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The topography is gently sloping, though steeply dissected
areas do occur., This is an area of aavannah veqetation,
the ®campa cerrado®, marked by low trees and shrubs, and
by gallery foresta linifig the water courses. The yener-
2l aspect of the land 1s one Of vast spaces only occa-

pionally marxed Ly any slgh of man.

‘Ejnitjpgoaa ta _bevelopment

Until the last dccade, the limiting factors for
agricultural developacht ih any part of the region were
soeial ard logistic, Yhese wefe relatively fow pecple
and fev, if ahy, infgcatgeuctural scyvicea., Mith ke
E€Featlon uf the hew vapital, a dyhakic pupulatioh Cehter
Bas bees cotlalliched if the fegjuty, HKoad likkages Hawe
been st aLlished Tu ulhes paktls ol byad#ild, esuch as the
recently irhauduiated bfasijia-Peich highway, These
transcct the Cchifal Platcauy ahd scfve aa Mmajur aflisfied
of aciese. bBul a sikgle pojpulatior vehlctd ahd jehoFal
BEcRBEIBIIItY du hol opavs develojdnchl ih a fodioh &0
Vst &hd epatscly populaled, and the Uiaditivhal liad=
tatiohe o Jotvelojpmehnl elill ceisl uh lhe Flateay,

Fog the afca imicdialcly ajoand Piacilia, chahyge
Bas ecoudied, Wilh the pojpulatioh cehlied, vonihical (RS,
MFEBLle, 2h3 cci¥iices have bech celabliched, ahd 1hs
tFaditional linitalijvhe Lo agbiculiuial devojophenl Rave

been ajisfsd, Thofe, the Baflist JiAlteljoha Lo develop=



ment have been replaced by a "new” set of oonstraints,

those imposed by the physical environmsnt.

The Physical Environment

Soils
The bulk of the Central Plateau consists of a base-

pent complex of Pre Cambrian intrusive rocka often over-
laid by Palecioic and Mescroic sediments. Much of the
area has been uplifted and subjected to RUMBIOUS @rosion
cycles.

Weathering factors and time have reduced the orig-
inal parent matarials to solls which are practically
devoid of autritional value, but heavily laden with tonie
concentiations of aluninue, Further, he sulla have @
tremendous ability ta fin phoephogus anhd fehdef I Uf=
available for crops, The luw fertility status, HWigh
alumiAuyn cuhRichtfaticas, and phosphcrfus Tlaativh propers
ties of thcsc cuile afs picachily sefivus linitations tO
agriculiural develupment in the Centfal Flateaw,

Frosphorus problemes and geheral suil infertility
My only be coffcoted thivugh the application of the
fertilicos satesiale. Fottillicia ale available, but
QO8LiYy ., hol Lhly bocause of suatihy feftillser prflces,
but BBdause of The hujge ameuhlc pef heclaje which will
be Fequised, Boscatch 1 Cufishtly uhdsiway o Jevise

specitic fortilise) mahajomanl peasticves fur thess #0118



which may help reduce current application requirements.
In comparison with other parts of the world, the fertil-
ity problems associated with soils of the Central Plateau
of Brazil will be some of the most severe and costly to
correct.

The aluminum problem may be partially resolved
through the use of amendments, High quality limeatone is
abundant and cheap i1n the area. Limestone applications
have been made to reduce so1l aluminum concentrations to
levels not detrimental to Ccrop yrowth, Unfortunately,
limestone applivations are only effective to the depth to
which the limcstune may Le practically incorporated, pra-
gently at most, 30 om, Fur ctopa such as corn, cotton
and éoybioans, tlie r0uting patteins have beeni Oliserved to
parallel thc incorporation depths (HCHU, 1973). Vor
these crops, tic yone uf coll which may be exploited for
water and nutrichts is effectively limited to the depth

to vhich limeatone may be applied.

Slimate

In general, there are no climatic barriers to human
sottlement and population of the Central Plateau., How=
ever, the arca ls characisrised Ly marked wet and dry
SOABORE, the latter Jzetlny five months, from May until
Beptenler, YThe dry scasth Caysce a deastic decline LA

the production, digestibility and nutritional value of



native grasses, and this in turn is the major constraint
on the development of even extensive cattle operations.
Most reports recognize a need for dry season irri-
gation to sustain production and to support a stable
agriculture in the region. (For example, see Landers
et al., 1967, and Codeplan, 1971). Conventional measures
of wat season water adequacy would indicate that the
area receives ample rainfall., However, rainfall distri-
bution is erratic and this will be shown to have a p}o-
found effect upon the production of intensively cropped
species which are sensitive to the soil aluminum,
More dotailed aaspects of the climate will be dovel-

oped in Chapter II.

Hydrology

The [istrict is a source of water for three major
South American drainage basins. Approximately 5/8 of
the area of the District drains fiouth through the Parané
and Plata esyatemsa, 2/8 to the Northeaat through the
glo Pranciaco ayatem, and 1/8 to the North through the
Tooantins and Amazon Hivers.

Becauas of a hvdroloyle balance in which wet season
precipitation excennes averaye 400 - 400 mm (lelchor,
1959, and Pruntel, 197%), mont streams flow year-round,
In facL, watar haa and continues to be 4 Common 80Urce

of power for vlectricity on many remote fazendaas (ranches),



Water generated power from the local man-made dam was

the first source of electricity for the City of Brasilia.
Subterranean water is also thought to be abundant

{Pruntel, 1975). However, detailed studies of the util-

ity of this supply in relation to agricultural demands

have not been made.

Vogotation'

The native vegetation on the Central Plateay is
commonly known as "cerrado®”, which in Portuguese means
"closed” or "enclosed”. Although cerrado is a type of
upland savannah, the vegetation is enclosed in the sense
that tho gransland ia covered by trees and low shrubs of
varying densitices,

In the tield, cerrado type vegetation is referred
to by one of the following atructural types:

1. Campo Limpo

2, Campo Sujo Increasning:

) Campo Cerrado Parcentaqge canopy cover
L] J

4 Cerrado Numbisr of trees

8., Corradao Average hetght of the stand
Pleld distinctions are aubjective mince certain obmervers
may be at homa with some but not all of the atructural

types. Correlation has been made hatween highor nutrient

! gxcellent information on this vegetative type is con-

tained in EBiten (1972).



status of the soil and increased density of(tpg_veq' 
tative form (toward cerraddo), but there,ié,notgxgﬁf%ﬁ
positive evidence of cause and effect between,nutrient’ 7’
status and structural type. o
Trees and shrubs are unique in a cerrado. Almost
all are semideciduous, losing a portion of their leaves
in the dry season. Generally leaves are large and thick.
Bark is thick and often cork-like and fire resistant.
Trunks and branches of the woody plants are twisted and
kna.led in Bonzai-like distortions. Expects differ on
the reasons for the tortuosity, with fire and limited
rooting zones havirg been advanced as hypotheses. Root-
ing zones of the species arc enigmatic as well. While
the trees must presumeably have deep rooting zones to
resist the dry season, they are easily knocked over in
land clearing operations.
While cerrado covers the great majority of the up-
land part of the Central Plateau, along the numerous
small strcams gallery forests predominate. At springs
or along wet spots, palm groves occur. Certain species
of palms arc used by many as a selection criteria for

the best land.

Thesis Organization

This thesis presents the results of a year and a

half of water oriented research conducted across the



fsubject areas of meteorology, 50115 and agrohomy. Thef"
féra81lia area. has been used-as'a single‘polnt locatlon
‘for~the~research;fcorn-hasWbeenﬁusedﬁasAthewSingle‘testn
‘crop. Results are most ‘applicable “to that 1lmmediate area
_and ctop, butxthe“reSearch”and-agriculturalﬁtechnology"'»v
fpaokageTWHich'develop from this and other stuales will-in
*tfmefbe applied and tested throughout the region.':

The organization of this diSSertation willfbe,as
fééiio$§=¢*~?»f=
| | Chapter II"will: be a" cllmatlc assessment of
water adequacy for cropping durlng the wet season.
;Detailed climatic information will be. presented.

Chapter IIIApresents results of research on
«thessoil-water properties of soils where agronomic
{enperrmentation"was conducted. !

| ’ChapterfIV describes the cropping methodology

*forndrywand%wet season field experimentation.

‘hapter v presents results regarding. a) the
yeffect of soll-water stress upon yield, and b) the
frelatlonshlp between yleld and the varlous water &J

jtreatments.

Chapter VI descrlbes the relatlonshlps betweenpf

fevapotransplratlon and water utlllzatlon,wand the

fvarious climatic parameters._ The potentlal for

chopping in the dry versus the wet season w111 ve%ff

*dfsoussed,
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10

:}]J}ﬁchapter VII describes the results from exper-
fiments having two depths of limestone incorpora-
tions and various levels of water adequacy. Nu-
‘tritional and water hypotheses to account for
'yield differences will be discussed.

Chapter VIII brings together data from earlier
chapters to assess the need for wet season irriga-
‘tion in Central Brazil.

Chapter IX discusses the implications of these
results upon the development process in the region

vandisuggests possible options to reduce the con-

b

T
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ﬁsﬁraints,caused by water inadequacies. .



CHAPTER 11
CLINATE

Introduction

The Pederal Experiment Station, Bstagio Esperisen-
tal de Brasilia (EEB), at Planaltina, D.F,, 18 located
at an elevation of 1010 m atv latitude 15° 38" &, Jokgi=
tude 47°* 42' W. The area 1s characterlidcd Ly a Kasked
dry season from May until Septenter, Feosent agiiovityfe
in the arca, limited as 1t 1s, is #wcstly Confiked Lo 158
wet season. HBut even during thils seasos, J°2) woeka &F
more without ralfi 18 fGY uncommuil, Thie (8 dhowh jocals
ly as a "veranico®, or little suymmes. BSikce the §alky
season corresponds to the time Gf tFaditiovhal CFoppibg,
the effect of these dry apells wmay be scvetc. Fof ceals
ple, the 196H-69 crop yeasr had highcf that avcfage Faik~
fall, but there wete 3 weeks withuul faih b6 Jahuwady.
Were it not for trsiygation oh the capefifchl 2talioh, @
corn crop that yeat woulid have leech Just, tn $220-33,
rainfall was halt the average ahd the cajpciibchlal cOFR
crop that year was loust,

The principal obijective of thls chapics is Lo des
terminoe the adequacy of water for cropplhg during Lhe
wet season, throughi

1. An analysis of the likelihood of occurrence

11
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Table 2 Monthly Precipitation for Brasilia Compared
with Precipitation for the Eatagae Experi=
mental de Brasilia (EED), Yhe EER 18 3o

M) lomsters fron Brasidla and at the Bame
Blevation,

— = —
I 1333 116 i)
rep 114 13
MAR 19 N
APR " 60
HAY 1e e
JUNE 24 3
JLY wam we
MG - -
4 e 109
ocY n e
nov 196 1M
BEC 162 140
JAN 1974 4 in

N
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Yable 3 Hoathly Valuea of Temperature, Insolation,
and Evaporation for )0 Years of Data from

Formosa,

TERPEMATURK

(*c)

Aveiayge

(*¢)

Average
Average Maajnun NiRiBuN
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thys. & tenths)
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185,93
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i1.0

300,

118,1
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je.0

1e4.7

15,4

76,6

18,1

135,

€0, 8

21,

3

é1.6

15,2

2614,9

1283.0

Source: Diaghdstice do Bapago Haturel Ao DistFite
Federal, CODEPLAN, 1971, Brasilia,
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cultivation.

At these latitudes, winters are 10-1] hours and
summers 13-14¢ houra. Lack of day length varlance 18 nGt
a factoy with speclas and varleties whose photoperiod
is day lengtnh lnsensitive, o.g. new varietics of corn.

On the othicr hand, loval varleties of soybeans are not
suited for winter production Lecause of lack of suffi~
gient day lenygtnh. In spite uf shurtesr days, average in=
solation i1s greatest duging the clear winter montha,

Piche evaporation fecords Indicate a tendency for
high evaporation, due to Jowey humidity during the dry
season, and pussibly due to advectlive effects, Jt should
be noted that Fiche yecogds du fol curfelate sallisfactors
ily with claas A pan data {Utah Btate, 1972}, nor do they
give goad sstimates of potentlal evaporation 1A tropical
areas (Kijho and Malker, 1968), Unfortunately, no long=

term recotde of claas A pan evaporation or solar radia-

tioh are available,

table §, Thiec aspects of the weather during thie peri-
0d are hotewojthy Ih that they differed specifically
from the avofage ahd had a subatantial sffect upon the
eNperimsnt s,

i, The rainfall in Beptember 197) vas the second



Table 4 ‘eathar Data for 1973-74 - Estagso Experimental e Brasilia

Precii Tvay’® wand? Solar Rad. Min Temp Nax Temp  Mean

Mot {zm) {rom, dav) {m/sec) (K.cal/cm®/dav) {*C) (*C} {*¢)
Jux 197) 3.3 &.7¢ ©.80 354

JUL .79 1.09 435 16.0 27.8 21.9
MG 7.14 0.85 451 16.0 29.4 22.7
EEPFY 104.6 6.37 0.89 423 17.4 30.2 23.8
oY 318.2 4.75 0.67 370 17.7 26.4 22.0
ROV 183.8 5.22 0.7 411 18.1 26.5 22.3
EC 140.0 5.59 0.92 433 17.2 26.8 22.0
JAR 1973 174.) 5.67 0.90 L 733 17.4 26.8 22.1
res 108.) 5.24 0.80 453 17.2 27.5 22.4
AR 506.4 4.92 0.88 340 17.7 25.7 21.7
PR 140.2 4.97 0-85 416 17.0 27.4 22.2
MAY 23.7 4.53 0.9%0 416 15.9 26.4 21.2

)
ii
i

61
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highest in 47 years of record. The rains were
almost continuous commencing on 23 September,
and signaled an abrypt and untimely end to the
dry season. This also ended irrigation treat-
ments for the dry season; after this date, all
water treatments became identical.

2. Precipitation was recorded for every day in
March 1974, and totaled 506 mm or 225% of the
average. This was the highest amount for
March in the 45 years of recorud., The effect
upon cropping at the Exper:ment Station (and
regionally) was sovere., The wot weather pro=
vided a humid environment conducive ta the
spread ot Northern lLeat Hlight, which attacked
the corn. lecause of the rains, foliar sprays
to control theo disease and insects were inef-
fective and yiclds suffered greatly,

3. Rains were unusually well distributed through-
out the remaining months so that the lonjest
dry period wams only 6 days. This kept the
erops unusually well supplied with water, and
thereby limited the effoctivencss of control
or non-irriyated trsatments to show the effects

of veranlcos,

Probabilities of Veranjcomw

Probability analyses have been used a great deal in
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studying precipitation phenomena. Two types of studies
are common, the continuous and the discrete. The con-
tinuous usually deals with total amounts of precipita-
tion, while the discrete deals with persistance and/or
short term sequences of precipitation events. Among the
former, a common approach is one which makes use of
yearly, monthly or weekly precipitation totals to evalu-
ate precipitation probabilities for specified periods.

An example of this approach can be founa in "Precipita-
tion Probabilities for Mississippi" (McWhorter et al.
1966). Their method is one of determining parameters

£o: the incomplete gamma distribution and, using this
distribution, assigning probabilities for period-specif-
ic rainfall amounts. Short term sequence analyses (dis-
crete) of precipitation events have been made by Feyerherm
and Bark (1965), Wiser (1965), and van Bavel and Verlinden
(1956), among othors.

In reviewing precipitation data for the Drasilia
area, tha author felt that an analysis basad upon wet
season rainfall amounts was not satisfactory in describ~-
ing the sovaerity and location in timo of wol nceanon
droughts which wera common to the area. For examplo,
figure 2 la a graph of computed woll-water storaqe va

time' for two years chosern bucause the 5-month wet

! goil-water storage ve time was ompirically dotermined
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! continued.

using the formula:

SWS = SWS  _, + Precip _, - ET _,

Actual precipitation data for the years plotted were
used together with estimates of ET. The following
assumptions have been used to determine ET and to
calculate soil-water storage:

1. Crop rooting was for a 60 cm profile. (This
root zone stores 70 mm of available water.
See Chapter III.)

2. A 5-mcoth growing season was assumed, with a
planting date of November 1.

3. Base ET was assumed to be 5.1 mm/day. This
value was obtained from Pruntel (1975), who
calculated Penman constants for the Brasilia
area using 1l years of data. His average
for the 5-month wet season is 5.1 mm/day.

4. Base ET was modified to account for crop
stage and soil-water influences on ET.

a) Crop stage modifications follow:

Crop Stage (days

after planting) ET (mm/day)
Less than 35 1.7
35-50 1.7 + .127(crop stage = 35)
51-70 0.072(crop stage)
71-108 5.1
109-120 5.1 - (crop stage - 108) (.28)
more than 120 1.7

Modifications were based in part on experimen-
tal data shown in figure 25.

b) Soil-water modifications follow:


http:108)(.28

23

' Soil-Water

Storage (mm) - . ET. (mm/day)
28-70 - Independent of soil-water status.
~and dependent only on crop stage. -
6-28 5 - (ET from Crop ‘Stage) (mm in
' R o storage) /28
Less than 6 1.0

Modifications were based in part on experimen-
tal data shown in figure 17. 28 mm of soil-
water storage corresponds to 60% soil-water
depletion or average root-zone tensions of

1/2 bar. Models for this type of relation-
ship between ET and soil-water content have
been proposed by Closs (1958), Slatyer (1956),
and Wartena and Veldman (1961).

5. . . Maximum soil-water storage was limited to 70
mm.

6. Soil-water storage on November l equaled 70 mm.
(A comparlson of actual and computed soml-water ,storage
vs time is presented in figure 3. In general, ‘the com-
puted storage clqsely follows the actual. ~

Lo

‘™.

N

0

F¥]
m +\
e Actual
= <« Computed
ly ,
“CQH

o (1 [
B Feb -~ Mar

L Figure 3 A Comparlson of Computed Soil-Water Stor-
age vs Time from Rainfall Data for 1953-54,
with Actual Soil-Water Storage vs Time from
Field Data Taken from Irrigation Treatments
which Simulated Rainfall in that Year.
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*  season precipitation amounts for each were nearly the

same. Vastly different soil-water conditions occurred
because in 1949-50 the rains were well distributed
whereas in 1955-56 they were not.

Furthermore, water treatments in wet season field
experiments were geared to breaking veranicos of vari=
ous lengths (or on sequences of dry-days) and it seemad
logical to analyze the weather data in a similar manner,
and later to link weather record analysis and results
of field experimentation. Therefore, rainfall data have
been analyzed in a discrete manner based upon sequences
of dry days. This approach is one which placces emphasis
on rainfall distribution vis~a-vis amount.

A dry day may be defined as a day receiving less
than a certain amount of rainfall, hereafter called the
“"threshold". The purpose of this definition is to avoid
designating a day as a wet one when rainfalls are small
and relati rely unimportaat to growing crops. Others have
used the threshold concept to draw the line betwean dry
and wet days, (eg. Ison et al., 1971; Chatfield, 1966,
‘Hershfield, 1970; Lowry and Guthrie, 1963). For this
‘analysis the threshold has been set at 5 mm, which means
‘that a day receiving 5 mm or more of precipitation will
‘be considered a wet day. In actuality, daily; procipita-
tion totals were rounded to the nearest millimeter prior

to data coding for computer analysis and a day with more
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Table 5 Cumulative Distributien ef the Randem Vari-
able ‘Longest Dry 8Spell®, The lLoj Normal
Distribution 18 Asesumed, TYhesce flara are
for a 5 am Precipitatjon Thieshold and for
42 ¥Yeaes of Becord foy beasilia,

Probatility of a LoaAgest
Leagth of w;c bry Bpell bry Spell of n bDays,
A ;

of tongey

4 999

$ +99%

¢ <984

7 <960

0 922

9 068
10 .803
11 729
12 <650
13 N
14 497
1% + 426
16 o363
17 «306
10 «2%6
19 o213
20 A7
21 146
n .120
13 098
M .080
a5 066
26 «054
27 » 044

9









P(Dn)
o, o) = poi- -

1t follows that P(D ) = P(D | D) x P(D), where,

P(D,)

P(D)

= Probability of a dry spell of length n,

= Probability of a dry day. = .625

P(Dnlb) = Conditional probability that, given a dry

day, the dry spell will last n days, oOr

n days or longer. (Columns 3 and 7)

Use of conditional probability and columns 3 and 7 will

be illustrated through a series of questions and answers,

1.

4.

What 18 the probability that if today is dry,
it will be wet tomorrow! .3959
What ia the probability that if today is dry
it will be dry tomortow and §t will be wet on
the following day? 2022
What 1s the probability that 1f today {8 dry
it will continue to be dry for exactly 7 more
daya? (B-day dry apell) 0258
wWhat i8 the probability that if today is dry
it will continue to be dry for at leaat ?
more daya? .109)
What 1a the probability that a certain day
will be dry and that the dry spel) will last
only one day?

