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ABSTRACT

Inadequate dissemination of agricultural weather information is
costing the Mississippi cotton farmer thousands of dollars annually.
There exists a large potential benefit to the individual cotton farmer
in reduced time and money if the dissemination of agricultural weather
information was improved. This paper discusses the weather related
problems associlated with specific farm operations used in cotton pro-
duction, a newly proposed system of disseminating agricultural weather
information to reduce these problems, and a brief discussion of the po-
tential benefit to the Mississippil cotton farmer if this system were

used.

Any products or brand names used in this report are not used for

the purpose of promoting those products.
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INTRODUCTION

Since man first turned the soil to plant a crop, he did so with
great uncertainty. One of the greatest concerns has always been the
weather. To date; he has been able to control, to some extent, all
other variables (i.e. weeds, insects, soil fertility, water) important
in farm production. Even though amazing accqmplishments have taken
place in the science of meteorology, today's farmers of America cannot
be expected to continue to feed a world with increasing populations,
rapidly decreasing world fcod supplies and continuing uncertainties in
weather predictions (46). If the individual American farmer is’to con-
tinue to feed and‘ciothe 50 to 55 people, increase his output, and make

a profit, the uncertainty of weather must be reduced.

The Purpose of This Report
| This paper summarjizes a study of the potential benefits resulting
from improved dissemination of weéther information (specifically short-
range and current information) to one secfor of the agricultural commun-
ity. The study was limited to a monocultural cropping system (cotton)
requiring very weather-sensitive farm operations and was further restricted
to the analysis of cotton production in one state (Mississippi). This re-
pdré will discﬁss the potential beﬁefits of a new agricultural weather disf
semination service that will reduce the shbrt—term, weather—related risks
involved iﬁ:Missiééippi cotton production.

 ‘Specific qﬁestions addreséed in‘ﬁhe study were?

1.  What are the detaile& agricultural prbbiems;of Miséissippi

cotton which have a meteorological factor?



2. What are the meteorological parameters required to help solve
these problems; the accuracy and timeliness requirements of
these parameters?

3. What are the space systems or sensors that could provide obser-
vations of these parameters?

4, How will these oBservations be used?

5. What are the practical benefits?

To conduct the research necessary to complete this study, informa-
tion was obtained from Mississippi State University, Cooperative Exten-
sion Service personnel, cotton growers in the state and iocal National
Weather Service (NWS) personnel. From this research, it was determined
that the following critical farm operations should be considered:

1. Land presparation (subsoiling/chisel plowing)

2, Preplant (with respect té herbicides)

3. Planting (with respect to pesticides)

4. Pest management (insect and weed control)

5. Harvest (including application of harvest-aid chemicals)

Role of the National Weather Service and News Media in Weather Information

The National.Weather Service (then called the U. S. Weather Bureau)
Vwas créated in 1870‘to satiéfy,the general public's needs for wéather
-information. - This has been accomplished;'in bart, Sy establishihg'weather
- offices throughout the Unitéd Stétes. Tremendous amounts. of both general
and speciéllweathef information éﬁd data are sent via teleﬁype daily to
%televiéion and rédio stations. 4Once the ihformation réaches‘the news

media, it is disseminated to the public. Although sound in theory, this

method offdisseminating weather information is'not'completely satisfactory




to those having weather sensitive activities. When the information is
needed only to determine whether to wear a winter coat or a light jacke:,
or if an umbrella might be required, the weather report given by the
local news station is usually sufficient. Many sectors of the public,
however, require more specialized information than is currently provided.
In the late 1950's and early 1960's, the U. S. Weather Bureau attempt-
ed to meet the farmer's needs for more pertinent weather information and
specialized forecasts., At that time, a network of agricultural weather
offices was established in selected areas to disseminate agricultural
weather information and farm advisories over teletype to television and
radio stations. Unfortunately, the television and radio media have not
been able to meet agricultural needs in this area. The primary role of
these two media is entertainment of the general public. The lack of
time ahd knowledge of television and radio announcers (and in too many
cases, television meteorologists) about either agricultural meteorology
or farming requirements has resulted in dissemination techniquee which
have not kept pace with the amount of weather information available.
Recently, the National Ooeanic and Atmospheric Administration
(NOAA) has attempted to provide agriculture with better weather inforﬁa—
tion and advisories. Only e‘few stetes.preSently receive this informationf\
Snppbrters maintain that the NOAA Weether'Wire will provide satisfactory
vriﬁformation to the public uﬁtil tﬁe NOAA\Weather Radio is countryewide._o
.Adequate weather forecasts and descriptions are not always provided es-
-'pecially during bad weather events, a time when the user needs the most
'detailed and frequencly updated information (34) .
Some of the more difficult problems with both NOAA's Weather Radio

and Weather Wire are: -



1. limited range and use of the NOAA Weather Radio,

2. expense to radio and television stations and other potential
users of connacting to the NOAA Weather Wire or purchasing
Weathexr Radio,

3. rigid structure of forz2casts and limited text of weather des— :

criptions,

4. lack of education, on the part of media and user, on how to use

and interpret weather information.

During the last 20 years, dissemination of weather information has
changed very little, even though improvements in weather prediction and
technology have advanced tremendously. Information now available with-
in the National Weather Service, if made available to the farmers in a
timely manner, would reducemany risks and unceitainties in farm produc-

tion.

——

Past and Present State of Weather Forecasting and Previous Studies

The basic tool used in early forecasting, and an important tool to-
day, is the synoptic weather map. In the mid-19th Century these maps
served little value in forecasting weather because they were assembled
long after the time of observation.  The telegraph created s means for
xapid‘communication to collect data and prepare current weather maps.
Forecasting weather events from these synoptic maps was difficult because
very 1ittlé was>known about the physical snd mathematical laws governing
the atmosphere. The lack of regular upper air measurements made three-

dimensional atmospheric analysis impossible. Even with these 1imitaticné,

forecasting was becoming an art. Scon after the turn of the century,

meteorology and weather prediction advanced rapdilyw"ln 1918, Vilhelm




Bjerknes and Jacob Bjerknes published classical papers on physical and
dynamic meteorology. Bjerknes' work on the polar front theory is widely
accepted today (38).

Between 1920 and 1950 many more advances in meteorology and weather
forecasting occurred. The development of the radiosondé provided for
regular upper air observations. This increase in knowledge of upper air
analysis produced the concepts of long and short-wave disturbance and jet
stream. ’Alsc, during this time period (1920-1950) the teletypewriter and
facsimile’advanced the means of communications,

With the combination of physical-numerical methods and the invention
of the high speed electronic computer (early 1950's), meteorology and
weather prediction became more an exact science than an art. Before the
digital computer, predictions on even simple weather vériables took days
to calculate manuaily; now these same equations require only fractions
of seconds on a high speed:computer.

Despite the tremendous advancement in weather prediction in the past
20 Years, there are still major limitations in numerical prediction. The
accuracies heralded by the proponents of numerdical weather prediction are
not yet possible. Some current limitations can be summarized as follows
Ga:

L ’l. Progress in foreéasting precipitation‘and 6ther small scale
wéather’elements‘has BeenVVery ST,

2, Imﬁortant problems remain to be solved in the applicatioﬁ of

ﬁumerical techniques- to tﬁe fofecasﬁing,ofrémaller scale weather »
phenomena sﬁch‘ésbthnnderstorms and heavy precipitétioﬁ on 3 

‘séale of ‘major importance to individual farms.



According to Sanders' "Skill in Forecasting D&ily Temperature and"
Precipitation: Some Experimental Results,"

I Eeel obliged to point out that NMC's accomplishments,

however praiseworthy and valuable they may be, do not neces-

sarily imply an improvement in forecast accuracy on the bottom

line -- at the level of the public forecast for a particular

location. We did not £ind such Improvements in forecasts of

daily temperature and precipitation at Boston. (45)

Another factor that provided a significant improvement in weather
forecasting capability was the development of the meteorologilcal satel-
lite 4in 1960. Satellite imagery allows surveillance of both large scale
weather systems and small scale, short lived weather phenomena (i.e. fog,
'thundefstorms, ate.) throughout the day and unight. ‘Gecstationary satel~
lites positioned over the equator produce imagery every half hour. Al-
though many experts believe satellite meteorology is still in the eaxly
stages of development, use of this imagery in weather prediction is al-
ready very large.

At a recent annual meeﬁing of the American Meteorological Society,
the chairman ofythe Committee on Weather Forecasting and Analysis, Roger
A. Pielke, presenced a paper on, "An Overview of Recénu Wofks in Weathey
Forecasting and Suggestions for Future Work" (34). In this presentation,
kPiélke commented on the usefulness of providing medium, short-range (one
to l?,hburs) infoxmaﬁion and current weather to specific users. Pilelke
stated that, "little usefui 1nfo£mation on these time-scales currently
;reaéhes the user." It was emphasized that more éﬁfort‘ié needed tc}im~
prove the pfesentatibn of mediﬁm_(l2 to‘487hours) range infbrmation_
 0n the subject of short-range'énd cu?réut weather information, Dtilﬁielka

stated:
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The preparatilon of 'mowcasts" (not to be necessarily

confused with Project NOWCAST) as part of an operational

program, in conjunction with the improved dissemination of

short-range forecasts, would be a valuable service to the

usexs.

The potential exists for a major improvement in short-

range and in current weather descriptions. Machinery needs

to be optimized to disseminate this information to users

quickly and effectively. (34)

In a study, "The Potential Economic Benefits of Improvements in
Weathex Forecasting," Thompson (51) estimated a potential annual savings
in the United States of greater than $12 billion due to operational im-
provements (better use of forecasts) and scientific advances (more accur-
ate forecasts), The operational improvements of weather dissemination to
agriculture alone was valued at $250 million (Table 1) with a total bene-
fit to agriculture of $567 million. Thompson alse stated:

It will be observed that summer pracipitation in the
southeast United States is asgociated with large potentdal
economic gains., Here, not only is the precipitation a fre-

- quent phenomenon, but it occurs primarily in the form of

‘random showers and thunderstorms.  Such-precipitation is

difficult to predict 24 hours in advance and, accordingly,

there exists a considarabla potantlal for econcmic improve-

ment, :

The Agricultural Research.Institutc (ART) has stated that for avery
‘one dallar invested to imptove weather infarmatian (and foreca&ting)
there would be a return of at least $SO to U. S. agricultural income (1).
mn this same report, the ART estimated food and fiber loss in excess of
one billton doll&ls ocours annualiy in the United Snacas due to adverse

weather conditibns.

:A‘Syétem'to Improve tbé‘Disseminatibn of Agricultural Weathex Informatipn 

‘Colorado State University, in conjunction with the National Aeronau-

tic and Space'Aﬂministration‘(NASA);fhas developed a new system that will

R RS A L

R R R R A T,




Table 1. Summary, as a function of economic activity, of potential
annual savings due to operational improvements, scientific
advances and total galns due to ilmprovements in weather
forecasting in the United States. Figures are in willions
of dollavs.

Operational Scientific Total

Actlvity Improvemants Advances Gaing¥
,Agricu;xcqre | 250.3 , 3’167.7 C 567.0
Aviation (chmércial) | L.4 2;2 ‘ 3.6
Construction | ’ 13.1 18.4 ; | 31.5
Communications | 0.3 0.4 -_30;6'
Electric Power : 0.5 - 0.8 . | 1.3
Lnergy (e.g. Eéssii) | it 0.1 0.1
Fuels

~ Manufacturing 8.1 11.9 20.0
Transportation (rail, 1.3 1.9 3.2
highway & water) o
Other (gen. public, 47,3 64,5 111.8
guvernment, etc.) 5

Totals* 322.

o~
f o]
o
o
~J
s
O
P

——

# ALl sums may not balance due to rounding off.
-~ # Less than 0.05.

(Aftexr Thompson, 1972)

)impfove the dissemimation of agrichgﬁrﬁl weather iuforﬁation. This

system,'called'ProjecthOWCAST, places,particular impoftance on the

‘ following’factqu:' B | ’ |

1. Providing current hnd shurcérahgé Wéather 1nformat16n to the
agricdltural community. s

‘2. Disseminating this information hourly over Educational Television.



