 5 and 10 aye recommended for tagging.

(2) Phenoleogical cbservations of peas:

The foll six observatione are to be made: (i) Planting data
and time of day, (ii) emergence date, (iii) daily plant development, (iv)
blosseming dates (v) date fruit matures, (vi) date growth stops.

(1) planting rate and time of day: The peas should be planted as
specified and the date and time of day recorded on the data sheet,

(44) emerpaence date: After planting, psas germinate and emergs in
5 to 15 days c¢sponding on climatic conditions, Emergence date should be
rascorded wher shoots of the majority of seeds are just visible above ground.

(i1i) daily plant development: In order to record the development of
the plant at the growing tip beyond the last recognizable node, ten stages
have been identified. The stages may be indicated in tenths of a node by
’i’nplﬂ ¢scimal figum', ioeo’ 0.1’ 0.2, 0e3¢ee.l.0, Each comletoo node
may be identicated with single figuves, i.e. 1, 2, 3, ..., ote, Thus, 4.6
desigr.tes that plant bas completed 4 nodes plus 0.6 of the devalopment
to th, f£ifth ncde. These 10 stages are described as follows:

0.0 - This shows a completed node at ths tip of a plant at which
point occurs a mature leaf composed of 4 leaflets and a tendril,
Between the lower pair of leaflets is an immaturs stem which
supports a small tightly closed leaf bud.

0.1 - Bud begins to dsvelop, It increases in size and the tendril
unfelds from betwsen the first pair of leaflets.

0.2 = Second palr of leaflets which ars held clossely together begins
to show bestween the firat pair,

0.3 = Second pair of- leaflets and tendril elongate.

0.4 - Second palr of leaflets separate., TFlongation of these and thse
tendril takes place.

0.5 - Seeond pair of separated leaflsts and tendrils elongate.
0.6 = Second pair of leaflete bagins to separats from the first pair,
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0.7 - Second pair of leaflets becomes conpletely separated from the
first pair,

0.8 - Second pair of leaflets begins to unfold and become separated
further from the first pair. The first pair of leaflets
remaing tightly closed,

0.9 = Second pair of leaflets unfolds completely while the first
pair begine to unfold.

1,0 - Both pairs of leaflets have fully expanded and between the first
pair of leaflats is a tightly closed leaf bud. This a complete
node,

" Variations in the pattern of nodal development happen occasionally.
In some instances the lower pair of leaflets opens before the upper pair,
When this happens, the developing node is considered complete and counting
in tenths is begun on Chs newly exposed node, In other instances, a leaf
buéd or immature leaf may protrude from between the lower pair of leaflets
before they have opened, 'hen this happens, the develeping node is con-
sidered complete and eounting in tenths is begun on the newly exposed
nods. '’hen the lower pa’rs of lea’lets finally opens and nsw nods may
hava completed 5 Ganth of its development, Any branching or new shoots
should be ignored in all phenological observations.

(iv) blossoming dates: Blossoming occurs first at ncdes 9 or 10 for
Alzske peas and may occur at all successive nodes. All blossoms are tabu-
latad on the day they appear and the nodal number is also recorded, For
example--F~8 indicates » blossom on the eighth node on the day it 1s
racorded.

(v) date fruit matures: The harvest date of an entire planting is
the date fruit is mature,

(vi) date growth stops: It is recorded vhen five obss:rved plante have
stopped growing naturally--usually grewth does not stop before nodes 12 to
15, A pea plant has a particular appearance at the terminal growing point
when growing has stoppsd naturaliy., Then the lower pair cf leaflets of a
newly formed leaf opens, a cmall stwapy structure appears whsrs the lesf bud
normally occurs, Since this struciure ordinarily does not producs any new
growths, it is nct recorded. lowever; in soms instancec & dwarf leaf mey
appeay which is also ignored, Thus, the last completed nede is recorded cn
the duta sheet when growth has stoppsc. Vhen growth stops for a particular
plant under observation due to injury or disease before nods 12 is reacdhed.

