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NATURAL DAYLENGTHS FOR PHOTOPERIOD SENSITIVE
PLANTS* **

C. A. Francis***

Sewsitivity in many crop species to changes in natural daylength from
one latitude or season to another has a pronounced effect on plant devel-
opment and eventual production. This sensitive reaction also Limits the
range of adaptation of commercial hybrids and varieties, and makes the
exchange of germ plasm among improvement programs very difficult.
Although factors such as temperature, moisture, insect/disease comple-
xes, and others also eoniribute to adaptation or its shsence, the single
factor “photoperiod” is the one with most siriking effects on plant
development, Also, it is possible to measure and study the influence of
daylength, and by this process develop materials insensitive to photo-
period changes. Then one may proceed to evaluate temperature and
other fsctors without the confounding effects of photoperiod.

The tremendous value of photoperiod insensitivity has been demon-
strated clearly in the new varieties of wheat and rice developed by the
International Wheat and Rice Programs in Mexico and the Philippines,
respectively. These varietes move easily across latitudes and around the

lobe, and currently form & major part of the buasis for the green revo-
ution. The same advances will soon be made in other crops, but more
information on each erop and the reaction to different natural photo-
petiods must be determined in order to push back the barriers to wider
adaptation,

An imporiant step in this process is the definition of natural photo-

riods, Most elementary fexts in geography include curves which show
ﬁzurs of sunlight and “darkness” (i.e., nonsunlight hours). These are
based on time of sunrise and time of sunset. However, the eritical light
intensities that control photoperiodic resctions in plants are considerably
lower than levels occurring only during the hours of sunlight. Thus, the
“effeotive” daylength for s photoperiod-sensitive reaction may be much
longer than the hours of sun. The “twilight” zone is important,

To adequately evaluate plant development data from past plantings
or to choose locations between which one may alternate seasons in a field
program to develop insensitive genotypes, the critical number of hours
of effective light and darkness must be known, This is impor
tant if natural daylengths are to be extended artificially in the field. In

.

*  Adapted [from techniesl journal article, “Bffective day) for the
study of photoperiod senisitive reactions in plants”. €. A. Francis. Agro-
noray Journal 62: 780792 (November-Devtmber). 1970 (1),

**  Sumnaries in Spanish and Portuguese appesr on Page 32.

¢ Malye Breeder, Centro Internacionsl de Agricultura Tropleal (CIAT), Apsr-
tado Adreo B7-13, Cali, Colombis, 5.4,
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a recent field study of maize in the tropies {2), we used 5 hours of
additional light to shorten the dark period. Light intensities above the
critical Jevels of 5 foot candles and 1 to 2 foot candles were effective in
delaying floval differentiation by absut 20 and abeut 5 days, respee-
tively, in photoperiod sensitive genotypes (one foof candle is approxi-
mately equal to 10.76 lux). These critical intensities have not been
established for many crop species. Therefore, to extend the application
of these curves of “Photoperiod Effective Hours” to many species and
locativns, ealeulations were made using four eritical intensities: 10, 5.
2 and 1 foot candle (108, 54, 22 and 11 Tux), latitades from 70° N o
6658, and 15-day intervals through the vear. These cutves are repro-
duced in bulletin formn to allow inereased zize and accuracy in their use.
compared to the original publication {1}, The tables of original data
from which the curves were drawn are alss ineluded to give more detail
and precision for cach latitude and season,

MATERIALS AND METHOQDS

To calculate the number of howrs in the day with a light intensity
above a certain level, the time in the morning ot which that intensity is
reached and the time in the evening at which it is passed must be
known, The Nautical Almanae (5), published yearly by the U.5. Naval
Observatory, gives the times of Civil twilight (sun 62 below horizon).
sunrise, and sunset. From tables in the 1965 edition of this almanac, the
hours of sunlight and hours with a light intensity above Civil twilight
were caleulated for latitudes at 109 intervals from TN to 6698, The
light intensity of the sun on a ¢lear day with the disk near the horizon
is 1,885 Lamberts (3). This intensity is approximately 42 ft.-c. Factors
for light energy conversions are given in Table 1, Before the sun reaches
the horizon, the light intensities on a clear day at -69, -32, 49, —39, 29,
and ~1? {(angle of sun below horizon) are 2, 3, 13. 40, 113, and 250 lux,
respectively {4). These values, in the order given, are about 0.2, 0.5.
1.2, 3.7, 10.5, and 23.2 ft.c, From these dats a light intensity curve is
drawn for sun angles below the horizon frem Civil twilight to sunrise,
This curve may be reversed for the period from sunset to Civil twilight
in the evening. The sun angle below the horizon at which each specific
foot candle intensity is reached on a clear day is then determined.
Because of the essentially uniform angular velocity of the earth relative
to the sun, the ratio of the degrees below the horizon for 2 specific Jight
intensity fo —67 gives the proportion of the time between Civil twlight
and sunrise, and between sunset and Civil twilight, which is above the
critical intensity. This time is added to the hours of sunlight to give the
total hours per day with an intensity above any chosen level,

Table 1. Approximate factors for light and energy conversions.

Cuadro 1. Factores aproximades para convertir unidades de Juz y
energia.

Quadro 1. Fatfres aproximados para converter unidades de luz e
energia.