3. Tailoring the weather information to the agricultural community.

4. Providing pertinent weather information usually only available

to meteorologists,

Project NOWCAST, by combining satellite imagery of clouds, radar,
weather maps and surface weather data, ﬁini—computers, specially trained
agricultural weather interpreters, and educational television, can pro-
vide hourly weather»briefings essential to improve farm production (Fi-
gure 1), .
| The primary equipment which makes the NOWCAST possible (in addition

to the SMS-GOES satellite) is the Agricultural Weather Collection and
Dissemination System (AWCDS) (Figure 2). |
The AWCDS provides the capability for collection cf satellite imagery
from the National Environmental Satellité Service (NESS), radar imagery
from NOAA and the Federal Aviation Admihiétratién (FAA), facsimile maps
and teletyped weather information from NWS and sensor data from special
agricultural weather stations, storing'thé information in the computer,
adding information to the maps and sending the packaged weather briefing
ﬁo the user community via edﬁcatioual televisionvlink. |
The NOWCAST station will provide the following daily sérvices to"
_the agricultural community:
| .gggg; A ten-minute live show by the NOWCAST station director.
Emphasis placed on the present weather ;onditionslover the region;
the probable weéther chahges,durihg tﬁe day; their influence oh’
farming activities; and the oﬁtlbok.'.DiécussiqﬁS‘may inclﬁde items
such as soil moisture, eVabotranspirétion_rates,’dew and ffost,

wind and growing degree days.
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0700 - 1100: Four-minute shows including the following information.

(a) SMS two mile resolution U. S. coverage (Figure 3)

- (b) SMS movie loope of (a)

(B)VSMS one~-half mile resolution, local area (500 miles) radar over-
lay to show areas of precipitation last hour and at present
(f£igure 4)‘

(d) Surface weather map

(e) Surface weather map, six and 12 hour prognostic charts

(f) Surxface wind map (Figure 5)

(g) Presenﬁ air temperature (Figure 6)

(h) MakimUm air temperature prognostic charts (Figure 7)

(1) Surface temperature from SMS |

(3) Soil temperature, two inch bare soil (Figure 8)

(k3 Relative humidity maps (Figure 9)

(1) One or more special:maps stich as:

’ dew/frost prognostic charts (Figures 10 and 11)
growing degree days
drying conditiohévfbr’ha&ing
sprayiné.advisoriés

| solar radiation
stability index (Figura 12)
thunderbtorm probabilit (Figure 13)'

The maps will be shcwn in 10gical sequence with audio interpre-‘
: tation.__ | |
1200' A second ten~minute live show; updated version of 0600 program;

1300 ~ l700~ Several four-minute shows as per the morning schedule. i
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Figure 3.SMS Two-Mile Resolution U.S. Coverage.
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Figure 4 .SMS One-Half Mile Resolution, Local Area (500

Miles) Radar Overlay To Show Areas Of Precipitation
Last Hour And At Present.
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Figure 5. Present Surface Wind.

Figure 6. Present Air Temperature.
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Figure 7.

Expected Maximum Air Temperature.
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Figure 11.
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SEALE 1w KR Gnr oFr  MEXICo

o ———— 3

"igure 13. Thunderstorm Probability - > .01".

Figures 3 through 13 are examples of some of the visual materials
that might be used in the NOWCAST briefings on various days.

The above program was developed through discussions with farm oper-
ators and ETV program directors. It will undoubtedly change as the pro-
gram is demonstrated and the needs of the user and capabilities of the

AWCDS become more familiar to the NOWCAST staff. At certain times during
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the growing season, the ten-minute show will be modified (particularly
on days when weather conditions are generally favorable for farm activi-
tieé) to bring special messages from the agricultural extension services
of the state.

Project NOWCAST was created to rédﬁce‘weather related risks to thé
individual farmer. In actuality, there will be very little affect on
world food prices derived from providing any given area with Project
NOWCAST. The same is true for the American consumer; prices will not
change because one sector of the agricultural community receives weather
information from Project NOWCAST. What will occu;'is, farmers will re-
ceive current and shori-range information in a:tiﬁely manner which will
cause less replanting, less washéff bf pesticides, and in general, a more
efficient farm production.

The’potential benefits of Project NOWCAST differ between agricultural
regions. For éxample, farmers in the Willamette Valley of Oregon would
receive greater benefit from Project NOWCAST than would far@ers in the
San Joaquin Valley of California. Agriculture is very diversified in the
Willamette Valley, with a”highkfrequency of frontal activity entering this
area from a region of low weather observation sites, the Pacific Ocean.
The .San Joaquin Valley is generally a fair weather area.

The bénefité dérived from providing current and sho#t-fange inférma—
tion to the farﬁer is very dependent on response time. Response time is
theﬁéﬁountﬂdf time it takes the farmer to complete the integration of
weather information into a farm operation. Response time varies according
to many faétoréyvﬁﬁo bf which are, the difficulty of the farm operatioﬁ
'énd the type of eqﬁiﬁment used. ‘Fof ekample,‘it takes more time to sub-

soil a'giveh nﬁmber‘qf acres than to apply a pesticide to those same acres.
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Pesticide application by airplane takes considerably less time than does
application by ground equipment. In this report, resﬁonse time will be
considered relative to the difficulty of the farm operation and the type

of equipment used.

Background Information

Cotton is King in Mississippi, but not because of traditionf Sur-
prisingly,kmore,acres‘were planted 1n soybeans 1n 1976 than in cotton
(Figure 14). Cotton farming is popqlar dn Mississippl because of the
1a£ge potential for profit if faquable weathef occurs or if the farmer
can use weather infofmation to his advantage. Cotton is one of the few
érops that costs as much as $200 to $250 per acre to produce (31) (Table
2). If above average yields are obtained, profits may exceed two to
three times the cost of production. Most farmers, to guard against pos~
sible adverse weather, plant paxrt of theix acreages to less weather sen-
sitive crops such és rice and/ox soybeaus.' Cotton gro&ing is a year-
round operation (Table 3). As soon as the harvest operation is compieted,
operations must begiu for the mnext season s cxop. Mést chemicals needed
to produce cotton (herbicides, inqeccicideb and harvest-aid chemicals)
are applied by airplane and/ox ground equipment. Application of these
chemicals and,the chemicals themselves are very weather sensitive and are
greatly aifected by air temperature; wind speed, precipitation and othex
weather variables. ~The potential savings of reducing washoff af pesti—
cides, reducing the amount of replanting and in other operatious is tre-
~mendous. Today 8 cotton farm is,: at best a multi-structured business

,‘with hundreds of thousands of dollars invested in land and equipment
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Figure 14. Distribution of Soybean, Cotton, Corn and Wheat in Mississippi.
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Table 2. Estimated Cost Per Acre, 2 X 1 Cotton, Land Basis, Sandy Soil, Ususl Input
Practicas, 8 Row Equipment, Mississippl Delta, 1976.

Tractor Equipment
Operation Direct Fixad Direct Fixed Labor Macerial Misc Total
Description i Month Cost Cost Cost Cost Cost Cost Cost Cost
: i e e e =2 e o e e DOLIArS — = = = = o - e e
Apply Lize X1/6 11 .00 .00 .00 .00 .00 .00 6,22 6.22
Stalk Shredder 2 Row 11 .47 .53 .03 13 .46 .00 W00 1.62
Chisel Plow 16 ft. 3 63 74 15 .33 .51 .00 .00 2,35
Chiisel Plow 16 fe. = 3 .63 J74 .15 .33 S .00 .00 2,38
Disk and Incorp. 21 ft. 3 .51 .60 .52 96 LA 3.47 00 6,467
Disk Harrow 21 ft, 3 .40 47 34 .62 .32 .00 00 2.18%
Fleld Cislt. 21 ft. 3 .28 L33 J1b .31 .23 .00 00 1430
Disk p.&" ) 4 .28 33 .16 .27 .23 .00 .00 . 1.28
Disk Bed and Fert. 4 .34 .40 .23 39 .28 5.00 00 6,64
Row Condition 5 .30 36 W37 72 .25 .00 .00 2,00
Plant and Pre. 5 234 .39 W32 J2 0 sk 10.02 .00 12,33
Trailer s .05 .05 S04 .08 41 .00 .00 .63
Cultivate Early s 41 .48 .21 40 .33 .00 .00 1.82
Apply Ins. Ground 5 .00 .00 .25 a2 W17 .54 .00 1.28
Culc ahd Post Early ' S .46 54 .29 .57 .37 .76 00 2.98
Cult and Post Early [3 46 .54 .29 .57 .37 2,44 .00 4,67
‘Hand Weed Control 6 .00 .00 .00 .00 3.08 .00 .00 3,08
Cult and Post Late 6 Y .39 21 6l .27 2,44 00 4,08
Cult and Post Lata 6 .33 .39 21 SUA RN 3 1.17 .00 2,78
Hand Weed Control 7 .00 .00 .00 .00 3.08 .00 ,00 - 3.08
Cult and Posr Late 7 23 .39 .21 .61 .27 7.10 00 8,71
‘insect Scouting ki .00 .00 .00 .00 .00 .00 1,50 1.50
Apply Ins Alr X2. 7 .00 .00 .00 .00 .05 7.27 1.60 8,91
Apply Ins Adr Xé 8 .00 .00 .00 .00 .09 14,53 0 3,200 17.82
Apply Ins Air X2 9 .00 .00 .00 .00 .05 5.2 1.60 6.88
App Defoliate ~ Alr 9 .00 .00 .00 .00 .00 2,62 1.65 . 4.27
1se Pick 2 Row 10 .00 .00 9.35  15.90 2,55 .00 .00 27.79
Haul 10 00 .00 .00 .00 .00 .00 5.83 | 5.83
2nd Pick 2 Row 10 .00 .00 4.82 . 8.19 1.32 .00 200, 14432
Haul 10 .00 .00 .00 .00 .00 ,00 1,66 1.46
Gin 10 .00 .00 .00 .00 00 .00 51,44 51.44
TOTAL SPECIFIED COSTS T 6.56 7.67 1831 32,03 16.40 62.60 . 74.51.218.06
INTEREST ON OPERATING CAPITAL = - - .. , ‘ e 451
TOTAL SPECIFIED COSTS INCLUDING INTEREST ON OPERATING CAPITAL S anas

(After Parvin, 1976)
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Table 3.‘ Mississippi Cotton Calendar.

Jannarx

February

March

April

June

July

August

Septemberr

October;/

Financial arrangements for next crop.

In recent years, still harvesting.

Attending meetings on production changes for upcoming year.
Some land preparation begun.

Make equipment changes and repairs.

Begin land preparation and complete harvest (subsoil,
chisel plow, etc,).

Spread lime, phosphate, and potash fertilizer.

Equipment changes and repairs.

v

Hopefully continue with land preparation.

' Apply fertilizer and lime.

Apply and incorporate preplant herbicides on those fields
where needed.

Continue land preparation, fertilizer application, rowing
up, preplant herbicide application, etc.

About mid-April begin to plant.

Fungicides and insecticides applied at planting.

Apply pre-emergence herbicides.

Finish planting (by mid-May).

Begin cultivations for weed control.

Control of early season insects.

Apply postdirected herbicides for weed control.
Cultivate middles and skip.

Begin insect management program checking for plantbugs,
fleahoppers, boll weevils, and bollworms.

Cultivate and apply postdirected herbicides.

Apply sidedress application of nitrogen if needed.

Continue insect management program.
Cultivate and apply postdirected herbicides.
Layby cotton with layby herbicides, 1f needed.
Begin spot treatment weed control.

'Intensify insect management.

Complete layby of crop.’

