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1.—Results of rainfall measurements in Guatemala and Selvaaor.

[Means for given periods in mm.]
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Station...o.ooovana.. San Luis. La Conceprion. | La Candelaria. El Sororrn. | El Reposo. 8an Franciseo, | Santa Amalia. El Rosarin, Bolivar.
. Miramar. Bola de Oro.
Department.......... San Marcos. San Marcos. San Marcos. San Marcos. . Quezaltenango, | Quezaltenango, | Quezaltenango, | Quezaltenango, | Quezaltenango,
! (osta Cuca. Costa Cuca. Costa Cuca. Costa Cuca. Costa Cuea.
Aititude. ...l 50 meters. 820 meters. 860 meters. (7 + 180 meters. 740 meters. 800 meters 900 meters. 1,000 meters,
Period..o..oooo.a.. 1909-1919 1909-1919 1900-1919 1916-1919 May. llg{.g-l)e(-._. 19081919 1009-1919 1911-1919 1900-1919
49.9 35.5 41.9 58.9 30.6 30.9 29.0 43.8 44.5
9.8 51.9 49.0 102.1 31.7 35.7 27.8 31.4 42.3
123.6 114.2 107.1 166, 8 515 9, 0 63.2 70.3 86.3
311.5 266. 8 261.5 270. 1 11i4.0 242, 9 232.5 195.9 241.9
608.8 514.7 508.9 708.2 257.8 405.0 421.7 448.0 511.1
712.2 639.2 650.4 780.1 494, 1 t47.5 630.3 608.4 492.5
539.7 463.7 448.9 40,8 319.4 440.3 513.8 476.3 557.2
f58.0 519.1 545.6 £843.0 390.5 5915 630.3 a39.1 647.0
792.0 691.0 472, 4 821.1 428.3 743.3 822.6 0457.9 812.6
(97. 4 600, 2 630.7 A27.6 a22, 5 i89.3 709.3 560. 4 651.7
250.5 138.5 111.9 256.2 105.0 144.7 173.4 151.0 187.7
58.7 89.7 87.5 82.3 2.7 55.2 46.0 50.1 66.0
4,8095.1 4,124.5 4,115.8 5,057.5 2,74l 6 4,194. 4 4,308.9 3,832.8 4,540.8
Max. in month....... Rept. 16:1,031.6 {Sept. 9: 1,113.4 {Sept. 9: 1,126.2 {Sept. 18: 989.6 |Oct. 17: 1,013.0 {Sept. 9: 1.244.6 Sept. 19:1,055.9 {Sept. 18:1,018.6 [Sept. 18: 1,235.3
Min. inmonth........ ec. 12: 0 [Jan., Feb.10: 0 [Jan., Feb.10: 0 {Jan. 19 1.3 |Dec. 13,14.15-19: Jan. 10, Feb. 19, {Jan. 12: 0 | Dec. 18: 1.9 |Dec. 18: 0
Feb. 12: 0 |Feb, 12: 0 0 {Mar. @, Dee, 10:
Feb. 15, Mar. 17, [l
Feb. 18: (]
Max. in year.. 1909:  5.946.1 | 1909: 5,352.5 [ 1016:  5,554.0 | 1916:  5,355.0 [ 1917:  3,4R7.4 [ 109:  6,065.0 | 1916 5,880.7 1 1916 5,179.8 | 1016: 6,745.0
Min. ip year... .| 1912 3,906.4 | 1914:  3,025.1 | 1912:  3,204.8 | 1019:  4,834.0 ( 1919:  2,704.4 1013:  2,850.6 ( 1914 2,7650.2 | 1914:  2,680.0 | 1912: 3,405.9