1 foot candle {(fi—¢) = 449 Lamberts
1 foot candle {ft—¢} = 10.76 lux
i1 Langley {1 g cal/em®/min} — 4.800 foot candles
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RESULTS AND DISCUSSION

Natural photoperiods for all months of the vear and for latitudes
from 70¢ N to 602 § are summarized in four figures, These curves indi.
cate the number of hours of light above intensities of 10 foot candles
(108 lux), 5 feot candles (34 lux}, 2 foot candles (22 lux), and 1 foot
candle (11 lux). Figures I through 4 give these photoperiods for clear
days and no obstructions on the horizon. 1t is obvious that heavy cloud
cover daring early morning or late afternoon, such as that which ecours
in the tropics during the monseon season, significantly reduces the
effective photoperiod for n particular latitude and date and extends the
dark period crucial for photoperiod sensitive reactions. Scattered high
clouds near the horizon, on the other hand, could reflect sunlight from
below the horizon and extend the photoperiod for several minutes.
Although the atmospheric path is the same at all latitndes and zero solar
elevation, the amount of moisture and dust in the atmosphere may vary
significantly with latitude and season, and thus influence the effective
photoperiod. These variations in natural effective photoperiods are
minor, however, relative to changes with latitude and season, and are
impossible to caleulate,

The caleulations for these curves have been based on foot- candles
because of the widespread availability and use of inexpensive foot candle
meters, These critical intensities may be converted to lux or Langleys
weing the approximate conversion factors listed in Table 1, ‘

The exact beginning time of the period with a ecritical intensity above
a certain level for a given latitude and date can be spproximated by
dividing the number of light hours by 2, and then subtracting this value
from the time of solar noon in that location and on that date. The
ending time of this period of illumination is found by adding the same
value to the time of solar noon, The exaet time of solar noon is 12:00
en the dates of the equinuxes, but will vary from 5 to 10 minutes after
noon on the date of the December solstice, and 5 to 10 minutes before
noon on the date of the June solstice, depending on the latitude, Time
of soler noon may be found in tables (5}, estimated from the sunrise -
sunset curves in a geography textbook, or interpolated from Table 6.

From the preceding Figures 1 to 4, a family of curves may be con.
structed for a specific latitude or location of interest by interpolating
from the curves for each intensity, As an example, one location was
chosen from a north latitude snd one from a distinet south latitude.
This is illustrated in F i§¢ 5 faor Ithaca, New York (Lat. 42°25" N) and
Sao Paulo, Brazil {Lat. 23230° 8). The hours from sunrise to sunset also
are presented in this figure. Note that the scale in hours is different
from the other figures, In Ithaca, New York, the 10.£t.-c. photoperiodi-
cally effective days are 23 and 26 min longer than sunlight hour days
in December and June, respectively. The 1-ft..¢. days are 24 and 26 min
tonger than the 10-ftc. days in December and June, respectively, A
figure of this type may be used to rapidly read the number of hours
above a critical intensity, and thus the period of darkness, which have

5



Figure 1. Photoperiod in hours with an intensity greater than ten
foot candles (107.6 lux ).

Figura 1. Fotoperiode en horas con una intensidad superior a las
dier bujas (107.6 lux ).
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Fotoperiodo em horas com uma intensidade superior a 10

velas (107.6 lux),

Figura 1.
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Figure 2. Photoperiod in hours with an intensity greater than five
foot candles (53.8 lux ).

Figura 2. Fotopericdo en horas con una intensidad superior a las
cinco bujias (53.3 hux),
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iodo em horas com uma intensidade superior a 5
lux).

velas (53.8

Figura 2. Fotoper
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Figure 3. Photoperiod in hours with an intensity greater than two
foot candles (21.5 Jux).

Figura 3. Fotoperiodo en horas con una intensidad superior a las
dos bujias {21.5 Jux].
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Fotoperiodo em horas com uma intensidade superior a 2

velas {215 lux ).

Figura 3.
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Figure 4. Photoperiod in hours with an intensity greater than one
foot candie {10.8 lux}.

Figura 4. Fotoperiodo en horas con una intensidad superior a una
bujia (10.8 Jux).

24 Y ¥ v r—— Y

23+
N At

22

2i:
a0
20
4
//5:

T/
/
/

Horas con una intensidad mayor a una buijfa,
Horas com uma intensidade maior a uma vela.

Hours with an intensity greater than one foot candle.

\ -
.neﬁﬂ
8
r 60
-]
|3 LAY
58
4
3-
2
T»..
» i " § 1 £
2 Foon 7 22 H 2 7oon P 7
AFR MAY JUN Jug AUG Sﬁﬁn

12



or a

i

Figura 4. Fotopericdo em heras com uma  intensidade super
uma vela {10.8 lux),
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Figure 5. Phutoperiod in hours for four critical intensities and two

Figura 5.

Figura 5.

Hours with an intensity greater than each critical level,

1

critioo.,

Horas con una intensidad mayor que cada nivel

Horas com uma intensidade maior que cada nivel critico.

latitudes: Ithaca, Mew York {Lat. N. 42°25’) and Sao
Paulo, Brazil (Lat. 8. 23%30").

Fotoperiodo en horas para cuatro intensidades criticas y
dos latitudes: Ithaca, New York, E.UA, {Lat, N. 42°25') y
Sao Pavlo, Brasi] {Lat. S. 23°30°}.

Fotoperiodo em horas para quatro intensidades criticas e
duas latitudes: lthaca, New York, EUA, (Latitude N.
4Z°25') e S50 Paulo, Brasil (Latitude §, 28%30°).
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influenced the growth and development of crops in past seasons, It may
be used to prediet plant vesponse il the crop is planted on a given date.
If number of days to floral initiation is correlated with enthesis, days
to flowering of specific genotypes when grown in several locations could
he compared to determine which factors in the environment were signifi-
cant in their influence on developmeni,

The precise data from which these curves were drawn are listed in
Tables 2, 3, 4 and 5, for the same eritical intensities. The data presented
are hours and decimals of hours, ie., 14.50 is 14 hours and 30 min,
while 12.75 is 12 hours and 45 min, These tables are useful if the exact
hours and minutes of light are needed for a specific location and date,
Intermediate dates and latitudes may be interpolated from these tables,
Finally, the hours of sunlight for these same latitudes and dates are
presented in Table 6, along with exact times of Sunrise and Sunset {3).