?(013 * (,3939)(,62%) = .247

What is the probability that a certain day
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will be dry and that the dry spell will last
oxactly 5 days?
P(Ds) = (.0525)(.625) = ,033

7. What is the probability that a certain day
will be dry and that the dry spell will last
at least 5 days?

P(D 5) - (.2324)(.625) = 1453

8. What is the probability of two dry spells of
5§ days or longer? (.14%3)(.1453) = ,0211

Columns 4 and 8 qgive the average number of dry spells
of length specified, or of length specified or longer,
gespoctively, for the average year, These numbhers are
the totals from columns 2 and o, divided by 42, In the
hypothetical average ysar we would oxpect twe dry apells
of exa~tly 4 days and three dry spells of 8 days or long-
er, two dry apells of 10 days ur longer and one dry spell
of 1) days or longer,

Columna % and 9 are return perioda fur the number of
years to experience a dry spell of the apecified lenqgth,
or the apecified length or longer, respectively., These
numbers are the seciprocala of the numbores in columns 4
and 8. UbLry spells of 18 daya ur lunyer may Lo expected
every 3 1/2 years, ur & yeasrn in 7, a dry spell lanting
22 days or mote can be enpected | year in 7, There ware
pin dry apella of 22 days ar more, in thoe 4J yeara of

record. These data have been summarined in table 7,
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Although the frequency of dry spell occurrences
has been determined, it remains very difficult to ap-
ply this information, other than qualitatively, to the
effect upon cropping. Reasons for this will be covered

in Chapter VIII.

Table 7 Frequency of Wet-Season Dry Spells of
Various Lengths, or Longer, for Brasilia
Based Upon 42 Years of Record.

DR:;BEELL PREQUENCY
8 J/Year
10 32/Yoar
13 1/Year
18 | 2 Years in 7
22 1 Year in 7

Time Distribution of Dry Days
Whether or not dry days occur more frequently dur-

ing one period of the rainy season is a question which
has important aqronomic implications. If no one time
period is revealed an the most likely for short droughte,
managomont options for minimizing thelr effects muast be
restricted to practices auch as variotal selection, deep
incorporation of amendments or aupplemental trrigation,
If a certain time period can be pinpointed ap a Jikely

one for a veranico, other management options exiat for
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risk minimization, such as varying date of planting.
For certain other crops, for example, hay, knowledge
of the most likely time for dry spell occurrence would
be of advantage in planning farm operations to take ad-
vantage of likely dry spell occurrence.

FPor the 5-month period November 1 to Murch 31,
precipitation data were analyzed to determine if any
one period or periods were most likely for the occurr-
ence of dry days. A continuous rccord of 42 years of
precipitation data from the EEB, Brasilia and Formosa
were analyzed for this objective. Days were numbered
sequentially from 1 (November 1) to 151 (March 31), and
for each day the number of occurrences of dry days (max-
imum = 42) were counted uning a simple computer program,
The program permitted varying the criteria for a dry
day, 80 that a dry day might be defined as receiving
less than a minimum threshold precipitation. For exam=
ple, using a 5 mm threshold, a day receiving 0 - 4.9 mm
of precipitation would be considered dry, whercas a day
receiving % mm or more would be considered wet. The
analysina was porformed for precipitation thresholds from
1 to 10 mn. Yor the threshold of 2 mn, tho counting
program rovealed that 0% of the days from November 1 to
March 31 would be considered dry, The porcentage of dry
days roses to 62 and 73% au the threshold waa raised to

S and 10 mm, respectively.
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Regardless of threshold, visual analysis of the '
results indicated a tendency for the 26-day period be~
ginning 27 December to have a larger percentage of dry
days compared to periods before or after. That 20-day
period was divided into two 10-day periods, and the en-
compassing 140-day period from November 7 to March 26
was divided into 14 ten-day periods for the purposes of
statistical analysis. The average percentage of dry
days for each period were determined for precipitation
thresholds of 2, 5 and 10 mm. While the percentage of
dry days increased for the 10 mm threshold, fewer diff-
erences between period means were noted -- this an indi-
cator of an induced tendency toward period homogeneity
caused by ignoring rains of less than 10 mm.

An analysis of variance was run by considering each
10-day period as a treatment and each day as one of 10
repetitions. The null hypothesis, that there were no
differences in period means, was tested and rejected by
generating the F statistic which was significant, for
each threshold, at the 0.0001 level. Duncan's new mul-
tiple range test was performed at the 5% level of sig=-
nificance, a very acceptable level for ascertaining
statistical differences in means for metereological
events. Statistical differences between period means
are shown in table 8 for the 5 mm threshold. Means for

periods connacted by lines are not significantly differ-
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ent, while period means not 301ned by the same line are y;f

fdrler than January 16—25.
The same data are presented 1n histogram form, 1n

ffigure 5, and show a sharp increase 1n the average num-

:ber of dry days for the 20-day period December 27 to

January 15.; The average number of dry days for thate

period is- most 31m11ar to the number of dry’ days fort
March 7-26. This latter period 31gnals the* transition
to the dry season. (April's average preCipitation is‘
'less than half of March's ) Moreover, the statistical
measures ‘and visual ev1dence presented 1nd1cate that :
127 December to 15 January is considerably different from
mthe lo-day periods either before or after. It also may
be noted that the period December 17 26 is‘one of an B

kN P ; § 1
: B i CoE i
Tunusually large number of wet days. ‘

If comparisons are made on the bas1s of prec1p1ta-

5tion amounts during lo-day 1ntervals, 51m11ar results

i

7aresobtained. Figure 6 is a graph of lo-day wet season
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“‘Table 8 Mean Percentage of Dry Days by Time Period

“wxtln: . for the 5-mm Rainfall Threshold for Brasilia.
Means for Periods Connected by Lines are not
Significantly Different; Period Means not .
Joined by the Same Line are Significantly
Different.

- Mean Percentage
.Pime Period of Dry Days - .

. Mar 17-26 . 70,7 0 T
Mar 7-16 - ... 66.7 Al T -
Feb 5-14 ‘ ‘ 65.7 1 T
Feb 25-Mar 6 = . 65.0 . ... ;. |
Feb 15-24 ' 64.8 ‘ EE A
Jan 26-Feb 4 - -64.0.. ., ..
Dec 27-Jan 5 63.8 =
Jan 16-25 o 060400 T e ee)
Nov 7-16 59.5 B -
Dec 7-16 . .:. .. .58.6  : .« .
Nov 27-Dec 6 - 58,6 o Tk
Nov 17-26 . ... ... 5640, . .. = S

Dec 17-26 45,2

A I
Ly -
LRI ;.
AT W o
. eovasanpnema——

o
=N
T':;

ge Dry Days

 Bércenta

Wi

w7,

;;.;’7"“?':‘; - ,tn g .'.’,7_ 5 L 5 o, .- 7 A,':;».;-W,';)x.‘i»,f:“ : ‘
,}Nov.' ‘Dec. Jan. Feb. March . -
s('\“- .

'Figure 5 Mean Percentage of Dry Days by Time Periad for
o e the 5-mm Rainfall Threshold for. Brasilia.,fy,jf
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;ftFigure 6 Histograms of 42-Year Average Rainfall Amounts
 for Brasilia, Presented as Monthly Totals (Top)
"and 10-Day Totals (Bottom).
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1. There are significant statistical differences
batween 10~-day perioda of the rainy sdason
wvhen analysis is performed on the Lasie of
mean number of dry days for ecach pericd.

2. Bvidence is reported of a weak Li-modal raln=
fall distribution pattern similar to other
places in the tropics (eg. Kairobl, Bangkok,
and Bogota).

3. The 20-day period from December 27 to January
15 has been singled out as having a larger
number of dry days than periods elther bhefore
or after. This supports the local belief thut
certain timus during the wat secason are more
likely than others for the occurrence of
veranicos.

4, The tendency for wet seasmon dry apells is
hidden in the monthly precipitation means,
That these dry spells occur is only 1evealed
when monthly meann are dissected and analyses
performed on a shortoer time banins,

To confirm these results, the time distribution of
parameter, longest dry spoll, dliuscussed earlior, was
plotted in time and is prescnted in figqure 7. This graph
plots when veranicos have occurred in the past. Signi-
ficant is the sharp increase in veranicos in late

December. The tendency continues throughout January,
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Pigure 7 Histogran Showing When Longest Dry Spells Rsve ODocurred in the Past, for Brasilia.
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vstil about February 10 vhen veranico occurrence di~-
minishea, These resulta are somewhat different thun the
redults reported for dry days in that they indicate a
period of about 45 days when droughts have regularly
occurred,

The implicationu of these results will be discussed
in Chapter 1IX,

Summary
1. Data vere presented which characterize the

long term weather vecords for the Arasilia

area.

2. Detailed weather Jdata were presented for the
1973-74 crup year,

3. Rainfall data tor 42 years were analyred from
the atandpolint of the Jongeat dry spell in
any year. Analysis reveals)

a. There ie only an 8 percent chance that
in any year the longeat dry aspell will
be limited to 8 days or lesa, In other
wordas, only 1 year in 13 will rawnfall
be thim well distributed during the rainy
seanon,

b, There is a 50 percent chance that the
longest dry apell will be 14 days or

more, and a 1% percent chance that the






CHAPTER III

SOIL-NATER PROPERTIES OF SOILS AT
THE BRASILIA EXPERIMENT STATION

Introduction

Many arecas of the humid tropics may be character-
igsed by rains adoquate in amount but irregular in distri-
bution. On so01ls where crop rooting may bLe restricted,
eg. by 805l chemical or physical properties (aluminum
toxicity, or the preschce of a hardpan), the effect of
less than i1deal rainfall distribLution is to produce soil=
water deficita which Can adversely affect yields., %oo
often soull-watesr deficita e not measuyed in fleld exs
perimentation even though 1t 1s widely ackhowledged that
water sticsa will caude asome deystee of yield dopreasian,
To praperly interpret and makc teccimendatiohs fium the
remults of agronudic capefimentatiovh, It LoCuhcs HKeCadw
BArY 1o kv tho soll-wates atatus undes which the crop
Wag grovwn. A cunvVeRlent mothod fuf monitorlng soll=
water status is to Ihetfumesnt a Jruvlihi) CFOp wWilh LEeRBIO™
motere and electrical reajetance lochs and to follow
changes In instrument (eadings Gh a tegulal Laels., Thip

has been done fur peveral vrops o the Latosul Voimslho

BEguID (or dark red latosol) (LVE) at the Letagdo

Experimontal de Brasilia (EER), oand reported here are

44
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the data and relationships which have been established
and which together give insight into the soil-water
properties of this soil, £oil-water dats will also be
presented for a second important soll at the Experiment

Btation, the Latowsol Vermelho Amarelo (or red-yellow

latosol) (LVA).

Materials and Ha;hodl

During 1972 and 1971, soll-water experiments were
conducted at the Estagdo Experimental de Brasilia (EEB),
near Planaluina, D.®, The urimary ohjective af the a)-
periments was to eatabllsh soll-water Characterlatics
{the felatiaonaship of volumetgic soll-wales cohtent ta
80L)-vater tension) Fur s0lle Oh which ajfuhualc crperis
MENLAtIon wad ih plugless of planned. Twu aites were
chosen for studys Bite ! is lucatled Ih the agiuslalogla
area. This had bech jlahted to betmuda yfase and had
been uscd for giass tfiale fof & yeags, oite 1) Qe IR
the gg&lg seCtuf. This eile had hevet Leen Uiopied,
bBut during the ‘oufse of the jAVestigativhe U was
plantsd to corn,

The suil 4l holh eltes 3o Latosol Vermslho Eacuro,
diptsififico, temturas afgilosvs, fase cvoeffado, 4 Typie
Hapluston, fine, louhypostheraic, kaolinitic Ih the
80i) tanopiamy oyslem uf the United Btater (Cline and

Buel, 1973), On the basise of rFecommndations contalned
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in the Cline-Buol Report, agronomic expurimentation be-
gan on a second soil, an Acruatox, of lighter texture,
and red-yellow color, the Latosol Vermulho Amarelo,
Soll-water experiments were conducted in conjunction
with the fertility exporiments to characterlize the wa=
ter supplying properties of that soil. These soils,
the LVE and the LVA have becn mapped over a large por=
tion . the EEB and occur extensively on the Campo
Corrado vith only slight physical modificatiuns (Cline
and Buol, 1973). Chemical and granulometric properties
of the solls are described in tables 9 and 10,

Boll-water inatrumentatjon at Bite ! consiated of
tonsiometera inatalled at 2.%-, 30-, &0-, and 90-cm
depthe. There wero feplicated four Uimes for s total
of 16 instruncnte. For any time the averajge value of
the four instruments at a giveh Jdepth was taken Lo re~
present the poll-water tensionh at that depth, At Bite
11, tenelomcsterc wete ifistalled at 1%, 30, 60, and 90
oB In )2 plots g:lanted to corn,  In additivh, gypeum
blocks (frurchased fiom the Gelmhosrst Instyumsnt Company,
Boonton, Noew Jeysay, UBA and tead with a Delmhorst Boil
Molsture Teater) woie inatalled at 1%~ and J10-vm depths
in al) plots. Inetrusentation at ths LVA alte cunplas
ted of tonsilwmcteras inatalled at 1%, 30, and 60 o in
four plota planted to corn, Uypaum blocka were inetalled
at the 13- and 10-om depths.



Table 9 Chemical and Physical Characteristics of the LVE Soil Used in
Experiments at the ZEB. Typic Baplustox, Pine, Kaolinitic,

ischyperthernic.
Kater-disper- EH 0rg Tctal Exchangeable CEC Base

Borawcn Sand Clay sitle Clavy E,0 KC1 c N Al CasMg K (sun) Saturation

cn ] ] ' ' % meg /1003 t

G- 10 3¢ 45 14 4.9 4.2 1.8 0.21 1.9 0.4 .10 2.4 21

10- 35 33 48 6 4.8 4.2 1.2 0.08 2.0 0.2 .05 2.2 11

35~ 70 135 47 1 4.9 4.2 0.9 0.05 1.6 0.2 .03 1.8 12

70- 50 3% 47 0 5.0 4.2 0.7 0.05 1.5 0.2 .01 1.7 12
150-2€0 3% 42 0 4.6 4.4 0.3 0.03 0.7 6.2 .02 0.9 24

Meclanical analysis courtesy of Mr. Marcelo Camargo, Centro de Pesquisas Pedologicas,
EMBRAPA.

Source: Cline and Buol (1973)

Ly



Table 10 Chemical and Physical Characteristics of the LVA Soil
Used in Experiments at the EEB. Acrustox Integrade
to Haplustox, Medium, Kaolinitic, Isohyperthermic.

Water-
Disper- Base
sible pH Org Tot Exchangeable CEC Satura-

Borizon Sand Silt Clay Clay H,0 KCl1 C N Al Ca Mg Na K (Sum) tion
cma L ] ] ] ] ) 1 meq/100g
0-20 60 9 31 4 5.0 4.2 1.24 .095 .40 .02 .03 .01 .06 .52 23
40-60 54 12 34 6 4.9 4.3 0.74 .065 .07 .02 .01 .01 .03 .14 50
100-120 55 16 29 8 5.6 5.0 0.37 .030 <.01 .02 .01 .01 .01 .OS 93

Sources: Weaver (1974) and Weaver (Personal Conmmunication)

8y
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To provide a direct relationship between soil-wa-
ter tension (or gypsum block reading) and soil-water
content, gravimetric soil samples were taken in the
vicinity of the instruments. More than 600 samples
were collected from the three sites and these provided
a wide range of soil-water conditions.

Data in che tension range 0-3/4 bar were obtained
by associating corrected tensiometer readings from in-
struments installed in the field with corresponding
results of gravimetric sampling. In the range 1l to 15
bars, disturbed soil samples were used with convention-
al pressure plate apparatus techniques.’ Justification
for using gravimetric sampling techniques to determine
goil-water contents in the wet range (0-3/4 bar), and
pressure plate techniques in the dry range (1-15 bars),
can be found in Wolf and Drosdoff (1974) or MacLean and
Yager (1972).

Soil samples for gravimetric analyses were dried
at 105°C for calculation of percent soil water by weight.
This was converted to percent soil water by volume using
measured bulk density values determined from more than

90 undisturbed soil core samples taken from two pits

! pressure plate analyses for Site II and for the LVA
were performed at North Carolina State University.
The author is indebted to Dr. 8.W. Buol for providing
these analyses.
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adjacent to each experimental area.x,Bulkfdensgﬁijas[ h;5i
calculated on the basis of oven dry weight of soil. per;
core colume.

At Site II, a satellite experiment was established
to determine internal drainage. The center of a 4 m x.
4 m area was instrumented with tensiometers, two per
depth, at 15, 30, 60, 90 and 120 cm. The area was
flooded with water and then covered with plastic. Soil-
water tension changes were monitored for 103 rainless
days. Thus, éssuming no evaporative water loss, all
tension changes were due to continued downward redistri-
bution of the water, i.e., internal drainage.

Rate of water infiltration versus time was deter-
mined for Site I by completely flooding a nearly level
area 6 m # 11 m with a known volume of water. Rate and
amount of water infiltration were determined by observ-

ing the time required for water to enter the soil.

Results P

Bulk Density

Bulk densities for the three sites are given in
table 11. For the LVE, values decrease slightly with
depth in the profile. This may possibly be attributed
to man-made causes. Landers (unpublished data) has also
determined bulk density for this soil, and, in general,

his results are similar. For the LVA, bulk density is



atively constant w1yaﬂqw”mﬁ 7cDue°to:a greatertpro-

iportion of sand 1nhthe LVA:”bulkjdenslties for_that'soll

ffare h1gher than,fow th LVE;

Table ll Bulk Dens1ty Values at Varlous Depths f—*x“

~~;~:v~ for SOllS at the EEB.
L f? ? .,7'7 . Bulk Density'(g/cc)qd“ ~
Depth:. ' ' LVE o 'LVA
(em) . : Site I Site II L
co-100 . 1.05
10-200 | - . 1,06 1.26
- 25- 35}’?7 S L0z @ 1406 | 1.27
55~ 655; ST o.es LM 00 1,23
" 85~ 95& B 0.96 . .0 0.95 |
5&53
“Inflltratlon

i A graph of cumulatlve infiltration versus time for
two irrlgatlons at Slte I is given in f1gure 8. Prior
‘to irrlgation 1, soll—water contents (percent by volume)

:{ranged from 15% (at the soil surface) to 20% ‘(at depth),

"o
7

-vwhile prlor to 1rr1gat10n 2, water contents ranged from.
df20 278, Regardless of ‘initial’ water content, “rate'of
?iinfiltration was unusually rapld and ranged from l7 to

22 cm/hr. Further, there was apparently little d1m1nu-gﬁ?
tion in rate of inflltratlon over the course of the‘f"

experiments. No lateral water movement was observed and ;

l‘all water was assumed to have percolated vertlcally.
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1

Cumulative Infiltrat

Figure 8 ;

io

40;

Irrigation 1

Y Irrigation 2

o e e R R | X L N i Y |

20 40 60 80 100
Tlme (Mlnutes) ok

Cumulatlve Inflltratlon Vs Tlme for ?wo Irrlgatlons'
aﬂat Slte I LVE Soil, EEB, - Bra5111a. ’

Zs
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gRates of infiltration were very‘similar towthosexobédfjx
ﬂeirved ‘on. other Oxisols in Puerto ‘Rico (Wolf and R i
;Drosdoff 1974) Further, Pruntel (1975), reports:in-:-
ktiltration rates of from 10-70 cm/hx on similar soils:
in*'the’ Federal District.  In view of the high degree
fof“aggregate stability of these soils, these results: ...
[arefnbffeurprising;i»

: it Hée’been5notedﬁthat?heavy rains result in sur-
ifégé*rdnbff“from'thisVSOil; This will occur even though
~r§inféllirates‘probably do not approach 17-22 cm/hour
even for a few minutes. The divergence of the exper-
,iﬁéﬁt&l’results'frdm'observations during rains may
,poeeiﬁlﬁ“befexplained by air entrapment. in large con-
'dneting‘pores nhich may partially block entry of the
ywaﬁerf"7Thi§3is suggested in the experimental results
‘since it may be noted from figure 8 that neither curve,
if ‘extended, would pass through the origin. One may
speculate that a certain initial time is required.to
nfili“%ﬁe“ldrge conducting pores;, after which infiltra-

tion’ proceeds rapidly

B e

‘Intérnal Drainage’™"

""ﬁaftféulafiywat high soil-water contents, water

\losses due to 1nternal ‘drainage (deep: percolation);may
,constitute ‘a large percentage of - that water: otherw1seg

fdesignated as crop evapotranspiration (ET).'fAs des-xX{


http:Pth~se..ob
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ﬁcribed!previously, an experiment»yas,designed(to.sepa—hf
irate'the drainage component from ET.. This has been done
,for=Site 11,
; :"One day after an irrigation or a heavy rain on the
JLVE at-Site’ 11, soil-water contents may be 31% (by vol-
Eume). At that water content, drainage from the top 45
{cmtof the root zone is 4.8 mm/day, or 80% of likely ET.
;ThiSMdiminishes rapidly so that after three days of
gconbinedrdrainage}and ET, water losses due to drainage
aare;onlny;ZG»mm/day.(@ 27% moisture) or only 4% of ET.
vFor;water management purposes, when the ratio drainage
“to ETafirst becomes small, the associated soil-water
”content‘can:be taken as the upper limit of available
soil-water storage.s

Internal drainage as.a. functlon of water content
lfor the:two soil zones on the. LVE is presented in flgure.
:9. It should be observed that at the same water con-
gtents, drainage occurs considerably faster from that
;portlon of the proflle below 45 cm. This is suggested
V’by 1ncreaslng porosity. (decreaSLng bulk density) with .
‘2depth It is possible that differences between depths
%have been caused by tlllage operatlons.
. Table 12 gives . dralnage as. a functlon of so;lena?h
{ter(content for each. 30 cm of the proflle. This . table
vimay be used to. determine water losses due to. dralnage

for a. crop planted on; the LVE 1f 3011-water contents
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45-=135 cm

0.1F

.05}
004 =
.03},

Drainage (mm/Day from Each 30 cm of -the Root Zone)

002 =

1 ! ! _ 1 1 )
22 24 26 28 30 32

Soil-Water Content (% by Volume)

Figure 9 Drainage from Each 30 cm of the Root Zone vs Soil-
Water Content for Two Soil Depths at Site II, LVE
Soil, EEB, Brasilia.