~Insect -control.
Spot treatment for grass and weed control

Begin to prepare fields for harvest.

 Continue insect control.

Spot treat for weeds. »
Intensify preparations for harvest.

Continue insect tontrol.
Defoliate cotton. that is mature.

'Begin harvest.
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Table 3. - continued

November Complete defoliation by early November.
Continue harvest.
Late November - cut stalks, soil sample, deep plow,
apply lime, etc.

December Continue harvest.
Cut stalks, subsoil, chisel plow, soil sample, apply lime.
Bed up heavy soils.
Leave sandy-and silt soils flat.

- Saving even small percentages of money on various farming operations adds

- up to more efficient, financially productive farm operatiohs. .



LAND PREPARATTON

Introduction

Preparation of the land for the next grdwing season begins lmmediately

after the cotton is harvested. This operation consists of subsoil plowing

and/or chiseling the subsurface compacted layer(s). The subsoil operation,

commonly called subsoiling, consists of running a three oxr four prong im-
plement eight to 24 inches into the soil. Normally, the chisels are pull-
ed through the soil perpendicular to the previous year's crop rows. The
 purpose of subsoiling is to break up any compacted’soil 1ayers which me-~
chanically impede root development of the cotton plant, increase the in-
take storage and transmission of‘water into the subsurface, and incréase

the depth of aerated soils (33).

Agricultural Problems Assdciated with the Subsoiling Operation

Most soil compaction’is thé result of the previous growing season's
farm operations.‘ Factors such as the number of times an implemenc passed
over the soil, the percentage of organic’mattér, the méisture content of

'nhe soll and the soil type determine,the depth and thickness of the com-
‘pacted layer. Not all farmers in Mississippl prepare their fields by
“subsoiling, however, subsoiling is becoming common on all soil types (29).
Grisson fohhd that ﬁhe chkshot‘ series soils usually receive less bene-
,‘fit from the Subsoiling'oryéhiseling operation than do other sQils 16).
Rainey (35) showed that‘crops réSpdnded to subsoiling on sandy soils more
fréqﬁently’than‘oniclay‘soils,~’He Qqnéluded that this‘was the’result pfi—‘
‘mérilyjof thelhgaving’effect of clay in‘thé 5011’Which tends to~Break up

compacted layers even without the subsoiling operation.
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Research at the Delta Branch Experiment Station of the Mississippi
State University in 1954 indicated that cotton yields were more than
doubled when compacted soils were chisel plowed (34). Rainey concluded
from his research that the effect of subsoiling apparently lasted only
one growing season. On the other hand, research by Grisson indicated
that approximately one-half of the beneficial effect of deep tillage on
a silt loam in 1953 waé carried over to the 1954 crop (16). Whether the
effect does or does not last more than a year, the importance and bene-

. fits of this operation have been well documented. The effectiveness éad
ﬁermanency ofbthe subsoiling, however, is influenced greatly by soil mois-
ture content (13); the compaéted léyer is more completely shattered and
more likely to ?émain in a éhattéred condition when the subsoil is rela¥
~tiVely dry (14). When the subsoil is relatively wet, the operation is
often less beneficial.

Under certain éoﬁditions, chisel plowing can even reduce crop yields.
If adequate rainfall or irrigation is not available during a growing sea-
son, water loss in the lower layers by deep percolation will reduce sub-

- sequent crop yields (14). Optimally, the chisel plow operation shOuid
bekun&ertakeﬁ as soon after harvest as possible when soils are dry but
whén rainfall is expected to occur soon in order té replenish moisture

in the lower soil layers.

.Metéorologic51 Sighificance in the Land Preparation Operation

ﬂTd3daté; farmers in Mississippi'have not had adequate agricultutal
~weather information to schedule_the;subsoiling operation'at a time whenv
their efforts would reap the greatest benefits. For example, assuming a

'CfOrecést for fair weather conditions, the farmer also needs information
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about the soil moisture condition in the subsoil layer of each soil type
on his farm before deciding if he should undertake the chiseling opera-
tion. If he chisel plows when there is too much subsoil moisture, he
may increase the depth of the compacted layer (l4). Not only has
he wasted his time and efforts, but the results of the operation have
increased the probability of crop damage during the dry part of the sum-
mer. On the other hand, assuming that adverse waachér is forecast, the
farmér’could still accomplish this operation to his greatest benefit if
he knew: (a) if the rainfall were going to occur over his farm; (b) the
time that it would occur; (¢) how long it would rain; and (d) the probable
amount: cf‘precipitation that would be received (29). For the chisel plow
dpération,‘he also needs to knowrthe present soil moisture content of the
solls ﬁhat will be chiseled (this undoubtedly will be different for the
light, medium and heavy soils). ;

It has been established that the heavy (clay) soils benefit less
ftom subsoiling, not because less compaction occurs on thase sodls, but
due tbkthé freezing and thawing effect of breaking a compacted layer.
Through soil temperature measurements, the farmer has a better understand-
ing‘nf the extent of heaving occurring on the clay soils. As an example,
sdppésa A«mild winter occurs in Mississippi. Ifkthe heavy soils are not
ﬁreézing, chisel plowing these soils would be beneficial. By not having
adequate soil temperature information, the farmer may nat’perfcrm this
;Opefation bn'his heavy éails, thexeby causing subsequent probléms with
' watér drainage and root establishment later in the growing season. The
combiﬁaciqn of adequate'weather; scil‘moisture, énd soii temperature in-:
fétmation wi11 allow him to make the mésc bgneficial,'short-termkdeéision'“

for his chisel plow operation.
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The response time in the subsoiling operation is rather long in com=-
parison to the average number of days of suitable field work possible
during this time of year (late October to December). As can be seen
from Table 4, as January approaches, the average days suitable for field
work (for 1973-1976) decreases drastically. The farmer, to complete the
subsoiling operation on all of his land, must have information on the
frequency and location of frontal activity so he can plan this operation

betwaen the frontal actiﬁicy.

Application of NOWCAST to Land Preparacioh of Cotton

In considering the applicability df the NOWCAST weather information
system to the land preparation,operation; as well as for other operations
discussed in this report, only the 1976 growing season will be considered.
" Due to adverse weather duving the 1975 harvest period, cotton farmers in
Mississippi were unable to compiete harvest operations until late January
or early February 1976. As a result, only ten percent of soils having a
compacted layer were subsoiled'of chiseled (29). TInstead, most farmefs
went directly to the preplant operation after harvest on the assumption
that late spring substiling would, in this case, not be ‘economically
bedeficial and furﬁhermore, would'probably be too time consuming.

As mid-suamer of 1976'apptoached, much of the cottonfgrawing region
of Mississippi entered a serious drought‘pefiod which léster two months.v
“As a result, the average cotton yield for the encire state of Mississippi,

was reduced to only 374 pounds, compared to ‘a ten year average of 550
fpounds per acre (see Table 5) =- a loss of nearly 50 petcent of the aver-— :
age cotton crop,(29). Had the other 90 percent of the compacted soils

in the cotton fields been subsoiled, it is believed by several cthOn,k
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Table 5. Mississippi Cotton Information 1950-76.

Acres Acres Yield Season Value
Year Planted Harvested Per Acre Production Ave. Price of Prod.
1,000 Ac. 1,000 Ac. Lbs. 1,000 Bales Cents 1,000 Doll.

P

1950 2,084 2,030 3,4 1,332 | 40.25 268,116
1951 2,463 2,340 329 1,608 39.34 316,371
1952 2,440 2,416 378 1,906 35.36 336,992
1953 2,554 2,490 410 2,129 33.80 359,800
1954 2,010 1,960 384 1,571 34.48 270,868
1955 1,755 1,700 570 2,023 33.63 340,175
1956 1,655 1,595 483 1,609 32.86 264,374
1957 1,400 1,335 388 1,081 28.37 153,311
1958 1,185 1,125 409 961 34.23 164,440
1959 1,535 1,475 509 1,568 ©33.21 260,407
1960 1,580 1,520 486 1,542 31.00 239,000
1961 1,665 1,580 493 1,625 33.89 275,447
1962 1,635 1,585 512 1,696 33.18 281,393
1963 1,485 1,438 709 2,129 33.25 353,989
1964 1,498 1,460 732 2,226 31.88 340,543
1965 1,471 1,430 678 2,020 30.47 295,474
1966 1,032 993 653 1,350 22.73 147,312
1967 955 890 567 1,051 29.65 149,565
1968 1,155 1,105 660 1,519 23.93 174,401
1969 1,225 1,185 534 1,319 23,15 146,555
1970 1,235 1,190 658 1,613 21.94 179,275
1971 1,355 1,325 613 1,693 27.64 224,573
1972 1,664 1,606 599 2,007 . 29,20 281,310
1973 1,370 1,340 651 1,816 37.90 330,384
1974 1,825 1,715 448 1,595 47.00 359,832
1975 1,175 1,100 448 1,070 55,40 276,591

1976 1,600 1,470 343 1,050 - 65.00 317,520

experts oﬁ the state that the improved root development would have.enabled
~ the cotton plant to have survived the drought period and the yields would
“have been sharply’increased (29).;,Dr. James Brown of the National Cotton
:Council conducted a survey,for the‘l975,¢otton crop to determine which of

the tillage,Operétipns were of the greatest importance to the cotton yield
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(7). Results of his study showed that farmers that completed the sub-
soiling or chisel plowing operations obtained significantly higher yields
than did those farmers who did not include subsoiling in the land prepa=

ration.

Benefits to Land Preparation Resulting from NOWCAST

Three types of information provided by the NOWCAST office should be
of major benefit to farmers involved.in land preparation. First, it is
planned that calculated soil moisture budgets on a 50 mile grid eystem
will be provided for each of the three éoil types et various depths. In
addition, actual soil moisture measurements at selected locations on spe~-
cific soils across the state will be provided. The farmers will receive
the soil moisture budget information daily, together with precipitation,
pan evaporation and calculated evaporation for each soil type. Second,
soil temperature measurements from the surface to a depth of 36 inches
on major soil types (most important on heavy soils for this operation)
will provide input on heaving of clay soils. This will aid in deciding
the‘need for subsoiling the heaving soils in spring. Third, NOWCAST will
~ be most beneficial in providing current information about precipitation.
By superimposing the radar overlay over the latest satellite picture, the _
»'farmer will be able to see where rain is presently occurring with respect
te his land. He will also be able to see where it‘has been raining during
theipasr hour and the speed and direction,qf the‘precipiCation area. This
type;oflinkormation,.when provided each hbur, will keep the farmer updated
on the ﬁrobabilities,of rainfall amounts and time of occurrence on his

“farm.
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To illustrate a specific application of NOWCAST to land preparation
activicy, a hypothetical example of s farmer in Washington County, Mis-
sissippi will be discussed. At 6:00 a.m. Farmer Jones views the ten
minute NOWGAST presentation. A soll moisture map of western Mississippi
indicates that both heavy and light seils are dry at all levels. Farmer
Jones has completed his cotton harvest on the heavier soils and knows
that if he conducts the chisel plow operation at this time, he should
obtain maximum benefits in breaking the compacted layer that developed
over the previous growing season. The NOWCAST progrsm indicates that

rainfall is occurring in a broad band approximately 350 miles west of his

Farm and the probability of rainfall late in the afterncon is approximstely

70 percent. - As a result, Farmer Jones décidesbte chisel plow his clay
soils that day and to chisel plow his medium and lighter textured soils
tomorrow.

No doubt, this example is oversimplified, but basicyagrinultural
weather information of this type is needed for making maximum use of the
farmer's time and enexgles. This basic weather information is currently
available. It is not, however, being disseminated to the farm aperator.

