nochange 0 .,0 pclcc..n for acreage
and 4+ pereent Tor yield changes. The
e~ a that, ov.m;; 16 sharp c:-:in aa'iotmen- :
harveated nereage dropped from 421,000 to
aeres, o decline of 26 pcrce‘ LAY erage
wield per acre chunged only 5 percent, dectining

-

Trom 1,556 pounds to 1,213 ponnds,

ation of Use of Proposed Methed

Mehiod 3 was used to ascertain the relative
eiivers of werenge and yield changes on }e&;-to-
yeur changes in produ mon of cotton, wheat, and
soyheans during the perieds 1921-38 and 1909—06.
'i"hu erops and the periods were selected to 1llus-

vute application of the proposed computational
xm“'? 683 analysts who ure working in these com-
modity areas may wish to examine other periods.
Reaults of the anelysis are shown in table 2.

Nlesults for wheat co'lﬁ"m Meinken’s finding
that yield changes exerted the preaonnnmt in-
fluence on yearly changes in production in the
period 1920-28. For the pcmod following 1938,

IMNusir

1921-85

\RD S7-0\
1 s sl ow a greater influence of acre-
vas o und by AMeinken, probably
: on of 19..)0, when harvested acre-
e Ceclined sub mtm ly from the previous year.
The analysis I’ oton showed that in the period
approximately 60 percent of the annu al
changes in production was attributable to changes
in yield. In 1939-36, this contribution dropped
to about 30 percent, whereas that of acreage
changes rose to about 70 per"ent During the
move recent period, there were sharp fuctuations
1n l;.u'\ ested acreage of cotton, particularly in

647, 1949, 1930, 1951, and 1934, when annual
cl*m*-ML 1.uwcd from 20 to more tn:m 50 pev‘cent.
These sharp changes were chiefly the result of
postwar expansion in acreage and the oyemtxun
of acreage controls in 4 of tLe 7 years.1650-56.

In the case of soybeans, the analysis showed
that in both periods acreage changes were the pre-
dominant influence on changes in yearly produc-
tion, but that the relative contribution of changes
in yveld was greater in the more recent penod
than in the eerer one. : :
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Soybean Vield Forecasts

By Bruce W.

Kelly

As part of its expanded research prograin, the Agricultural Estimates Division of AULS'
is exploring the possibilities of objective jorecasts of yield for several crops. This paper
“suminarizes results obtained jroim the first year's work on soybeans. Although these re-
sults must be regarded as tentative until more data become available, they nevertheless

Hlustrate how the problem is being attacled.

=0 DEVELOP TECHNIQUES for forecast-

- ing the yield of a crop, it is convenient to
study individual components of yield separately.
In our =t ud} ol soybeans, the components con-
¢ the number of p‘:mts per acre, the
number of pod: per plant, and the weight of beana
per pod.

This preliminary re po1t is restricted to fore-
casting (he number of pods per plant that will
reach maturity and be present on the plants at
lz;n*ves‘t timc, based on 19568 data. As the number
of plants per acre can be estimated from sample

idun fields, this is equivalent to forecasting
the number of pods per acre.
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As for cotton, a forecast made early in the sea-
gon must allow for fruit not yet on the plants?
This is the situation with soybeans on August 1,
which is the earliest foracast date considered here.
The general approach used in this study was the
same as for cotton—namely, to count the pods al-
ready present on August 1 and to seek an observ-
able syndrome of plant characteristics that indi-
cates what fraction of a 100-percent load is repre-
sented by that count. Again, as with cotton, all
pods that will contribute to the final yield have

! See Hs.\'mucxs, WALTER A, and Hp’nnuﬁsrax, EaroLp
F. OBJECTIVE ESTIMATES OF COTTON YIELD. Agricultural
Economics Research. -9:20-25, 1937, ' '




Leen formed by September 1. On and after that
Late, the D"O“’)"E“l s reduced to estimating the
1 reach maturity.

i,

"031 that will survive and
(Th 2 pr oblem of estima¥ 1ng normal harvesting
loszes is not cons! ‘dered in this report.)
tu were avalla b e for this study.
itensive counts of bloom and pod
were made at req uent intervals between June 28
and Sept Lemiser 11, 1956, on 3 me‘“ in each of
i “e’ds Springfield. This
icld work was done under dir ecfion of the State
statiztician’s ofiice in Springfield. These counts
were used to study the growth and fruiting habit
of the soybeun plant, and to set up a forecasting

P

mnodel,
able fromn a probability sample of 150 soybean
ficlds dispersed over the producing area in the
North Central States. In those flelds, counts
were made ot monthly intervals during 1956 from
Aunegust 1 until harvesttime.  (Only half of these
ficdlds were used on August 1.) Relationships
derived from the Illinois data were applied to data
Trom the more extensive surveys in the North Cen-
trad States to test the accuracy with which the final
mature pod count could be forecast at the official
moxnthly forecast dates, starting with August 1.

Relationships Chserved in Illizols Data

TFor each plant on which detailed counts could
be made thronghout the entire growing season, the
number of pods present on cach date was expressed
as 2 pereentage of the maximum number formed
on any later date. As there was some variation
in the date on which the maximum pod load wa

tained, the time seale was adjusted so that Au-
rust 5 was arbitrarily substituted for the actual
date. The dates of the other observations were
adjusted accordingly. This had the effect of put-

IRX}
1S

e
t'm_: the pod counts on a comparable age-of-plant
busis.  Average percentage of maximum pod load
by .LdJustm dates after these adjustments were
made is shown in table 1.

Plotting the relative pod load against time on

v chart shows that the decline in pod load pro-
ccod. in almost linear fashion after the maximum
is reached. The rate of pod formation up to the
maximum count follows a typical sigmoid growth
curve. The problem in that part of the fruiting
history of the plant is to find some observable
plant characteristics that are related to the relative

1.{0

A\ second set of fruit counts was avail-.