CONCLUSIONS

These intensity curves for cffective daylengths may be used to
evaluste field reactions to photoperiod, one of the impartant factors
which influences the complex pattern of adaptation. Data on both erit.
ieal intensity and eritical daylength are needed for each specific erop to
correctly apply the information in these curves to studies of devel
opmenti,

As the facturs which influence survival, adaptation and preductivity
become better understood for each crop species, there will be increased
attention given to those dates of planting and harvest which maximize
the economie yield per day. Since photoperiod has a direct influence on
floral initiation in many sensitive species, the daylength during the

<wearly growth and development of the erop is frequently an important
factor in determining the optimurs planting date. When critical light
intensities have been determined for a erop, these foot candle curves
will be more precise than similar curves shewing hours of direct sun-
light, The ultimete value of the information presented here is to aid in
the selection of photoperied insensitive genotypes of must economie
species, and thus allow wide adaplation and promote exchange of germ-
plasm.

15
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Table 2.

Phatoperiod in hours with 3 minlmum Intensity of 10 foot candles (107.4 Jux},

Cuadro 2. Fotoperiodo en horas con una intensidad minima de 10 bujfas {107.6 lux).

Guadre 2. Fotopariode em horas com una intensidade minima de 10 velas (107.6 lux},

January February March April May June
Latitude 7 22 7 22 7 22 7 22 7 27 7 22

70N 1.75  4.29 690 921 1096 13,14 1591 1872 21.65 24.00 2400 24.00
B0 6,98 7.87 2.03 1033 11.40 12.76 14.44 1585 17.26 18.58 1966 2012
50°M 877 %32 10.05 10%2 11.65 12.59 1373 14.64 1551 1625 16,74 1690
40°N .85 10.21 1072 11.32 11.83 1250 13.28 13.92 1450 14.99 15.30 1540
30°N 10.64 10.87 1121 11.62 1198 1243 1297 13.41 13.80 14.13 1434 14.41
20°N 11.27 11.42 1163 11.38 1211 1238 1273 13.01 13.25 1346 13.5% 13.63
10°N 11.85 11.91 1201 1213 12.23 1236 12.53 12,67 12,729 12.%0 1295 1247

oe 12.38 1238 12.37 1236 12.36 1235 12.35 1236 1238 12.38 12.38 1238
10°8 1295 1284 1274 12.60 1280 1235 12.18 1207 11.87 1188 11.83 11.80
2008 13.57 13.39 13.17 1288 1266 1236 1203 11.76 11.54 11.36 11.24 11.22
3008 14.29 1402 13.64 1321 1285 12.38 11.85 11.43 11.67 1078 1059 1052
A0 1523 14.81 1427 13.63 13,10 1242 145 11.04 1056 1007 Q77 G.49
50°8 16,62 1599 15,15 14.23 1348 12,51 11.39 1052 74 908 8.66 852
&0°8 19.37 18.10 1666 1520 1405 1264 11.03 973 853 749 678 654




£l

July August Saptember October Navember December

Latitude 7 22 7 22 7 22 7 22 7 22 7 2
70°N 2400 2400 21.43 18.41 15.25 13.00 10.85 8.47 637 3556 1.66 1.44
&N 19.55 18.43 1710 1572 1405 12469 11.34 10.01 B.76 7.64 684 656
50°N 1649 16.18 1542 1456 13.47 1254 1161 1072 988 ¢.18 B70 853
40°N 1527 1493 14.45 1387 13.11 1245 1180 1107 16.60 1012 9,80 9.68
20°N 14.32 1410 1377 13.36 12.84 1240 11.97 11.52 11.14 10.82 10.5¢ 10,52
20°N 13,57 1343 13.24 1298 1264 12.38 1208 11.81 1159 11.38 11,272 11.20
T0°N 12.95 12.88 1278 12.66 1250 1236 12.23 1210 11.98 11.8% 1183 11.82
o 12.38 1238 1237 1235 1236 12.35 1236 1236 12,38 12.39 12.39 12.3%
10°8 11.83 11.88 197 1208 1223 1236 12,50 1244 1278 12.88 1295 11299
20°8 11.25 11.37 11.57 11.78 1209 1238 12467 1295 13.20 13.43 1358 13.43
30°8 1061 10,81 11.09 1147 1198 12.42 1287 13.31 13,73 14.08 1433 14.41
A0S .80 1010 10558 11409 11.82 12.47 13,13 1379 14.40 1491 1528 1540
50°8 8.71 2.15 981 10.60 1164 1257 1350 14.44 1835 14.14 1669 1690
&60°8 6.85 7.60 8.65 9.84 17,39 1273 1411 1554 1698 1538 19.59 2010
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Table 3.

Photoperiod in hours with a minimum intensity of 5 foot candles (53.8 lux).

Cuadro 3. Fotoperiode en horas con una intensidad minima de 5 bujias 53.8 lux).

Quadro 3, Fotopez'fodc‘ em horfas‘ com uma intensidade minima de 5 velas (53.8 fux).