Considering the average 1376 market price of 63 cents per paund
cmttéu,lint (currently the highest price on record (Table 5)), an& u‘po-
tential increase of 240 pounds per acre of cotton for soils that have
been subsoiled or chisel plowed (remembering that 50 percent of the heavy
soils do not necessarily benefit erﬁ subsoiling), NOWCAST could have an
effect nn’appxoximat&ly 40 percent of Ehe‘tatal cotton acreage in the
state. The potential increase in prafit'réSulting from land preparation
2 using .the NOWCAST briefing program would.bé:

§ .63 X 240 1b. incresse per acre X 640,000 scres = $96 million.
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To the individual farmer with 100 acres of land, assuming he is able
‘to complete this operation on all of his land due to Project NOWCAST, his
potential increase in profit would be:

$ .63 X 240 1b. increase per acre X 100 acres = $15,100.




PREPLANT

Introduction

In this study, the preplant operation is defined as occurring from
January through early April. The preplant operation prepares the seedbed,
creating a favorable environment for germination of the cotton seed and
emergence of the seedling. One of the most important components of this
operation is freeing the seedbed of weeds.

Cotﬁon farmers in Mississippi have serious problems in keeping the
fields weed-free during the en;ire growing season. Since cotton is a
~tropical plant not native to latitudes of the United States, weeds com-
monly grow better in theucotton fields of Mississippi than do the cotton
plant (14). Early season weed control is very important'because competi-
tion bétween weeds and cotton seedlings depletes necessary nutrients,
moisture and sﬁnlight necessary to establish and maintain a good stand
of cotton plants.‘

| Weed conﬁrol inbthe preblant operation is mormally accomplished by
mechanical meahs énd/or by applying a préplant4incbrporated herbicide
(génerally referred to as PPI). Preplant incétporated herbicides were
épplied on 95 percent of Mississippi's cotton crop acreage in 1976 and
were’used’in the pxéplant operation on other crops such as soybeans.

Therekare,threélme:hods‘bf’applying a préélant'incorporated herbicide.
Thé first‘methbd inﬁolves applying thé herbicidévusingftracﬁor-drawn equip_‘
ment and incorporating the herbicide‘into the soil one to three inches deeb
using some type of'miking impiement (disk harroﬁ,ketc.). A second appii— :
catidn is generally médé‘By all farmers to insure ﬁniform distribuﬁiqn of

the,herbicide into'the soil (29).
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The second method of applying a PPI is to aerially spray and use
ground equipment to incorporate twice. This methed costs more but ve-
duces the amount of time to complete the spraying part of the operatidon.
It still takes as much time to incorporate the PPI as dn the first method.

The third method is to ground-apply or aerially spray but net incor-
porate manually. Instead, precipitation is depended upon to incorporate
the PPi into the sailr(29). This method is obviously less time consuming

since it consists only of spraying the PRI (no incorporation).

Agricultural Problems Associated with the Preplant Operation

In completing this operation, farmers using methods one or two have
problems not associated with usiﬁg mathod three. Since methods one and
two demand two incorporations to bet&ei'distributé the herbiéide into the
soil, the numbar of trips into the fiecld 1s increased. This causes two
prabléms the farmer vouldrlike to minimize. Fitsc, increased trips inte
the field causes greater compaction of the soil. Second, increased times
over the fieid increasesrpxaduGtion costs. Method’nhree raduces these
problems because of the reduction in number of trips into the field. This

would provide a considerable savings to the farmer.

Meteorological Significance in the Preplant Operation

’Methad three, although‘gggg‘beneficial to the farmexn, is not widely
| uééd in‘Mississippi. Moét PPi's could be‘iﬁcorporated into nhe,soil by
_-rainﬁall if cha farmer knew that rainﬁqll would occur within an acceptable’
amount Qf time (12). This "acceptable amount of time" depends upon the
herbiqidq used (Iable 6). As can be seen from Table 6, the pexrmissible

delay of time, when'the‘herpicida-reachesychg-surfécé until it is lost to
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Table 6. Preplant Incorporated Herbicides.

Permissible Delay Relative Length

Herbicide Incorporation of Control
Amex Several Intermediat;
Cobex 24 Hours Shortest
Tolban 4 Hours Intermediate
Treflan 8 Hours Longest

Prowl 7 Days Intermediate

the atmosphefe, ranges generally from two to eight hour#. For example,
if Farmer Jones uses Treflan as a PPI spray, he has eight hours to incor-
porate the herbicide into the soil. The probabilities of the PPI being
incorporated by rainfall is very small, simply because Farmer Jones does
noﬁ know exactly where, when, or how much rainfall is expected on his
land. In other words, there is just too much uncertainty to permit re-
1ian¢e of raiﬁfall ta ihcorporate the PPIL usihg present-day weather in-
formation. |
Recently, a new PPL on the market is advertised as requiring only

6ne~fourth inch of rain within seven days to be inccrporatgd three inches
into the soil. = Therefore, a farmer, after consildering the amount of con-
, ﬁrdl his fields need and by knowing when rainfall activity‘ﬁill‘hit his
land, could ground apply or aerially spray the PRI and thus sive one or
two trips into the field. ’ |

| Wind speed‘muét aisoyﬁe cénsidefed'when aﬁplying;é PPiQ :Wind speéd
’ofyléss than seVen.miles’per‘hour at‘théqsurface is considered acceptabie 
- for éptayingh ‘Wind,speéds 6f seven to 12 miles per hour are considered .
fair{foerprgying, but other factors mﬁst be considered suchias what other

i drops in the area may be affected by a drifting PPI. Wind speeds of -
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greatax than 12 miles per hout are considerad normally unacceptable Eor‘
spraying (22). |

~ For this opefatiéu, rasponsa time is very dependent on the method
of application. It tukes approximately ten hours to épray and incorpor-
ate (method 2) a PPl on 100 acres of 1and5 In an hour, this sowme acreage
éau be sprayed by an airplane, Using current weather dissemination tach-
: niquas, (f rainfall was expected in four to five hours, it would ba iu-
possible to complete this operation, using method one, before rainfall
started, Oﬁ the other hand, using method three, there would be sufflclent
time For the farmer to call his pilot and have the PRI applied before wain-
Eallladmmenéédi_ This wﬁuld gava the farmer'the cost of two axtra trips

into the Fleld to incorporate the PPI.

Appl&cation‘oﬁ NOWCAST to the Preplant Operation

In the preplant oﬁaratian; NOWCASW‘WOUld benefit farmers présauuiﬁg
© small time/space scale information ou radnfall and wind speeds. Hourly,
state-wide surface windyépeed'iuﬁérmation would allow tbe ﬁ&rﬁér to as-
ﬁimate the anount of herblaide drift. After viewing the surface wind map,
the.farmér wmay dééida;tb undertake some farm activity less sensitive to
wind spucd thau haxbicide spraying.

PreuipiCatLon inf@rmation would come: onm satéllhce and radax data
with che:saﬁalliﬁa imagery used in two ways. A slow speed, high resalum
tlon fiim.inap of the past 2& houry of pletures would bé'ﬁalavised aud
updated héurly, and Lhe ldtést sqtéliita pictuxu would be supamimpasud
E w&th'th@ latesn radar~piaﬁu:aﬁ In addition, NOWCAST wle prnvhdu locn~«

* tlons of pressure systems, fronts and thelr movement. With the usa of



38

radar, the farmer would also be advised of rainfall activity and its
proximity to his land.

By combining the current NOWCAST information on wind speed, pres-
sure systems, rainfall location and movement, the farmer can expect to
decrease soil compaction and, most fmportantly, the cost of production

in the preplant operation.

Benefits to the Pféplant,@peration Resulting from NOWGAST

In evaluating the potential savings in the preplant operation it
was found that for approximately 55 pervcent of the cotton acreage, far-
mers use method one (ground apply and two incorparatinns) (Table 7).
G_Méthbd two is used on about 35 percenﬁinf the céttOn acreage (Tablé 7).
About ten percent of the Mississippl cotton acreage was not considerad
in the potential savings estimate because: l) about five percent of the

state's cotton acreage does not have a prEplant incorporated herbicide
‘applied on it; and 2) about: fiﬁe per@ent already use method three to in-
corporate  the herbicide. | |

As tan be seen ﬁxcm‘Table,7, the cost of the‘?PI'ﬁépeﬁds on soidl
type, Eherefore, the cost of application varies with ébil type. ihis
éost~ié fiked régafﬂlnss‘of how the PPI is‘applied. of majéx importance
~is the cost of iﬁibtporétihg tha PPI (mixihg the héfbicide_iuto the séil
once applied). ﬁTﬁis:gost of incorporation répresents‘ché.tripkiuco,the
k;field.,kThe saviggs'comes from elimination of a second tiip; The poten~ -

tiai‘savihgs derived from method one ﬁight be as gteat‘as $3.8'millibn,'
“In method tﬁé,.iﬁ, aftér spraying the PPI by airplane, béﬁh incorpbraé
niéns wefé’nnt néééésary,’aue to timely incorporatiOn by raihf&ll, this

would be considered paténtial savings. The totalkpogentialisavings in
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Table 7. NOWCAST Economle Impact on Preplant Operations for Gotton.

METHOD 1 = 55% = 900,000 Total Mississippl Acres

Light Medium Heavy

PPL/A 3.47 5.23 6.97
Apply and Incorporate 6.47 8.20 9.94
Inharporata 2,15 2,15 2.15
§.62 10.353 12.09

Light 20% X 900,000 X $8.62 = §1,551,600
Medium 25% X 900,000 X $10.35 = 2,328,750
Heavy 55% X 900,000 X §12.09 = 5,984,550

Subtotal §9, 864,900

Save One Trip §1,935,000  Two Trips  $3,870,000

METHOD 2 = 550,000 = 35% Total Mississippi Acres

Light Madium Heavy

PRIA 3.47 5,23 6.97
Aexial Spray , 1.50 1.50 - L.50
iwo [acoporations 4,30 4.30 4,30
9.27 BRI DR

Light 20% X 550,000 X §9.27 =  §1,019,700
Medium 25% X 550,000 X §11.03 = 1,516,625
Heavy 55% X 550,000 X §12.77 = 3,862,925

Subtotal 96,399,250

V Save §2,365,000'
Total Cost = & 9,864,900 i o Total 5avings = §2 365 QQO ‘
| - §,399,2%0 4 | | 3,870,000

$16,264,150 N $6,235,000
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this apmrﬁcianﬂis approximately $6 willion, Assuming the farmex used
method two or three and had information on when, where and how much rain-
Fall is oxpected, Mississippi cotton farmers have the potential of sav-
ing Lrow four to six million dollavs on this operation.