' mable 12 Soil-Water Contents and Corresponding
- Values of Drainage from Each .30 cm of
the Profile for Site II, LVE Soil,

EEB, Brasilia.

Soil-Water Content

(8 by volume)

20
21
22

23 -

24

25

26

27

T
29
i3d?;,:3

32

,f3lw

less than 0.01

0.01
0.03
10.05
0.10

Drainage
(mm/day from each 30 cm of the
rooting zone)

0 - 45 cm

0.19

0.35
0.62

1,10

1,90

3,23

'fs;‘o ,

45 ~ 135 cm

less than 0.01
0.02
0.03
0.07
0.13
0.25
0.47
oé§7;
156
2%7;_
4,73
801,

13}36

¥
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are known. For example, if the top 30 cm of the root-
ing zone was at 28% moisture (drainage = 0.62 mm/day) ,
and from 30-60 cm the moisture content averaged 29%
(drainage = 1.10 mm/day in 0-45 cm zone, and 2.74 mm/
day in 45-135 cm zone), drainage would be occurring at:
0.62
+ 1/2 (1.10) = 0.55
+1/2 (2.74) = 1.37
2.54 mm/day.
In other words, 2.54 mm/day wculd be passing a plane lo-
cated at the 60 cm depth. That water would be lost from
the root zone and unavailable for the crop, but would
need to be included in determining crop water require-

ments for planning purposes.

Capillary Conductivity

Capillary conductivity for the LVE for Site II has
been determined and is presented in figure 10. Table
13 gives the same information in tabular form, together -
with the best fit equation relating capillary conduc-
tivity and soil-water content, associated R2 values, and
the range in water contents over which the equation was
' developed. The method used for the calculation of
capillary conductivity can be found in Nielsen et al.
. (1964) , Nielsen et al. (1973), and Wolf and Drosdoff
(1974).
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45-75 cm

75-105 cm

[ | i | _

22 24 26 28 30
Soil-Water Content (% by Volume)

‘ngggggM;pj Capillary Conductivity vs Soil-Water Content for

'Four Depths for Site II, LVE Soil, EEB, Brasilia.



Table 13 Soil-Water Contents and Associated Values of Capillary
Conductivity for Four Depths for Site 11, LVE Soil,
EEB. Also Given are the Equations Relatlng Capillary
Conductivity (K) to Soil-Water Content (6), and Asso-

ciated R? Coefficients.

Vertical Lines Indicate the

Range 1in Soil-Water Contents Over Which the Equations

were Derived.

. Soil-Water
- Content
($ by Volume)

31
30
29
28
27
26
25
24
23
22
21
20
19
18

Equation K=

RZ

Capillary Conductivity {(mm/day)

. Depth (cm)

0-22.5 22.5-45 45-75 75-105
2.43 8.26 9.33 23.86
1.31 5.37 7.22 14.37
0.69 3.44 5.54 8.51
0.35 2.17 4.21 4.94
0.18 1.35 3.17 2.82
0.087 0.82 2.36 1.57
0.041 0.49 1.74 0.86
0.019 0.29 1.26 0.46
0.0085 0.16 0.91 0.24
0.0037 0.092 0.64 0.12
0.0015 0.050 0.44 0.058
0.00061 0.026 0.30 0.027
0.00023 0.013 0.20 0.012
0.00008 0.0066 0.13 0.0053

e-G'o.117918.930

.90

e-'o2.963913. 126

.77

e-2§.593e7.l12

.62

.86

6S
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Capillary conductivity values may be used with wa-

| ter potential gradients (obtained directly from tensio-
meter readings, or indirectly from soil-water contents
and a moisture release curve) to calculate soil-water
flux. The flux is the amount of water per unit time
which redistributes within the soil profile as a result
of differential moisture gradients. The gradients may

be established by differences in water extraction patt-
erns with depth. One may wish for example to determine
upward flow of water to a water-stressed crop, where
rooting is restricted by aluminum concentrations, and Qhere
the uppermost portion of the soil is relatively dry, and
at deeper depths it is wet. Actual data for a water-
stressed corn crop at Brasilia have shown tensions at

30 cm of 2 bars (soil-water content - 20.9%) and tensions
at 60 cm of 0.28 bars (soil-water content - 22,9%). Up-
ward flow to the 30 cm zone may be calculated from the

Darcy Equation,
V;=-K%'
 where A?v“‘éfflux (volume‘of‘water’passiﬁéﬂa’givéhif
area in a given time)‘- uniés are mM/day
'y = water potential in cm - This is the sum
" of matrix potential (soil-water tension)
and gravity head
'i”yééveiﬁical distance in‘cm between sensing

1,iﬁ7‘p°ints (tensiometefs)jf
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K = capillary conductivity mm/day.
'For the example, the water potential gradient was:

2000 - 280 - 30

Capillary conductivity, extrapolated from figure 10 or
from table 13 would be approximately 0.035 (for the lim-
iting case of the 30 cm depth and the low water content
at that depth). Upward flow to the 30 cm zone can be
calculated at approximately 2 mm per day, or about 1/3
of the daily water requirement. This appears to be a
realistic figure, water sufficient to restore overnight
crop turgidity, but inadequate to maintain turgidity or
sustained growth under normal atmospheric conditions.
For the LVE, this suggests that upward flow to the
crop root zone may be an important component of water
supply to a crop under drought conditions. Compared
with other soils in the literature, reviewed by the
author, values of capillary conductivity for the LVE
were higher than for any other soil reported, at compa-
rable soil-water tensions, (Cassel 1971; van Bavel et
al. 1968; Reicosky et al. 1972; Nielsen, 1973; Wolf and
Drosdoff, 1974). The high capillary conductivities
associated with this soil may help explain why certain
local grasses eg. Brachiaria, remain green well into
the,dry season., This may also partially explain why
« tﬁejﬁative végetation of the Campo Cerrado‘ié able fé

%iédrViVé'tﬁe long dry season.
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Soil-Water Characteristics

Changes in soil-water contents with time reflect
ET and deep drainage. The separation of ET from deep
drainage can be made, as indicated above, having once
established a relationship between drainage and soil-
water content. The problem remains as to how to de-
termine water contents. The standard method of gravi=-
metric sampling is excellent, but time consuming, and
if water contents are to be monitored over time, an
indirect measure of soil-water content is the only
feasible solution. Use of tensiometers and gypsum
blocks have been used to provide an indirect and work-
able method of determining soil-water contents. This
is done by relating instrument readings to soil-water
contents through the use of soil-water characteristics.

Soil-water characteristics, relating volumetric
soil-water contents, and soil-water tensions for the
LVE, are presented in figures 11 and 12, covering soil-
Qéter tensions in the range 0 to 1 bar, and 0 to 15
bars, respectively. These data are presented in tabular
form in table 14. At each site, data were obtained for
four depths, but, because of similarities between depths,
ééta have been recombined to represent two depth ranges,
0-45 cm and 45-105 cm. Like data for the LVA are pre-
sen£ed'in the same table, and in figure 12, For that

soll, data from three depths were combined into a single,
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3] 0-45
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N2 site II — 4503
3

(7 —0O 45-105

18 1 1 1 i - |
0.2 0.4 0.6 0.8 1.0
Soil-Water Tension (bars)

Figure 11 Soil-Water Release Curves for the Tension Range 0-1 Bar

for the LVE Soil at Two Sites at the EEB.
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,35"’—'

32

28

Soil-Water Content'i% by Volume)

24
Depth
(cm)
LVE Site I —e 0-45
20 R -
' ¢ ——€45-105
—4 0-45
LVE - Site II 45-105
16
121 o
0 0-75

Soil-Water Tension (Bars)

Figure 12 Soil-Water Release Curves for the Tension Range 0-15 Bars for LVE
. and LVA Soils at the EEB.
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.. Table 14 ' Soil-Water Contents (% by volume) at
Various Tensions for LVE and 'LVA
Spils at the EEB.

_Soil-Water toutent (% by volume) i

. LVE LVA

Site I Site II N

‘Tension Depth (cm) Depth (cm) Depth
(Bars) 0-45 45-105 0-45 45-105 0-75

0.1 34.8  32.7 29.3  26.9 24.7
+2. 3.5 285 26.0  24.0. 22,0

.3 29.7.  26.3  24.3  22.5 20.6
.4 28,4  24.8 23,1 214 19.6
cire o 275 23.7. :22.2, 20,7, 18,7
ol 26.2.  22.2 22.1,  20.5 17.2
1.0, 24,8, 22,0 217 20,3 15,5
1230 23.4.  2L.3 20,9 20,0 14.0
540 21.9  20.3.  19.5. 19.0.  12.4
1.0, 20.7.  19.6 18,5  18.2 11,2

3

15..., 20,1, 19.2  18,0- 17.8 10,6
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i ozl-water characterlstlc*31nce dlfferences between‘

K

{msdef ot u g

idepths were mlnor.M‘
iTo facllitete computerlzed calculatlon'of water

1f¥contents for these: soxls, equatlons have been developed
f;whlch express the. relatlonshlps graphed 1n flgures ll

~and 12. All curves were regressed to be logarithmlc ‘

(itaklng the. general form.

oy E K‘TCE'

where o Y= soil-water content (percent by volume)

T‘ﬁﬁ'soll-water tension (cm ofnwater)

L A

constants. S e e

- mes |
‘ CoeffiCients for these equatlons are presented 1nftablex
- 15. Also presented for the LVE is the relatzonship be-.
tween soil-water content and gypsum block read1ng,~~
(Delmhorst blocks when read with a Delmhorst Soil Mois-
ture Tester on a scale of 0 to 200). This linear rela-
tionship was determined from field data,by associating
block readings with results of gravimetric sampling.
Soil-water release for the LVE may be characterized
by a sharp break in water release between 1/2 and 3/4
bar. Two-thirds of the soil water is stored and released
at tensions less than 1 bar. These clayey soils behave
like sands in their water release patterns in that the
bulk of the water is held and released at tensions less
than 1 bar. This is due to a dewatering of large pores

betwoen structural units. From 1 har to 15 bars the
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"Table 15 Coefficients for the Equatlon Y =
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KT Relating
Soil-Water Tension and Soil-Water Content for
~ Various Depths for Soils at the EEB.

Soil-Water Content vs Soil-Water Tension

Valid for Range

Elaray 17 Depth of Tension
Soil (cm) (Bars) K c
~ 0-45 ©0-1 68.4857 -0.1468
LVEY *{ 0-45 - 1-15 41,2972 -0.0745
Slte I 45-105 0-0.7 81.6035 -0.1988
45105 0.7-15 31.5642 -0.0518
St AT Qw45 + 0=0.5 64.5733 =-0.1716
LVE { 0~-45 0.5-15 37.1185 -0.0753
Site: I1%45-105 0-~.5 56.7986 =-0.1626
45-105 0.5-15 31.2057 -0.0581
“roapan oL N
e 0-75 0-0.8 60.0679 -0.1897
0-75 0.8-15 42,9363 -0,1455
- 1i v Soil-Water Content vs Gypsum Block Reading
. LVE = 2
'*Sfﬁé?II'”Y = 18.872 + .0259 (Delm) R .799
Y = Soil-Water content (% by volume)
- P = Soil-Water tension (cm of water)
Delm = Delmhorst meter reading
K,C = Constants
R? = Correlation coefficient

R2

.905
.916
.950
.977

.892
.987
. 729
.991

.840
.995
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d1fference in. water released 1s only 3 4% or l cm of

water«per 30 cm of SOll. The utlllty of that water for -

'!_!

crOppzng 1s Sllght because.
w(l)wahe absolute quantlty of- water is: small. .o
(?Qﬁ;The water is held at . hlgh tenslons.
(3)‘-The water is stored ln mlcropores wh1ch would
';lalbe dlfflcult for plant roots to tap. \ e
lfhe‘soll at Slte I holds somewhat more water than.
“the, SOll at Slte II..  This may be a result of organlc';

fmatter accumulatlons at the former site whlch has been

gplanted to grass for 6 years. At both s1tes
from 0 45 cm holds and releases more water than the
:s01l from 45-105 cm. Thls may be due to a destrurtlon
by tillage: oL some . of the macropores whzch results in
{decreased‘por051ty (1ncreaser1ntcompact10n)'and 1ncreased
.water storage in micropores. In thls respect one may
‘note a sllghtly less abrupt pattern of water release 1n
‘the surface SOll. ks A

The soi1-moistd¥2"éﬁé£hcéériééié'df the LVA is less
abrupt and of greater range than that for the LVE.
:Although the absolute amount of water released at h1gh
ftensions is small, the LVA continues to release some
water at tensions above4l bar. This is especially in-
'terestlng slnce~therLVA‘ls‘of'lighter texture than the:
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SOil-Water AvallabllltyJ

4“~}U51ng tables orethe 801l-water characterlstics, one
'Tmayucompute;the,accumulatedmwaterxreleased%%orvstored)c
5PBthheséLSOilsal.This.has‘been?summarized"in table .16.
'Fordtheshpperklimit‘of“water;availability.aAwater con-
tent' associated with :a -soil-water tension of 1/10 bar
hdéﬂbeen*uSeda:<ThiS'iSﬁthe'approximate;tension of these
soilSHaftérfsaturation'and*2-3 days of free drainage in
the‘absence of ET.  For the LVE, 1/3 bar percentage is
not-reached until after .80 days of free drainage, of
perhaps:3'days of drainage and ET. The lower limit of

‘available:'water was set at the .15 bar percentage.

“.. Table 16 - “Accumulated mm of Water Released as.Soils
are Dewatered from 1/10 Bar to the Tension

Indicated.
Tension Water Released
-+ (Bars) SRR ___ (mm)
LVE LVA
T8ite I Site 11 ~
Depth of Effective Rooting (cm)
30 60 30 60 30 60
1/10 0 0 0 0 0 0
1 30 61 22 43 . i -28 .55
LA18 en 44 86 . 34 65 .. 42 85

-« Depending on.site‘and depth, ‘these soils store from
27:to 44 mm of water per 34 cm of soil. 1In the absence

- ofrainfall, a crop rooted: in the top 30 cm of the LVE
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gfiprofileiat_SLte II would deplete{th'5501l*water tOsten-

slonihgreaternthan 1 bar 1n less than 4 days (typlcal
,jsfmm/day) . Field observatlons on: shallow rooted
{iﬁcorn have confirmed slight w11t1ng due to. a4 day period
Tifof hlgh evaporative demand without. rain or. irrlgatlon., '

In:6: days, ‘CXops were severely w1lted. EVen»lfwaﬁcrop‘-

';uwere able to exploit a¢60ucm»root‘zone, wiltlnggoouldgg‘
_?beaexpected after a,weekzwithout‘supplementalhwateragﬁ
- The LVA has roughly twioe the:sand.content;andeﬁf
lhalf:the.clay plus silt:.content ofvthe-LVE.ﬁ,ﬂeverthef
gless;nit:can'supply 30% more'water~thanvthe:LVEQsoilpm
lat the :main - experlmental site: (Slte II) Approximately
;j2/3 of that water is. available between 1/10 and 1 bar.
r'aThe amount of water 1n storage should permlt crops:grown
ﬁon thls 5011 to w1thstand w11t1ng~for perhaps up to 10

;,,‘days. e

s Crops grownfon'bothmsoils‘éan be expected Eb;éﬁéfer
ffrom the effects of drought glven the restrlcted rooting

freglmes and the poor ralnfall dlstrlbutlon.

%Summary and Conclu510ns

l.xﬁ'801l-water data are presented .for three s1tes
:,Aon the: Bra5111a Experlment Station.

,égagéAlthough the so;l at: the main experimental

‘ Av xsite contalns almost 50% clay, it is. hlghlya“k

ﬁf.‘faggregated and'structurally stable.r For;this

R
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5.

6.

reason, soil-water Properties of this soil

are ‘similar to those of sands.
» Thé{SoilsvgreVChéxaétériZed,by rapid infil-

“tration ranging from 17-22 cm/hr, and by

extensive and continued internal drainage.
For the main experimental site, capillary
conductivity was determined to be high, and
greater than for other soils reported in the
literature.

Avéilable water storage on the LVE is limited
to approximately 34-44 mm per 30 cm of soil.‘
The LVA,.though lighter in texture than the
LVE, contains 30% more available water.

These soils, like sands, release 2/3 of the

~available water between 1/10 and 1 bar.

The.unfavorable water supplying properties of
these soils together with the occurrence of
wet-season dry periods and the limitations of
root growth in the subsoil due to aluminum

toxicity make water management a critical

.factor for successful crop production in the

region.
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CHAPTER IV

CROPPING - INTRODUCTION & METHODOLOGY

O;Introduction

The physical constraints to prov1ding adequate wa- )
'ter for cropping in Brazil's Central - Plateau, i, e., the
V“erratic‘rainfall distribution and the physical charao-

'terieticsof'the-soil which limit crop water supply have

'ibeenedocumented in Chapters II and III. The manner in
iiﬁnioh tnese oonstraints affect crop production still
réﬁﬁired;determination through agronomio experimentation.

For Central Bra21l there is a general lack of in-
'formation in the area ‘of water management in relation
to crop patterns-and soil.fertility practices. This is
true!inVSpite of»the,fact.that in the dry season there
'~oan‘bewno.prodnction'without irrigation. Landers et al.
»(1967);havefde§oribed‘the*vast-potential for dry season
irrigationgin the cerrado. Further studies are neces-
sary to;determine the most‘effeotive use of the limited
water réeources of this area. The use of supplemental
irrigation during the wet season has been acknowledged |
- in,practice, yet to date nothing has been done to de-
© termine the requirements for or benefits from these
practices. Although experiments have been conducted,

-little is published on the potential,for'production in

72
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fthé«drYlhﬁd'Wet~§e§sqﬁs;.a
»‘ﬁﬁ‘Amdnghloéélﬁagriculturalists;vknowledge“is wide-
spréad that::aluminum toxicity is:severe:on-these soils
and limits depth of effective rooting of species such
" 2as‘corn which-are:not' tolerant to aluminum. Other work
| of: the: collaborative Cornell and North Carolina State
University project at the Brasilia Experiment.Station
in cooperation with Brazilian soil scientists has shown
large yield increases to  incorporations. of limestone to
' 30 cm'as. opposed to. the conventional 15 cm incorpora-
‘tions. : The cause of the yield response still needed to
‘be’ ‘ascertained,. though Gonzalez, in NCSU, (1973) has
shown :that :for corn, deeper lime incorporation results
éﬂin%auhorefeffectivercfop-root system especially at
depthsbelow ‘15 cm. Likely reasons for yield differ-
‘enées.were better nutrient exploitation and/or improved
utililzation -of the soil-watef, both commensurate with
”theﬂgreatervcrOPVroot system,

i .To investigate ‘these and otherlpoints,pa dry season
‘experiment was planted in June 1973, followed by. wet"
season experiments planted in September, October and
‘November1973. - Objectives of the: experiments were as

- followss
»1y ' Determine- crop response: to various:water
4 epvironmentsic .. o o o apia

2, : Determinercrop:water: use: in: relation to me=-


http:environment.eo
lfiore
Rectangle


RIS

;A';f[teorological factors.