Station........ El ‘Pensa.- Santa Sofia. Morella. Magdalena. Setal. Chinasayub. Chimax. Samac. Seritquiché. | San Salvador.
miento
Depariment... Q"?m}‘x IAng . |Chimaltenango.|Chimaltenango.| EI Quiché. Alta Verapaz. | Alta Verapaz. | Alta Verapaz. | Alta Verapaz. | Alta Verapaz. Rer;u‘t‘)(liic of
Chuvé. Salvador.
Altitude. ..... 1,200 meters. 780 maters. S0 meters. 2,200 meters. 730 meters. 50 meters. 1,206 meters. 1,300 meters. {.e.coveaeoaaana- 657 meters.
Period........ 1909-1919 1912-1919 1909-1919 1913-1919 1014-1920 1914-1920 1912-1920 1420 1920 1912-1920
except 1918.
January....... 36.4 47.0 51.0 (%] 314.9 313.7 146.2 189.0 1.0 13.7
February. .... 4.2 58.0 74.0 3.0 334.7 254, 4 101.6 245.2 119.0 13.5
102.2 100.0 105.4 30.9 283.3 22.1 131.7 172.0 4.0 24.7
213.1 256. 4 190.7 34.1 28K, 7 288.3 143.7 132.1 77.0 72.8
411.8 1.3 581.9 80.7 311.9 335.3 199.2 354.0 474.0 167.8
668. 4 816.4 763.8 170.6 162. 6 519.0 285.5 i51.3 f18.0 208.0
488.5 603.5 550. 4 139.5 405.9 512.3 250. 4 228.5 690.0 300.8
547.8 680.9 708.3 137.7 402.7 396.4 24.7 195.0 417.0 208.9
621.7 941.4 901.7 181.3 578.1 588.5 263.7 43. 4 781.5 260.0
531.3 785. 4 788.4 109.6 728.5 812.5 317.5 A51.2 405.5 21.5
. 144.7 184.4 183.3 29.2 773.6 K53. 4 308, 2 1.2 39,0 42.3
Decemberl.... 681.0 40.6 46.4 5.9 408.0 514.4 184.5 400.8 69.0 2.3
Year!... 3,852.4 5,253.3 4,954.3 979.0 378.9 5,412.3 2,566.9 4,903.7 4,512.0 1,800.3
MaX. in month|lune 10: 1,138. 5 [Tuly16: 1,182.2 [Oct. 9: 1,220.8 [June 17: 284.5 [Nov.14:L.182.5 [Oct. 17: 1,257.0 [Oct, 17:  515.0 Nov.20: 941.2 | Mar.20: A4 [o.ecieennnnnae.
Min, in meonth|Febh. 15: 3.0 |Dec. 19: 0 [Jan.10,Dec. 11, {5 times  Jan., IMay 15: 120.0 |Mar. 17: ~ 85.0 [Feb. 13: 26.0 (Apr.20: 132.1 | June20: SIS [ _..............
Feb. 14: 0 |4 times Feb. & !
Mar. 1 time
May 3 times |
Der.: [N
Man. in vear..) 1918: 4,512.0 | 1916: 06,0845 | 1910: 5,545.3 | 1916 1,312.1 1920: &,603.5 | 19200 6,452.0 | 1920 2,906.2 e iiiiiiiiiiiecininaeneaacane 1918 2,110.0
Min. in vear...| 1912: 3,002.0 | 1914: 3,588.5 | 1914: 3,704.5 | 1914: 458.0 | 1916: 4,190.5 | 1919: 4.645.0 { 1919 1.877.0 [ ..ecaaa.oas II ................ 1912 1,478.5
! 1