Tazre 1.—Pod load on soybean plants as pereent-
age of maximum load ([llinols data)

P

- Adjusted date " "Pod load

| Pereent

June 28, e ! . 0
July 11 liilli. R | 62
.Tulv 17 e et 20, 2
Julv 28 . _____. o mmm e —mm .- ‘ SL O
ARTUSY Jor e c e e me e ecmmecmaa—. 100. 0
.-\ugust 2 e e ————- i 87,5
September 11 e eeee. ! 771

pod load so that when pods are counted it will
ilso be pocmb]e to ascertain the fraction of a full
Joad that the count represents.

The Illinois data indicate that plants have their
maximum number of blooms about 2 weeks after
blooming begins. Pods begin to set at that time.
About 2 weeks later, plants carry about -half of
their fruit as blooms and half as pods. The older
pods have already reached full length. In terms
of blovms and pods combined, the plant has its
maximum fruit Joad 1 week later, and the presence
of beans can be detected in the older pods. An-
other week later—this would be 4 weeks after pods
Legin to set—the plant is carrying its maximum
number of pods. By the time flowering ceases—
about 3 weeks after the maximum pod load has
been attained—the plant has shied 13 pereent of its
pods. Another 16 percent of the pods disappear
between cessation of blooming and maturation of
pods, so that only about 71 percent of the pods
present at the date of maximum pod load are pres-
ent at harvesttime.

On the basis of these observations, it was con-
cluded that plants on which no pods have yet
begun to set at the time of an early-season forecast
date, such as August 1, have 0 percent of their
maximum pod load; the average plant carrying
more blooms than pods has 15 percent of that
maximumj the average plant carrying more pods
than b1ooms but no pods yet showing bean forma-
tion, has 75 percent of its maximum; and the
average plant showing pods with beans, even if
b]oo'ns are also present, already has 100 percent
of its maximum total per load.

This tentative relationship between observable
plant characteristics and relative pod load wus
applied to August 1 data from extensive surveys
conducted over the soybean-producing aress of 11
North Central States. Losses of pods between the



1

g 8 —"‘6/4]:4]1‘155.'.,10/2 o; arerage pgrccn.a{ja of
Jull lowd present on Lugust 1

deh the maxinum count was reachied
also assumed to be of the
nois data.

1
and Larvestime werc
cunse relative size as in the Iz

21 States

Olzervations in the North Central States were
Audiea monthly intervals on two sample plots in
cach saple field. Ioach plot consisted of two
adjueent row sections, 3 fect in length.  All soy-
Lean plants were counted in each plot, but pads
were counted on only 1 of the 2 row sections in
cach plot. Detailed counts of blooms, pods, noiles,
Futeral Lranches were made on one plant ad-
jucent 1o each row section on which pods were
connted.  These detailed counts were used to clas-
sy ficlds by stage of maturity Into the categories
snerested by the Illinois duta.  This cl..salﬁcauon
was used to estimate the percentage of the maxi-
rnen pod load that was repreented by the August

1 pad count.

The classtiicat the relative pod
load each d;ata and the weighted average
relative pod load for all fields in th\, survey, are
shown in table 2
- Inthe August 1 survey, the average pod count
wus Tus per 6 feet of row. The corresponding
counts on later surveys were 1,198 on September 1
and 946 on Qctober 1.

As of Aungust 1, the maximum pod count that
would be obtained can be forecast by dividing the
observed count on that date by the fraction of a
full Toad roprwonted by that count: 758/0.594=
Si3. This is larger than the number observed
o Neptember 1, but the Illinois data indicate that
abour 13 percent of the maximum pod load is lost
between August 1 and September 1. The number
of vods npu:ed to be present on September 1

Analysis of Data From North Centra

nedd

ion of flelds,
tor

oy

_agrees closely with the 940 actually

Agam, according
to the Illinois dnta, the number of pods found
on Cctober 1 should be about 29 percent less than
the maximum: (0.71) (1,3:3)=95+. This also
counted on
QOctober 1.

It thus appears that a forecast of the number
of pods that will be present at harvest time can
be made as early at August 1. That forecast is

N

obtained in two stages. First, the maximum po-
from the number

tentinl ped load is computed
already present and the indicated percentage of
a full load represented by that count. The num-
ber of these pods that will be present at harvest-
time is then computed from the average survival
rate. '
By September 1, most plants have stopped

blooming, very few new pods are being formed, ang:

beans are developing in most pods on the plants
For a September 1 forecast of pods present at
harvesttime the problem is mainly to estimate sub-
sequent lcsses. These losses can be estimated
from trends such as those observed in the Iilin
data. But there may be other possibilities. For
example, it was observed that for plants that have
stopped kblooming by September 1, the ratio of the
Cctober 1 pod count to the September 1 count was
identical with the ratio of the September 1 count
of pods with beans to the Sebte:nber 1 total pod
count. For the region as a whole, the Cctober 1
pod count was 79.0 percent of .,he September 1
count. The September 1 ratio of pods with beans
to total pods was 80.9 percent. The agreement is
also fairly good when considered State by State.
This implies that plants mature enough to stop
blooming at that stage, are carrying all pods that
will produce beans and that pods in excess of tha
number are likely to be shed by the plants.
Ixperimental work is continuing to test the
validity of the relationships described here and to
seek possible refinements. For the August 1 fore-
cast, some other basis for classifying plants accord-
ing to maturity may be more suitable. For the
ueptember 1 forecast, the behavior of some plants
that are still setting pods needs to be studied.
Weight of bean is receiving attention. Harvest-
ing Tosses are being estimated by gleaning sample

: ﬁelds after harvest.
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