A new plant in a similar stags of development should be substituted
for it, A record of this should bas mede by marking "New Plant,."
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APPEIIX LI
AN EMFIRICAL METHOL IN THE EVALUATION CF RUN-OF

Date was obtained from Ls Crosse Expardmenteal Stationmeg, Soil and ater
Congservation “ssearch Branch, USDA Agricultursl Recsarsh Servies. An
Observation of lé-year record (19301945, with 194 excluded) was used to
evaluste bhe regression linse of run-off ve. total amount of pracipitation
nceording to the daration of maximun reir-fall in: (&) l5-minute~interval
and (b) 2C-minute~interval, Run-off measurements vore made at a fam con-
taining Fayette Silt loan with a genersl slop wvary: g from 3-8%., imount

0! rvun-0f? in inchus was estimated as sn average 0. 3 plots at 72.6 fest

in length, The aystom of cultivetion on the fama vas a rotatlon of barley,
eorn, oats, 2nd hey, Barley waa cultivated anauallyz, up and dosn the slepe,
Ly one ssh of date, Cates and corn were in a 3=year rctotion, contour cul-
tivation,is ia another set cof data. 1In still another sot of datag tho re-
tation is dons by successive cropping with comn, os%:s; hay and hay. OScatten-
disgramns woere made by Lhrowing in all kinds of culiivastlon, as well as all
diffsrant types of slepee (3-8%) Logsthar, OScalas Zor intensity, as well
au for the total smount of precipitation, aze liated ss below: (Appropriats
sseles wers made gg class interval in order Lo facilitale th2 analysss).

Scele for the Tokal Amount of Pre- Scele for Intenaity of Brecioitation
cipitabiogn in 24-bour perlocs at  at 15 snd 30-minuty Intervals of

0,407 /Seele: Marimum .nsensloy:
Scale Rangs of Total Precip. Scale Rangs of Iatensity
Humbe: (in_inchas) Numbexr __(in inches)
T-0 o35 = 0,90 I-1 0,05 « 2,35
T=1 0.91 - 1,30 I-2 0,36 - 2,66
T a2 1,21 - 1,70 I-3 0.67 = 0,97

~ 3 1.71 = 2,10 =4 0,98 - 1,23
P-4 2,11 = 2,50 I=-35 1.29 = 1.59
T-5 2,51 = 2,90 I=6 1,60 = 1,92
T=6 2,91 =~ 3,30
T=17 3.21 = 3,70
Te-8 3.7 = 4,10
T<9 holl = 4,50
T =10 051 = 4,90
T « 11 4,91 - 5,30

~
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APPENDIX III

CRITERION FOR THE -DEFINITION OF A CROP RAINY DAY

"oy the study of Phytoclimate a "Crop Rainy Day" shoulcl be established in
view of the root-system, the crom (or the interception), and the typee of
plante with respect to the amount, the duration, and the intensity of rain-
?all, General official definition of a "Rainy Day" is too limited and does
not fit into the picture, It cannot be considered. The U,S. leather Bureau
as well as most Snglish Speaking Meteorological Offices define a "Rainy Day”
as "A day with 0,01l inch or more of prscipitation.” Ecually the popular
coneeption of a rainy day which is "A day with more or less continuous rain®,
should slso be neglected., It is quite difficult to defins a "Crop ralny
day” because of a number of biotic, edaphic, and meteorcloglcal complex
factors are involved, Yset, limits can bs developsed for the definition by
adjusting to average conditions.

The definition of a "Crop rainy day" Rc edopted here is the minimum eof-
?ective quantity of rainfall available for the use of & plant. Re can be
determined by the total amount of rainfall Pp in 24 hours, and ite duration
Pp accorbing to whether it is an isolatedb rainy day or a contiguous rainy
day,

A, Isolate Crop Ralny Day:

a. An isclated rainy day is a day with an effective amount of
precipitation or more, snd is ssparated from the rest of the rainy
days, both bafore and after, by ons or more days.

b, Parameter for the evaluation of an isolated crop rainy day,
within 24 hours, depsnds upon the total amount of precipitation:

(1) P, ™ .20" counts as 1 crop rainy day (or 1 Rg);

(i) l57=sPpPp ~=,20", and the ssparation from a rainy day is
not more than 2 fair days, then counts as 1Ry, if it doea
not count otherwiss,

(411) Pp =<.18" do not count,

£, Contiguous Crep Rainy Deys:
a, Pp= .10" count as 1 Ry;

b, 05" Pp=<,10" and the total amount for the two suceessive days
- precipitation is more than 0,30", thsn count these 2 days as 2
Rys provideud the greater total falls on the first day, Thaese
two doys will count only as 1 R, when the smallier total falls on

the first day, (Here 1% is assumsd that thers iz no rainy day
previous to this lesser ons, )