1 10-year mean: Break in record, Oct. to Dec., 1018,

RELATION BETWEEN THE RAINFALL, THE TEMPERATURE, AND THE YIELD OF CORN IN ARGENTINA.!

§s/. 578/ 2 §5/.524: 633
( 82)

Among the diverse factors that determine the varia-
tions in tﬁxe yield of crops, the fluctuations of the meteoro-
logical elements are, without doubt, the most important,
and among these precipitation must occupy the principal
place. We know, naturally, that if the rainfall is insuffi-
cient, the crops fail or diminish; also that excessive rains
are prejudicial. But we need to know more exactly what
consitions are more favorable for crops, what is the mini-
mum of rain for & normal crop, and when the rains turn
to excessive or prejudicial.

A study of these relations has interest, not alone from
the scientific point of view, but also from the practical
side. In fact, J. Warren Smith and H. A. Wallace have
demonstrated that, knowing the rainfall and the mean
temperature during the critical period of growth, it is
possible to forecast the crop of corn in the United States

i Relacionesentrelalluvia, la temperatura y el rendimientodel maiz. Boletin Mensual,
Oficina Meteorologica Narional, Oct., 1918, pp. 487-492.

By N. A, HEssLING.
[Translated from the Spanish by (. B. Diehl.]

with more or less certainty. (Mo. WEATHER REv., Feb-
ruary, 1914, and August, 1920.) This, like other practi-
cal applications that these studies can have, depends
naturally upon the degrees of connection between the
determining factors and the yields. That connection is
more apparent for certain cultivations than for others,
and for similar cereals it is more marked in certain regions
than in others, according to the greater or lesser presence
of other factors that complicate the result.

In general, the connection is not so intimate that one
can utilize it in forecasting, as indicated above, but what-
ever the method, it is of interest to determine scientifically
what the relations are for each cereal.

We begin with corn, for it is the cereal that appears to
be most affected by meteorological variations. e yield
data are taken from the Statistical Agriculturist, pub-
lished annually under the direction of the Office of Sta-
tistics and Agriculture. On page 53 of that publication
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are given the areas sown and the yield in tons of the
different cereals, since 1898 for corn, flax, and oats, and
since 1890 for wheat. These data refer to the country as
a whole, and with regard to corn they are the only ones
that we have. It is not possible, therefore, to study the
relations with this cereal for each Province or region.

In order to correlate these yields with the precipitation
and temperature, it is necessary to have data that repre-
sent the conditions in conjunction with the corn-growing
zone, formed by averages from a number of well-locate.
stations. In order to attain this object, a map was
made (map not reproduced); it was prepared with the
data given in the publication before cited, respecting the
area sown with corn in each Province. The rainfall data
utilized in this study represent the average of 24 rainfall
stations of which a proportionate majority are found
within the area where the cultivation of corn is carried
on more intensively. The full meteorological stations
are not so numerous as the rainfall stations; neither is
this necessary, because the temperature is an element
much less variable than the rainfall; the average of six
stations was employed.

TasLE 1.
Rainfall (in millimeters).
Yield
Year. rin tons f . ] ]
per 100} (.. 'Novem-| Decem-| Janu- | Febru-! Uctober
aetes). | “por ! her. | her. | ary. | ary., - Mareh.ftoJan-
: 3 vary.
¥
1898-9. 74 113 143 109 78 180 439
1899-1900. ... . 58 82 89 68 112 220 207
1900-1901. - 72 110 49 81 52 86 312
1901-2.... 78 108 67 68 86 321
1902-3 73 86 103 69 98 142 331
10034... B, | 16| 10| 85
1904-5. 122 51 68 69 334
1905-6. 195 36 117 Tl 30 42 419
1006-7 49 7 67 39 55 185 230
1907-8 72 56 95 33 43
1908-9.. 74 128 78 62 75 22 342
1908-] ceneana--| 1,481 76 85 79 75 [i1:] 121 315
1910-11............. 219 b 45 2% 49 101 21 170
2. 152 122 208 116 75 598
28 139 111 17 75 146 365
120 59 ]0 )} 339
107 155 141 112 152 7 515
95 70 55 56 347
21 52 95 57 108 3 225
45 a2 [ ] 167 64 €1 208
75 105 107 92 148 372
71 151 171 110 82 139 447
80 92 94 78 79 103 344

| l Temperature {° C.).
| Yield

Year (intons;
N DLl AP e . . October

; 5y i Qcto- |[Novem-| Decem-; Janu- | Febru-

racres). yar. | her. | ber. | ary. | ary. | ‘lareh. "ggr‘:,'"
15.5 24.0
16.5 26.1
17.4
20.2
18.6
17.4
13.0,
17.5
10.4
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Those who have made similar studies in England—
Hooker, and in the United States—J. Warren Smith,
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Blair, and others, have generally determined the degree
of connection between the determining factors and the
yields by means of the correlation coefficient. This for-
mula presupposes the correlation between the different
factors to be a straight line, the variations of the one fac-
tor always being proportionate to the other, that is to say,
or would be in this particular case, that the yield always
would increase with the same amount of precipitation.
Logically, this is not the case, but one must have a