January February March. April May June
Latitude 7 22 7 22 7 22 7 22 7 22 7 22

70N 234 4.71 7.20 Q.46 11.20 1338 16.19 1914 2208 24.00 2400 2400
60N 718 B.0S 21 1050 11.56 1292 14.61 16.04 1748 18.86 2002 2054
50N 8.92 246 10:19 1105 1.7 1272 13.86 1478 1566 1641 1491 17.07
40°N @97 10.32 10.83 11.43 11.94 1261 13.39 1408 14.62 1501 1543 1553
30°N 1074 1097 11,37 11.72 1207 1253 13.07 13.51 1380 14.23 1445 1451
20°N 11346 11.5 1.72  1M.97 12.1%¢ 12.46 1281 1310 13.34 13.55 13.68 13.73
10°N 1184 1200 1209 12.21 1231 1245 1261 12758 1288 71299 13.04 13.06

e 1247 12.46 1245 1245 1244 1243 1243 1245 1246 1246 12.47 13.47
P8 13.04 1295 1282 12469 1258 12.44 1226 12158 12.05 11.%6 11,92 11.89
2058 13.66 1349 13.26 1297 1275 12.44 1211 1185 11.63 11.45 11.33 11.31
305 1440 1412 1374 13.30 1294 1248 1124 11.52 1117 10.87 10469 10,62
4008 1535 1494 1439 13.74 13,21 12.53 11.76  11.15 et 1049 2.89 @.81
BQORS 16.79 16,14 1530 14.37 13.58 12.63 11.52 10465 988 223 8.81 8.468
6018 19.71 1834 16.87 1538 1422 12.831 1.9 980 872 7.69 7.00 & 77
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July August September October November
Latitude 7 22 7 22 7 22 7 22 7 22 7 22
70PN 2400 2400 2189 18.80 1552 13.24 11.09 8293 6.69  4.05 222 192
60°N 1990 1870 17.32 159 1422 12.85 11.50 10.18 8.94 7.84 7.06 678
50°N 16.86 16.33 1557 1470 13.59 12.67 11.73 1085 10,01 932 8.84 8.8
40°N 1540 15.05 14.56 13.98 13.21 1256 11.91 11.28 1071 10.24 9.92  9.80
30°N 14.42 14.20 13.87 1346 1293 1249 1206 11.62 11.24 1092 10469 10.62
20°N 13.67 1353 1333 13.07 1273 12,46 12.17 1190 1768 1148 11.36 11.29
10°N 13.04 1297 12.86 1275 1258 12.45 1231 1218 1206 11.98 ez 1
0° 1247 1246 1245 12,44 12.45 1243 1244 1245 1246 1247 . 1284 1248
0% 7 1192 11:%7 12,05 "12.36 1231 1245 1258 1273 1286 12497 1304 13.08
20°8 11.34 1746 . 1166 1187 128 1246 . 1275 1304 13.29 1353 13468 1373
30° 1071 1091 1139 11587 12.08 -12.5 12,97 1341 1383 1418 14.44 1451
40°% 992 10.22 ---10.66 11.20- W92 1257 13.24 1390 14.51 1504 1541 1553
50°% . ., 885 929. .- 995 1073 . 177 269 . 13463« 1458 15.50 1630 1686 17.07
C60°% 707 780 “ §83 1001 155 1280 1428 1572 17.20 1845 1995 2051
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Table 4.

"Photoperiod in hours with a minimum intensity of 2 foot candles {21.5 Tux).
Cuadro 4, Fotoperiodo en hotas con una intesidad minima de 2 bujias {21.5 lux}.
Guadro 4. Fotoperiode em horas com uma intensidade minima de 2 velas (21.5 lux).

January February March April May June
Latitucle 7 22 7 22 7 22 7 22 7 22 7 22

TOPM 3.04 523 754 977 11.49 1348 1653 19.64 2259 24.00 2400 2400
GO 745 830 9.42 1070 11.76 1312 1482 16.27 1775 1920 20,46 21.04
S0°M 910 943 1035 11.20 11.93 1287 1402 1495 1584 16.60 1711 17.28
40PN 1011 10456 1096 1156 12.07 1273 13.52 14,16 1476 1526 15.58 1549
30N 1086 11.10 11.43 1183 12.18 12,64 13.18  13.63 14.02 14.36 14.58 14.64
20°N 11.47 11.62 11.83 1208 12.30¢ 12.57 1292 13.20 1345 13.66 13.80 1384
T10°N 1204 2.1 11.20 1231 1241 1254 1272 12.85 1298 13409 12,15 1337

o 12.58 12,57 1255 1254 1253 12583 1253 1254 12.57 1257 12.58 1258
10%8 13,14 13.05 1292 1279 1268 1254 1236 1225 1215 12046 12.03 1200
2008 13.77 13.40 13.37 1308 12.85 1255 1221 1196 11,74 1156 11.45 11.42
3578 1453 1425 13.86 13.42 13.06 1259 1206 11.64 11.29 10.9% 1081 1678
A0°8 1550 1508 1452 13.87 13.24 12.66 1188 11.28 10.75  10.33 10.04 995
5098 1699 1433 1547 1453 13.74 12.78 11.67 10.80 1004 940 8.99 886
&0G°8 2011 18.64 17.12  15.61 14.42 13.00 11.3% 1611 B94 794 726 704
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July August September October Novemnber December

Latitude 7 22 7 22 7 22 7 22 7 22 7 22
70N 2400 2400 2245 1927 1584 13.53 11.38 924 7.07 443 2.89 2.50
SO 20.32 19.03 17.59 14,14 14.43 13.04 1149 1038 216 B8.08 7.32 7.05
50°N 17.06 1552 1875 1486 13.74 1282 1188 11.00 10,17 2.49 .02 8.86
A0N 1856 1520 1470 14.11 13.34 1248 1203 11.4 13.85 1038 10.06 @.95
30°N 14.55 1432 13.99 1358 13.05 12.61 1217 11.73 11.36 11.04 10.81 1475
20°N 13.78 13.64 13.44 13.18 12.83 1257 12.28 120 11.792  11.59 1147 1141
10°M 13.15 13.08 1297 12.85 12468 1254 1241 12.28 12.16 1208 1203 12,02
o 12.58 1257 12558 1254 12.54 1252 1253 1254 1287 12.57 1259 12.5¢
105 12.03 12.08 12.15 1226 1241 12.54 1268 1283 12.97 13.08 13.15 13.1¢
2008 11.46 1157 11.77 1198 12.28 12.57 12.86 13.15 1340 13.64 13.79 13.84
30°%5 1083 11.03 1131 1148 1219 12.62 13.08 1353 1385 14.3) 14.57 14464
4GS 10.06 10.36 1080 11.33 12088 12.70 13.37 14.03 14465 i5.18 1556 15.69
5008 203 947 1001 1089 11.92 12.84 13.79 1475 15.67 1649 1707 1728
&0°5 7.34 8058 .05 1022 1L.74 13.09 1448 1595 17.47 18.98 2037 21.0%
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Table 5,