Assuming Farmer Jones had to apply a PPY on 1,000 scres of medium
sodl using ground aqﬁipmann, tha potential savings of using rainfall to
incoxporate the herbicide would bz as Follows (in other words, saving

the cost of using an implement twice for incorporating the PPI);

(The cost of two incorporations not needed) X (acras) =

(§4.30) X (1,000) = §4,300 .
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PLANTING

Iatroduction

In Mississippi the cotton planting season occurs between mid-April
and mid-May as shown in Table 3. Any planting occurring after May 20 is
unusual because the cotton plants normally would not have enough mature
bolls before the first frost to make harvest profitable. Planting be-
fore mid-April usually results in repianting due to inadejuate soil hemp" ,
eratures.  Therefore, the‘purpose of this operation is to place the seed
in the ground atrthe proper time to minimize replanting and maximize the
length of the growing season. The entire cotton production process de-
pends on the success of planting and on obtaining a uniform stand of
cotton plants in the field. This is all too often easler said than done.
A good example is the 1976 planting season. That yeaxr, 35 percent of the
total cotton acreagé in Miésissippi was raplémtéd threa énd four times
due, in part, to adverse weather at planting time (28). The farmer mon-
ftors nhé weather véxy clcseiy during the planting season, howava:; pest
contiol 1s also very important at this time.

| Thexa are primarvily chreé methods .of plauting cnttou‘inymississippi
(with respect to pesticides) (5, 6, 13, 29). Method one consists of
planting éeed pretreated with two fungicides and one insecticide. Thié,
'méthod is used on nearly 50 paiCenc of Mississ;ppi's cottcn:aaxéage but
kprovideé onlyyghort—ﬁerm (one to two weeks) contrél of certain insects.,
One such insect, calléd‘thtips; damag&é the cotton saedlings' ﬁarmiﬁal
  1e$ves. Since the terminal leaf is also the grqwiﬁgrﬁoihtvcf thakplﬁnt,
,ﬁany experts believe conurolliﬁg nhrips éarly in the'gréwing season is -

,;of éxtreme importance to later cotton growth.
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The most widely used method of gaining control over weeds and in-
sects in the planting operation is by plmcing’pescicidas and herbicides
in the furrow during seed placement (method two). Specific insecticides
for controlling thrips, plant bugs and fleahoppers, along with a pre-
emergence herbicide for controlling teaweed, Johnson-grass and other
‘ grasses and broadleaf weeds are used. As the insecticides used in this
matilmd are taken up into the seedling (systemic action), insects feeding
~on the plant are killed. Thus, baneﬁicial insects (spidexs, flower bugs,
atc.)kthat prey on more harmful cotton insects later in the growing sea-
son (tobacco budworm and cotton bollworm) are also destroyed. These sys-—
temic insecticides also cause slow planﬁ growth early in ﬁhe growing sea-
son. |

Method three, which is recommended by some Mississippi Extension
experts, is to plant without any of the usual insecticides. Some experts
fbelieva’it ié more important to establish the stand of cotton plants be-
Fore applying insecticides that may slow plant growth (13). Many farmers
and agxiculnural cansultants in Mississippi, however, belive the cppasice,

ifnsect control must be maintained during the entire growing season.

Agricultmr31 Empblams AssqciatQQ'with Planting

-~ In the plnuting opavation, obtaining a unifcxmmstand of plants is
of maximum 1mpartnnca Any cotton seedlings whinh fail to emerge (break
the huxface) by May 20 axe Qf little or no value for making cotton lint
by halvast time. The IarmEL must cbnsider many factors before he plancs
if he is to. get a uniform stand of plantb Seed quality is one oﬁ the
':most impomtant consiﬂarations.i Cotton seed with poor vigor will have a

~ smaller percentage df\gefminahion and emergence. Obtaining top quality
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seed 1is usually difficult. Farmers compensate for this problem by over=
planting. Instead of planting the optimum number of plants per unit
area, they plant 50 to 100 percent more seeds than necessary (29).
Another problem in obtaining a uniform stand is poor soil tempera-
ture. Germination of the seed and emergence of the seedling are func~
tions of soil temperature. For average seed vigor, the planting depth
soil temperature shouid be equal to or greater than 68°F for seven to
ten days to obtain proper germination and emergence (14) (Figure 15).
Soil moisture at seed depth isryet another problem associated with
getting a good stand of plants. Too much moisture deprives the seedling
of necessary gas exchange; too little ﬁoisture at seed depth delays ger-
-'minatioﬁ of the seed. Therefore; regardless of seed quality, the farmer
muét cénsider soil méisture and soil temperature during and after plant-
ing time to ob;ain a uniform, healthy stand of cotton plants. On the
average, 15 percent of Mississippi's'coﬁton acfeage is replanted yearly
(29). This is a high percentage for any crop. Under very unfavorable
. weather conditibns at planting time, such as during 1976, an even larger

percentage of Mississippi's cotton acreage requires replanting.

K l

DAYS FROM PLANTING
TO EMERGENCE

SOIL TEMPERATURE

.. Figure 15. Relation of Maximum, Minimum -and. Average Soil

ey Temperature to the Number of Days Required from
Planting to Emergence for Cotton (Mississippl)
(After Elliott, 1968)
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Meteorological Significance in the Planting Operation

Rainfall affects,thekplanting operation in several ways. First is
its effect on‘germination and emergence, in terms of soil moisture.
Rainfall amounts during springtime in the Mississippi Delta area averages
14 inches (24). While this amount of rainfall is sufficient for good
growth, it is important that the rain be distributed throughout the time
period to insure sufficient soil moisture for proper germination and
emergence of the cotton stand,  Often however, too much rain and cool
weather occurs during (and soon after) planting (23). This causes poor
germination and emergence, thus, replanting is required. Assuming soil
moisture is adequate and rainfall of perhaps one-half inch occurs the
day béfore the farmer plans to plant, soil moisture in his heavy soils
will be in excess for several days. If fair weather occurs the next day,
he may still be able to plant his lighter (sandy) soils without worrying
about excess soil moisture. On the other hand, if one-half inch of in-
tehse rainfall (thunderstorm activity) occurs immediately after planting,
the seed can be washed out of the ground and resultant cool nighttime
éir temperatures can cause improﬁer germination. Rainfallyoccurriﬁg any
time after plaﬁting, but before emergence of the seedling, causes soil
crusting.  Soil crusting inhibits emergence of the seedling by solidify-
ing the soil surface, forcing the farmer to break the surface crust to
allow emérgenée of thé seedling to oceur (14).

Although fainféll ié needéd to keep moisture in the soil, soil mois-
ture also éffects soil temperature. Damp weather causes soil moisture to
»incréase_and soil temperature to decreéée. Energy used to raise the‘soil
temﬁeraturé is,»instead, used to eVapbraﬁe‘soil moisture. During'plant—

ing season this tends to reduce germination of the seed and slow growth



45

of the seedling (40). At the same time, the probability of replanting
is increased.

Most farmers cannot determine the magnitude of the weather variables
by looking at his fields. He must have accurate, current information on
soil temperature, soil moisture and rainfall to minimize the need for re-
planting. Relative to the other operations discussed in this report, the
responseé time of the planting operation is large and nearly equal to the
subsoiling operation. At four miles per hour a farmer can plant 50 to 80
acres in,nEn,hours (this considers six to 12 row planter pulled by one

tractor). Replanting costs valuable time and noney.

Application of NOWCAST to the Planting Operation

Getting the information to the farmer becpues extremely important
for the successful completion of the planting operation. At present, the
dissemination of specialized weather information is almost totally inade-
quate. Riley (44), an agricultural meteorologist for the (then) Weather
Bureau, stated, "It's ofteﬁ a result of ineffective communcatioﬁ between
(weather) advisor and the user, rather than incorrect information." At

present it has come to the pbinﬁ that timely weather information must’be'
considered the limiting factor in production gnd quality potential of
cotton in Mississippl. |

In Project NOWCAST, current weather information will be automatically
fed into the ccmpﬁter system from sources already estabiished. Satellite
information from the GOES-1 satellite will be made into & film loop (24
hours of infofmation),‘updatad every ﬁS'minutes and ﬁelevisad avery hour.
This visual’infcrmatioh‘will‘inform_the farmer of,tha frequency of fron-

. tal movement: through Mississippd and the position of current storm tracks.
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The state-wide radar picture (available on real-time basis), and the
latest satellite picture with a computer technique for superimposing the
two images, will enable the farmer to see where rainfall is occurring in
relation to his farm. The technique of superimposing the latest satel-
lite and radar pictures will give new meaning to present percent proba-
bility of occurrence method used for precipitation forecasting.

Many weather variables important for completing the planting opera-
tion are not presently being collected within the State of Mississippi
(40). Weather variables such as soil moisture and soil temperature will
be collected by NOWCAST instrumentation on a real-time basis throughout
the state and televised hourly during planting season. It is believed a
visual presentation of agricultural weather information directed to the
planting operation will reduce the large amount of required replanting

aof cotton which occurs each year in Mississippi.

Benefits to the Planting Operation Resulting from Project NOWCAST

It is believed that half of the replanting that occurred in 1976
(30 to 35 percent) would not have been needed had Project NOWCAST been
 availablé taithe Mississippi cotton farmers. TFor the 1976 growing sea-
son, as an‘gxampie, the following emphasizes the potential savings to the
Mississippil cottoﬁ farmers. In this analysis, two metheds of planting
(methods one and twé) each equal to oneFfourth;of the 30 to 35 percent

total acreage replanted are assumed.

- Method 1: Ground Equipment Coét/A = §:3.49
Triple-Treated Seed/A = __7.42
$10.91

480,000A X 1/4 X $10.91 - = $1,309,200




47

Method 2: Cost of Planting and Pesticides/A = § 18.42

480,000A X 1/4 X $18.42 $2,210,400

Potential Saving for Operation $3,500,000
(Although recommended, Method Three is not widely used and, therefore,
not considered in tﬁe potential saving estimate.) |
If this anélysis is realistic, the savings from this operation
would nearly pay'for thebfour year proposed Project NOWCAST in one year.
Let us consider the potential savings to an individual farmer. 1If,
in 1976, Farmer Jonesrused method one on 1,000 acres of’cotton 1aﬁd, the
cost of planting would be approximately $lO,900.k Replanting 15 percent
of his land w0uld cost $10.91 per acre X 150 acres = $l,636.50. 1f, by
using NOWCAST ﬁeather information, he did not have to replant ﬁhis acre-

age, this amount could be considered potential savings with greater pro-

fit potential at harvest time.
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PEST MANAGEMENT OPERATION

Introduction

For the purpose of this paper, control of both.weeds and insects is
included in the pest management operation. The period of the growing
season considered here &ill be from emergence of the seedling to ﬁbe
start of cotton harvest. The purpose of the operation is economical weed
and insect confrol. Economics are very important: in this operatidn be-
cause the cost of controlling these pests is very large. If a farmer can
save one trip into the field in this operation, a significant monetary

savings is effected.

Insect Control

Primarily, there are three methods used to control inseéts during
this period: 1) cultural; 2) biological; and 3) chemical. Each includes -
bpth preventive and after infestation applications (14).  The cultural
mefhod includes all agronomic praétiees to control insects. The greatest
‘beﬁefit when using the cultural method results when the overwintering
populations of harmful‘insects'arevreduced. Examples of agronomic praé—
tices_for pest managément in éotton cutrently:used are: 1) defoliation |
or desiccation; 2) rapidrﬁarvesting; and 3) elimination of crop residues
~after harvest. befoliation or desiccagion of the cotton plant removes
squares and ﬁ%ematuré bolls that‘fﬁe cotton boll weevil wouid normally
kfeedkon beforé o;erwintering,‘lEighty pegéenc,of the ingéét démage to
jéﬁféon plahts‘océufs'iﬁ;#ﬁeifrdit (14); Rapid‘haryestirids a food squfce‘

_(the boll) froﬁ the;£ié1d.’ if:the.farmer ééﬁngét thé cotton harvested
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early, the food source is decreased which decreases thévinsect populé?
tion. Stalk shredding and deep plowing also remove food supplies from
the field, reducing the overwintering population of insects (14).

The biological method, althbugh sound in theory, is not widely used.
This method consists of introduéing parasites and predator ihsects in the
field to control cotton pests. | |

.Chemical controi of cotton insects is the ﬁoét common method of con-
trol. Insecticides can be ap?lied by ground equipment or by aerially |
spraying. Insecticide spraying is done either on a necessary basis (when
the insect population approaches crop damaging levels) or on a preventive
basis (scheduled spraying before damaging levels are reached). The a-
mount ofrinsecticides used on cotton is staggering. One-half of all in-
secticides used in the United States is sprayed on. cotton (29). One
agricultural consultant estima;ed,vduring heavy insect pressure periods
: in Sunflower County, Mississippi, chemical applicationé in his client-

farmer's cotton acreage (12,000 acres) reached $75,000 per week (4).