¢ Pp =z .05" do not ceunt.
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SUBJECT INDEX
(hsterisks below rafer to, "the definition of™m)

Abiotic 32,% 38

Absolube humidity, 34

iecuracy of techniqus, 137-138

Actual yield, (also see yield), 38

Adaphation, 6

Adverse weather 82-83, 128, 13L
Aeration, 35

Afher-ripening, 25,% 27
Arricultural meteorclogy, 3%

Alcoholie insoluble product (AIS),
23, 29, 136

Alaska pea (also see peas), 19, 20,
23, 26, 27, 102-135 -

Annual temperature (also ses temp-
erature), 5, lby 36

Anomly’ 58*

Approximate boundary, 132

Arched epicotyl, 26

Apparent yield (also see vield),
78,*% 40, 41, 102 .

Apithmatic mean of yield (also see
yield), 39, 40, 41

Avithmatic probability paper, 50
Arbificial yield (also sce yield),
5, 38%, 41

Auxins, 33

Barley, 15, 82

Bagse line, 91,% 92=93, 95
teaufort Scale, 83%

Biotic, 32, 38, 85

Blossoming, 27, 3

Blosseming inflorescenss, 27

Bloxaming curvs, 12-13, 82

Breeding, 3, 33%

Budding, 27

Canning peas (see also peas), 1, 5,
8, 13, 18-20, 82

Chesk plot, 133-139
Cigar-binder 50, 61, 62, 63, 92,
93, 95, 96

Climatic factors, 33-35

Climatological parameter, 9

' Combinatlon of Envirormental factors,

84=-101, 135, 137=-1

mthémaziéal??slv?a%, 138
dia tical, 91-97, 137
statistical, o8, 138

Corn, 16

Corrected yiold, 41%

Critical period, 9, 10, 11, 17, 14l

Criticism of heat unit system (ses heai
vnit system), 1-2

Crop rainy days, Ko, 47, 110-113, 153%
Crucial stags, 260%

Cumulative normal distribution curve,
49

Cumulative enowfall and rainfall
prior to planting, 57-60, 93, 116-120
Cultural practles, 4

Cuticular, 35

Date of
blossoming, 3, 4; 37, 149
emorgence, 3, 37, 148
harvest, b, 42, 149
maturity, 3, 37, 149
patural growth stop, 37, 149
seeding 3, 18, 37, s
Day length, (same as duration of day
length), 2, 5, 6, 23, 43, 78, ik
Day neutral, 6, 23, 43
Differential equations 84~89
Departure of yleld, (sse alsc yleld),
1}19* 103
Development, 21%
Dsvelopmsntal physiology, 3
Develop=unit, 21,% 22
Dew, 35, 53-55
Digestion, 25
Dormaney, 25,% 27
Drainags, 35
Drought line, 142
Dry peas (see also peas), 8

Farly Perfection (see also peas), 23
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| F R (u. LoYB, by 27 S '“-;:}_. &#H
Fiactive monnn]v ﬂally megn tenp=
srature, 10
‘naprry Day Degres (ETU ), 76, 77,
126126
‘wvivonmantal complex, 37-28«
Enviyonmantal factore, 30, 32-3%
Enzynas; 25
Frrora in
‘correlation, 49
erop dats, 136-137
snvironmental date, 137
techniqus, 137-138
ivaporationg 35.% L3; 51

load, &4

"loed 1line, 142

floral prtmovuiaq 3, 25.% 27, 29
Flowaring inflorescencs 20,% 27, 29
i Iﬁﬁ‘)f.u\’ﬂ’ 8taga; a‘vl, 27, ubh
Mluctuation of hempersture (see also
tomparature ), 06="T0

Foot-candle, Té*

-1

7,

‘X"ﬂu and peag {also ese peas), 16, 19,

'~ 4‘

Canahogenic pha ge (Bee =zion phase), 27

Carden peas (mee slso peaz); &, 19,
’/3 65

Cerminstion, 18, 20, 25, %6, 27

Crand vegatation poricd scage, 26

Craphical carvsuthnn of vield (mos
nlso yield), 39

Gresn Peas (ses also pess), 8=9, 14-15

wide plant, 81

Growing degree day, 19
Grs “ing moagon, 25 O, Fi, 34y 42, 83
frowtn, 1%

'thﬂ vow, 147

flalf-hardy, 44

lardy, Lb

Hay and Diary Balt, &

'nat Unit System; heat sum.
criticisms of, 1-7
fircings in 19«321, w3
TR related to, 20

Hostare (ha,), 8

'("'rt,"wa 3 33

K m."‘p( ‘T\.MS, 1”
.,;u,hsﬁ1= of heterosis, 24

i1 ictive hypoeotyl, 16

& f: 2 [U u 3 ).’44* L'.;.