"”?Determlne effects of d1fferent1a1 depths of

aﬁ& ﬁfﬁilmestone 1ncorporat10n 1n relatlon to water

| .'*Ptreatments.- ' s

:ﬁhﬁeeults=of the'experimentS'willzbe‘dischssed{in chapters v~
VII which deal, respectively}:w;th experimental results.

discussed in relation to theee.objectives.

‘Dry Season Experiment - Materials and Methods

The dry season experiment, using corn (Zea Mays L.)

-as ‘a test crop, was established at the EstacéovExperimen-
tal de Brasilia (EEB) on the Dark Red Latosol described in
Chapter III. The corn variety used was a Brazilian
hybrid,“cargillwlll.d This variety has ccneistently been
pneﬁdf»théﬁbest'yieldersbihgvariety trials at the EEB.
The?variety‘is of:lcﬁg~du:ation;(l3d-150<days depending
oﬁfthe~seaeonf;"By;U.SsAstandards, the corn may be con-
sidered as a silage type because of the amount:.of green
<matter*prcduction“underivery high;fertilityaconditions.
Thtoughﬁhand'thinning)‘plant population was established
at62,500 plants per hectare.: .. zghhnag..gb frmpE

v “The experimenttwae;designeqawithcut‘treatmentmrepe
11cat10n. This design differed‘greatly from conventionh
val replicated experiments: which haveuas thelr objectlve
fto establlsh whether one irrlgatlon or agronomlc treat-‘

ment-ls signlflcantly‘dlfferent;fromgagsecchd, Such an



Tébjebtive requires repliééﬁibﬁuvbutwndteneééﬁsérily
'f&ﬁbé?@fIﬁﬁthiS“experiment,‘the‘ObjeétiVe was ﬁo.eétab-
liéhffuﬁctionalirelationships for ‘the water variable.
Twelve unreplicated treatments were established which
provided both a wide range of water treétments and def- .
inition within the range. Regularly scheduled irriga-
tion treatments  alone provided the range; year-simulation
treatments gave definition within the range. Statistical
analyses were performed through regression techniques.

Treatments consisted of two depths of limestone

incorporation and six water management regimes. Lime-
stbne incorporations were:
-1, Shallow =~ 4 tons calcium carbonate equivalent
of calcitic limestone (5.4 tons actual materi-
al) per hectare incorporated between 0 .and 15
"cm. The material was finely ground with more
' than ‘60% passing a 60 mesh and more than 40%
passing a 100 mesh,

2. ﬂéggg - 4 tons calcium carbonate equivalent of
calcitic limestone per hectare incorporated
between 0 and 30 cm.

The six-water management regimes may be separated into
two types: |

1. Regularly scheduled irrigations were watered

with a fixed irrigation interval. This result-

. -ed in regular patterns of Wgtg:rqulicgpions



ugﬁ i an approxlmate panrevaporatlon of 15 mm;“:

or- to 5011-water depletlon of 21% (60-cmf

;aﬁghﬁroot zone)

b Irrlgate every Wl days, correspondlng to :

‘approxlmate pan evaporatlon of 35 mm,

sor “to- sozl-water depletlon of 50%.~_f

Aci ;ulrrlgate every,l4»days,ncorrespondlngz;p

. ,gan:app:oximate’pan"evaporation wavonmmf
Li sJnorthwspil—watervdepletionfappxpaching;

100%. B T S T T T

Patterns of computed sozl—water storage; Wlth tlme for

regularlyrscheduled 1rrlgatzonntreatments are presented

dn figure: 13obi. s vl

T SR g

Year-simulation.irrigations which called for

airrigationSwtqasimulategthenrainfall distribu-
tion and amount during the cropping eeason in
xcertainwbench;mark years. The years chosen
ffot simulations were,representative of many

years in which dry periods- (veranicos) of var-

:iousfseverities,and/orgdu;ationsﬂqccu:redv”f‘

a. Irrigate to simulate the rainfall.pattern

: ~at Formosa in:1945-46.
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Soilfwafer7St¢rag§ (mm) -

i

e

~ -
-

<50

30}

7-Day

. l4-Day

0 30 60 90 120 150
- Days After Planting |
'‘Figure 13 Soil-Water Storage vs Time for Regularly

Scheduled Irrigation Treatments. A 60 cm
Root Zone has Been Assumed.




8

};b. Irrigate to s;mulate the ralnfall pattern

,at':ormosa 1n=1953 54.
'.¢' Irrlgate to 51mulate“the rainfall pattern
L _at the EEB in 1972-73.
Patterns of computed soll-water storage with time for
year-81mulatlon 1rr1gatlon treatments are: presented in -
“figures 14 to 16.
| - Year selectlon for year-simulation treatments was .
‘based upon a computer plotting technique whlch used ac-
ftual wet season preclpltatlon data and the ET model to -
graph llkely soll-water conditions. Two years, 1945-46.
‘and 1953-54 were selected for slmulatlon for they were

vrepresentatlve of many years in which veranlcos were

common. The pattern of 1945- 46 lS one of 2 veranlcos of

L Vil Y

'12 and l3 days separated.by 10 days when soil-water con-
ditions were adequate. The veranico in 1953-54 resulted
‘ln one perlod of almost 30 days when sorl-water condi-
;tlons were def1c1ent for crop. growth.: The year, 1972-73
was selected because of a short veranico: durlng the
critical crop stage, and a longer veranlco close to har-
vest. Other reasons, discussed later, also called for
fselectionhofwthisyyear,whEorMeach,of these years, the

- 5=month ralngail_total;iwere within 90% of the average.

.Eiguresvl43to.lﬁ?are%comparisons of computed soil-

‘;%;See;f¢°tnote,page;22,for computational method.
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water conditions desired (based on rainfall during thefﬁ

actual year)f‘nd simulated (based on irrigations and

ilate'dry season rains in September, October and Novem-f7

ber) ,iIt is evident that for most but not. all of the ;{

water critical periods of the corn crop, irrigations
{“:ﬁ v ;;1 R &

effectively simulated thexrainfalls. Prior to day

!
ﬁdifferences in water applications did not affect

1

~soil—water conditions inasmuch as crop water use was’
small Early rains in September (day: 109) resulted in
better s0il-water conditions in Simulations than in the
actual years, particularly for 1953-54 and 1972~ 73. ‘In
theﬁl953-54 Simulation this may have been espeCially |

-;.x.-n« N

Significant Since the strong veranico in that year s

simulation retarded maturity by l-2 weeks. Thus the

critical moisture period would have extended beyond 109

days and ' 1nto a period whenkwater,was:ﬂdequate in the

L

simulated year but not in the’actual year. All treat-
ments made late gains as a result of the’ early end to
the dry season and this may have lessened differences
between treatments. For this reason one may speculate
that yields under Simulations would have exceeded those
under actual preCipitation conditions.‘ However, the in-

(terseasonal comparison discussed in Chapter VI fails to

be*rnout this “hypothesis.

,M_The simulation of the rainfallf;attern in 1972-73

also permitted a comparison of interseasonal production
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”p@tentials~between drynandfwetJSeasons;:vThe basic fer-
tiliﬁer application on all-dry season treatments was -
-identical to that applied in the :'1972-73 wet season. .-
This was the following: R T A N

N <.::100:kg N/ha .
L Feee o 20.kg :N/ha banded, preplant as-:
rzt;.- ... ammonium sulfate
¢ 0 - 40 kg N/ha ‘sidedressed as urea at
both:19:-and 58 days:after-planting
PL‘:ﬁBOO kgrPéOs/ha

200 kg ‘P Os/ha broadcast as triple

superphosphate
" 1oo kg P Os/ha banded as triple su-

T “j"perphosphatg -
K, 100 kg K,0/ha broadcastvaslpgtgsgium
chloride o |

.%n. . 13.4 kg Zn/ha broadcast as zinc'sulfate

B . 1.0 kg B/ha broadcast as borax

Mo -, 0.5 kg sodium molybdate/ha broadcast
«ws - Plots were instrumented with tensiometers and gypsum
;blocks at 15-, 30-, 60-, and 90-cm depths. Tensiometer
;and block readings, taken daily, were converted to soil-
wate:.contents using the relationships described in Chap-

‘tér ITI. Changes in soil-water content were attribu-

..ted to evapotranspiration and drainage. Drainage was



e

ﬂﬁcalculated from SOil-water;contents using equations pre-jfv
L:sentedzin Chapter III. Evapotranspiration was‘set e1$$7:7
rqual to change “in SOil-water storage less drainage. mIt '
should be noted that water content. changes which are ‘a
;result of capillary conductiVity considerations, ie.,.';“
gupward movement of soil-water, -are accounted for uSingyv
ﬁthis approach to calculation of ET and- drainage.
| #+, .The appropriate water balance for the dry season
was: Water Applied = ET + Drainage * Change in Seasonal
fgsoil-Water Storage. The sum_of}the,calCulated valuee_
7}ongthe right hand side'of.theieqnation mas compared with
‘:materJapplied as determined independently using an .in-
:“line flow meter which had been- field calibrated. The
:'calculated values underestimated water applied by 16%.
,This discrepancy was due to the system of taking instru-
j_mené*féadihgs.' These mereltaken on ‘the morning before
5;an irrigation and in the morning on the day following an
| irrigation. The time lag between an irrigation and‘the
'following instrument’reading (at times 16 hours) had the
‘ effect‘of ignoring maximum soil-water contents which
Zioccurred immediately following the irrigation. For ex-
‘ample, soil sampling one hour after a heavy irrigation
' revealed soil-water contents of up to 42%. The follow-
ing morning water contents were typically 31%. This
 latter figure was the one which went into calculaticn

of ET and drainage. In reality, a larger portion of the
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1)
T

water:‘applied, on the .order of!16%, should.be addition-

al water attributed to deép drainage losses. .

WetﬁSeasonuExperiments~; Materiéps and Methods
Three! experiments, using coin (Zea Mays L., var.
Cargill 111);,- were planted dvring the 1973-74 wet sea-
son. Ccmmencing with September ﬂp, planting dates were
approximately: 30 days apart. Watér and fertility treat-
ments were designed to reflect posijible management
options to lessen the effect of wetiseason dry spells
whicﬁ, as despribed in Chapter II, cccur with frequency
in-Central Brazil.
In each experiment, treatments iycluded the follow-
ing::
( 1. . Two depths of incorporation of limestone,
+.0=15 cm -(shallow) and 0-30 cm (ﬂeep). Method
- of incorporation and rate and tyﬁe of lime-
.stone applied (4 tons CaCO3 equivalent cal-
~citic limestone/ha) were identical to amend-
ment applications in the dry season experiment.
2, Water treatments designed to "break" - by
irrigating - dry spells lasting 4 days and 7
days. Control treatments of never irrigating
were included. An additional water treatment,
that of breaking a 10-day dry spell - should

it occur - was also included in combination
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%}Qitﬁﬁihé?shéiloﬁ&ihCQrporétidn”qﬁlyﬁygThdéfgwf_
,eaéh?ékﬁerimentEhad“seven basic/ treatments ' :
which are listed below: |

- Water Treatment -~ Incorporation: Treatment

“a, " 4=-day ,  'u'\.<;*ug¥i$ha1low;r»
‘5‘ ”4—day€‘;41'7 "“~55”;5"°5Deepf
c J-day 7 sEia.cw 5500 . Shallow
d.7-day WSO e n Deep

‘¥é£NWIOEaéY5““§??§%ELaa . Shallow

"€, “Never Irrigate~ . ©. . Shallow -

'g. NeVer‘Irtigatéjf7~¢d " Deep
Treatments were replicated three timeéuin'a’completely
- randomized design.

It should be emphasized that the water treatments

as stated were simply nominal water treatments and that
~actual imposition of these treatments depended upon the
rainfall. Given in table 17 are the number of irriga-
tions which were applied to the crops and which corres-
pond to each nominal water treatment. Also given in the
table are the precipitation totals for the 130-day grow-
ing seasons, and a summation of dry spells of varicus
lengths. Since precipitation events for each planting
differed, it would be improper to consider this a single
experiment with identical nominal treatments and three
dates of planting. Separate plantings are most aptly

interpreted as three experiments, labeled I, II and III.



_ Table 17 Prec:.pxtat:.on : Number of Irr:.gat:.ons,
Magi v and Length of Dry Spells for Three
Wet Season 1973-74 Water Experiments.

ER RN L £ T A DL L Experimef_l_E Numbexr :
T T 11 111
Precipitation (mm) 870 724 1004

‘‘Nominal Water

Treatment Number of Irrigations
4 days 5 6 5
7 days 1 3 2
10 days 0 0 0
Never - - -

Length of

Dry Spell Occurrences
5 days 2 1 1
6 days 1 0 0
7 days 1l 1l 1
8 days 1 3 2
9 days 0 0 0



To monltor 5011-water condltlons for each treat-'7
dgment two-thlras of the plots (or 14 plots per experl-

I35 : by o

@;ment)kuere 1nstrumented w1th ten51ometers and gypsum
;gblocks at depths of 15 30 and 60 cn;v¢Read1ngs from
;gthese ‘instruments were converted to soil-water contents‘
‘iusing relationships presented in Chapter III. Because
'oof frequent rains, it was not possible to determine :
crop ET using this 1nstrument package in the wet season.

| The site for the experlments was adjacent to the
;dry season experimental area. The soil there is the
LVE, a Haplustox, the relevant properties of uhich have
been described in Chapter III. Table 18 provides perti-
nent chemical properties of the soil prior to working
the area for cropping. Results of soil tests taken

- after harvests are given in table 19.

Table 18 Results of Soil Tests for the LVE Soil Prior
- to Working the Area for Wet-Season 1973- =74
Water Experiments.

Exchangeable Exchangeable
Depth Al Ca + Mg
(cm) (meq/100 g soil) (meq/100 g soil)
0-15 1.09 0.32
15-30 1.09 , 0.12
30-45 0.86 A 0.13

(The pH of the soil was approximately 4.8,)



Table 19 Results of Soil Tests from Comp051te Samples Taken

after Harvest from the Wet-Season 1973 74 Water‘. =

Experiments. o 2
Exchangeable Exchangeable ‘Alﬁminum
pH Al Ca+Mg - Saturation
(in water 1l:1) (meq/100qg) (meq/100g) | (%)
Shallow  Deep Shallow Deep  Shallow Deep  Shallow Deep.
Experiment I }

0-15 5.39 5.04 .08 .38 3.01 1.54 3 20
15-30 4,91 5.14 .71 +52 ©1.18 1.77 38 23
30-45 4.95 5.06 .58 .43 0.81 1.26 42 25
Experiment II

0-15 5,37 4.92 .09 .41 2.75 1.68 3 20 °
15-30 4.89 5.35 .86 .32 0.78 1.86 52 15
30-45 4.82 5.19 .92 .48 0.52 1.05 ™ 64 31
Experiment III

0-15 5.35 4.75 .22 .82 3.50 1.31 6 38
15-30 4.67 4.91 .89 .61 1.05 1.54 46 28
30-45 4.56 4.87 .90 .55 0.61 1.42 60 28
211 Experiments :

0-15 5.37 4.90 .13 .54 3.05 1.51 4 26
15-30 4.82 5.13 .82 .48 1.00 1.72 45 22

68
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:[iine fertilizers applied to a11 treatments were as

‘,)

%ifellowss'i ¢ R g i
L. N 140 kg N/ha | g

.

'20 kg N/ha as ammonium sulfatezbanded,

n),. vj o
R SN N vé

‘““fjpreplant.;. pigng o

b

'40 kg N/ha as urea sidedressed at 23 22

'3ff or 20 days depending on the respective

?f‘dexperiment.
40 kg N/ha as urea 51dedressed at 56, 46

. or 44 days depending on the respective

experiment. .
40 kg N/ha as urea 81dedressed at 72, 70

or 67 days depending on the respective

'experiment.
2.. P 500 kg P,0./ha
400 kg P205/ha as triple superphospnate
v’*H?z broadcast, preplant.

100 kg P205/ha as triple superphosphate

. banded, preplant.

3.; _K‘ 100 kg KZO/ha as potassium chlozride
broadcast, preplant.

4, Zn  13.4 kg Zn/ha as zinc sulfate broadcast,

g, preplant.
3"5. B 1.0 kg boron/ha as borax broadcast, pre-
}* plant.

‘iG.ﬁfiMo - 0.5 kg sodium molybdate/ha broadcast,
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nese, . noPrEPlant. .
7., Mg 20 kg.Mg/ha. |
'10 kg Mg/ha, as magnesium sulfate side-
-dressed at 23, 22, 20 days depending on
. .the respective experiment. , )
10 kg Mg/ha as magnesium sulfate side-
.dressed at 56, 46, 44 days depending‘on
- the respective experiment.
.-These fertilizer amounts differed from the dry sea-
son .applications in that they contained an additiona;

200-kg, R,0-/ha, 40 kg N/ha and.20 kg Mg/ha.

‘- -Similar to the dry season, plant populations were
established by hand thinning at 62,500 plants per hectare.
- Leaf sampling for nutritional analyses! were made
‘at 92, 96 and 89 days depending on the respective experi-
"ment. The leaves for analysis were taken at silking from

leaves immediately opposite th~ lowermost ear.

During the course of the experiments, very serious
plant diseases occurred which could not be controlled.
The first and second experiments, but not the third,
were attacked by a disease which first became evident
at 55 and 40 days, respectively. The center part of

! The author is grateful for the analyses oa these sam-

ples performed by IPEACO, EMBRAPA, Sete lLagoes, Brazil,
the Soil Science Department, North Carolina State
University, Raleigh, North Carolina, and by the De-
partment of Pomology, Cornell University.
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,l;affected plants w1lted and d1ed, resultlng 1n plant ‘hffﬁ
| fdeath. Mlcroscoplcal analy51s of the grow1ng t1ps of
ﬁ;these plants 'revealed’ the presence of a’ hlghly motlle
wfrod-shaped bacterla whlch may have caused rottlng and
fdeathuof the t1p. However, when this bacterla (cultured
7'chﬁ§§affﬁﬁasuinjected intO‘healthy»plants,,no‘new inci-
'5jdence ‘of the’ disease was noted.’ Although euidence

“p01nts to Bacterial Wilt, Xanthomonas Stewartii, iden-

"ﬁtlflcatlon is st111 enigmatlc. " The ‘'disease affected '
[and;kllled up to 10% of the plants, though the effect
upon grain production may not have been:too Serious

inasmuch as the disease struck early, permitting other

.-/plants to take advantage of :reduced plant populations.

: - A far more serious disease was identified under

~:the microscope as NcrtherngLeaf Blight, Helminthosporium
.+ Turcicum. The disease appeared first as~elliptical le-
sions which in time coalesced, causing premature necrosis
-of most leaves. No attempt was made tc,ccntrcl,theldi-
sease with fungicides. This probably;would“have been,
futile due to damp weather and dailylrainsaduring March.
The disease affected the second and,especially the third
experiments. As a result,'g;aln_yields.in the,third‘v

experiment were less than 50%h0f,the-£i:st experiment.{:



sCHAPTER:V -,
i2::%CROP | RESPONSE. TO SPECIFIC :WATER. ENVIRONMENTS

e &

Introduction

The background information and methodology for dry
and wet season field ekperimentation have been dgscxipgd
in:detail in the previous chapter. —The purpose. of this
chapter is to give results from those‘expe;iments,wpgrr
ticularly results which pertain to the questions: (1)
Whgtwwasnthe*effect of soil-water stress upbn yield?;
and .(2): What 'is the relationship between yie;d:and the
various water treatments?.

vwi«Relationships between yield and the water treatments
"areempirical deﬁérminationsnwhichtmay have practical
“%utilitYuEQShdh~relatiqnships_mayibe termed ‘yield-water
‘résponseﬂfunctions”evzRelationships-between,soil:water
' stress and?Yield:are:physical relétionships, of perhaps
lesst practical utilityithan the response. functions, but
"valuable in providing insight and understanding for those
response functions.: In~this?cha§ter, results will. be.
.ﬁreSentedatO'developmresponse~functiohs;to be-used. in
"ﬁChapter£VIIIvas:a;component,bf;ahmddel‘togppggipt;;qu
“;te;m$Yie1ds*ﬁndersadve;se,sQilrwaterggqnditions gphgge‘
, ;.(‘Jai:r}‘lpb”Cerrado.“- : ‘i ot ,;' B E A SRS SRR o
| Befdré“digqﬁééidnfiéiméqeﬂofxyfeldéﬂaﬁdgspilgyagerf_‘

5,

9



Results R R e x w pES .‘ '

Comparison of Year-Simulation and Regularly Scheduled

Irrigation Treatments .“h$'uﬁfvsaf

75_Irrigation practice in arid areas results in addi-
tions and depletions of: soil-water on a regular . baSIS.n
For example, during the peak of: the qrowing season, af'
farmer will irrigate a. crop on. xegular cycles, Since
‘climatic conditions, the driVing 'force for water: use,
will be relatively uniform.k In humid areas. the pattern
of water additions and depletions Will be random, ‘a -pro-
duct of ‘random* rainfalls and changeable weather .condi-
ftions._ Using irrigation duringrthe dry season, both
regular and- random (year-Simulation) patterns of: water

additions were achieved and the results compared to de-’;

termine if there were differences in response due-. to. -
varying the basic pattern of SOil-water replenishment..
This comparison was ‘an’ attempt to find areas’ of common-l'
ality, or differences, between irrigation treatmentsaiﬁfy

¢

representing rainfed (year-simulation) and arid 1and*>fyi

(regularly scheduled) water*man ‘ementfpract'ces.hy;;"“

Yields for both types of irrigation treatments arej,
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presented’in:table 20.f There was no difference 1n pro-

ductlon between 51mulated years, or between;year-81mu-

latlo.uand the average of the regularly scheduled ot
treatments. After day 109, 1rr1gatlons were suspended
because of the onset of the. ‘rainy season... The. .effect .

of the early ralns may ‘have minimized differences be- -

tween treatments.-

! Tableszo ‘Yield of Shelled Corn at 15.5% Moisture from
: Regularly Scheduled and Year-Simulation

‘~Irrlgatlon Treatments from the Dry Season

" Water Experiment, Brasilia, 1973.