Photoperiod in hours with a minimuym Intensity of 1 foot candle {10.8 lux},

Cuadre 5. Fotoperisddo en horas con una intensidad minima de 1 bujia (10.8 lux).

Quadro 5. Fotoperiodo em horas com uma intensidade minima de uma vela (10.8 lux),

January . February - March ™ April May June -
Latitude 7 22 7 22 7 22 7 22 7 22 7 22

70N 359 562 784 100 1.71 13.90 1679 2003 2298 2400 24.00 24.00
SN 7.65 2.48 259 1085 11.91 1327 1428 16.45 17.946 19.46 2079 2143
S0 9.23 ¢.76 10,48 11.32 1205 1298 1414 1507 1598 1475 17.26 1745
40PN 10.22 10.56 1107 11.86 12.16 1283 13.62 1427 1487 1537 1570 1581
30N 10926 11,19 1152 11.92 12.26 1273 1327 13.72 T4.11 14.45 1468 1474
200N 1156 11.71 1191 1214 12.38 12.64 13.00 13.28 13,54 1375 13.89 1393
10°N 1212 129 12,28 1239 1249 1262 1280 12.93 1306 1317 1324 13.25

oo 1266 12.464 12,63 12.62 12461 12460 12.60 12.62 12.64 12464 12,46 12.46
14%8 13.22 1333 13.00 1287 1275 1262 12.44 1233 1223 1214 1211 12.0%
20°8 1385 13.68 13245 136 1293 12.43 12.29 1204 11.82 11.45 11.53 11.5]
3048 14463 14234 1396 1350 13,14 1248 1214 1173 11.38 11.08 1091 10.85
ARG 1562 15.1¢ 14.63 1397 1344 1276 1198 11.38 16,85 10.44 1815 10,046
5008 i7.15 1648 1560 14.65 13,86 1290 11.78 10.92 1017 @54 2.13 ¢.04
&O°8 20.43 188G 17.32 1878 14.58 13.14 11.54 10.27 212 813 747 725
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July August September October November December

Latitude 7 22 7 22 7 22 7 22 7 22 7 22
705 2400 2400 2288 19.64 16.09 13.76 11.61 9.49 737 509 3.41 2.95
HOPN 20,64 1928 17.80 16.31 14,59 13,19 11.84 1054 933 827 752 726
50PN 1721 14667 15.88 1499 13.86 1293 1200 11.32 1030 .42 216  8.9%
AD'N 1548 1531 1481 14.22 1344 1278 1213 11.5) 10.95 1049 1037 1006
30N 14.65 1442 1408 13.67 1314 1269 1226 11.82 1145 1113 1091 10.84
20°N 13.87 13.73 13.52 13.26 1291 12,64 1236 12.09. 11.87 11.48 11.36 11.4%
TN 13.24 1316 13.05 1293 1275 12.62 1249 1235 1224 126 1211 1210
o8 1266 12.64 1263 12.62 1262 12.60 12,61 12462 1264 12465 12.67 12.67
10°8 12,11 1216 1223 12.34 1249 1262 1275 1291 1305 13,6 13.24 13.27
2008 1154 11.68 1185 1205 1236 12.64 1294 1324 1349 1373 13.88 13.93
30°% 1092 1112 1140 1177 1228 1271 13.17 1342 1405 1440 14466 1474
40°6 1617 1047 - - 1090 11.43 1215 1280, - 1347 1413 1476 1529 15468 1581
5005 16 260 “F1024 110 1203 1296 13.9F 1487 1580 16.64 17.23  17.44
754 823 %23 10.38 11.8% 13.24 14.64 16,13 1767 19.23 21.39

&0°8
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Table 6. Times of sunrise and sunset, hours and minutes of sunlight, and hours {and decimals of hours) of

sunlight, .
Cundre 6. Hora exacta de salida y puesta de sol, horas y minutos de luz solar y horas (y decimales de horas ) de
luz solar.
Quadro 6. Hc;ra exata de safda e pdr do sol, horas e minutos de luz solar e horas (e décimos de horas) de luz
solar.
January 7 January 22 Felsruary 7
SUN-  SUN- SUN SUN | Sum- SUN-  SUN SUN  {SUN- SUN. SUN SUN
Latitude | RisE SET HR-MIN  HRDEC | RISE SET  WR-MIN  HR-DEC |RISE SET HR-MIN _ HRDEC
70°N * * 0 0 | 1042 1343  3:01 3.02 |0915 1515 6:00 6.00