Inuenainy of presipitation, 150
Intarception, 35, 45, 55
Interdiurnal tempsraturs, 2, 34
65=69,% 90, 1L3

Internods, 29, 30

Irrigation; Ly, 17
Irritability, 16,% 26,%

Tscline Analyeis, 91—9h

Lats Swast, 20

Latitudinal change of Interdiurnal
tenperature, 69

Leaf-temperature, 33, 34

Lenticular; 35

Lethal maximum temparaturs, 28

Lethal minimum tempsratura, 28
Lettucs, 17

Light

day 15ngtoh’ f9 55 6, A«jg 1}39 78’, lhl@

day neutrel, 6, 23; 43
energy day degwee (BDU), 76, T7.*
78, 125-126
intensity of 2, 6, ik
longday, 23; L3, Lh
Percentage of possibls Sunshinas,
79-30, 129-133
photo period, 23
photothermal unit (PTU), 33, 73,%
=76, 78, 90, 125-126
quality of, 6, 3%
1ine of zero departure; 47
Lithosphers, 32
Little Marval, 65
I.Jyaimetsrg 35

Mathematical corraction of yleld; A1

Yaximun temperature (2ee also tamp-
erature), 4b, 65, 143

Maturometer, 23

Mean yield (see also yield), 42, 103

Mesophybs, 43

uethOdOlO"yg l&g 59 ‘AP]-O.L

Yeteorological chart 4L, 46
Microclimatology, 3, 4, 30
Micromsteorology, 3. &

Miero-organisn, 32, 57

¥iniman tempsrature (see also temp-
er&tum)g 36’ 101&

Mixing ratio, 34=35

Modal, 139

Multi- dimeneional, 94y 97



Negative factor, 90

Night temperature (see also temp-
evature) 2, 23, 43, L4, TO*=T2,

Vitropositive, 43, 57

Nitrification, 57

No C!G, 303 u&7‘=’1-1&9

-~ Nodules, 19

Normal, L4¥*

lormal yleld curve, 115

Normal temperature, (see alsc temp-
esrature), 1k

Oats, 16

Ogive, 59

Optimum maturity, 21

Optimal temperature (ses aleo temp-
erature), 19, 28

Optimal yield, 142

Optimal yield carve, 115

Origin and Migration (se; also peas),
5=7

Parental maturation, 4,%* 27
Peas

Addis Ababa and Nirar, 5-7
Alaska, 19, 20, 23, 26-27, 102-
135

canning, 1, 5, &, 13, 18=20

date of seeding 18

differsnt continent of the world,
2

dry, 8

Early Perfection, 23

frost, and, 6, 19

GCarden, 6, 17, 23, 65

general cliatic requirement of,
6-12

Grosn, 8=9, l4=15

Late Sweet, 20

Little Ma vel, 65

origin ard migration, 5-7
patholog cal problem, 1, 18

Perfection, 19, 23

Pisun, jativum, 7
Figum

arvense, 7
:eg:f&’ﬂ of production, 7-12
review environmental factor of,
16-23
root- rot, 17, 43