-Treatments Yield (kg/ha)
Regularly Scheduled Irrigations
3~day 4417
- 7-day 3726
s l4-day . E 3205
Year-Slmulatlon Irrlgatlons .
, 1945-46 . 4118
T 1953=54 ‘ ‘ 4213
1972-73 4266

"A dlrect comparlson of average yields from regular-

SRR TR

fwlyischeduled 1rrlgatlons versus average ylelds from

year~51mulatlon treatments lacks valldlty s;nce the
f water reglmes were entlrely ‘different. Addltlonal un~-

C derstandlng ‘may be obtained from a comparison of para-

'meter correlatlons from table 21, .which reveals apparent

dlfferences between treatment types and correlation

%Orop BTy in the: period;from:planting to


http:table',.20

w““a§§%¥§hdwed*a:highiYASignificantTCOrrelatioa%wifh

ie a‘regularly scheduled treatments only. " Corre-
flatlon of ‘ET. and yield in year-simulation treatments
%was not sxgnlflcant. Amount of water applied and yield
we:e ‘'significantly correlated for regularly scheduled
éreatments,'but the same variable for year-simulation
:ifrigations showed a complete lack of correlation, r =
.27. When the two types of treatments are combined
’aad analyzed together, correlations were significant.
Cor:eiaeion of yield and soil-water stress parameters
'ESEkfhebfwo types of treatments shows basic agreement.

Ihieﬁ@illwbe discussed later in this chapter.

Table 21 Correlation Coefficients Relating Selected
A Parameters and Yield for Two Types of Wa-
ter Management Treatments, Brasilia, Dry
Season, 1973.

Values of r,
the Correlation Coefficient

Reg. All
Parameter Scheduled Year-Sim. Treatments
ET (126 days) T Li .54 .62*
Amt. Water Applied .83* 27 «76%%
ET + Drainage

(126 days) 87% .64 69%

* Significant
**Highly Significant

Correlation differences between treatments for the
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parameters in table 21 may be explained by noting the
range in the values of the parameters and the yields
for each type of treatment. That range, shown in ta-
ble 22, is always greater for regularly scheduled

treatments. This aids in producing significance,

Table 22 Range in Parameter Values and Yields for
Two Water Management Types, Dry Season,
Brasilia, 1973,

Parameter Req, Scheduled Year-Simulat
Min. Max, Min. X,
Yield (kg/ha) 2952 466) 3780 4469
Amt. Water Applied (mm) 456 847 582 73%
BT (126 days) (mm) 1)) 701} 183 470
ET+Drainage
(126 days) (mm) 528 928 576 LY

Differences were not primarily due to crop sjesponse dif-~
ferences induced by the two water managemehtl types, but
wore influenced markedly Ly the physical enpefimental
conditions which werfe wide galiyihg Ih the cvase uf the
regularly schicduled ticatmentle, abhd feztyjcled jh the
case of the ycar-aimylat jun treatsents, No basic dife
ference Leotween treatmant types is 1Adicated by these
resulta,

If the reaults from the two methodelogies are SiRi=
lar, thie wvould open the poesibilitias for woFs widesx
spread utilieation of the §esults, If thefe i6 9 bAEIS

difference botwesn resulie from Fequinfily scheduied and
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for the decreased crop-water use subsequent to severe
plant-water stress are drought induced metabolic changes
which occur in plants. For example, Hsaio (1973), in
a summary article, has peinted out that as a resylt of
water stress, Abscisalc Acid (ABA) accumulates in plant
tissue and modulates stomatal bLehavior. Since ABA s
not dissipated 1mmediately upon restoration of turgidi=
ty it may continue to requlate aspects of plant metabo-
lism. Others have shown that tollowing relief of stress,
tranapliration and photosynthesls occurred at reduced
rates. (See for example, Ashton (1956); Clark (1961)
Kaufmann (1968); Pallas et al. (1967) ).

fevere soll-water sntress and decreased root activi=
ty may have also induced fertility problems which con=
tributed to the poor yieldn on the ld4-day treatments,
Theae treatments showed phosphorus deficlency asymptome
(purpling of leaves). With severe soil-water streas
there wero timen that few active roots wWere present in
the zone of high fertility, Since phoaphorus, (and
other nutrients such as zinc), was confined to the upper
13 cm of the profile, 1t was nol surprising to observe
the doficioncy of this element in the l4-day treatments.
Water induced phoaphorus deficiency, may pattially ex-
plain the roeanlts of Yont, in NCSU (1973), at the KED
which ahowed broadcast phosphorus applications to be

generally superfor to banded applications whenh water
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supply was limited.

These results point out the need for integration
of moil-plant-water studies. As a result of root in-
activation and internal metabolic changes we may expect
lingering effccts of soil-moisture stress even after
turgidity has been restored and soil-water is in ade-
quate supply. Determination of stress aftereffects is
generally igqnored and may be particularly irportant if
repeated stresses are placed on the crop. Also, it must
be noted that, taken alone, measurements of s0il-water
atreas for a crop qrown under cyclic stress conditions
do not have validity for gaging the effect of stress
upon yvield. The implications of this observation will

bs covered in more detail in the next aection,

Yield and Soil-Water Stresa

Readings from tensiometers and gypsum blocks taken
at 15- and J0-cm doptha were uned to develop two stress
paramoters, Average Dailly Stress and Streas Count, which
wore used as indices to vield,

1.  Average DLaily Siress (ADS) = in units of bars
per day. Tho calculation of ADS was made by
addition of noll-water stress on days when
soil-water tension wan above a cortain minimum
value (the threshold streas). This total was

divided by the number of days in the obmerva-



. 20

These two
1,
2.

P 3
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tional period, giving ADS. A similar measuré“
of stress has been devised by Taylor (1953).
Stress Count (SC) - This is a count of the
number of days that the crop was subjected tof;
a minimum threshold stress. | .
parameters were determined:
At two depths, 15 and 30 cm.
Above ~ertain minimum stress thresholds;ij;;f
a, Dry season ‘~ |

.37 bars corresponding to 50%ﬁsdi17wat§f. 

depletion; E ,”ﬁgﬁ;kﬁ

+50 bars corresponding-to‘60$'Boilrwdﬁ¢rﬂ,

75 bars corresponding to 68%;Sqiléwate§f3
depletion. e
b. Wet season
For .2, .35, .5, .65, and .8 bars.
For crop periods, each of 63 days. Dale and
Shaw (1965) have identified a'critical water
period for corn of 9 weeks, 6 weeks prior to

silking to 3 weeks thereafter.

a. Drx'season b. Wet season
49-112 days 45-108 days
63-126 " 52-115 "
74-137 " ., 59=122 "

, 66=129 M
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These stress parameters¢}36 1n the,dry“ eason and

80 in the wet season, were correlated w1th yleld. For

-'fffﬁregularly scheduled 1rr1gatlons 1n the dry season, 1n1-'
Itﬁ*tlal attempts at- correlatlons»were poor because SC and ’
fADS parameters for 14~ day treatments were less than forr
"77-day treatments.. Thls observatlon was ‘a dlrect result
'?of the stress aftereffects descrlbed'lnwthe'preVLOus;
.:h-,sectlon. It was concluded that ‘the aftereffects of a
“severe stress cannot ‘be measured by 5011 ‘moisture sen-
- sors: for” ‘although the sensors: indicate:an: adequate soil
ltm01sture supply, ‘the plants stlll acted ;as: though water
A5eﬁwas somehow deficient. This conclusion:called for a
'llﬂmodiflcation«of,the soil-water. stress concept as an in-
ws}dex to yield For the l4-day treatments, the stress
'scount parameters were increased by 3 days.for each irri-
gatlon cycle.~ This parameter. modlflcatlon reflects plant
behavior on those days following.termination of soil-
iwaterzstress when. the plant system was not functioning
normally. Stress parameters for 7-dayu1rrlgat10n treati'
ments were not modified since those. treatments 1ebounded
rfrom drylng cycles with - rapld rates of ET. Sevelely
fstressed year-51mulatlon treatments appeared to rebound.
{from the stress in .1- 2 days. Slnce the stresses were not
'repeated (except for- 1945 46) no modlflcatlon was made
in; the SC. parameter for Year-slmulatlon treatments.i.nf'

QJ These modlflcations were speclflc to the treatments
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”-“;“3fﬁ3the~experimentt"It'would be valuable: if future re-'Ffﬁf

. search could for example establish the relationship, i =
 ‘between per cent root inactivation and soxl-water.stress;ﬁf
t»and per cent recovery from stress aftereffects and time. ?ﬂ

‘Correlation coefficients for the: d:yﬂeeason

'Kivﬁébles are presented in table 23;nghe;foiloﬁiﬁéiQanluf“cw

~sions are appropriate: o ilarnit dpeginad
v - 1l. Yield is strongly anauﬂegEtiveIYQreieted4to*”“F
501l-water stress;: Correlations as hlgh as
i =, 98 were attalned, many with:31gn1ficance
‘5**ftat the .01 level.w,uogwj&ﬁﬁzfﬁidﬁwé #”h““‘fq
féfc“QThe SC*typeﬂof“streee:ﬁeesﬁteﬂisoazbetter»ih-
v i dex to Yieldﬂthah~iS’the'Aoé}fmit~isgalso";? -
fﬁ?%t’easier to compute and modlfy. ,&fﬂ_~

?3%?‘?Theﬂsc measurement at 15 cm is"a better 1ndex’,

%1% to" yield for regularly. scheduledvirrigations;
&AVt'the SC measurement at 30 .cm is a better index
'“I'' to yield for year-simulation irrigations. This’
fﬁxmﬁamay be;explained‘becausefregularly echeduled
éfoifrigEtione exhibitedea-wide range in stress
“‘““7heeSurements at 15 cm, '(3-day treatments were
'ruf;glﬁays;wet and l4-dayrtreatments generally»dfy),?
‘“‘whereas forAyear-eimulation treatments, the ;
“range in SC at ‘the' 15 ‘cm- depth was narrow.': The:
‘“fact'that SC at- 15 cm was not signlficantly

“correlated with: yieldvls an 1ndicatlon of the o



Table 23 Correlation Coefficients Relating Yield and Selected Dry Season
Stress Parameters for Two Types of Irrigation Treatments.

Reqularly Scheduled Year-Simulation .
Treatments Ixreatments All Treatments N
Parameter r Parameter r Parameter r
SC(.75,74~-137,15)** - _,95 SC(.37,63-126,30)** ~_98 SC(.75,74-137,15)** -_83
SC(.50,74-137,15)** - _94 SC(.37,49-113,30)** - _97 SC(.50,74-137,15)** -_.81
SC(.50,63-126,15)** -,93 SC(.75,49-113,15)** ~-_,78
SC(.75,63-126,15)** - ,92 SC(.37,74-137,30)** - _9¢ SC(.50,49-113,15)** -_77
sC(.37,74-137,15)* -.92 SC(.50,74-137,30)** - 77
SC(.50,63-126,30)* =-.91 SC(.50,49-113,30)* -.89 SC(.37,74-137,15)** -_.77
SC(.37,74-137,30)* -.91 $C(.50,63-126,30) -.89 SC(.37,74-137,30)** —-_ 76
SC(.37,63-126,15)* =.90 $C(.75,74-137,30)* -.87 SC(.74,74-137,30)** -.76
SC(.50,49-113,15)* -.90 SC(.50,74-137,30)* -.84 SC(.50,49-113,30)** ~_73

ADS(.50,74-137,15) -.66

® Significant .05

®*Highly Significant .01
ADS = Average Daily Stress
SC = S:tress Count

(Threshold stress (bars), period of stress measurement (days), depth of stress
measurenent (cm) )

60T
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leaf water potentials than will atomates
in plante conditioned to repeated atreas
gyeles. This cvidence 1= in the right d4=
rection to explain why year-simulation
treawments {or rainfed treatments) may be
more sensitive to a stress than regularly
scheduled treatments,

6. For both types of irrfgations, nearly 708

of the yleld variation may be explained by
#imply counting the number of days in which
soil-vater ontresa at 15 cm eyxceeded .75
bars, or (8% soil-water depletion, for the
period 74-137 days after planting,

The analyses of the yiold-water-streas relation-
ships for the wet meason experiments were not as defin-
itive as for the dry season. It was an unusually wet
rainy season. Large soil-water deficits did not ma-
terialize, nor were differences in yields duc to water
treatmonts an wide ranging as would have been desired,
The degree of linear correlation between yicld and the
stroesn parametors was a reflection of the narrow range
in yieldn. The best correlations occurred when thore
wae ample variation in yleld; when the range in yield
was limited, correlations were the poorest. This is

illustrated in figure 20, whero the abamolute value of



' +80p o

.60

Absolute

Value of sofF

Correlation’

Coefficient
r

.20

1 1
200 400 60C 8(

Range in Y.eld (kg/ha)

Pigure 20 Relation of Correlation Cuefficient r, and Range in Cc¢
Yield for Wet Season Experiments. Greater Spread in
Yield Resulted in Improved Correlation Statistics.
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r, the correlation statistic, has been graphed on the
ordinate and the range in yield has been plotted on
the aboissa. This has been done for cach of the three
experiments and for deep and shallow incorporations,
ie. for 6 pairs of values. The result is an excellent
correlation between the two parameters, with r = ,95,
Unfortunately, data cannot be combined and ana=-
lyzed across all three experiments or across incor-
poration types for a single experiment. In the former
case, yields vary greatly between experiments as a
result of factors other than stresa (ie., disease).
In the latter case, shallow and deep treatments create
markedly different rooting patterns which as a conse-
quence have different patterns of stress build up and
which together, nullify correlations. For example,
shallow treatments have relatively few roots at 30 cm
and therefore stress at this depth generally remains
low for these treatments and i{s not well correlated
with yield. Only stress at 15 c¢m on shallow treatments
provides a good correlation with yield. Stress at 30
Cm on deep treatments was woll correlated with yield
whereas streas at 15 cm was not well correlated. There-
fore, when deep and shallow treatments are combined
for yield-stress relatiouships, correlations are very

low.
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In spite of these difficulties, the following

conclusions may be draw: with respect to tho yield-

water-stress relationship in the wet seasoni

l.

3.

4.

The stress count parameters generally gave
better correlations with yield than did

ADS.

Yields were negatively correlated with soil-
water stress,

For Experiments I, II, and III, the best
correlation coefficients (r values) between
yield and the stress count parameters were
-.64, -.57, and -.77, respectively.
Quadratic regression models for yield and
the streas parameters gave best R? values of
.48, .31 and .61 for Experiments I - III,
respoectively. These are little improvement
over the linear case,

Different patterna of rooting have preclud-
ed the use of a single stress depth for both
deop and shallow incorporations. Moreover,
no single stress parameter (for threshold,
time and depth) could be singled out as
having universal application under the two
patterns of rooting and the uncontrolled

timing of water-short periods,
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6. Wet season correlation statistics are'lower '~

than similar dry season values. 2

7. Up to 59% of yield variability may be account- «
ed for by using water stress parameters alone
during the wet season. If stress parameters
are combined with other crop or soil measure-
ments into a 2-variable model, the explicative
power of the equations increase greatly. For
example, 86% of the yield variability in deep
treatments in Experiment I may be explained
using a linear combination of stress and pla@f;:,

height.

Yield - Water Response Functions

In the dry season, production increases of 1,2 ton/
ha can be attributed to increased water adequacy as mea-
sured by shortened irrigation intervals. For regularly
scheduled irrigation treatments, the yield - water re-
sponse function is presented in figure 21. Yields de-
creased by 38% as the irrigation interval was increased
from 3 to 7 to 14 days. The correlation between yield
and irrigation interval was significant at the .02 level.
For these treatments, yield was also significantly corre-
lated with water parameters such as amount of water
applied (r = .83), length of longest dry spell (r = .89), 

and various measures of soil-water stress.
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Figure 21 Yield of Shelled Corn (at 15.5% Moisture) versus Length of
: "' " Irrigation Interval for Regularly Scheduled Irrigation
*  Treatments. Dry Season, Brasilia, 1973.
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“In spite of varied patterns of irrigations to. Simu—
‘;late rainfalls, yields were relatively constant for all |
year-simulation treatments. Statistical measures of .
vield - water response functions were not significant“;;
when these treatments were analyzed alone. Therefore};ﬁ
these treatments have been combined with the regularly

scheduled treatments to provide data for the yield. -”’”“

water response function presented in figure 22.-~That,2;
figure relates yield from all dry season plots to mm off
water applied in the treatments, ie. before . the rains o
began. © A quadratic response function has . been,assumed};
This lmPlies: (1) yields decrease greatlY‘when waterzgfv
applications are;less than 450 mm; (2) under the estab-s
lished:fertility'constraints, no gain in yield may be ‘
eiexpected for water applications in excess of 840 mm.
;;The quadratic equation has- an: R2 of 64 and the parame-
”fter is’ statistically Significant. For the range 450»
;850 mm of water applied, a linear correlation was also
statistically SLgnificant w1th an R2 of - 58. Other

‘_»-*i

:1water parameters haVing sxgnificant,correlations w1th

)

 ‘yield included ET (xr = ..62) and var ous water stress

Wt .

*‘parameters. R

Although yield was well correlated w_th various

fmeasures of water adequacy the factor wlistcd below com-

fbine Uto limit‘full*expression of thefwater variable.'“l

‘"1ﬁHardﬂ ainswin late September}brought an early
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surface predicts that maximum yields occur at S days.
Relative yields decline from 1008 at 5 days to 968, 908
and 698 of the maximum at 7, B and 10 days, respective-
ly. Over this narrow dry-speil range, this responsae
surface would appear to provide a reasonable estimate

of yield reductions caused by veranicos.

Summary and Conclusjiona

l, Bansic soil-water-plant relationships were
similarly operative for simulated "rainfed®
and "arid irrigation® water management re-
gimes.

2. Although recovery from visual wilting wvas
practically i1mmediate following an irriga=
tion, treatments undergoing severe moisture
atress failed to use water in a nurmal manner
for three days aftesr the irrigation., FEvapos
tranepiration rates foy thode ticalienln were
only €&y of tycatmcnts hot stfcassed prior to
the irridation, MWatler exlraction patieFns
with depth indicated foul inactivaljon In the
top part uf the toul gZohe,

- ¥ield wao well vuriclated with soil-water
Stress ih the Jdiy acasoh, less &0 iA the wet
80480R, (offdldciuhs wote a8 high a6 -, 98 in

the dry season and =,77 1A the vet season,



4.

7.

s.
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For the fertility conatraints of the dry
season experiment, top yields in the absence
of water stress were estimated at 4.7 ton/ha,
Onea-half bar, or 60% soil-water depletion,
may be considered a critical level above
which yields are increasingly reduced.

A day of soil-water stress will result in
yield decreases of 32-55 kg/ha/day for the
range in water stress in the dry 3eason ex-
periment.

The impact of a stress was greater for year-
simulation than for reqularly scheduled treat-
ments, This suggests that an internal mech-
anism exiwstas, analogous to hardening, for
preparing a crop for repeated drought periods,
Dry season yields were wall correlated with
irrigation interval nnd amount of water
applied.

Wet season yields were only weakly affected
by veranicos of up to § days.