s0°N | 0857 1517 &:20 6.33 | 0834 1551 7:17 7.28 10B0O0 1630 8:30 8.50
500N | 0757 18617 8:20 8.33 | 0745 1639  8:54 8. 90 (0725 1704 9:39 2.65
40°N | 0722 1652 9:30 950 | 0716 1708 9:52 9.87 0703 1726 10:23 1038
30°N | 0657 1717 10:20 10.33 | 0455 1729 10:34 10.57 |0647 1742  10:55 10.%2
2000 | 0637 1736  10:5% 1098 | D638 1746 11:08 11.12 j0633 1755 11:22 11.37
TN | D619 1754 11:35 1158 | 0622 1801 11:39  11.45 |0622 1807 11:45 1175
Qe 0603 1810 12:07 12,12 | 0608 1815 12:07 1212|0617  1BI8  12:07 1212
10°S | 0546 1827 12:41 1268 | 0554 1830 12:36 12.40 |0600 1829 12:29 1248
20°6 | 0528 1845 13:17 1328 | 0538 1845 13:07 13.12 |0547 1841 12:54 1290
30°6 ] OS0B 1906 13:58 1297 | 0570 1903 13:43 13.72 10534 1854 13:20 1333
AGPS L 0441 1932 14:51 1485 | 0458 1925 14:27 14.45 J0516 1912  13:56 1393
50°% | 0403 2010 14:07 16.12 | 0426 1957 15:31 15.52 10452 1935 14:43 1472
60°% | 0255 2117 18:22 1837 ) 033 2051 17:20 17.33 |0412 2014  16:02 1603

* N osunrise,
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February 22 March 7 March 22
SUM- SUN- SUN SUN SUN- SUN- SUN sum | sUN- SUN- SUN SUN

Latitude | RISE $ET HRMIN - HRDEC | RISE SET HR-MIN  “wRDEC | RISE SET HR-MIN  HR-DEC
J0oM | 080T 1628 8:27 845 | 0705 1720 10:17 10.28 | 0556 1821  12:25 12.42
G0N | 0719 1709 9:50 983 | 0644 1739 10:55 10,92 (0600 1816  12:16 1227
£00N 0458 1730 10:32 10.53 0434 1780 11:18 11.27 | 0601 1814 12:13 12.22
AQSN 0644 1744 11:860 11.00 | 0824 1757 11:31 11.52 0602 1813 12: 1 j2.18
a0fN | 0434 1754 11:20 11.33 0621 1803 11:42 11.70 ;0603 812 12:09 1235
20°N D625 1802 1. 37 11.62 | 0614 1807 1i:51 11.85 | 0804 1811 12:07 12.12
TO5N 0617 1810 11:53 11.88 0612 1811 11:59 11.98 | 0604 1811 107 1212
0° Q610 1817 12:07 12.12 04608 1815 12:07 12,12 10604 181¢ 12:06 12.10
1085 0&03 1824 1221 12.35 0604 1819 12:15 12.25 0604 1810 12:06 12.10
20°8 0555 1832 12:37 12.62 1 0559 1823 12:24 12 40 10604 1818 12:06 12.10
K833 0546 1841 12:55 12.92 0554 1828 12:34 12,587 [0604 1810 12:046 12.10
4008 {534 1852 13:18 13.30 0548 1834 12:46 12.77 0604 1810 12:06 12,10
5095 0518 1908 13:50 13.83 0539 1843 13:04 13.67 0403 1811 12:08 1213
&0°§ 0453 1932 14:39 14.45 0524 1857 13:33 13.55 0602 1811 12:09 12.15
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Table 6 (continued}.

April 7 April 22 May 7
SUN-. SUN. SUN SUN SUN- SUN- SUN SUN SUN- SUN- SUN SUN

Latitude | RISE SET HR-MIN  HR-DEC RISE SET  HR-MIN  HRDEC |RISE SET HRMIN  HRBDEC
JOON [ 0431 1935 15:04 1507 | 0814 2044 17:28 17 47 (0148 2211 20:23 2038
S0 | 0505 1900 13:55 1392 | 042 1937 15:14 15,27 |0340 2015 146:35 1458
50°N ;0522 1842 13:20 1333 | p452 1906 14:14 14,23 10425 1929 15:04 1507
408 | 0534 1831 12:57 1295 | 0511 1846 13:35 13,58 |0452 1901 14:090 1415
300 | 0542 1823 12:41 1248 | 0525 1832 13:07 1312|0512 1842 13:30 1350
204 | 0548 1816 12:28 1247 | 0536 1821 12:45 12,75 10527 1826 12:59 1298
10°N | 0554 1810 12:14 1227 | 0546 1811 12:25 12,42 |0541  1B13  12:32 1253
0° 0559 1805 12:06 1210 | 0555 1802 12:07 12,12 |0553 1800  12:07 1212
10° | 0604 1800 11:56 1193 | 0404 1753 11:4% 11,82 10605 1748 11:43 1172
20°5 0609 1755  11:46 11,77 | 0613 1743 11:30 11,50 (08618 1734  11:16 1127
30°8 0615 1749 11:34 1157 | 0624 1732 11:08 11,13 |0633 1719 10:46 1077
4008 | 0622 1742 11:20 11,33 | 0637 1720 10:43 10,72 |0651 1701 10:10 107
50°8 0631 1732 11:01  11.02 | 0654 1702 10:08 10,13 (0716 14636 9:20 9.33
608 0645 1717 10:32 1053 | o721 1634 9:13 9. 22 |0757 1555 7:58 7.97
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May 22 June 7 June 22
SUN- SUN- SUMN SUN SUN- SUN- SUN SUN SUN- SUN- SUN SUN
{atitude| RISE SET HR-MIN HR.DEC RISE SET HR-MIN  HR-DEC RISE SET HR-MIN HRLEC
700N i e 2400 24 00 e *x 24:00 24.00 hid *x 24:00 24.00
&0ON 0305 2049 17:44 17.73 0242 2116 18:34 18.57 {0236 2128 18:52 18.87
S0°N 0404 1950 15:.46 1877 0352 006 16:14 16.23 | 0351 2013 16:22 1686371
A0PN | D438 1915 14:37 14.62 | 0431 1926 14:55 14,92 10431 1932 15:0n 15021
30°N Q502 1851 13:49 13.82 0458 1859 14:0 14.02 | 0459 1904 14:05 14.08
2PN | P51 1832 13:11 13.18 | 0520 1838 13:18  13.30 |0522 1842 13:20 13.33
FOON 05328 1816 12:38 12.63 0538 1819 12:4) 12.68 | 0541 1823 12:42 12.70
oo 0553 1800 12:07 1212 0855 1802 12:07 12,12 0558 1805 12:07 12.12
10°8 0608 1745  11:37 11482 | 0812 1746 11:34 11,57 (0616 1748  11:32  11.53
20°8 0624 1729 11:05 11.08 0630 1728 10:58 10,97 10634 1730 10:56 1093
30°% 0642 1711 10:29 1048 | 0650 1707 10:17 10,28 10656 1708  10:12 10.20
40°3 D705 1648 ¢:43 2.72 0716 1641 Q:25 9.42 (0722 1642 9:20 ©.33
50°8 0737 1616 8:3% B.A5 0752 1605 8:13 8.22 10800 1604 8:04 8.07
&0°5 0830 1523 6:53 6.88 0855 1502 6:07 6,12 10906 1458 5:52 5.87