oint at which the increase in yield is stopped. and where
1t will presently diminish if the precipitation increases
much more. We see, for example, when studying the
relations in connection with wheat, that this cereal in
our country suffers with more or less frequency from ex-
cessive as well as from lack of moisture. As the growth
of corn takes place more or less in summer, when evapora-
tion is more active, and the necessity for moisture is con-
sequently greater, and, moreover, the plant for physio-
logical reasons needs more water, this cereal does not
suffer generally from excessive precipitation, although
the relation is not a straight line; nevertheless it approxi-
mates to that condition, and as the correlation coefficient is
a convenient method for expressing different degrees of
connection, it can be utilized in order to see in what
months the correlation is more marked. These coeffi-
cients are given in Table 2.

TaBLE 2.—Correlation coefficients of the yield of corn with the precipitation
and temperature of different months.

Precipi- | Tempera-
tation. ture.

[ - g 0.46 —0.49
November....... Q1. 45 0,47
December....... 0.52 —0.35
January......... 0.46 —0.61
February........... 0.04 —0. 28
October to January. n.7 —0. 64

The coefficients can vary between 1.0 and —1.0, ex-
pressing these two extreme correlation values perfectly in
a direct sense and in an inverse sense, respectively. Zero
or values near zero indicate that there is no correlation, or
that, if there is, it is not a straight line.

The values obtained in this case indicate that the yield
of corn depends, to a great extent, on the rainfall during
the months October to January, and in a negative sense on
the mean temperature in the same months. Neverthe-
less, in February the temperature influenced somewhat,
but the precipitation had no influence. In the individual
months the influence is nearly equal with respect to pre-
cipitation for each of the four months, while temperature
ghows its greatest influence in January. This diminution
of the coeflicient for December is not well explained,
which must probably be attributed to accidental causes.
The correlation is greater for the two elements when we
consider the four months in conjunction than for any
individual month, which explains itself, because, if the
conditions are unfavorable one month this can be com-

ensated for in part in other months. The difference

etween the correlation of the individual months and that
of the four months will no doubt be great, if not out of
Ela.ce, for the reason that the meteorological elements

ave certain passive or permanent principles, that if one
month is rainy, or dry, cold or hot, it is probable that the
following month will be of the same character, a principle
which generally does not affect the compensation from
one month to the other. In order to know this degree of
permanence between the months in question, the correla-
tion coefficient between one month and another has been
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calculated with resBect to the precipitation and to the
temperature, the following result being obtained:
Precipitation:

October-November, 0.22; October-December, 0.48; October-January, 0.07.
November-December, 0.29; November-January, 0.03; December-January, 0.33.

Temperature:

October-November, 0.63; October—December, 0.18; October-January, 0.53.
November-December, 0.56; November-January, 0.51; December-January, 0.50.

As is seen, there is always more probability that the
general character of a month will be like the months

. B
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and higher in times of dryness. In fact, the correlation
coefficient between these two elements is —0.52 (this is for
the months of October to January, therefore in the winter
it does not happen the same) ,axl;{nich indicates that none
of the factors are completely independent. Therefore, it
is necessary to ascertain the effect of each one of these
independent of the other, or what would be the effect of
the rainfall, supposing the temperature constant, and the
effect of the temperature with the precipitation constant.
If the correlations were rectilinear, this could be done b

the method of partial correlation. As the relation WitK

S oo, i the precipitation does not satisfy this condition, I utilized

© +| 4 |—1""" { for this object a new method, invented by George F.
§ 2000 . L I I MacEwen and Ellis L. Michael, described in the Proceed-
S i /}“ =77y 1 ings of the American Academy of Arts and Sciences, De-
N P cember, 1919, vol. 55, No. II. Applying it to the present
S /890 ; case, the method consists in obtaining a series of averages
N | of yield, corresponding to a series of averages of precipi-
§ 1500 + —— tation, corrected to a temperature constant, and a similar
B ;/'71 series of averages of yield, corresponding to average
Q /400 ot temperatures corrected to a precipitation constant.
g " / + | These corrections are found by a method of successive

1200 1 approximations. The computations are too long to

S / : %we in detail, but as a new method is employed, it will
% 1000 4 e well to give the proceedings succintly.