CHAPTER VI

CROP WATEL USE, WATER REQUIREMENTS, AND THE
POTENTIAL FOR DRY SEASON PRODUCTION

Introduction

Utilization of agronomic data requires base level
measurements of climatic and soil conditions under which
the crop was grown. These were presented in detail in
Chapters II and III. How a crop responds to the climate
ic variables has value in making results more generally
applicable. For agriculture in the developmental stages,
these data have value in planning for future development.

In this chapter, functional relationships will be
presented to relate evapotranmpiration to the various
climatic parameters measured during the growing season,
Data will be presented on crop water use, and an esti-
mate will be made of the water requirements for dry
season irrigated cropping, Lastly, the potential for
aropping in the dry versus the wet season will he dis-

cussed,

Rasulte

Crop Evapotranapiration and Climatic_Pactors
For the dry acason, field inscrumentation was ade-

quatzs to determine changes in soll-water storage., Using

1)
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equations presented in Chapter III, changes in storage
were separated into crop ET and internal drainage (deep
percolation). Because of the onset of the rainy season
it was impossible to accurately calculate ET usihg ten-
siometers and blocks after day 109.

To establish functional relationships between ET

and the meteorological parameters, dry seanon treatments
were divided into two groups:

1. Well watered treatments - Regularly scheduled
irrigation treatments with an irrigation inter-
val of 3 days, and treatments from a phosphor-
us experiment where the irrigation interval
was approximately 5 days and where soil-water
tensions at 15 cm never exceeded 1/2 bar;

2. Poorly watered troatments - Regularly scheduled
irrigation treatments with {rrigation intervals
of 7 or 14 dayn.

Por the poorly watered treatments, so.l-water conditions
rather than climatic ones exercised the dominant effect
upon ET. For these treatments, the correlations ot ET
with climatic factors were low and not significant, Con-
sequently, the following diacussion will focus on ET from
woll watorocd treatmants only,

For the pertod 36-108 days after planting, daily

values of FT were correlated with daily valuas of pan

evaporation, solar radiation, maximum temparature, mini-
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mum temperature, accumulated wind and average relative
humidity. Highly significant correlations were obtained
for ET and the following parameters: Maximum tempera-
ture (r = .,69), pan evaporation (r = .67), relative
humidity (r = -.50), minimum temperature (r = .48) and
solar radiation (r = .47). Correlation with wind was
lacking. Reqression models were run for ET and thesue
climatic factors. For a well watered, dry season corn
crop in the Brasilia area, the twe variable model, Crop
ET = ,505 max. temp.** ¢+ ,642 Pan Evap.** - 13.3, can

be used to predict ET.! The model has an R? coefficient
of .58 and a coefficient of variation of 29%, The addi-
tion of other variables did not markedly improve the
fic,

During the period from 36-69 days after planting,
plant height and crop cover increcased greatly. Marked
increasas occurred i{in ET. Progressive incroascs also
occurred {n maximum temperature, pan evaporation and
solar radiation, while decreases occurred in relative
humidity. These parallel changens, in ET and in the
weather, may posusibly void the genoral application of
the relationship for LT presented above. Therefore,
analyneu wore porformed for the period 70-108 days after

planting, during which the only climatic factcr showing

1 ¢ = Highly significant correlation at 0.0l level.
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an increase with time was maximum température.ggltéiﬁév;u“‘
during this period that ET was near the maximum. ﬁara-¢g5'
meters with highly significant correlations with ET wereﬂu
pan evaporation (r = .72), solar radiation (r_= .68),
relative humidity (r = ~.65) and maximum temperature
(r = .48); minimum temperature and wind were not signif- |
icant.! Crop ET may be determined from pan evaporation;,y"
and solar radiation using: R s
Crop ET = .527 Pan Evap™* + ,00628 Solar*fvff;vf*
.435. ' .
This equation has an R? of .57 and a coefficient of 
variation of 18%. Since solar radiation data normally
would not be available, the one variable model, R
Crop ET = ,77 Pan Evap** + 1.45,
has usefulness. This equation has an R? of .52 and a
coefficient of variation of 18,.,8%., Data from a <=la|‘343_1_§5;,_‘_2
pan may be used with this equation to predict crop ET for
a well watered crop in the period 70-108 days, (late veg-
etative to reproductive stage). For this period, the
best fit equation without the intercept term was:

Crop ET = .96 Pan Evap.

Correlation coefficients are equal to or better than.
those reported by Drinkwater and Janes (1957) who
correlated measured potential evapotranspiration of
Kentucky Bluegrass with climatic factors. In that
study, 7-day correlations gave the following results:
pan evaporation - r = ,68; solar radiation - r = .43;
average temperature - r = .40; insolation - r = .60.

]
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Coeff1c1ents in the two equations above are similar to S
‘\ . Lol
values reported by Tanner, (1967).;;»v

. 'Y‘ "

Statistical coeff1c1ents, T and R2 for the equa-

tions presented in this section may be considered good

from three standpoints. ' T | |

1;‘ These coefficients are for equations which
'relate ET and the climatic factors directly

-

- without use of formulas such as Penman s or
Thornthwaite s. Use of climatic data with
;Penman's equation to estimate evapotrarspira-
jktfon.would“have improved“the statistics. °
&%;!f'The calculation of ET was made indirectly ahd
o L:was based upon changes in soil-water storage
:.on inference from tensiometers and blocksl
3 3>Corre1ations were presented only for daily
- 1data. When data were grouped into 4, 7, 10
or 14 dayaintervals, correlation coefficients
N

improved. However, level of significance de-

clined-because;ofsfewer data points.

P '|

" .
CroprEvapotranspiration Requirements

The .ratio of crop ET to pan evaporation"for the dry

hH

’ﬁseason crop period of 36-108 days is presented in figure

¢25._ These data are for lo-day averages of pan evapora-'

“tion and crop ET from Well watered treatments. Since |

t

‘the ordinate is. dimen810n1ess, the graph reflects changes,
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.iﬁ{étop;ET'aé ihfluéhcéd by crop stage, but not weather.
"féak‘dailvaT,‘appfoximating evaporation from a class A
 7péﬁ-(7.5 mm/day) occurred during the crop period 65-100
days.' ’ This coincides with a 35-day period of rapid veg-
eﬁétiﬁé‘%ﬁd'rebroductive growth from three weeks before
tasseling to two weeks thereafter. After day 109, the
ratio ET to pan ‘evaporation was thought to diminish
rapidly ‘as' the plants entered the grain filling stage
and later senesced. This is indicated by the dashed
line. Since ET before 60 days is less than 75% of pan
evaporation, the figure suggests that droughts which
comé’ga:ly in the crop's development may not be as de-
trimehtal as drought after this period.! For a wet
seééon-crop, this implies that a droujht in October or
November may not be of great consequence.

- Total evapotranspiratzon was significantly corre-
laé;d‘§£th yield (r = .62) For a well watered, 150-

day corn‘crop, ET was estimated at 550 mm. Poorly

wateredltréatments used an estimated 470 mm over the

! The extent of root proliferation in a young crop is
~ naturally limited. Because of this, a young crop
“ ‘may be thought to be highly susceptible to drought.
- However, since the plant is still young it may have
roots which continue to grow toward the water. Al-
- so, the high capillary conductivity of the LVE soil
may permit ample flow of water to the limited root
system. In general, a young crop needs less water
"and is better able to rebound from drought than is
an older crop.
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150 day period.’

Seasonal Cropping Comparison

The wet season has been the time of traditional,

though limited, cropping in the area, bacause of thae

lack of precipitation in the dry season. But other ¢li=

matic factors also i{nfluence the suiltabillity of each

season for agricultural purposes, Data for some of

these are presented in table 2¢ which gives data for @&

S-month wet and 5-month day season. MNotable is, of

A requirement for 470-550 mm of water is not the de-
sign field water requirement but rathar the amount
required for evaporation and transpiration. Por ir-
rigation runs of 8 meters on this soil, average deep
percolation losses were approximataly 60V of ET.
Therefore, greater losses could be expected on long~
er runs. During the dry season, a certain proportion
of ET would be supplied by rains in Geptember and
October, which average 160 mm. The dry season field
water requirement, supplied through irrigations, was
estimated as follows:

ET 510 mm
Deep Percolation 300
Rains - 180

Dry Season Field Water Requirement ~ &J0 mm

The requirement for 630 mm of water is for a rather
efficient gravity system which is unlikely to be
duplicated in most gravity systemes. Further, thia
estimate does not include other types of system loss=-
es, eg. conveyance and application lossmer which also
may be considerable. M sprinkler type irrigation
system would be an alternative for keeping lossea to
a minimum. Proper management of that system would
be accomplished by frequent wettings of the shallow
root zone, minimizing lossco due to deep percolation,
Farmers in the necarby Ald«andrc Gusmdo project curr-
ently follow practices along these lines.
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Table 26 Climatie Data for a Comparison of
et ad Dry Cropping 6843008,

RO vende ¥ - Ha f ok

Precipitationim)’ 1262
Min. Temp. (*C)? 18.9
Max, Temp.(°ch? 2.4
Aver. Temp. 1°04d 2.9
Iasclation thes/day)? 5.4
Solar Radlavina

tgm=cal/on sday)’ 416 49?7
Pan Evaporatios

(om/3ay) ‘ $.39 5.78

R SR ———————

Sources of Data

' Long-ters averayes of monthly precipitation for the
Prasilia arsa. (Table 1),

? 30 years of record for Formosa. (Tabls )),

% 19073)-74 Data from the BES. (Table ¢).
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course, ths large difference Ih average precipitation,
Average tempcratures do not differ yreatlly, However,
Gry $es00n ninimun lompesaluios 1h Juhe ahd July may be
conpiamsally loved, aluwlhyg inltlal Ciop develupment
and delayliny saturily ol a dgy seasuh cfuf, Uy 83800
BLALIGE lembojalufcs viuld e too low for pollipation
ip CBFlals seholllve valletice uf pice,

Vegetative giowih Jurflifiy the wel S83M0N WaE COA~
siderabtly ahcad of Jiy scaboh giuwih. For esample, 3
COMpariai Of £o-3ay o1d plakls mot subjected 1O waler
SLIBEE Joveals thal wel scaduvf plahtle wele appfusimates
1y 70 on talles than diy secasus plants, This may be
ELTILUted 6 the cumblratich of Ccoul tempeiatuled
@arly is the dgy scasuhs and to higher pheephorud And
Pagnesius applicatiche In (he wel sdamch. Alsu, cloud)=
Ne8d durlng the wel #ca806 Bay have contlflibutled Lo In=-
greased plant cliuhgatlion, Tadselltsy I Lhe vel ac460N
was apjtuninately 10 days aheadad of tasscling Lh hnah»
styessed dfy scasiuh tfcalmonls,

Insolatiun is voneldesralily greates during the dry
SOABOR Lul solar fadiatian doees nol seflect this, due
perhaps to tho longer dayms during the wel acasoh,
Bhorter days dusring the dry scason may limit groduction
of certain day-longlh senaitive varleties, Fan evaporas
tion ia somevhatl greater during the dry season, This

is probably an advective effect most pronounced during
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Table 27 Yield of Bhulled Corn (at 19%,5%
Moisture) for a Comparison of
Wet and Dry Cropping Beasons at
the EEB, Braallls.

[
72=73 Wy } 4400
13 Dry 1 4266
73=74 Wt | 5417
. 43%)
N 2 2445
b

2= 140 N, 500 '30‘9 100 l)°¢ 47 Lime, 1n, B, Mo, ”l
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tween seanona, as reflected in yielda, were minor. Thia
confirms the reaulrs from the climatic analysis suggeat=

ing no Jimitation to irrigated production in the dry

viela Ei
Shelled ki
i |
(hg/ha) ."5%:3

Al
Sl

..
2

e
X £ 7

iy
5

'

.o
IR

11
Lejcrinetit

Plgure 26 Average viclds frum 3 Ex=
perimenta at the EED In the
et feacen 1933-%4, 1Inm
Each Eapctiment, Matlef Con=
ditione wefe Sinilar and
rg{;uur Cuotditione Jadenti=
cal,

S0ason. Other yield data from various eNpesriments at
the EEB auggestr that praduction potential is the dry
SCABBA 16 yfeatcs thanh LIk the wel seasuh., (Parsonal
COMMIRLECat lon with Ady da Silva,)l tata ik table 37 and
figure 76 show wet deason productios to be highly vari-

able and on Lhe average no better than production in the



144

dry season of 1973, in spite of superior fertility and
vater oonditiona in the wet season experiments.

Yield reductions in going from Bxperiment I to
Bxperiments !! and 11! are striking. Average yieldas
in Bxperiments !l and Il vere 808 and 45V respectively
of Experiment ! ylelds. This occurred in upite of iden-
tical conditions of sotls, fertility levels and water
treatments. The varlable production was not due to
weather factors fer se, but rather to disease and in-
sect problems which may have been climatologically
induced.’

It 1a not possible to conclude that the dry season
production potential is greater Lecause of highsr radi-
ation, pan evaporation or other climatic factors. How=
ever, one may cunclude that the incidence of uncontrolled
varisbles, including discass, insects and unexpected

drought, 1s greater during the wot season. Por this

' The lesson from a comparison of these qxgorlnonta ie
olear. To 4o an effective job of agricultural produc-
tion (or rescarch) (n a humid tropical climate, con-
siderable attention must be paid to the full comple-
ment of factors which go into the production process.
To focus simply on water or fartility practices alone
will by no moans 1noute high levels of production
especlially where uncuntiolled variablen are operative,
Purther, 1t may Lo speculated that dlacase and indects
will becoms more nerious problems am the reglon fe
MOr® intoneively cultivated, Currently, farmera on
the nearby Alexandre Guamdo project acknowledge a
preference for dry sesson production to avoid such
problems on vegetable crops.
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reason, the potential for irrigated production in the
dry season is greater thah for the wet season under

rainfed conditions.

Summacry and Conolusions

1, For the dry season, crop ET was highly sig-
nificantly correlated with climatic measure-
monts, in particular, pan evaporation, solar
raaiation, and relative humidity. Punctional
relationships were presented between crop ET
and the standard meteorological parameteras,

2. Crop ET was significantly correlated with
yield.

h 8 Peak crop water use occurred from three weeks
before tasseling to two weeks thereafter.

4. Dry meason evapotranspiration requirements
wore estimated at 470-%%50 pen,

5. Climatic data suggest no significant limita=
tione to irrigated production of most crops
itn the dry ascanon,

é. There waz no concluaive evidence that the dry
season crop production potential is greater
than the wet scason because of higher radia-
tion, pan evaporation, or other climatic fage
tors. lHowever, the incidence of uncontrolled

variables nruch as discases and i{nsects is
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greater in the wet season and consequently
the potential for crop production may be

considered greater in the dry season,



CHAPTER VII

EFFECTS OF DIFFERENTIAL DEPTHS OF LIMESTONE
INCORPORATIONS IN RELATION TO WATER TREATMENTS

Introduction

In Brasilia, Gonzales in NCSU, (1973) has reported
that deep incorporations (0-30 cm) of 4 tons of lime-
store/ha gave yield increases of up to 20% when compared
with shallow incorporations (0-15 cm). He showed that
deep incorporations nearly doubled the length of roots
pPer unit soil volume in the zone 15-30 cm when compared
with shallow incorporations. It would follow that the
more extensive root systems in the deep treatments would
permit more water and/or nutrient exploitation, and that
one or both of these was the direct cause for the supe-
riority of the deep incorporations.

The purpose of this chapter is to present experi-
mental results which pertain to differential depths of
limestone incorporation in relation to water treatments.
The effect of limestone incorporation depths in relation
to water utilization patterns will be discussed. Con-
clusions will be drawn as to the reasons for the observed

benefits from deep liming.

147
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- Results

Deep vs Shallow Incorporations>,}xx;%;ﬂ

In the dry season, the mean yieid‘fo£ d;;§w£fé$t¥:m_j

ments (3956 kg/ha) was nearly identical to the meah

R

yield from shallow treatments (4026 kg/ha). ééiifﬁé;€QJ3
information is helpful in explaining why résults aid

not show the benefits from the deep incorporation which‘:
had been demonstrated earlier by Gonzales and which wéré.
to be confirmed in the subsequent results from wét éeé-‘.
son water experiments. At the conclusion of the ekperi;
ment, soil samples from each plot were taken from depths:
of 0-22.5 cm and 22.5-45 cm. Since tensiometer and |
block placement gave water utilization from 0-22.5 cm

and 22.5-45 cm, these depths were selected for sampliné;‘
These depths did not correspond exactly with the nominﬁl
incorporation depths, but nevertheless analyses were ﬁ
expected to demonstrate the effectiveness of the incor-
poration treatments for creating differential rooting
environments. Samples were analyzed for pH, aluminum

and calcium + magnesium; the results are presented in
table 28. Results indicate virtually no differences be-
tween deep and shallow incorporations as measured by pH,l
aluminum, calcium + magnesium or percent aluminum satura-
tion. For some unexplained reason, the variation in

depth of incorporation of limestone which was desired



‘Table 28

Soil pH, Exchangeable Al, Exchangeable Ca + Mg
and Percentage Al Saturation for Unlimed Soil - .
and for Deep and Shallow Limestone Incorpora--
tions in the Dry Season 1973 Water Experiment.
2pth pH Exchangeable Exchangeable Al Saturatlon'
, Treatment (cm) ~ (in water 1:1) Al (meq/100g) ° Ca+Mg(meq/lOOg)“ (%) -
‘Not Lmed1 c0-15  CRiss o 1.14 6.35 77
- 15=30 } 4,61 - 1.09 0.31 f78~
- 2 ’,.J 30-45 - 4.69 - 0.91 0,22 ;81
Shallow? , . 0-32. 5 “5.23 . 0.33 2.37 ;12“
(0-15 cm- = ~22.5-45 - . 4.87 . .+ 0.70 0.96- <42
Incorporatlon) ; - - S v C o
_Deep? = . -0- ~22.5. - 5.20 _ . . 0.40 1.94 17:
(0-30 cm 22.5- 45 ce 4,90 7 T 1 0.71 0.93 {43
Incorporatlon) ’ - : : )

-

E

Sampled Prior to Plantlng in May 1973.

Sampled after Harvest in December 1973. e
Replacement with 1 N RC1l and titration with NaOH.
* Replacement with 1 N KCl and titration with EDTA.

6V T
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‘o"." "\'3‘-'\

fyield from deep 1imestone 1ncorporatxons.n,Y1e1d data

I

“fI and 11, and for all water treatments comblned ’hlghly

:Vf51gn1f1cant dlfferences were obtalned For Experlment
'III,‘ln which yields were severely”depressed by d;sease,

average y1e1d increases due to deep 1ncorporat10ns were

st111 51gnificant.

'i,

The direct effect ‘rom lncorporatlon dlfferences 1s

f‘reflected in 3011 test results glven in table 29._ Unllke

- rthe dry season, clear dlfferences between the 1ncorpora—

5-”tions were establlshed. Forwshallow 1ncorporatlons, per-

pﬁcent alumlnumisatnratlon \w1th depth were 4% 45%, and

QfESS%, whereas for deep 1ncorporatlons percent alumlnum
‘;{saturations werexmore nnrform, 26% 22%o(28% respectlve-
1;?1y These alumlnum saturatlons were si;ll hlgher than
bwade51red but’ s;mllar to what Soares*et al (1973) report,
{"for alumlnum neutralizatlon Onkéh:ﬁ(SOLl for a 4° ton/ha |
‘:fappllcatlonfof limestqne. For' shallow treatments, pH
Hand Ca + Mg were hlgher';n the zone 0-15 cm ‘than: for deep:
,5treatments., Belcw‘ldncm, tbe%deepvlncorporatlons showed‘f
“whigher values for pHvand;%ér“éa‘+ Mg.A_From these‘analy—f:

l
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Table 29 vield of Shelled Corn (at 15.5%
' Moisture) by Irrigation Treat-
ment for Wet Season 1973-74
Water Experiments

Yield (kg/ha)
AR R Limestone Incorporation

Irrigatlon Treatment Shallow Deep

P T

Exparlment I

4-Day 5067 6640

7-Day . : 4949 ‘ 6403

Not Irrlgated 4592 5961
Experlment IX |

4-Day 3757 5321

s 7=Day : - 4094 4947
Not Irrigated 3761 4830

Experiment III

4-Day 2623 2642
3 7-Day 2498 , 2621
Not Irrlgated 1976 2789
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‘7ses we may conclude the following-

Nominal incorporation types, deep and shallow,

” s‘;

re in fact achieved as evidenced by aiff-

erences 1n pH Ca + Mg and Al;

Q{;;mw The shallow incorporation treatment resulted

o in a’ very favorable rooting environment in
'the zone 0 15 cm and a very unfavorable en-
: vironment in the zone 15-45 cm. From a,
vchemical standeint the deep treatment re-
" sulted in a relatively uniform soil profile
to.45 cm. This uniformity would permit morej'
"uniform corn root exploration w1th 1ncreasing
-depth in the profile.