** No sunset.




8e

Table 6 {continued},

July 7 July 22 August 7
SUM- SUN- SUN SUN SUN- SUN- SUN SON. | suN SUN- SUN SUN

Latitude | RISE SET HR-#418  HMRDEC | RISE SET  HR-MIN  HR-DEC |RISE SET FRMING HRDEC |
ZOON x ** o 24:00 2400 * R ** 2400 24 00 10202 2204 20:02 2003
60°N 0249  211%  18:30 1850 | 0317 2084 17:37 17.62 0352 2018 16:24 1440
50PN 0359 2000 146:M 1618 | 0415 1957 15:42 15,70 10436 1935  14:59 1498
400N | 0438 1933 14:53 1488 | 0449 1923 14:34 14,57 (0502 1909  14:048 1470
J0PN 0505 1905 14:00 1400 | 0513 1900 13:47 13,48 (0522 1850 13:28 1347
20°N 0526 1843 13:17 1328 | 0532 1841 13:09 1315|0537 1835  12:58 1297
10°N 0544 1825 12:41 12.68 0548 1825 12:37 12.62 | 0550 1821 12:31 12.52
gt 0601 1808  12:07 1212 ! 0803 1810 12:07 1212 {0602 1809 12:07 1212
10°% 0618 1752 11:34 1157 | 0618 1785 11:37 11.62 [D&Y4 1757 11:43  11.72
2008 G636 1734 10:58 1097 | 0634 1739 1105 11.08 (0627 1745 11:18 11.30
30%% 08546 1714 10:18 1030 | 0651 1722 10:31 10.52 10642 1730 10:48  10.80
4098 0721 1648 8.:27 845 | 0714 165¢ 9:45 ¢.75 10700 1713 10013 1022
50°% 0757 1613 B:16 827 | 0745 1628  8:43 8.72 Q724 14648 24 9.40
60°8 a859 1571 &:12 520 | DB3Y 1537 7:00 7.00 10BOZ 1609 8:06 B.10

** No sunset.
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August 22 Seatember 7 September 22
SUN- SEN- SUN SLiN SUN- SUN. SUN SUN SUN- SUN- SUN SUN

Latitude | RISE SET HR-MIN  HR-DEC RISE SET HR-MIN HRDEC |RISE SET HR-MIN  HR-DEC
70°N 0324 2038 17:14 17.23 2443 1210 14:27 14,25 | 0543 180G 12:17 12.28
HOIN 0428 1937 15:09 15,15 o511 1843 13:32 13.53 10546 1758 12:12 12.20
50N (458 1907 14:09 14,15 0825 1830 13:05 13.08 (05847 1757 12:10 1217
400N 0517 1849 13:32 13.53 0534 1821 12:47 12.78 10548 1754 12:07 1212
30°N 0531 1835 73:04 13.07 | 0541 1814 12:33 12,55 10549 1756 12:07 12.12
205N 0541 1824 12:43 12.72 D546 180%  12:23 12,38 10549 1756 12:07 1232
109N 4551 1815 12:24 12.40 0550 1805 12:15 12.25 0549 1756 12:G7 12.12
¢ 0460 1806 12:06 1214 0554 1801 12:67 12 .12 1 (549 1756 12:07 12.12
1088 0408 1758 11:50 11.83 0558 Y757 11:59 11.98 (0549 1756 12:07 12.32
2005 0818 1749 11:3 11.52 0603 Y753 11:50 11.83 | 0549 1756 12:07 12.12
30°8 0628 173% 11:11 11.18 0807 1749 11:42 11.70 G549 1757 12:08 1213
AGPS 04640 1724 10:46 1077 D613 1742 11:30 11,50 (548 1757 12:09 12:15
5008 0657 710 10:13 10.22 0620 1736 11:14 11.27 {0547 1758 12:1% 12.18
408 0724 1644 7:20 2.33 0433 1725 10:54 10.90 (0544 1800 12:14 12.23




Tuble 6 (continued).