Smooth, 18
soil temperature, 19-28
Surpriss, 23
United States of Amsrica, 8-9, 13
Viando, 65
lirinkled, 18
Percentage of normal precipitation, 15
Psrcolationg; 34, 45, 57
Permeabliity; 25
Phase
shappness of, 29-30
themal, 27-28, 33
photo, 26, 27, 33
Gametoyeric, 27
Photofield (see also light), 22-23,
33s 73, 14
Photoperiod, 73, 74
PH of soil, 35
Photo-thermal Unit (PIU), 33, 73%,
7‘&“’76’ 78’ 90, 125"126
Physiological Predetermination, 24%*
Physiologlcal significant phase, 30
Phytometeorology, 1, 2=4%
Phytometer, 80,% 81, 82
Phytopathology, 1, 18
Phytophenology, 2-3, 26, 37, 136=137,
147-149 :
Pisum, arvense, (see also peas), 7
Flsum, sativum, (see 21lso peas); 7
Plant, 2‘4-’ 31
Plant Ecology, 2*
Plumnlss, 29
Pollination stage, 26, 27
Pogitive factor, 89
Post pollination stage, 26, 27
Potential evapotranspivation, 21%=22
Potential yield (sea zlso yield), 84
Precipitation, 2, 9, 11, 51, 102, 104~
123
annual 15
monthly 10, 11
percentage of normal annual, 15
relation minimum——see relative
minimum of
Pre-productive period, 26%, 27, 140
Productive development, 25%
Productive stage, 140
Productive Prematuration, 26,* 27
Pure vegetative development, 25%

- 163 =



Pure warath sum, 19%

Quadrant sum, 98, 140
nuality of light, 2, 6, 33

Rainfall, 5, 34

Relative humidity, 34, 5L, 61,% 6l

Relative Minimum of
drought in weekly interval, 45-
49, 102, 104-115
maximum-nocturnal temperature in
weekly~intervals, 65-66
percentage possible sunshine in
weekly-intervals, 79, 128-133
relative humidity in weekly-
intervals, 60-64

Review of past work on weather-pea

relationship, 16-23

Reproductive development, 25

Ripening, 27, 28%

Ripness-to-flower, 25,% 27, 29, A5

Run-off, 34, 35, L5, 150-152

Seed stage, 25, 27

Sigmoid curve, 99

Sharpnese of phases 24, 29-30

Shoot, 27

Significant adverse weather check,

82-8l

Significant month (see also eritical

period), 9, 10, 11, 17

Snowfall, 34, 83

Soil moisture, 2, 3, 18, 34

Soil temperature, 2, 3, 19, 20, 26,

33

Single parameter equation, 88*

Spell of drought evaluation, 51-53

Stipular leaves, 29

Stomata, 35

Statistical approach, 98-101

Subphases, 25-26

Substrabum, 32

Subsurface run-off, 35, 45

Summary of
energy degres unit, 126
interdiurnal temp, 123-124
night temperature, 7L, 72, 125
solar intensity, 127
precipitation in the pre-re-
productive stage, 122, 123
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precipitation in reproductive
stage, 55-56, 121, 122
precipitation prior %o planting,
57-60, 116-120
Synapais, 26% 27
Syngany, 26,%* 27

Temperature
annual, 5, Lk, 36
average, 2, £3
coefficient, 18
eritical temperature, 70,* 71
daily, 2, Lb, 83
effective monthly daily mean
temperaturs, 10
effective temperature, 77, 78
freezing, L
fluctuation, 66=70
hourly, 36
interdiurnal, 2, 34, 65-69,% 90,
13
leaf, 33
Leathal Max, and Min. 28
maximum, i, 05, 143
minimum, 36,
monthly 5, 7, 10, 36
night, 2, 23, 3L, 43, 44
normal, 14
optimal, 19, 28
soil, 2, 3, 19, 20, 26, 33
seasonal temperature, 36
temperaturs-precipitation, 44
threshold, 28
wet-bulb, 61
Tender, 44
Tenderomster reading (TR), 19, 20,
29, 43, 136
Tendrils, 29
Test row, 147
Theory
heterosis, 24*
phasic development, 24%
physiological predetermination,
2l

Thermal constant, 21

Thermal field, 18-22, 33

Tomato, 2

Total preeipitation in reproductive

stage 55-56
Translocation, 33



Transpiration, 13, 35, 45, 51, 52
Transpiration ratie, 16, 17, /.3
Turbidity, 33

Twilight time (fee also civil twi-
light time), 5%, 33, 73

Varietal constent, 19
Tegetation periced, 25, 27, 28

mater availability, 34

Yater regquirement, 16-18

heat, 17

ot bulb tempersture, €L
m.techerlick Mxponents .l Equatlen,
99
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Yield
actual., 38
analysis of, 37-42, 103
apparent, 38,* 40, 41, 103
arithmatic mean of, 239, 40, 41
artificial, 5, 38%
departure of, i4l*
graphical correction of yield,
29
mean, 42
normal, 16
potential, 84
stability of, 40
United States, 3-9, 13
--gnd quallty analysis, 37-40