Agricultural Problems Associated with Cbntrolling Insects

Inseéticides were, at one time,iéonsidered to be the answer to all
problemsrassociated Wiﬁh controlling insect damage to C6tton élants; As :
the‘usgiéf insectiéides increased,'hdﬁever, these harmful insects'bécamek
k:esistépt ﬁo thé inseéticides used} rToday; farmers continue to have the
ﬁrobiem of applying incré#sing'amounté 6£ insecticides and'obtainiﬁg less
and less pést control. Currently, annual cotton crop damage in Missis:
,[sippivaverages 15 tb 20 pércent. ‘What really tro9b;esbghe;farmer is, as
one Mississippi cottoh gfoﬁer’put it, 70 to”80'§ef§éﬁt of the cotton

- crop pays for‘expenses; the insects only eat my prbfits."  This is easily ™
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understood when a farmer with 1,000 acres of cotton has to apply insec-
ticide costing $30,000 to §50,000 in a three month period (29).

As a result of recent Environmental Protection Agency restrictions,
certain insecticides have been removed from the markét; One of these is
the ovicide called Fundal. This ovicide was extensively used to contyol
both the cotton bollworm and tobacce budworm in the egg stage. This is
the best stage to concroi these inéects because in this stage of‘iﬁsecc
deVelopment, no feeding occurs on the plant. The moths of these two in-
sects lay 200 to 400 eggs which hateh in approximately three days (14).
To control these insects in the egg sﬁaga, it is neéessary to apply the
ovicide ten to 13 times during the growing season. With all ovicides
taken nff’tﬁe mavket in 1977, Mississippl cotton farmers wexe forced to
spray alternative chemicals at increased frequencies, heavier rates and
at higher casﬁs (4). |

Insect control on cotton is presently so difficult that many farmers

:hiré consultants for pest‘managamant. The agricultﬁral consultaht'é‘role
in pest management is directed toward keeping the farmer 1nfa.rmedvon cur-
teﬁt and predictad inseat populations in his fields. Recommendations are
made to the farmer as to when he should spray for insects and the type of
cﬁeﬁical to use. Using nhekngricultural consnltgncs can be very prcfit~
lee to the farmer in terms of keeping the farmer from wasting time and
- chemicélé when hé éhou1d not be spraying,‘ The use of agricultural con-
sultants has t‘)ecﬁ.cmaivé’ry popular :i.nk‘blis‘sissip'pi. : _'mesev consultants madé
;~;ecommendations'éu_80 pardant of Mississippi's docuon Acreageriﬁ 1976

.
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Weed Control

The purpose of weed control in the pest management operation is to
keep unwanted plants out of the cotton field at an economical cost. If
certain weeds, such as bermuda grass, infest the cotton field the farmer
may have to plow under the crop and let the field lie fallow until next
year. Weed problems in cotton prbduction are caused by both annual and
perennial grasses and byrbroadleaf plants. - They reduce quality of cotton
lint and yield by competing with cottoh plants for soil moisture, sunlight
~and plant nutrients (14). Weeds not only cause problems in establishing
a stand of cotton plants, but also in the harvesting operation. For these
reasons, the farmer fighté weeds the entire growing season.

There are several methods the farmer may use to control weeds. The
most practical methods are: herbicides (ground and aerially applied),
flame, cultural, mechanicél, hand labor and biological method (14). This
section of the report will consider the methods used most extensively in
Mississippi, the herbicide and mechanical methods.

The favored method of controlling weeds is by spraying herbicides,
however, the chemical and mechanicél‘metbods (cultivating) are often dom-
pleted togéthef (54). The herbicide method can be‘divided into: 1) pre-
plént,treatment, 2) preéemergence treatment, 3) post-emergence treatment, -
andk4)f1ayby (which is late season post-emergence treatment). Treatments
~one and two Qgre discussed earlier in the sections on preplant and plant-
ing éﬁérations. =

Pést-emergence weed control (after ﬁhe stand of plants has emerged)

’ is‘aCCOmplished by’ditecting‘a spfay'under thé cotton 1eavés and branches
onto the~weeds; This is called post—directed'épraying. Normally, the

farmer will use a post-directed spray four times during the period
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mid-June to late-July. After late-July, the "layby" method of weed con-
trol is used. Layby consists of a Einai heavy application of hexbicide
the last time the farmer can still get into the field with a cultivator
without damaging the cotton plants with his equipment. The use of high
rates of certain herbicides to control late season weeds and grasses from
layby to harvést has become a widely accepted practice in Mississippl.
This part of weed control is not profitable if there is no weed 1n£eat&~
tion when layby starts. For this reason, not alll cotton acreage receives

this high vate of herbicides at "layby".

Agricultural Problems Associated Vith‘COQtr9lli“S,wgedS

The farmer's decision on when to spray for weeds is, as in most of
his operations, dependent on many factors. The severity of the weed in-
festation is probably his first cansideration. mhe farmer does not have
definite guidelinas Lndicating when weeds are damaging his cotton crap.
The farmer must ask himself "does the field have en0ugh weeds in it to
justify the cost of an applicaticn of herbicide?" TIf his cotton is well
‘developed; he may delay spraying.

The stage of developﬁentyof the plants is another Factor involved
in weed control., Early in the growing séason, if soll modsture is low,
 cotton seeds ﬁay ba‘sluw to garminaté #nd emerge from the soil. Veeds,
which develop and grow faster than does cotton can eaﬁily establish them-
selves f#ster than a field~df cotton ﬁiants. If tha weeds become as tall
or. taller chan thevcottcn plants, replanting may be necessary. ‘L&tax in
;cha grcwing season, when the cotton plants are in Lhe latér stageq 0£ de~

: velopment weeds are lass of a problem in competing with cotton fox light,
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water and nutrients. The taproot system of the cotton plants allows for
‘deep penetration into the soil decreasing weed competition (14).

If the farmer cannot get into the field to cultivate or spray herbi-
cides, he cannot control weeds. After the farmer has decided spraying
for weeds is necessary, soil moisture conditions and adverse weather may
keeﬁ-him from completing this operation. if so0il moisture is too high to
allow ground equipment into the field, the herbicides may be applied ﬁsing
aerial équipment but; adverse weather is still a 1imiting factor.

A heavy woed ipfestation at harvest time slows the harvesting oper-
atioh, making it less efficient. The equipment must be stopped to be
unclogged of weeds fhat get into the picker. Weeds also add moisture to
tﬁe cotton lint after it has been harvested. This reduces the quality
of cotton by loweringvthe grade and, thereby, directly loweiing the far-
mér's profit. With short-term weather information, the problem of ad-
verse weather would be reduced as the limiting factor in timing this farm

~ operation.

‘Meteorological Significance in the Pest Management Operation

In‘béth weed and insect control operations, the quest;on faced by
the farmer and agricultural consultant is: "To spray or nét spray?"
Many variabies are involved in finalizing thisrdecision, buﬁ weather is
the‘énly factbr-ﬁhe farmef has no Qonttol over. The weathé;¥related
probleﬁs for both wééd’and insect control are very similar. For_ﬁhis
feason, these compOnents of,peét managemeﬁt are comﬁingd in this seétion,

Weather vs., Weed and Insect Control. “The;most important weather

véfiables_involved in theSefoﬁerations are: brécipitation, air tempéraF

ture and wind speed‘(precipitation and wind speed are the most important).
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The effect of air temperature on pesticides is mainly a disassocia-
tion probleh. As afternocon temperatures reach the maximum, the pesticides
become less effective. To give an example, methel parathion is used when
immediaté control of bollworms and budworms is necessary. The optimum
temperature for methel parathion is 76°F (4). In July, the average max-
imum temperature is 93.5°F (24). For maximum efficiency this insecticide
should not be used in the daytime before the maximum temperature is ap-
“proached.

kThe farmer must consider wind speed in this operation. Wind speeds
of less than seven miles per hour are considered favorable for spraying
because little or no drifting of the spray occurs. Wind speeds between
sevén and 12 mileskper hour often present a problem due to iﬁcreqsed
driftiﬁg of the pesticide. When the wind speed is in this range, the
farmer must consider the kind of érdps located in the field downwind of
the spraying operation. He could kill beneficial insects in thé crop
’downwind (or in the case of herbicide drift, the entire crop could be
damaged or destroyed). He must also consider the expected wind condi-
tions over the next two to six hours. If the winds are in’the marginai
zone now, but are expected té'slow down within one or two hoﬁrs, he may
decide to wait a while before‘starting these operations. If the wind
 speed‘is ekpected to remain in the marginal zone and immediate control
is crucial, he may:choose to go‘ahead and spray anyway. Wihd speeds
greater than 12 miies per hour can céusé d;ifting’of the'pesticide to
; £he'p6int that control is greatly redqcéd (23). Time and money are
Wasted‘if'spraying is undertaken when these conditions ekist} , |

"‘The third weather vafiable imporﬁant in the pest control operation

1is precipitatibn. 'Oneéquartef to one—half’inch'of rainfall will’usually
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wash the pesticide off the cotton plant thereby reducing necessary con-
trol. Differential heating resulting in turbulence and frequent convec-
tive cloud development in Mississippi increases the problem of 'showery"
type rainfall. Large amounts of surface heating from solar radiation
combined with the Gulf of Mexico as a moisture soﬁrce creates a high
* probability of thunde;storm activity on a daily basis. Since the pest
control operation is a cyclic process (farmers must spray every five to
seven days to achieve insect ccntrol), isolated or widespfead thunder-
storm activity can interrupt a farmer's spray schedule. This not only
reduces profits but increases the problem of maintaining necessary con-
ﬁrol of weeds and insects. ‘ 2 ‘

Rainfall plays a very impoitant role in the type of pesticide the
farmers use in insect control. The’fesidual effect (thebamount of time
the insecticide remains active) of a pesticide must be considered in terms
of rainfall frequency, amountkand duration (4).

The farmer's choice in terms of residual effect is either: a) quick
acting, loﬁ residual; or b) slow acting, iong residualy(28); Obviously,
a persistant type pééticide should not be used if thunderséorm activity
is imminent. Amazingly, evén‘thOUgh weather information ig,potentialiy
’~available, éxﬁensibn personnel recommend spraying even if thunderstorm
probébility is high.v The - thinking is; since the weather cén'be very uh—
predictahle at times, éspecially in the South, and current information is -
1a¢king;‘the farmer shouid]hdt'wérfy“abqut,rainfall; If control is heCes;,
Ser; go ahead and spray. Wich adééd§te wgathgf,iﬂformation dissemiﬁatién,.:
tﬁis anéjtainty would be,éliminated; i | |

. A very beheficial coﬁsideratidnﬂiu this opération is rgséonse timea;

Aerial applidatiqn of‘peétiCides is very fast. Within mihutes;after the‘ |
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farmer decides to spray, a plana can be in his fields applying a pesti-
cide.

Accuracy of Weather Information for Weed and Insect Control. Accur-

acy of weather variables for weed and insect control operacicns is not
well defined. This dis best shown in a recent survey conducted by Dr.
Eugene Rench, Director of the Enviroumental Study Sexvice Center, Located
at the Stoneville Research Center in Mississippi. Dr. Rench guestioned
735 agricultural consultants in the Mississippl avea (included are a few
out;dffstate consultants). The survey was not random, but according to
Dr. Rench, those consultants suxveyed represent the highest quality and
the majority of the cotton specialists in tha Delta area (39).

A sample of the questions asked and comments on what the answers

tend to indicate are listed in the Appendix.

Application of Project NOWCAST to the Pest Manapemént Operation

By satisfjiﬁg thé needs of the cotton farmer on three weather vari-
"ables, the pest management operation would be much more affective.r To
complete this 6peratinn successfullykand'with less uncertainty, the far-
“mer must havakshort*terﬁ (one to six hours) weather information on air
temperature, wind speed and, most importantly, rainfall. Fxojact NOWCAST
would provide Lhis inioxmatmon using analysis technclagy already available
to meteorologists in the Naticnql Weather Service.

NOWCAST would provide the most current (updated every 25 minutub and
;Celevised ~every hour) Gaostationary ObServacional Envlronmental Satellite
~~’(GOES) cloud picturLs to the farmer. 1his information would be used in -
hwb‘ways to satisiy“the t&o important neéds‘fnr‘rainﬁall information.