October 7 October 22 Novernber 7
SUN- SUM- SUN SUN SUN- SUN- SUN SUN SUN- SUN- 5UN SUN
Latitude | RISE SET HR-MIN  HRDEC | RISE SET  MR-MIN  HRODEC | RISE SET HR-MIN  MR.DEC

70"N | 0443 1851 10:08 1013 | 0747 1540 7:853 7.88 10901 1426 5:25 5.42
G0N | 0622 1713 10:51 1085 | (459 1629 9:30 9.50 {6737 1550 8:13 8.22
500N 1 0610 1724 11:14 1123 | 0634 1654 10:20 10,33 |065% 1428 G:29 2.48
40°W | 0803 1732 11:29 1148 | 0619 1710 10:51  10.85 |0636 1652 10:16 1027
30°MN | 0557 1738 11:41 11.68 | 0607 1721 11:14 11,23 |0618 1709 10:51 1085
20°N ] 0853 1742 11:49 1182 | D558 1731 11:33 11,55 |0604 1723 11:19 1132
10°N | 0848 1747 11:59 1198 | 0549 1740 11:51  11.85 [0552 1735 11:43  11.72

o 0544 1751 12:07 1212 | 0541 1748 12:07 12,12 (0540 1747 12:G7 12,12
1058 0540 1755 i2:15 1225 | 0533 1756 12:23 12,38 (0528 1759 12:31 1252
20°% 0536 1800 12:24 1240 | 0524 1805 12:41. 12.68 |0516 1812 12:56 1293
30°8 0530 1805 12:35 1258 | G514 1815 13:01 13,02 |0501 1827 13:26 1343
40°5 0524 1812 12:48 1280 | 0501 1828 13:27 13.45 |0443 1846 14:03 1405
50°5 G815 1822  13:07 1312 | D444 1846 14:02 14,03 [0417 1912 14:55 1492
60°8 G500 1836  13:36 1340 | 0416 1914 14:58 14,97 [0335 1954 16:19 146,32
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November 22 Decamber 7 Decemnber 22
SUN- SUN- S SUM SUN- SUN.  BUM SUN | suN- SUN. SUN SUN

Latitude | RISE SEY HR-MIN  HRDEC RISE SET HR-MIN  HRDEC |RISE SET HR-MIN  HR-DEC
70°M | 1043 1249 2:06 210 * * 0 0 * * 0 a
AN 0815 1817 7:02 7.03 0844 1457 H:11 6. 18 ;0902 1455 5:53 5.88
50°N 0723 1608 8:45 8.75 | 0744 1559 8:15 8.25 {0786 14601 8:42 870
A0°N | 0453 1639 945 277 | 0708 1635 9:27 9.45 | 0719 1438 9:44 9.77
30°N 04630 1701 1631 10.52 | 0643 1700 117 10.28 | 0&52 1705 1G:34 10.57
20PN 0613 1719 11:06 11,10 | 0622 172y 10:59 10.98 | 0631 1726 11:14 11.23
TO'N 0557 1735 11:38 11.463 0504 1738 11:34 11.57 |0612 1745 11:33 11.55
o¢ 0542 1750 12:08 12,13 0548 1755 12:07 12,12 | 0855 1802 12:07 1212
1008 0528 1805 12:37 12.62 053) 812 12:4 12,68 | 0537 1820 12:43 12,72
20°8 0512 1821 13:09 1315 | 0513 1830 13:17  13.28 |0518 1839 13:21 13.35
3008 04573 1839 13:46 13.77 0451 1852 14:01 14.02 | D454 1901 14:05 14.08
A0S 0430 1903 14:33 14.55 0425 1912 14:54 14.90 0428 1929 15.01 15.02
508 0357 1937 15:40 15.67 | 0346 1957 16:11 16,18 (0347 2010 16:23 16.38
4005 0300 2034 17:34 17.57 0234 2108 18.32 18.53 10233 2125 18:52 18.87

* N sunrise.




RESUMEN

L5 sensibilidsd al fotoperiodo de cultivos ha mostzado fener un efectc nota-
bhle en &1 desarreilo ¥ en su produccidn, Bl valor de la insensibilidad al largo
del dia demuestra ser de ammplia adapizcian para las variedades nuevas de aIroz
y de trigo; estas veriedades se adaptan a varias latitudes. Actualmente, forman
parte fundamental del conjunto fecnoldgico que se hu denominado iz “Revolu.
cion Verde”.

Ests publicacion presenia jos datos de la duracisn natural del dia, con una
infensidad minima de 10, 5, 2 v 1 bujis (1076, 53.8, 215 y 108 hrx, respectiva.
mente), Las figuras v cuadros incluyen también los datos para cada 15 diss
durante todo el aic v para cada latitud, desds jos 7 N 2 igs 8008, La informa-
ci6n fue presentads por piimera ves en publicacicn Journal of Agronemy (1),
en la presente publicacion se ha aumentado el tamano de las grédficas y se han
inchuido los datos-originales pare dar al investigador una ides més praciss de
ias condiciones gue existen en su localidad. Esto ayuda en s interpretacion de
los resultados obienidos en ¢l campo y orientarie en la planeacidn de proyectos
que pretenden resciver el problems de sensibilidad al fotopericdo.

RESUMO

A sensibilidade ao fotoperiods tem mestrado possuir um efeito nota-
vel ne desenvolvimento da planta e na sua producfo. (O valor da insen-
sibilidade ao comprimento do dia demostra ser de grande valor para as
novas variedades de atroz e de trigo; estas variedades se adaptam a varias
latitudes e atualmente, sfo parte fundamental do conjunto teenolégico
denominade “Revolugio Verde™.

Esta publicagio apresenta os dades da duracio natural do dia, com
uma intensidade minima de 10, 5, 2 e 1 vela (107.6, 538, 21.5 ¢ 10.8
lux, respectivamenie}. As figuras e quadros encluetn também os dadoes
quinzenais dursnte o ane e para cada latitude, desde 70°N, até 60°S,
A informacdo foi apreseniada pela primeira véz em publicagio no
“Jourual of Agronomy {1): na presente publicacie se aumentou o ta-
manho dos graficos ¢ ze incluin os dados eriginais para dar ao investi-
gador uma 1déia mais precise das condigoes existentes em sua localida-
de. Na interpretaciio dos resullades obtidoz no campo e orientalo no
planejamento de trabalhos que pretendem resolver o problersa da rensi-
bilidade ao fotoperiodo.
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