Root densities were not determined directly. Rather

fan indication of root act1v1ty was obtained by comparing

N
b

. 501l-water stress readings at 30 cm for the 2 depths of

-',*ncorporation. Average daily stress and stress count at

-30 cm are higher for deep incorporations than for shallow
ffincorporations which indicates that for deep incorpora-
;fttions more water is being removed from the 30 cm zone,
:f}this a result of an. active root zone in this region. In
"-fcontrast, shallow treatments ev1denced lower stress at

frfBO cm, hence less water being removed from this zone: and

~fﬁ;therefore less root activ1ty in that region.

ﬁThe soil test results present a strong and plausible

“?gplcture of the differential effects of ‘the incorporations;g
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They do not however explain why deep incorporations are
superior to shallow ones. Two hypotheses are proposed,
both associated with the larger crop root system of
deep incorporations:
1) Better utilization of soil-water, especially
when water is a limiting factor.
- 2) Better crop nutrition because of:

a) .. Increased utilization of soil nutrients
which are deeply located and associated
with more moist soil conditions. This
would be particularly true of nutrients
either supplied from the limestone it-
self, or for the mobile nutrients, N and
K, since these nutrients would be dis-

_tributed throughout the zone 0-45 cm.
Other nutrients, P, Zn, etc. were applied
after the limestone and were presumably

LS confined to the top 15 cm of the root
zone.

b) Decreased aluminum toxicity with depth.
Aluminum does more than simply restrict
rooting and general ionic uptake. High
-aluminum concentrations in plants have
been shown to have an adverse metabolic' -

-+effect on certain crops (Foy and Brown, -

1963). .. -
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The evidence from wet season Experiments I and II
negates the hypothesis of yield differences caused by
better water utilization as a result of deep incorpora-
tions. 1In 4-day irrigation treatments, soil-water ten-
sions were kept at approximately 0.2 bars for both deep
and shallow incorporations. In other words, water was
in no way limiting growth, and one cannot attribute the
1.6 ton/ha in yield increases from deep incorporations
to increased water availability. If deep incorporations
enabled better water utilization, that advantage would
have bezn equalized in 4-day treatments, and deep and
shallow incorporations would have had similar yields.
Yield differences between incorporations are relatively
constant for all irrigation treatments in Experiments I
and II. If improved water utilization was the result of
deep incorporations, poorly watered treatments should
show the best gains from deep incorporations; this was
not the case. Deep treatments made the largest gains
from increasing water availability. For example, in
~going from 8-day to 4-day water treatments in Experiment
I, deep treatments gained 679 kg/ha and shallow treat-
ments gained 475 kg/ha. In Experiment II, deep treat-
ments gained 491 kg/ha while shallow treatments yielded
approximately the same over all water treatments. Ap-

parently, deep,treagments«had a nutritional advantage
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exences between 4-day treatments in Experiment III, con-
clusions from that experiment should be subordinated to
results from I and II because of the disease problem
previously described.

To gain insight into crop nutritional status, ear
leaf sampling was made on all experiments at silking
stage, Analyses were performed for N, P, K, Ca, Mg, Na,
An, Mn, Fe, Cu, B, and Al for all experiments; S was
determined only for Experiment I. Mean concentrations
of these elements by incorporations are given in table
30.

Elemental concentrations have been compared with
similar data in Jones (1967) and Chapma: (1966). N, P,
K and Mg concentrations were on the low side; all other
elements analyzed appeared to be present in adequate but
not toxic amounts. Although leaf aluminum levels were
high to excessive (Jones, 1967) there is no evidence
that leaf aluminum had a detrimental effect upon yield.
Neither was leaf aluminum a cause for the differences
between deep and shallow incorporationc.

Correlations between ear leaf concentrations of
the elements and yield were run, but no correlations
were obtained which could be interpreted as cause and
effect between the elemental concentrations and yield.

In general, calcium and maanesium were neaativalv FrArva-



Table 30 Concentrations of Various Elements in the Corn Ear
Leaves at Silking for Two Depths of Incorporation
of Limestone and for Three Experiments, Wet Season

1973-74.

Element

N(%)

P (%)

K(%)
Ca(®%)

Mg (%)

K/ (Ca+Mg)
Na (ppm)
Zn (ppm)
Mn (ppm)
Fe (ppm)
Cu (ppm)

B (ppm)

Al (ppm)
S(5)
Yield(kg/ha)

Experiment I

Shallow

2.14
0.18
1.20
0.95
0.24
0.46
29
24
51
116
7.6
13
393
0.177
4728

DeeE

2.17
0.17
1.42
0.78
0.19
0.68

Experiment 1IX

Shallow

2.03
0.11
0.98
0.76
0.19
0.48
34
16
43
77
4.0
13
167

3843

Deep

2.10
0.11
1.01
0.63
0.16
0.65

Experiment IIIX

shallow

2.23
0.11
0.88
0.34
0.10
1.05
29
14

Deep

2.38
0.14

1
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Uptake and utilization of potassium have been shown
to be influenced by concentrations of calcium and mag-
nesium, and vice versa.' The ratio, (meq leaf K)/(meq
leaf Ca + meq leat Mg), was calculated and used as an
index to yicld. VFor Experiment I, this ratio is plott-
ed against yield in fiqure 27. The ratio was highly
significantly correlated with yield, but the scattering
of data points within incorporation types suggests that
other factors, not yet known, will ie required to ac-
count for yiecld differences between deep and shallow
incorporations.

In Experiment III, visual symptoms, confirmed by
test foliar applications of magnesium, revealed defici-
ency of this element in deep treatments but not in
shallow treatments. This may be explained by relatively
high concentrations of calcium and potassium in deep
treatments in this experiment which likely interfered
with magnesium nutrition in the plants. Although it is
possible that ionic imbalances may have been responsible
for observed yield differences between deep and shallow
incorporations, the evidence is not conclusive on this
matter.

Uptake of the mobile elements, nitrogen and potas-

! For a discussion of t“e subject of potassium inter-

actions with other cations see Chapters XVI and XVII
in Kilmer, et al. 1968,
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jFigure 27 Yield of Corn vs Ratio of Potassium to Calcium
Plus Magnesium, for Deep and Shallow Incorpora-=
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sium, was higher in deep treatments. This suggests
that deep treatments may have profited from a larger
root system which tapped nitrogen and potassium in the

zone 15-45 cm.!

Limestone Incorporations and Water Use with Depth

Deep and shallow limestone treatments from dry
season experiments showed no differences in patterns of
water utilization with depth. That the nominal incor-
poration treatments showed no differences is not surpri-
8ing in light of the soil test results. What is unusual
is the water extraction pattern itself, figure 28, which
shows that 84% of crop water use occurs from the top 45
cm of the profile. For corn on the LVE soil, on which
these experiments were conducted, effective water usc
is confined to the top 60 cm of the profile. This is

in marked contrast to water extraction patterns reported

Further work should be done, particularly with regard
to potassium and magnesium nutrition. Determinations
should be made of soil potassium and its distribution
in the soil profile. Since this element is very mo-
bile and likely to be leached from the root zone due
to its inability to be exchanged or fixed in this

s80il which has a low cation exchange capacity and an
absence of 2:1 clays, consideration should be given

to sidedressings of potassium as crop growth progress-
es.

It is further recommended that ear leaf sampling be
done three or more times during the growing season
to relate when ionic uptake occurred to plant growth.
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F:gure 28 Percentage Water Extractlon by Depth for Corn.on thej

LVE Soil, Dry Season, Brasilia. -
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fpr;cbrn,onusoilszwith;lequaluminumﬁsatgpgtign@nangsch-
bachgandaSomerhalderj(l97§{dineﬂepraska,gand;Russellgand,
Danielson,(1956)\in,Illinois,=report‘soil-water"util;zgfw
tion by corn.to a depth of 150 cm, or more. .. . . 34"
Since nominal incorporation treatments were not .in .
fact achieved, analysis of water extraction patterns was
made after separating treatments into two groups on the
basis of soil test results. The four treatments with
the:lowest percentage aluminum saturation from 22.5-45
cm were placed in one group, those four with the highest
percentage aluminum saturation were placed in a second
group.: rResults are presented in table 31.

[P ) N, i
Y “u .

Table: 31 Water Extraction with Depth for Two Groups
of Treatments Representing Low and High

wetoox oo o Percentage Aluminum Saturation from 22.5-
45 cm.

Water Extraction (%)

Depth (cm) Low Al Saturation High Al Saturation
0-22.5 57 52
22.5-45 28 32
45-75 9 , 10
75-105 6 6
Mean Al Saturation . ... 34% . . = .. .55%

(22.5-45 cm)

Thevcomparisongoffwatgrwextraction-patterns-for the two
groups reveals.-no.differences between the two groups ahd

‘no sﬁbstantial difference from the pattern of figure 28. -
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 i *‘?~A1though Gonzales, ‘in NCSU;i(1973}1ha958hown‘thatgufj
Av¥tﬁe‘effect of deep incorporation«bfilimewis&tovincrease:%;
- root proliferation with~dep£h~theté¢is:nofevidence:from@f_
Athe dry season data to support the conclusion that thedWQ'
“enlarged root system enabled the crop to change its |
pattern of water extraction. This however may be said
to conflict with visual evidence that plants grown on . ..
deep ‘limed soil will withstand wilting fbrr2-3‘days |
after wilting has occurred on shallow limed treatments. -
There can be little doubt that this is a water effect.
The ‘answer may be that small amounts of water, not suf-
ficient to change the overall pattern of water extrac-
tion, might be temporarily adequate to keep plants from
wilting. Further, the high capillafy conductivity val-
ues reported for this soil would act to minimize extrac-
tion pattern differences between treatments. Further
studies are recommended to aid in understanding this

apparent anomaly.

Summary and Conclusions

1. Deep incorporations of limestone (0-30 cm) out
yielded shallow incorporations (o-;sfcmypr»

1.6 ton/ha or 30% across all wétéf féééé&éﬁts.

ﬂziﬂﬂ“Water and nutritional hypotheses were:proposed

‘to account for differences between incorpora-:

‘tion types.


lfiore
Rectangle

lfiore
Rectangle

lfiore
Rectangle


ﬁ,3’

40

N

Qto nutrition. o

163

‘At«average SOil-water tensions of 0 2 bars inﬁf‘

=both incorporation types, yield differences :

between deep: and shallow incorporations were

tl,6vton/ha. At low SOil-water tenSions, this

is evidence to_negate‘thewhypotheSis that

yield differences were due‘to increased water
availability. Under more limiting soil-water
conditions, deep treatments would likely bene-

fit from the effect of a larger crop root

system and its ability ‘to extract water from

Lo

deeper depths. ) 3&,5

Soil-water extraction was effecéively confined

to the top 60 ¢m of the soil profile, with

almost 85% of the water use occurring from

the top 45 cm of the profile.

sDeep and shallow incorporation types had simi-

lar patterns of water extractiOn., Soil-water
extraction appeared to be - independent of per-
centage aluminum saturation. However, this is

not supported by Visual observations of wilting.

fAnalyses were reported for 13 elements in the

;Qcorn ear leaves in an effort to determine

Lo ,/

;fwhether yield differences could be attributed f

There is eVidence that deep liming had . a bene-‘

:"3ifficia1 nutritional effect especially in terms
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of potassxuﬁ}nutr t on.“~However‘ itgis’not

i

llkely that thls‘element alone w111 account

‘A"\',"i v

;*for obse;ved yield differences.:



‘CHAPTER VIII

'LACK OF : WATER CONTROL-AND: ITS EFFECT.. ON‘-~
: AGRICULTURAL PRODUCTION

.';

_Introductlon H

The questlon of prof1tab111ty of supplemental 1r-w
'rlgatlon 1n ralnfed enwlronnents has been studled by .
workers such as Asopa and Swanson (1969), Reutllnger and
Seagraves (1962) and Allen and Lambert (1971), among |
others. Their common approach is the use of historical
weather records in comblnatlon w1th crop production. re-
cords to assess the beneflts from the supplemental ir-
rlgatlon capablllty.. Unique to the Bra5111a 91tuat10n
ls the fact that a productlve agrlculture does not yet
GXISt 1n the reglon, yet the same question is being
asked. However, the question of supplemental 1rrlgatlon
is not 51mp1y, will it be profitable, but more impor-
tantly w11l it be required for agr1cu1tura1 development
of the reglon. ,

The research 1nformatlon presented in Chapters II
and III 'describes the critical importance .of -water for.
agricultural production in Central Brazil..thisyinfor—r
mation, together with results from Chapters.-V, .VI and.
VII provides understanding into the manner in which

vwater“affects*the-orOduction process. ‘The:purpose-of

165"
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‘hthis chapter 1s to put that research informatlon 1nto

f'ga.framework which Aan;b"”sefu'"in asse551ng the: need

;'?ifor 1rrlgatlon 1n Central Bra21l : The focus w111 be

offon determlning that need 1n the wet season, for 1f 1t

vf°f course be used and Wlll pay diV1dends in. the dry_‘nwi

'.season.A

-Methodology

Determlnatlon w111 be made of long term average o

e

y1e1d 1osses for corn 1n the absence of a functlonlng o
' and well managed 1rrlgatlon system. These losses, lessm

"'the cost of developlng and u31ng the water resource,

d[may be con81dered the beneflts from imoroved water man-'

»agement 1n the wet season._ ,

‘I'"Benefits from e © | Cost Of
- Improved Wet | _| Value of - Developing
Season Water Yield Losses And Using the
Management ' a Water Resource

"yFor two reasons, no attempt w111 be made to attach a Lo
-.A'monetary value to the elements of the. equatlon. . FJ.rst e

‘,Gthe losses/costs may be expected to vary greatly in_ time

The questlon of water avallabillty in the dry. season .
_ﬁ3\;w111 not be discussed in this dissertation. Pruntel
. (1975) has concluded that there is sufficient water
~ 7 to irrigate from 5 - 10% of the Federal District in:
"~ the dry season. .



167

“ilahd‘SPEéé;ﬁﬁSéééﬁdly,ﬁsbcialﬁcqéts“&nd benefits would
~nééd?t6*bé‘a§§essed'hhd‘reducea to’ like monhetary terms
fo;'inélhsibhiththé;équatibn.f”Theféfdre,ffhé‘require-

'«mehtbethhekdeverpédvWatér‘reSOurée*will*bE?gaged
~only in'terms of the predicted’ long'term ‘effects of
dﬁdﬁ&ﬁﬁé upon ‘yields, = - fue

The ‘probability: distribution Function' for the
pa;amétérﬂﬁlbdgesf?dryfspellj”preSéhted-ih Chapter II,
will be éombined with crop rgsﬁdhée data ‘from yield-
water'fééédh§e’fﬁﬁéfiohs;%déVéloped»in Chapter V, to
assess 'the need' for wet season’ irrigation in Central
Brazil. ’The'péfametét;?longeSt»dry spell, has been
used both for rainfall probabilty analysis and as the
basis ‘for triggering water ‘treatments ‘in Experiments
I - III. Thisfpdfaméte:fWaS‘thé4basis’fortthe treat-
ment différefices ‘and theréforeé ‘has actual physical
significance.

The use’ of ‘longest dry spell is a simplifying
approéchftd*afdiffféﬁltﬁpfoblgm,ﬁie;*how to deal with
various ‘cofibinations of dfbught~seVerity4éﬁd”duration
and their effect upon yield. This approach is not
‘without limitations-‘sincé possible“combinations of-
d:y;aﬁa wet spélls in a'five=month period‘are-almost
fgfihﬁfé{ “Dry~spell’effects upoﬁsaropé are “further
compllcatedby’the ‘following: ™! o «Awis b

) v&1§§fiimpacté*df%ary%peribaé areinét independent
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;#hevents;:‘Suppose'one“n-day‘dry«periodrmasﬁfv

oy followed by one wet. day and then by anothen

mrday dry- period. This- miqht be more dam-

e aglng than the two dry perlods more w1de1y Q

spaced. Such was: the case in 1970 7l.when o
there occurred dry spells of 13 and 16 days
separated only by 6 mm of. prec1pitatlon.l~
That year,. the corn crop at the. Experlment
Statlon was lost._; |

g.}; The effects of dry-day sequences .are, only

-,1nd1rectly related to crop yield through
Q@g;cso;lfwater stress_andgthence plantfwater_s;ﬁ
@ggggstress.v_But,vas was pointed out,inﬁchapterm

.mgv;gsoll-water;stress isinot;alwgyﬁ,a.goodrgy

s - index to water effects upon.yield.

3. _ Other atmospheric factors’ béside, rainfall®
" have not been considered.ﬁrFor'example,.
o 10=-day dry. spell under generally overcast

condltlons may not e as detrlmental as- -a’

j".< lo-day dry perlod’_hen radiant energy isw

higher.

-

4i: .The. relation in t1me between dry spell o
'%wg«~occurrences and crltical crop stage 1s of. X
' jg utmost 1mportance for a crop such as corn.gg

‘A dry spell of 10 days at- sllklng may .be:
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‘in the crop 8 growth or immediately prior

ooy

to harvest,

i
. 2 g . 4‘:
»Yield-Water Response Functions t

Results from the three wet season experiments have
been presented in figure 24. This is a generalized
response function in that it pools yield data from all
three experiments and from both deep and’ shallow in-
corporations. The dependent variable is relative yield
(the yield for a particular water treatment divided by
the best yield for that experiment and incorporation
type) Use of the dimenSionless parameter, relative
yield, can permit extrapolation of these results to a
wider range of soils, fertility levels, disease con—
ditions, etc. . These factors and others may vary great-
ly under different management practices and it is only
through a relative yield determination that the results
for water response reported herein may be more generally
applied Theﬁindependent,variable, longest dry spell,
was the 'irrigation criteria used in those experiments.

Thé'experimental data did not cover the full range
of yieldgresponse to increasing drought. Therefore,
possible extremes in the yield-water.response function
have been extrapolated in figure 29.

1. Response Surface 1 (RS-1) predicts that ther

will be no yield of corn after a l4-day



8o}

Relative 60[

100~

v

Response Surface 2

RY =

0 27 Days

96.43 + 1,53 Days -,J“

Yield
- (%)
S 40~
f « 1 Response Surface l
S P £ = 61.39 + 14.67
N Days - 1.39
- Days
10 285
g ; ‘Longest Dry Spell (Days) @

Flgure 29 Relative Yleld of Corn vs Longest Dry Spell.

Response Sur-3

_ : £ ‘faces 1l and 2 Represent Low and High Yield Models for the
j = Effect of Dry Spells. Upon Yield.

0L
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%aigviaiidfdﬁéhtsw(MaXimum impact:model) -
2. Response Surface 2 (RS-2) predicts that there
rrw C-willobe no.yield of corn after a 22-day
» 'drought. (Minimum impact model)

#:IR8=1 was: drawn from data from all three experiments
aﬁdwincorporation types- fitted to a 2nd degreeipolynomi-
nal. Experimental -data beyond an 8~-day drought are
lacking;ﬁthesldrday;‘zefo vield prediction is a projec-
tion~of the curve.to more severe drought conditions. -
Since: there:were yields for l4-day treatments during
the:dry season,:one may conclude that RS-1 overestimates
yield losses.: -

RS-2 was drawn from data from the same experiments
together with the condition that only after a 22~day
dryfsgellewill_yieldS*be’so;adversely affected by the '
lack of rain that the crop will be lost. This condi-
tion is based upon actual crop data and weather records
for'1968-69. Since the 1968-69 crop may have been lost
before the full 22 days elapsed, RS-2 represents a con-
servative estimate of losses due to lack of rain.! The
two response surfaces therefore bracket the range in

Ccrop. response to drought for corn which will be likely.

y o

ﬂj A 22-day drought immediately prior to harvest will

not have the impact that the same length of dry
spell will have earlier in the crop. On the other
hand, it has been pointed out that two dry spells
. of durations shorter than 22 days can also result _
"~ in no yield. o



B under Cerrado conditions and erratic rainfall distribu--'ﬁl'l‘

" tions. |
A comparison:of yield projections from’RS;2;withl:‘
'('texperimental results from the dry. season- reveals that
7: days,without rain will- be. associated with an relativef;
””'yield ofq84%-1n,the dry;seasonwand*94% incthe~wet'searﬁn
" son. Fourteen days: without rain leadsftoﬁaﬁrelative e
-yield of 73% in the dry season and 65%xin?the wet. o4
‘Thus,‘dry»season results overestimate*yield:reductions:;
for short. droughts and underestimate losses . for .longer:
'droughts.. Crop -adaptation. to repeated l4~day droughts.
. during the dry season may explain why losseS'were notl,

greater in the'dry-season.