First, the most reéent 24 hodr$ of'satéilite plctures would ba‘reprcduced
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into a slow speed film loop for hourly display. Hourly satellite pié—
tures would show the farmer the present location of pressure systems and
current storm track movement. Also, frontal location and movement would
be portrayed in a satellite picture £ilm loap.

The second way the satellite pictures would be used is with the wmost
~current radar picture, as discussed in earlier sections. From the early
morning telecast through the entire day, the farmer would know where rain-
fall was occurring and whethaf the activity was frontal or air wmass in-
duced. The farmer could thus time his pesticide spraying operations
arouna‘che weather with an improved probability of completing the opera-
“tion successfully.

Less waste of pesticides would oceux if the farmer could monitox
iegichal maps of wind speed and ai# teméerature on an hourly basis.
NOWCAST/wquld provide this informatian’fram data generated by the Nation-
a; Wgathér Service and NOWCASIfs;autﬁmated weather data collection instru-
;menﬁs positioned avound the state. This system,ﬁould allow a variety of
kother weather maps of»importance to the formar to be viewed throughout

the working day.

Benefits to the Pest Management Operation Resulting from NOWCAST

Successful pest management is critical if the cotton farmer expects

‘to make any profit at harvest time. Low,p:oﬁit is easily_uﬁderstoad wh§n ‘

the cost of each spraying spplication of an insecticide ox herbicide is

dat TR ML

‘considered. Depending on the savériny_oﬁltha"past and the agronomic pracs

tice used, cost of pesticides (applied afté: emergence) averages from §1

to $5'pef acre, Later in the growing season, when insect populations are
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larger and weeds have re-established themselves (after layby), the cost
of pesticides averages $8 to $12 per acre (29).

This in itself may not seem excessively expensive, but considering
the farmer makes, on the average, seven and one-half applications of in-
secticides and four applicatiohs of herbicides (not to mention the number
of times he culfivates), profits are easily and very quickly reduced.

General opinion of the experts in Mississippi with whom we consulted
during the course of this study indicated that in both insecticide and
herbicide spraying at least one spraying could be saved on these opera-
tions over the entire state for one growing season (generally believed a
very conservative estimate). Assuming the average cost of the spray
material, cost of labor, equipment, étc., of $5 per acre (again very
conservative) (29):

2 X $5 X 1.6 million acres of cotton = $16,000,000 in one season.

Using the same estimates on 1,000 acres, the potential savings to an
individual farmer might be:

2 X $5 X 1,000 acres of cotton = $10,000.



HARVEST OPERATION

Introduction

The efforts of all operations during the growing season are reflected
in the harvest operation. If any operation previous to harvest was not
completely successful, the results will show in an overall reduction in
yield. At the same time, if the harvest operation is not timely with
respect to plant (boll) maturity and weather, quality and yield of cotton
lint‘will‘be reduced. The farmer must have an efficient harvest opera-
tion to make a -profit.

Since the cotton varieties used in Mississippil are an indeterminate
type, the individual plant blodms and fruits the entire season (14). The
first cotton bolls open weeks before the crop can be harvested. TFor this
reason, the farmer's decision on when to plan his harvest operation is
based on many factors. Some factors involved are: what harvest method
(equipment) to use, weather, when (and if) to apply a harvest-aid chemi-
cal, and where to store or gin the cotton.

Hand picking cotton lint was once the common harvesting method. As
labor costs increased, profits’decreased and hand pickiﬁg lost its popu-
larity. The mechanization of agriculture has produced numerous machines
designed to mechanically hatvest cotton. To date only two types of me-
chanical hatveSters,ére used to pick cqtton,lin;. They are the spindle
picker and ﬁhe stripper §icker. Both machines have advantages and dis-
advantages‘the farmer must consider long before and also during harvest
séason; | |

Theuspindie‘picker, a very expensive equipmént investment, makes

two trips into a given field to complete harvesting. The first picking
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starts after 60 percent of the cotton bolls have opened (14). The spin-
dle picker only harvests open cotton bolls. As the majority of the re-
maining bolls open, the final picking is made.

The stripper picker is used only once in the harvest operation. The
stripper removes all the cotton bolls from the plants, whether the bolls
are open or not. For this reason, this machine is not used until 85 to
90 percent of the cotton bolls are open (14).

The advantages and disadvantages of these machines center around the
time of harvesting. The spindle picker can be used earlier in the har-
vesﬁ season, but is limited to picking only part of the crop each trip
into the field. The stripper picker, although considered the faster of
the two types of pickers, cannot be used until later in the harvest sea-
son. The cotton bolls that opened long before harvest must "weather' in
the field until 90 percent of the bolls have opened. Research in picker
efficiency indicated the stripper picker harvests as much as 25 percent
more cotton per acre than does the spindle pickef (29). Once the strip-
per is used, the harvest operation is complete. No bolls remain in the
field for later picking.

Greater than 90 percent of the cotton harvested in Mississippi in
1976 and 1977 was har&ested by spindle pickers. Stripper picking, how-
ever, is exﬁected to increase in the future (20).k Some extension experts
believe the cotton farmer wiil use béth machines for harvesting. After
60 percent of the cotton Solls open, the spindle picker, as usual, would
be used to harvest: Instead of using the’spindle picker on the secohd
picking, the stripper would be used.
|  “whether the spindle picker or the stripper picker is used to harvest

cotton lint {or-a combina;ion.of the two machines), mechanical harvesting
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requires that the stand of cotton plants be defoliated (using a harvest-
aid c!=mical) before picking can be undertaken. The harvest—aid chemi-
cals used to defoliate cotton fields in Mississippi are of two types,
defoliants and desiccants (14). Defoliants are used to induce shedding
of the leaves but not necessarily to destroy the plant.  When using a
defoliant, the plant must be actively metabolizing in order for the leaf
; drop process to occur. Thedesiccantsare used mainly for stripper pick-
ing. Since the stripper removes all the cotton bolls in one trip, large
‘amounts of moisture in the unopened bolls mnst be removed before harvest-
ing. Ihedesieeant removes this moisture by killing the plant which then
drys to equilibrium with the environmental moisture level (relative humi-
| ~dity of the air). Other benefits of harvest-aid chemicals are (14) |
51, Makes cotton bolls open and dry out faster.
2. Picking can start earlier in the day and sooner after rains.
3. Lowers cotton seed moisture (less heat required during ginning
which improves seed and lint quality)
, 4.”No green leaves in trailer (reduces chance of heet damage to
'seed).' '
5. After leaf drop, picker operator can see rows better.
‘6.',Can be ground or aerlally sprayed
Since these chemicals stop plant growth fiber development in the immature
bolls is alsc terminated. Depending on the reather conditions, thisbcan
redﬁce yieid; in fact, many of the’disadnantages in using har;vest-aidf1
chemieels are weather related. Some of these disadvantages are’(l4):
:l}"If’growinggconditionsharevpoor;ﬁieaf drop~is slow to occur

‘(seven'tO‘lA days).
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2. Under high moisture conditions, second growth may occur before
completing harvest,

3. The added cost of production for material and application.

4. Residues may be hazardous to other plants and animals.

5. Poor leaf drop can add trash (moisture) to cotton lint,

6. May reduce the rate of opening of immature cotton bolls.

Agricultural Problems Associated with Harvesting Cotton

Optimum quality cotton lint and yield are very'imbortant to obtain
the highest possible ptofit for the Mississippi cotton gro&er'(Q). How-
ever, in many years, considering all the problems associated with growing
éotton, the farmer is fortunate to break even. When the farmer begins
the harvést operation, his greatest concern is to get the crop out pf the
field as soonias possible without reducing'his‘profits. Evén in this
stage of thé gf0wiﬁg'season; many things‘caﬁ keep the farmer from harvest-
ing a:profitable crop. Any factor that keeps the farmer out of the fieldv
~during ﬁérvest season will reduce profits. Poor leaf drop, wet soils and
wet weather, in genéral are examples of such factors. |
| As mentioned previously, a harvest-aid chemicalii3~usﬁa11y necessary
to'harvéstvcétton. Even though modern ginning methodsrcan remove most of
the ﬁrash (i.e. 1eAVes and weeds) found in harvesfed cotton lint, the |

Vmoiéture added'by'thié txasﬁ deéteases‘the cotton gquality. keseércb by
- tﬁé United States'Deparﬁmeﬁp‘oE.Agricultﬁre at the StoﬁGQillé.Reéearch_, ’

"Cénter in Mississippi found that machine—picked'defoliated cdﬁﬁbn:hés
vhigher qua1ity and 1éss foreign ﬁaﬁteerOutenc than does undéfélia;ed‘

cotton (11).
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After the cotton is harvested, it must be stored or ginned as soon
‘as possible to keep quality of seed cotton at the optimum. The farmer
usually has’ made prior arrangements with a gin to process his cotton.
Even with prior arrangements completed the‘harvested cotton may be forc-
ed to remain in the trailer for 12 to 24 hours. The ginning process is
probably the most serious bottleneck in the harvesting operation (29).
In—the-field storage, although sometimes necessary, has the problem of
the cotton being exposed to possible adverse weather elements before
being ginned. Most farmers favor this over nOt getting the cottonkhar—

vested.

Meteorological Significance in Harvesting

Harvest-Aid Chemicals - Defoliation. Leaf abscission (leaf drop)

is a,naturalyoccUrrence of most plants in the fall. It can also occur
'during extremes of moisture (such as a drought or flood) and extremes of
temperatnre (hot, dry weather or a frost). If, and when, leaf abscission
occurs, cotton growth stops. As mentioned earlier, this can have both
‘advantages*and disadvantages. ‘Premature leaf abscission can seriously
'_reducecyield'(14). Research has shown that applying a defoliant before

60 percent of fhe.bollsvareTOpen usually reduces yield and qualit§ (5).
as‘harvest time apprOaChesv(mith its normally dnstable weather),-the far-
mer must make the decision of when and whether to defoliate (after 60
percent'of the bolls have opened), hased primarily on thefcurrent and
expected weather outlook. Precipitation probability must be considered
before application of the defoliant chemical. Thunderstorm activity (1/4
inch)‘wi hin 48 hours of application will wash off or reduce the effective-

ness of the defoliant chemicalk(d).‘ Wind speeds greater than 12 miles per'
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hour will cause drifting of the defoliant (23). This is wasteful, inef-
fect}ve~a§dWCan cause damage to adjacent crops. In addition, the longer
term outlook must be considereaA;ince the leaf drop pro¢ess from an: ap~

plication of a defoliant takes seven to 14 days (14).

A heavy frost or freeze (< 28°F for one to two hours) has a negative
‘effect on cotton;rdepending on the type of picker used (14). The immature
bolls, with high moisture coﬁtent, are very sensitivé'té freezing temper-
atures. The frosted boll rots and produces no cotton (29). The Extension
Service recommends defoliation prior to a hard freeze.

The best defoliation occurs when the daytime temperatures are in the
80°F to 90°F range and nighttime temperatures are greater than 60°F (14).
‘When applying a defoliant under less than optimum air temperatures, de~
foliation is slow, ineffective and, consequently, timing of harﬁest be-
comes difficult. Adequate sunshine is also important. Cloudy, cool
weather from the time of application to three to five days after appiica-
tion can seriously reduce the effect of the chemical. This results in no
’or poor leaf drop and added trash and moisture in the lint and picker.

The cotton plant should be mature and actively growing (photosynthesizing)
for the defoliant to be effective.

thét use stripper,harvesters'must apply a desiccant to the fieid prior to
,harvést. Sincé the stripper cleans the entire plant of cotton bolls, the
addedwébisture from the leaﬁes and immature bolls thregtens the quality
of the co;toP. The désiccant reduces thiS'problem by éausing rapid loss

- of moisture ﬁﬁer the entire plant (reduces moisture to 6.5 percent) (14).
‘The envirén@eﬁta1 requirements'forﬁa desiécént are as big a probiem

‘>.gs for a defoliant.k However, the time from application to harvest is less
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(three to five days) for a desiccant. At the same time, the necessity
for favorable short-term weather is more important in applying a desic-
cant.