0 / The first step consists in arranging the precipitation
N 800 / and temperature data in the order of ascending magni-
N Z tude with the corresponding yield data; then making up
\,
@ 600
3

+

x 400 + N+ 1+

N 2000 . \ —t
X 200"+ \
X Millimeters o ratritall Oct-dan, \ 1

1660 T A\
F16. 1.—Relation between the rainfall and the yield of corn. 1 + +
29 — A\

preceding, and also that the various months will preserve
this character, which proves that the causes that deter-
mine this character are not transitory phenomena, but
that they must be phenomena that alter slowly. Of the
two elements, the temperature is the more stable with
respect to time, as well as geographically.

he correlation coeflicients of I1)‘a,b1e 2, as has already
been said, give a relative measurement, but as an abso-
lute measurement of the correlation will be incorrect, it
must be that the relation is not a straight line. In the
diagrams, figures 1 and 2, the natural verity of the corre-
lation can %e seen. The year of %Teatest yield corre-
sponds to the year of greatest rainfall, and the minimum
yield to the least rainfall, but it is easy to see that the
Increase in yield with the rainfall is not constant, bein
greater for the first 300 millimeters, diminishing grad-
ually thereafter, as shown by the points of intersection
between precipitation and yield grouped around the
curved line, such as is traced on the figure. Except five
or six, the points generally remain close to this line. In
taking the relation with the temperature, we can ve
well express it by means of a straight line, but in this
case there is more dispersion of the points indicating a
lesser degree of correlation.

The influence of temperature, as has been seen, is
negative, that is to say, when the temperature is low it is
much more favorable for corn. The question occurs, is
this fact true, or only apparent because the temperatures
are much lower precisef;r in the periods of most rainfall,

.1000 \
\N\
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%
A
T

\ |
IR

200 210 220 230 240
tean femperarure Octoler-Janvary

™
S
)

3
3

Yield in kilograms per #ectare (100 acres)
8
S

F16. 2.—Relation between the temperature and tho yield of corn.

two series of averages of a number of suitable yield
groups corresponding to the precipitation and tempera-
ture. Each individual yield fact will then be represented
in some group of each series, and according as they occur
in re.s(Fective groups, the corrections are applied in order
to reduce them to a precipitation and temperature con-
stant. The number of groups employed in this case is
five for rain and four for temperature. These numbers
have been adopted with the idea that each group should
remain within definite limits; for example, join in one
group the precipitation of 200 to 300 mullimeters, in
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another 300 to 400, etc. It would be advantageous also
to have each group contain the same approximate num-
ber of data, but it is not possible to satisfy these two
conditions, for when values near the normal are more
frequent than those which deviate greatly, this last con-
dition has been sacrificed in favor of the first.
In Table 3 are given the averages corresponding to
each group, the number that form the data N of each
roup, and the number of times that the individual n
ﬁafia of the group are found in each group of the opposite
series.

TaBLE 3.
- H 3 a
E,.;! ég | é'g G§
Erl = | 2L =
83 1 T i g8 Fa i
e “:aa B E, n6{n7in8|n9" | N 3‘%’ BA nl {n2|u3 {nd | nb
e -~ @ & }
- [Ven e . ~ - H
g |55 228 g B2 B2 |
3 3] gc‘E 2 =8 g3t
[ i < = -5 o @
1} - < h'.:- < < I
1 1] A, 29 1fe o o wineel L] a1
2 6 265 B, 1,178/.. 3y 2ty s ans| Gy 47T 1t
3 10 sy c.uslT oy o6 Ay o BeH LIm L 1 o4 L
4| 3| 435 D, 1,935 1 el 3 mer, L oo dll
5 550 B, 2080 1! ........ i' ................ ||
|