Weather and Harvesting. Moisture, both from precipitation and hu-

midity, has its greatest effect on cotton prior to and during harvest.
Not only can it keep the farmer out of the field, it can also reduce
cotton quality and yield. Relative humidity and dew formation cause
several unique problems in harvesting cotton. Research at Stoneville,
Mississippi (U.S.D.A.) found that relative humidity is the greatest sin-
- gle influence on moisture content in seed cotton (30). The problem occurs
between picking efficiency and maintaining cotton quality. High quality
cotton (dry enough to pick) favors relative humidities below 50 percent.
'However; the spindle picker is more efficient at relativé humiditieé of
greater than about 50 percent. As the relative humidity increases, spin-
dle clogging froﬁ weeds and trash increases.

Dew formation dictates when daily picking can start and when it
should’stop. If the farmer picks wet cotton lint, the quality of the lint
will be reduced and the chance of mold or ioc occurring before the cotton
lint is ginned is increasad.

Any weather variable related to moisture is importanﬁ during the
harvest,season. The‘farﬂer needs to know wind speeds, expected air temp-
eféture, C1oud‘covef and’daily éﬁaporation in order ﬁo start daily picking

as early as possible, without losing any quality in his cotton.

Application of NOWCAST to thekHarvest Operation

As noted, the most imporiant weather variables ihyapplying harvest-

aid chemicals (and until leaf drop occurs) are rainfall and wind speed.
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Many of the NOWCAST weather briefing techniques discussed for other farm-k
ing operations will apply to the harvest time decision—makiné. (Informa-
tion on dew will be of parcicularvimportance at this time.)

Project NOWCAST will also be beneficial in the harvest operation by
disseminating short-term weather information that will allow the farmer
to either pick his cotton or plan less weather sensitive tasks. If the
farmer knew in advance that raiﬁfall was going to halt his daily picking
operation, alternative operations (e.g. maintenance on pickers) could be
pianned. By providiﬁg information 6n wind speed, percent sunshine, rela-
tive hgmidity, soil mdisture conditions, evaporation‘and general drying
conditions, the farmer could make plans on when to start picking again,
kMost of this information is available now, but never reaches the farmer.
During the harvest season, NOWCAST personnel would tailor weather brief-

ings specifically for the harvest operations.

Benefits to the Harvest Operation Resulting from NOWCAST

Determining a dollar value for potential savings in applying harvest-
ajd chemicals and in the picking of cotton is difficult, even more so than
fof the other operations. Also,bsinCe cotton hgrvesting is very slow the
rééponse time for this operation is also sloﬁ. for this reason, the po=
tential saving for this operation is smaller in relation to the other
operationsf In terms of plcking cotton, the farmer is going to pick if
he can get his machines into‘the field. Much can be said about planning
yleSs weather sensitive tasks. To put-a mbnéﬁéfy-value on these is beyond
“the scope of the study. . |
An example can be used to indicate potential,savings in applying

harvest—aid,chemicalsg During the period inA1976 when the majority of
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the farmers were applying defoliénts, a light frost occurred that would
have caused leaf drop:for a large portion of the state. According to

one agricultural extension expert at Mississippi State University, had

. the farmer been updated on front and pressure system location and move-
ment, the majority of the defoliant already sprayed would have‘been saved.
Unfortunately, actual values are not available, but if 25 percent of the
total cottbn acreage had been spared this operation due to timely NOWGCAST
information (considering 12% percent for ground and 12% percent for aerial

application); the saving would have been as follows (31):

f

12%% X 1.4 million acres X ($2.62 + $ .80) = § 598,500

12%% X 1.4 million acres X ($2.62 + $1.50)

721,000

Total §1,319,500
where $2.62 is the approximate cost of chemicals,
$ .80 is the cost of ground application, and
$1.50 is the cost of ae;ial application.
 Of course, this potential savings would not occur every year. One in 15

years may be a more realistic estimate.
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SUMMARY AND CONCLUSION
The potential benefit resulting from improved dissemination of agri-
cultural weather information is evident, especially considering increased
farm production costs. The farmer must have the complete weather picture
(current, short and long range) to reduce weather-related risks. Project
NOWCAST was developed to provide this information and is shown to have ’
the potential of substantially reducing costs and risks in the production
of a monocultural cropping system ~- cotton. It is realized, any weather
briefing system cannot be 100 percent effective, however, current weather
dissemination methods are far from satisfying agricultural needs.
Considering the critical farm opérations discussed in this report --
lland preparation,’preplanﬁ,’planting, pest management, and hérvest‘opera~
'tion —— improved dissemination of four specific weather variables would
_reduce much of the weather-related cost and risk. Thdse weather:variables
are: | |
1. rainfall
2. air temperature
3. soil température
"4.' wind speed.
Using educ#tibnal television, NOWCASI woﬁld pfovidé these variabies
and other weather informationrin a mdre'tihely ﬁanner.: This information
~ would be broﬁided‘using satellité aﬁdkrédar imagery, pertinent‘weathérk
‘maps and computer techﬁiqueé to visually disséminaté this infb’rmationf
The purpose of‘this'papér was nét purely. to derive‘the economic
’benefits. quevér, the benéfits dérivéd froﬁiPtojéct NOWCAST‘énd improved

weather dissemination are easily reflected by discussing potential saVings.n
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The values stated as savings are not absolute. These values represent a
conservative estimate of the savings to the Mississippi cotton farmer,
given timely weather information related to agricultural production.

If we consider the total potential savings to the individual farmer
for the critical farm operations on 1,000 acres of cotton land, this value
is Very realistic. The individual farmer could save over $36,000, which
is 16 percent of the 1976 cost of producing 1,000 acres of cotton. On a
statewide basis, ;he total potential savings exceeds 100 million dollars.
If only ten percent of this value was saved due to. timely weather infor-
mation, Project NOWCAST would be worth undertaking.

Most phases of agricultural production are weather dependent.

Either by reducing washed-off chemicals or enefgy consumption, proper
utilization of accurate and timely weather information can add to over=

all individual farm production and efficiency.
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Chart of Operations

Operation

Time Weather Varlablien
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1. Spraving s eyclic and 3
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cycles o~ GE IS

3. Sumé nced far Corecast of ‘_)F POOR
amount af pracipitacton, g QUALH‘Y’
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and movement of preciplcacion . .
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The duestion: "What are the accuraciles needed on tke weather vari-
ables important in cotton production?' can best be answered by preéenting
the .results of a survey conducted by the Director of the Environmental
Studies Service Center located at Stoneville, Mississippi. Dr. Eugene
Rench surveyéd 35 Agricuitural Consultants in the Mississippi Delta area
on the subject of weather variables important in cotton production. These
““consultants represent the majority of the cotton acreage in the Delta.
After personally talking with some of these consultants, it was found that
much of the research needed to document the anéwers on the survey has not‘
been conducted. Many of the consultants said their answeré resulted from
direct observation and from the experiénce of working as an Agricultural
Consultant. The consultahts either have a degree in the agricultﬁral
éciences or have passed a rigorqus examination pertaining to pesticides
-and plant.physiology. | |

After each question, Dr.kReth commented on the results. They show
a very diverse need on weather information and the accuracies required of
this information. The following information indicates: “1) that short-
term weather information is vital to agriculture; 2) the accuracies to
fuifill those needs a;e quﬁe diverse; and 3) in the‘past, Qeather infor-

mation has not been adequate to satisfy agricultural needs.
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1) What is the relative importance of the following weather parameters
to your business? (Range of importance 1-3, where 1 is most impor-

tant.)
Rating Range

Rain 1.00 0
Air Temperature 1.44 1-3
Soil Temperature 1.65 1-3
Wind 1.97 1-3
Sunshine : 1.97 1-3
Dry Conditions 2.47 1-3
Dew 2.53 1-3
Dew Point 2.74 1-3

According to these consultants, the first. four variables sre very
important to their operation with rainfall undoubtedly the most important.

2) Usually, how close do you need t» know when it is going to start or

cad ?
stop raining? {f of Responses

The Results: L hour = 9
‘ 2 hours = 6

3 hours = 3

4 hours = 5

5 hours = 2

6 hours = 7

4 hours = 2

Approximately 50 pexcent of the consultants said they needed this
information within two hours.

3) Does duration of rainfall need to be forecasted?

The Results: Yes = 100%

4) How many days does it take to interrupt your spraying schedules?
: ' ## of Responses

The Results: < 1 day = 19~
: 1-2 days = 3

2 days = 7

2-3 days = -1

3 days = 1

4 days = 2

Approximately 50 percent of the consultants said one days rain inter-
rupted their: spraying schedules
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5) How accurate do rainfall amounts forecasted need to be in order to be
of practical value?

The Results: Inches # of Responses

1/10

1/4 1
1/4-1/2

1/2

1

2

N O W

According to Dr. Rench, the consultants interpreted this to mean how
much rain does it take to wash off pesticides. Fifty percent said 1/10
‘to 1/2 inch would reduce control. The other 50 percent said 1/2 to two
inches. ' '

6) How accurate do radar reports and forecasts of locations of showeis
have to be to be of significant aid to you?

The Results: Distance #f of Responses

1-10 miles 17
11-20 miles )
21-30 miles 5
31-40 miles 2

>50 miles 4

7) What percent of your recommendation is based on current rain or
weather? - Less than six hours, next 24 hours, next three to five

~days?..
The Results: Average % Range %
| Current Weather 63 0 - 100
< 6 Hours 58 0 - 100
© 2 24 Hours 5L - 0.~ 80
3 -5 Days 49 0 - 100

Indications are that many of the consultants use the total rain out-
look, from present weather to five days ahead.
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~ AIR TEMPERATURE

8) How accurate do forecasts of maximum and minimum air temperatures
have to be to make your recommendations work?

The Results: °F # of Responses
+ 0-5 16
+ 6-10 12
+ 11-20 | 1

The results indicate forecasts of air temperatures are adequate for
the consultants. Several did take the extra step to point out that it
became more crititcal to forecast air temperatures when they get below 70 F.
One cited that best control of cotton pests was obtained when temperatures
were between 70° and 90°F.

9) How far in advance do air temperatures need.to be forecast?

The Results: Days  #f of Responses

1 4
2 10
2-3 1
3 9
3-4 L
3-5 4
4-5 1
5 2
5-6 1
7 1

The results indicate diverse needs,

'WINDSV '

10)° Do winds above seven miles per hdur'hamper aerial application of
pesticides? ER

The Resuits:k Yes = 97%
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11) Are you using wind speed and dirvection to make spraying recommenda-
tions?

The Results: Yes = 97%
From comments made, the question was poor. Speeds and not direction

ave imporxtant for insecticide application. Dirvection was mentioned for
hexrbicides.

DEW

12) Does dew impact your recommendations?

The Results: Yes = 49%
No = 51%

This depended mainly on the type of chemlcals they normally used.
Dew aids some mixtures and dilutes others.

MISCELLANEQUS

13) What percent of your weather information comes £rom radie, TV and

newspapers?
The Results: Radio = 513
TV = 45%

Other = 4%

The results were interesting. Some uscd newspapers and the FAA
Service at Greenville, Mississippi. None used the Natlonal Weathor Sar-
vice Agricultural Weather Infommation at Stoneville, Missdssippi. They
were given the telephone number of the Stoneville office.

14) How much does bad weather contxibute to the pest management costs?
(Dollars or Percent)

~ The Results: The ranges were $4.00 to $30.00 per acre. Pervcentages
ranged from five to 100. Conmsiderable numbers of those
responding sald the costs and percentages varied greatly.
Many we:e in the 25 to 50 percent range. One estimated
weather cost his customers around §$500,000 last year
(1975) on 20,000 acres. -