We take as base yields the averages of groups 3 and §,
that is to say, to correct the rainfall by the effect of the
temperature, supposing it to be constant in this value,
or to be 22.6°, and correct the temperature by the rain-
fall; this will remain at the constant reduced value of
33.8 mm. The equations in order to find the correct
values take, then, this form:

A= 319 (13
3z + 2i) (2;
Reg 4+ 1D (3)
i 4+ o H
o 4 m (5
il + e (6G)
(3h4-d+ei (7
fa HA-h4-dd (R)
. .2h) (9)
in that
a=("—A
h=(-1
d=(-0
e=—-E
i=H-T
r=T—-G
i=-T

The correction of the average A is zero, because the
one datum that forms it is found in group 8, is elected
base. To the average B is applied the correction 3g
by the three data that are found in group 7, or for that
that is in group 8, and 2i by the two data that are found
in group 9, all divided by 6, because there are six data
that form the average.

Considering these averages as the first approximation
of A, in order to find the values looked for, the second
approximation of A, BB, C, D, and E is obtained by sub-
stituting in the equations (1) to (5) the first approxima-
tions to f, g, and i, that is:

f= 1, — F,=— 650
g==11, —G,=—109
S=il—T,= 208

Summing up said equations we would have:

A= 2000 1,=120.1
Ry=1,042.8 Top= 43i.3
Up=1479.1

Dy=1579.0 dy= —99.9
Ey=1,546.0 ey= —66.9
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Now substituting the values a,, b,, d,, and e,, in the
equations (6) to (9), we obtain the second approximation
F,, G,. H,, and L,; and {,. g,, and i,, that were substituted
in the equations (1) to (5), will give the third approxi-
mation of A, B, ete.

If we continue these successive approximations, the
values converge, that is to say, the difference between
one approximation and the following will be diminishin
until zero, when the two base averages will also be equal.
This result has been obtained in the present case in the
9a, approximation, when the respective averages and
differences are

A= 219 a= 1,268
B=1,027 b= 457
C=1.454

D=1,753 d= =20
Be=1.805 p= —192
TP=1,8% = 2002
(1==1.524 == — 15
H=1,454

T=1.120 Q= 4

In figure 3 the original relation between precipitation
and vield is graphically shown, and with the broken line

¢! : 8
Y

A =71 F,v

Yield in Kilograirs

f original re/lation
7 Raintzall constant ——~—

f
7
I
200 300 400 560
Millimeters of rainfall October-Jeridarsy |

A
S 8 8
@ S S

Fio. 3.—Relation between the rainfall and the yield reduced to five averages.

the same relation supposing the temperature to be con-
stant. As is seen, tYus last line has a curve more pro-
nounced, that is to say, the effect of the rainfall dimin-
ishes more rapidly. The explanation of this is, evi-
dently, that favorable rainfall conditions are generally
accompanied by favorable temperature conditions, and
if this should be constant, the effect of the precipitation
on%y, naturally would be less.

n the diagram, figure 4, it is seen by the lesser ampli-
tude of the curve that the effect of temperature over
yield is much less than the effect of rainfall, and when the
effect of the rainfall is simultaneously subtracted this
amplitude is reduced still more. Moreover, in its original
form, this correlation is a straight line diminishing the



OcroBer, 1921.

yield with the rising of the temperature, but correcting

y the effect of the rainfall, it is seen that too low tem-
peratures are also prejudicial. Logically, it could be
expected that it would be so, and if we could have yield
data for Provinces, probably we should see that, in the
south of the corn zone, this dimunition by too low tem-
}E‘era.tures follows with more frequency than in the north.

he most favorable temperature is around 21.0 to 21.5°
C., for the months of October to January, higher tem-
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F16. 4.—Relation between the temperature and the yield of corn reduced to four aver-
ages.

perature being prejudicial. This inverse effect of tem-
perature probably must be attributed to the increase
of evaporation with temperature, although the curve is
not parabolic, as would be expected if this supposition
was correct, in virtue of the more rapid increase of
evaporation than temperature. Nevertheless, as very
little part of these data are disposable, much depends on
the method of forming the groups. In the year of least
yield; that is to say, the temperature was 22.9° C., higher
than included in group 8. If this year had been included
in the last group, the result would have been different.
There are also certain limitations to solving these ques-
tions by purely statistical methods, which should be
examined closely; and the most that we can hope for
is to arrive at some approximation.

With the differences a, b, d, etc., we can determine the
correction applicable to the base yield (1,484 kilograms),
in order to calculate the yield, knowing the rainfall and
temperature. As in all cases, the result will only be
approximate, it will be sufficiently correct to do the
interpolations between said values graphically, as has
been done in figure 5.

. Calculating by means of this graph, the yield for the
year 1898-99, for example, we have: Rainfall from
October to January, 439 mm.; correction given by the
perpendicular line (ordinate) corresponding to this
quantity of rainfall, +270; temperature, 20.5°; correction,
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+202; that is to say, 1,484 + 270+ 202=1,956. In Table
4 are given the yields calculated by this method for all
the years from 1898 to 1919, and the difference that
re;silcllted subtracting this calculated yield from the actual
yield.

Taete 4.-- Yield of corn caleulated for the rainfall and the temperature
October to January.

[ | i
Caleulated | Tjifference | Celeulated | TpEiorence
Year. ¥y “"L‘; ‘.ﬁs{'s' ealeulated | Year. yieh; (ltgons caleulated
lz)u-res)' - and actual gi're y. |and actual
. l ylelds. 8)- yields,
180899 ... 1,056 | 14 1,714 —233
180190k} 1579 § —179 174 45
1900-1901 1,609 | 301 2,15¢ 42
1001-2.. .. 1379 | 139 1,559 —2
1002-3 1,584 1 516 1,581 38
1903-1 1,484 | 835 2,014 — 19
10045 1,74 —131 1,479 —a60
19056 al0ng ! —132 611 —232
1967 731 | — 5 1,200 20
1807-S_ 1.2 | 2 || 1918100010000 1,539 167
100800001000 : 1,519 | — 8 jj1ere2nl. 00 1,854 130
|
In three cases the differences amounted to 30 per cent

of the normal, but in the rest of the years the differences
are not more than 20 per cent, although the differences
are considered, and are considerable, compared with the
usual variations from year to year, they are really small
as is soen by the graph, fig. 6.

The low yields of crops obtained in 1904-5 and 1912-13
are explained, without doubt, because the rainfall of
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Frae. 5.—Corrections corresponding to different temperatures and rainfall for calculating
the yield of corn.
December in the first place, and of January in the second,
was very much below the normal, although the total
rainfall for the four months was more or less normal.
In consequence of this, the differences will probably be
reduced somewhat if the effect of each month is con-
sidered separately. Nevertheless, some large differ-
ences remain, and in order to make the calculations
more dependable, and to strengthen them, it would be
necessary to so consider the rainfall, likewise temperature
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under other aspects, principally the distribution of the
reinfall, or, this being so, to make the periods less than
a month. The low yield of 1915-16, for example, is
explained, because, although the total rainfall oF each
month was more or less normal, it ocecured in small,
vigorous showers, with long intervals of drymess. The
rainfall of Janua, ractically all fell on the 15-16th,
not having rained before since the middle of December.
This appeared to be exceeded in 1909-10, when there
was an absolutely dry spell to the north of Buenos Aires
from November 25 until December 1S, only interrupted
in localities by small falls that, in reality, only intensi-
fied the dryness, because instead of penetrating to the
roots they formed a crust on the surface that facilitated
evaporation.,

It is natural that these long periods of dryness caused
injury to the plants, which can be compensated for only
partially by later rains. It would evidently be of inter-
est to iind out which is the critical period of growth of
the plants, that is to say, in which period was the lack
of rainfall more harmful; but, in order to do this, it
would be necessary to have yield data over all of the
Provinces, and also over all of the periods of seedtime and
harvest, although these vary according to the Provinces,
and also from one year to the other. The period of ab-
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F1a. 6.—Comparison between calculated and actual yields.

solute dryness in 1909, for example, was only experi-
enced in part of the corn zone, having been interrupted
in others gy regular rains the beginning of December.

Another cause of diminution of yield, and this is a
factor that can not be taken into account in the cal-
culation, must be when rainfall is excessive during the

eriod of harvest, and without doubt the loss in yield
In_1899-1900 must be attributed to this cause.

It is more difficult to explain the positive differences
when the yield has been more than calculated, as in
1902-3 and 19034, although it is_possible they are in-
fluenced somewhat in these cases by the relatively low
temperatures in January that, according to the corre-
lation coefficient, being the month when temperatures
have their major effect. Nevertheless, the same ex-
plenation can not obtain in 1918-19 and 1919-20, al-
though it was in these years that the January tempera-
ture was very high. Kor the rest, the distribution of
the rainfall, although in some years it can be unfavor-
able, in others has been favorable and worked toward
the making of a yield superior to the mean conditions.

In résumé, the factor most important in the yield of
corn in our country is the rainfall from October to Janu-
ary, inclusive, and in the second place, the temperature
during the same time. With these two factors it is pos-
sible to calculate the yield with sufficient accuracy, and
therefore, knowing the area sown, the amount of the
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total crop of the country at the end of the month of
January, which is of evident interest, as the harvest in
general does not begin until March.

The calculation, as has been seen, would probably per-
fect itself considering these elements by periods; for ex-
ample, for weeks or decades, although much complication
of the question would result and, moreover, in order to
estimate each one of these elements correctly for the
lesser periods, it would be necessary, as has already been
said, to arrange the yield data by Provinces or lesser
areas.

Still, perfecting the caleulation all that is possible, it is
evident that differences remain between the calculations
and the yields, because, although the temperature and
the rainfall can be considered the principal factors in de-
termining the yield of corn, they are not, naturally, the
only ones. Of other factors that influence in a negative
sense, some are meteorological, as hail and frost, others
not so, principally the invasion of locusts and other
plagues. Hail generally only causes injury in limited
areas, and for that reason has no great influence on the
total production of the country. Frost influence can also
be considered negligible with respect to corn, because
conditions which produce frost occur too late to injure
the cereal, or it is generally possible to sow new seed. A
more important factor is, no doubt, locusts, and in the
low yields of 1915-16 and 191617, the poor distribution
of the rainfall must have further influenced, in great part,
the ravages caused by the insects, these years being those
of worst punishment by this plague.

Before we finish, we will turn a moment to figure 5.
The yield corresponding to 200 mm. is 550 kilograms per
hectare (100 acres) (the temperature being constant); at
300 mm. it is 1,300; at 400 1,680, and at 500 mm. 1,820
kilograms per hectare. Between 200 and 300 mm., there-
fore. the yield increases 1,300 —550="750 kilograms, or
should be 7.5 kilograms for each millimeter of rain; from
200 to 400 increases 3.8 kilograms per millimeter, and from
400 to 500 mm. 1.4 kilograms. As, notwithstanding, the
rainfall gererally comes accompanied by favorable tem-

erature conditions, according to an approximate calcu-
ation, and in order to have a computation of the two
elements, we can take the expressed yields by the con-
tinuous line. This we do for rainfall until 300 mm., 8
kilograms, more or less, per 100 acres for each millimeter;
for 300 to 400 mm. four kilograms for each millimeter,
and above 400 mm. 2.4 kilograms per millimeter.

In the last year of those that enter into this study,
1919-20, the area sown was 3,312,200 hectares. A milli-
meter of rainfall, until 300 mm. for the four months is
reached, would equal, then, 26,500 tons, or at the price
$10 a hundredweight, two millions and a half of dollars,
more or less. In proportion as the rainfall increases, its
value will be diminishing, but as respects corn its value
will always increase, except during harvest, or at least in
the 22 years that are used in this study there is no evi-
dence tﬁat corn has suffered from excessive rainfall dur-
ing growth. The calculated values, as are drawn by a
mean curve, refer to mean conditions of distribution, and
if the distribution of rainfall should be poor its value
will be less, as also it will be greater if the distribution is
especially good.

If the rainfall observers would say to themselves that
cach millimeter of rainfall can be worth millions of dollars
to the country, perhaps they would have more interest in
the observations, which are not always made with the
care that could be wished for.