Probability Distribution Function for. -the Longest. Dry;::

Spell . ‘ e . e
.. “The probability‘distribntion~function for -the:
10ngestVdryvspell,waszpresented in Chapter II. - Briefly:
: stated, each of the 42 years of record was characterized
vby a szngle longest dry spell. Results were presented -
r}in‘histogram form‘and‘a»smoothrcurve was drawn using .
“theﬁlog-normal probability~distribution function (figdre'

‘}4). Thi.s distribution function has been used to predict

rthe likelihood that 1n any given wet season the longest
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estfdryaspell will be 14 days or longer. Cumulative
data for longest dry spell probabilitles were glven 1n
table 5, ‘ Sad H

Long Term Wet Season Yield Losses of Corn in the Abseﬁce

of Improved Water Control

To determine expectedflongftefmeWEt season yield'
losses, probability data for expefiencing a dry ebell
of length n have been combined with production function
data describing the effect upon yield of that n-day dry
: speil. The method of calculating long term yield loss-
thééfis indicated in tabie‘32. ‘Results reveal that, for
Lthe minimum impact projection, long term wet season
'ylelds will average only 54% of yields had precipitation
tbeen well distributed, or water not otherwise limiting
jdte'to a fﬁnctioning and well managed irrigation system.
Sih other words, with well managed irrigation, these data
woﬁid indicate that long term wet season corn yields in
: ;the Cerrado would nearly double. For the maximim im~
foect projection, long term average yields'are estimeted
tat only one quarter of poSeible yields.

It is important-to‘hotevthat these production func-

tion data were obtained from field research conducted
fatfthe local experiment station. To what extent are
fthese data applicable to the local farmer and to develop-

ﬁment in the region? 0On the 'positive side one may note



L $a§13732r'Daﬁé;for3ga1cu1atid§ Long-Term Yield Losses for Corn in the- Cerrado.

- Longest. - Probability ' Maximum Impact Model - __Minimum Impact Model:=
~ Dry ‘of Longest: 7 _Relative Yield = - - Relative Yield -
Spell = Dry Spell!l Yield? Component" - Yield? . Component®
‘(days) - . : (%) (% - . (%) (%)

4 .00078 ) 97.83 0.07643" 98,25 0.07676.
5 ©.00396 99.99 0.39659 . °97.36  0.38619_
6 .01152 . 99,37 1.14521 - 95.93 1.10565:
STy B .02364 . 95.97 2.26958 . 93,97 ©2.22230°
I .03849 ~ 89.79 3.45616 91.46 . 3.52064 -
cole T .05328 . 80.83 4.30707 = 88.42 4.71158-
10 = - .06560 © 69.09 4.53256 84.83 : 5.56575"
o1y .07401 54.57 4.03202 80.71 .~ 5.97439 .
S12 .07813 . 37.27 2.91207 76.05 © 5.94285"
S I .07834 . 17.19 1.34668 70.86 " 5.55137"
14 : .07542 - . —_— 65.12 . 4.91243
s - .07032 - . . o 58.85 4.13868
- 16 .0638¢ - - - 24.48 52,03 - 3.32468
17 e .05683 R - S S . 44.68 2.53998
o 18 .04971 . - L 36.79 . 1.82925
19T . 04287 R - ST 9 ¥ 1.21632
Ce200 e .03655 - - . O T 99.40 0.70929
2l et 0 .03087 0 o o e I R . 9.89 - 0.30562
2200 -02587 - @ o o o= Tk 0.14 ==
23 G, 02134 ! S 54.03

from}Loé-Ndrmal probability_diééributibn. See figu?e 4.
l4-day, zero yield projection. See RS-1, figure 29. -
- 22-day, zero yield projection. See RS-2, figure 29,

- (Relative Yield) x (Probability of Longest Dry Spell).

BN -~

LT
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- that’soils and i?éii"xhate*ff‘éi?é;if'feﬁ’feéent‘aﬂvé‘Ifo'f"a'fniﬁéh' larg-
: eriarea. However, on thé?Ekpériment*Stiﬁion; inputs i
préﬁéﬁly?ﬁeféfgrééﬁér~andfmaﬁageﬁent:ﬁbréﬁintenSiVé than
can beiekpécted inthe initial stage: of regional farm
develdpment. ' ‘While it is difficult ’to’say whether the
~ same ‘percentage yieldfreducﬁidn”will'dégur}fthé absolute
yield“reduction probably will'be less since the farmez
is iikély*toibe'operaﬁiﬁéftha“lower‘réspdnse=surfacé.~
Therefore, he may'be less able to economically justify
the'development of an irrigation capability for the-wet
sé&één”ﬁhaﬁidété from the experiment station would indi-
cate. ‘ However, if farmers go to high investment crops,
the unStéble production conditions caused by the erratic
rainfall distribution will place an even higher premium
6n itrigation. Further, it should not be forgotten that
dry season production benefits - from irrigation would be
over and‘ above' those mentioned for the wet season.

R

General Implications for Agricultural Development

v Phe impact of these potential yield losses on in-
tensive agricultural development is underlined when:one
cpnéidérs“that‘intensive farming on the Cerrado will -
néver be inexpensive. Intensive production' under ‘con-
ditidns ‘of low native fertility will require-large <
.Cgﬁiﬁélfinputs'for fertilizer alpneifﬁIfﬂiéiﬁhe‘inabili-

"ty to"repay these inputs in the' face of ‘widely<fluctua=



f;prosperous and :stable, agriculture.»ﬂﬁn,ﬁ;

Fdﬁgz In spite of .the .prospect for instability of agri-,:‘
"cultural production, Amproved water: management Will

‘inot he adopted unless policy: dictates.or motivation

:;occurs; Policy options may: include subsidization of
‘fwater development, crop pricing policies and tax- in-<w¥k
‘scentives, among others. Motivation canaoccurfonlyqigd@,

- the farmer sees and can realize.the benefits fromge@gig{.‘
hayving a developed water resource., -This is. not likely"
,nto occur. unless a significant change occurs:.in. the lo=. .
ycal crop production system, ie. adoption of new varie-f
‘ties/crops and/or changes. in .the existing, cropping
pattern. . v it |
w1 For the small subsistence farmer who has always,
,bégfétédQQprﬁ~§18kr§Vpidance»response_surface,,this%\ﬁi
may meanma;shiftmﬁromAexclusive production of .tradi- . .
’tional,crops.such as corn, rice,'beans and mandioca,

to a system which includes production of some. Crops...,.. -
‘for market, together with'puéﬁzzse of fertilizers, and
'_crop -insurance against losses from lack of water, . ins
‘sects ‘and. disease. An extreme example would be that
iportion of the Alexandre Gusmao project. which 18 almost

_entirely market. oriented, with heavy reliance on. fer-~-

'}tilizers and intensive management. Under that type ofw

ﬂproduction system, improved water management was per--fé


http:water,,.in
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'L¢§i&ea?asganné¢essity;lf‘
. Since Cerrado. land . is cheap, easily nk hanizeable,
idand subject to speculative pressures, it 1s~likely~that
iiincreasing investments will ‘be made by large investors.@
ffOther than discouraging initial lnvestment the water7<
:Vconstraint may not be 2 .s critical to this type of de-}‘
3ve10per., If investment in agriculture mnd production;
‘lﬂ made mandatory by government policy (as opposed to .
.51mply investing in the land},’large investors may be
able to‘cope with bad water years by development of
the water rcsources, by mixed cattle and crop produc- .
tion: systems, or simply through benefits of size. such .
as reliance upon capital reserves. . Additional encour- .
'agement for investment should stem £rom the fact. that .
.even if agricultural profits ‘do not fully materialize,
the profits:from:land,speculation mayvbe,large,hyu-ﬂﬂ<
a:%uGivenwthegfavorable economic climateaforgproduction
of foodstuffsu>together‘with7thevimpetus'formdevelopment

caused :by the new capital;city,nchangeS‘in the existing

‘Conistruction of the water delivery system for the
Gusmdo project was made only after that project
was faltering from failure to 1ntegrate water as-
pects into the agronomic system. In an effort to
serve a contiguous project area, water for that
project is stored behind a small dam and trans-
ported in 37 km of earth canals. Lower cost water
systems serv1ng individual farm units are presently
- operative in the Brasilia area. Similar systems
may be encouraged by proper government incentives
and expertise.
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fagricultural structure of the- region, ito'include: in—u

:creased water development, are by ‘No..means- remote.\:

jSummary ‘and Conclusions:

| YA general:zed yield-water response function was.
mdeveloped on,the~basis of*experimentalsresults»and;the:
prediction“Of noiyieldiofPCorn~afterwzzpsuccessive;anf@
days?withoutﬁrain.xiThemcombination of thistresponseg';
gfunction%with?metﬁseasonirainfall*probabilitieswforﬁnf’
'/n successive days: without rain predicts- long term:av=-:
lterage yields of only .54% -of possible yields given' the :
capability to: irrigate during the wet season. In-othe:
ords, Wlth irrigation, long texrm: average wet - season:

production of ‘corn’ would: nearly double. :}.; worl ﬁamqu

Vs

< Phe: need for. ‘improved water: control Wlll become
‘:increasingly~apparent as farmers moveaawaymfrom trar,aj
‘diticnal crops and toward new cropping systems.:’ Then,
*improved'water control may be required“if yields*are‘“
~to be stabilized and costly fertilizer inputs repaid.

Benefits from an irrigation capability in the dry

ﬁfseason would be in addition to those mentioned above.:,



- CHAPTER' IX' |
. MANAGEMENT: OPTIONS> AND: RESEARCH NEEDS '

lntroduction'~'

Earlier chapters have described climatic and soil
conditions and crop response which make water a limiting
factor in the agricultural production system in Brazil's
Central Plateau. The ‘water constraint upon development
sexistsﬁnotfonly for the dry season, but for the wet sea-
jsonres well. From a practical standpoint, the figures
:pteSented in Chapter Iltfor expected number of multiple
wet season dry -spells are perhaps the most revealing in
ﬁtefms"of*their‘qualitative relationship to risk and
.eéfioﬁlturel»development in the Cerrado. Long wet sea-
fsoﬁ'dry'spellsfobviously will have an adverse effect
fﬁpon?orop%production and investment. Knowing that one
fméy éxpect an‘lB—dayldrytspell;~or~longer,ﬁz years in..
J7>shou1d .raise questions in 'the mind of the planner, the
iinvestor ‘or-the farmer who: contemplates agricultural
;development of the’ Cerrado.» ‘Under these erratic rain-
7fa11 distributions, will intensive agriculture be too:
:risuy to’warrant the: investment? ‘What can'be:done -to:
;mnnimize the risk? This chapter has as its objective:

fthe‘ xploration of management options whichsminimize i

179
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5£iék;and which deal with the water problems as théy,ékéf'
”iét in the area. Soil and crop management practices to
,minimize the potential effect of the wet season droughff'
~hazard will be discussgd; In addition, speqiﬁégﬁggﬁgg‘

,séarchsneedshwiligbegidgntiﬁiedag;

The Problem:

... “.What is;thg;watergprobiem?ngrieflyxstatedgitﬁié@
-as:-follows: for many crops .such. as corn robtinggis,rags
limited by concentrations of aluminum to the top;45,cm# |
of soil. Water and nutrient uptake must therefore oC-...
‘cur;from a shallow zone of soil. The available water ..
storage in these soils is less than for similar.textu:gd
temperate.zone soils. - From May until September there ...
is no:rainfall. . Wet season rainfall is erratic and re-
searchrindicates thet two weeks or more without rain .
 during the cropping season is not uncommon. Yields will
rvary greatly from one year to the next. Low native. soil
fertility and soaring fertilizer prices will mean * aﬁy
agricultural development will be costly. Bécause_a,..
year-to-year variation in rainfall, together with re-
stricted rooting regimes and limited water supplying
capacity of the soils, it may be difficult to racover' .
costs in the absence of improved water management prac-
tices.

Two general approaches are proposed to minimize the
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;probieﬁféfatediabove:i:Theséhmay'be“termed“"SOildmanage-
fment options" and: “crop management options". respective=-:
'ly.vlThe former: will include irrigation, liming; and:-
‘rertilityﬂmanagement practicea.;nThenlatter includes . !
gonfionS%nsfto crop»selection; variety"selection;‘plant:g
;ingéonréoﬁand*cropping:aequencea;uv

'Soil?M anagement Options

'Irrigation

Probably the:most obvious solution to lack of:water
for cropping is to provide it through irrigation. :Pre--
vious research has shown that-even a single irrigation
VGnEIng‘fhé wet: season can spell the difference- between;..
:someLYield‘and.crop failure., This has already been: :; .-
~rocognized in practice in the Brasilia area. - On.the . -
Experiment Station, a low-cost gravity irrigation .sys-
tem has been constructed and it is used regularly both.
in the dry and-the net seasons to provide water for
cropping. Two of the more successful agricultural op-
eraliions in the area; the Alexandre Guamido project and
the Fazenda San Antonio (John Bateman) have irrigation
systems which are used year-round. It may be noted
that the Bateman system was constructed at a cost esti-
mated by the author at $50 per hectare.

Irrigation, in conjunction with improved fertiliry

practices, could be a solution to promote ragional.
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;agl?cultural development " over:a: widefarea offCentral
?Brazil.i Slopes are:conducive.to irrigated cropping and
”erosion generally'is:not~a:problem. nHowever,wtheahighui¢'
iinfiltration rates of ‘the .soils will: ‘make :losses-in .
ffgravity.irrigation systems extremelyahigh. Although
;there is little concern.now:for: over-irrigation,v-»ex- -
icept as it causes nutrient and top soil losses, - in ,""

‘time water supply will be a 1imiting esource and one

wmust recommend against gravity systems. A sprinkler“

f ystem is viewed as thebest:irrigation: alternative at

}the¢present time,: oo ii'b“fwwkﬁ'wénf;_gg'

‘ﬂfxEven during the dry. season,: water sup@ly is ade- by
jquate to: support significant cropping. Pruntel (1975)
;has estimated that from'.5-10%:0f the Federal District
;could”be‘irrigated in the dryaseaeon;withvconstructionm
of- amall impoundments to store the water.: This might
lead to a type of development of farm unitsvhaving both
intensively cultivated portions,on-good.slopesfand:m
proximate to the source of water, together with.more-- .
extensive cattle type operations on other parts of -the .
property. Research might now be initiated on ‘the via-
bility of this approach as a prototype to Cerrado de-
velopment. Such research would include technological,
economic and sociological components.

Traditionally, Brazilian farmers have not practiced

irrigation, and it is not only the resources and hard-.
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jware\which may limit adoption of the‘irrigationrprac- i
]tice,ﬂbut education and training»as‘well. In;thevnearir.
futurenit is unlikelyrthat irrigation will-be :the ‘sole:".
answeritovsolvinguCentral Brazil's water problems un=-:::
léésﬂsﬂbstantialvinVQStments“are made in influencing: . .
people ‘to want the:water’ and in training them to:use: '
it intelligently;ﬁﬁThis*has“beeniahOWn to be:~a-diffi=. -
cult’ proposition evén in areas having:a:long: histoxy:: -

. of'reliance uponfifrigationils“wh¥ A R R I A S

fnimingiﬁaﬁﬁguﬁ ?ﬂfaggufv<~ o S fuzni,. T
fﬁimingQWiIl:hevahﬁintegraltpartuofwany'intensive
,ctdp«produdtion system in Central Brazil. Liming these
sQiIé?ti*in'eSSence, a golil ‘reclamation process neces-
‘saryﬂ%ofwredubing aluminum concentrations to levels
WhiCH~will~permit;growth5df crops sensitive to the -
aluminum, - - ‘
zv=r??e*-«’%':tf:.ii’i~I."i'.'me‘ssi:one deposits are widely distributed on the
_ Central Plateau. The material is available in Brasilia
at‘a‘cost of less than $10 per ton. Applications Of 5
}~t6n/ha have been shown to correct the aluminum problem
‘iindthat immediate area. Preliminary data (Gonzales,
""personal communication) suggest that maintenance appli-
f cations will be required with intensive cropping.

During drought, it is likely that some but not all

'of the benefits from deep limestone incorporations may
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!bexattributod to hetter water availability.x Rooting,.

{of¢crops suoh as corn,Lsoybeans and cotton has been
;shown todreﬁlect depth :of 'incorporation: of»the liming,
3materia1 **** L Crops grown on:deep limed soil:will w1th-:§An'r
fstandnwiltingglonger-than cropsAgrown,onbshallow%limeduh--
~soil. Evenéunder-excellent soil moisture conditions,}wqfi
a yield adVantage of 1.6 ton/ha was obfained £ corn 55[
ffrom deep 1ncorporations. .This is strong argument for. -
ithe practicns of deep plow1ng and rotovation even: where.
'power is co%tly.' Limestone applied and simply disced |
~into the topsoil will lead to a surficial concentration
:of roots which .may - accentuate problems of nutrition -

: and/or water., .a’ RS e e e e e
»Infterms of ;the: regional development process: the .
5problems~of liming are twofold. First, there are lo- .
'gistic problems involved in exploiting and distributing.
the liming mnterial Second, there are problems in .., . .
_proper.use oi the material with power practices designed
Jformdeep incorporations; This is a. problem which may
,nbefmet;with institutional arrangements such as govern- .
“ment sponsored motor pools providing equipment for hire.
Suchsan:agency is.currently operational in,thegrederal;

DiétriCt. : s o S R L .l?’5%',13’.:‘\;;“1.'-7_'5:':? |

Fertility Management Practices Lt bﬂguyq«

. The fact that soils of the Central Plateau;will T
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phosphoris, ‘means that a sucdessful agriculture in’the v
regiSﬁﬁﬁiiiﬂféQﬁiré7inéﬁfahéé’againsﬁ’crbpffailuré from'
1aéié"56f"'£‘vé’£ér" and from the subsequent inability to'pay'™
badﬁifeféilliéf investments. A réduction in the‘crop =
i?édﬁf;éﬁént‘foi fertilizers will mean a similar reduc< "'
 £ion in the necessity for the water component as an' '’
insurance factor. This concept is a shift from inten=:"-:
sive agriculture requiring costly inputs to-an agricul-
ture less dependent upon outside inputs. For the
1Brésilia area it would appear that farmers are moving
‘away from the low input type of operation and towards.
intensification of inputs,

"“"Even with this trend efforts can be directed to
‘ reéﬁéiﬁé’ferfilizer requirements. For example, more
efficient placement of phosphorus in combined kand and
brbaééaSt'applications’can reduce phosphorus fixation
and permit crop uptake of phosphorus even when drought
ma&iihactivate'portions of the root zone. More effic- -
'iéﬁﬁ‘uéé of all fertilizers should be studied and re-
commendations made as to sources, placement and amounts
of fertilizer material and timing of preferred fertili=

ty practices.

" Wet Land Utilization

' In many areas of ﬁhé‘Céfriﬁbfﬁfﬁbhfiiﬁdfareas’of*f".
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'seepage -and/or perennial wetness occur.  These.areas,

TRuban
‘are. often on.black soils, (Aquox) which maYha"e““‘e"hat .
better chemical properties than the well drained more .
extensive Oxisols of the area., In locations where thf;;' 
ocCu:,Athese areas may be thought_ofaas'centralvtdvthgwjg:‘
development of farm units since one may;expect‘prqgucjh*g}
tion on these soils well into the dry season. One

i
L

aspecf.of futuren:esea:ch might focus upon production .

.,‘systéms;for;thesensgi;s.,;‘r it

- Crop Management-thionsggg'p;wﬁﬁh,ﬁfgaﬁ]F[

Crop felection

AN LTI SR
N BT

Certain crops are able to withg@aﬁé gdgégggﬁggﬁqgug
and/or aluminum conditiqns,,andkcan_prodgcq_wéi;;gnder
low native soil fertility.vvgfforts shoﬁld}be‘dirgctgd‘-
to; encouraging the introduction of crops which fit‘into4
these categories and which are economically accgptable.w

Crops such as~mangosrand,mandioca‘(cassava)ware b
- examples of crops which produce well where others,will,,
not. - Brachiaria is a grass wlhich remains green longer
into the dry season than do.traditional forages of ;hg_x
area. Research efforts should be directed to under- .
‘standing why these crops and others are well adapteq toJ
Cerrado conditions. Such basic understanding could be
of value in presenting breeders with plant "design

characteristics" basic to the success of other species.
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: Varietal‘irselectidﬂ‘ifﬁ‘ﬁff "Q"?i‘;,"‘;"?i‘ ’-/v-,?*«",ée‘v M,“'- SECEINE P J,fab'-fu;"',j’-h'.rr VR R “-1.4."& .

RGNS

‘f'mAs'withééfdp{éélé?ﬁioﬁé}thé@péoblemnis,onex§f}de¢gpw
‘,Qélopingvvarietiéégwhiéhabanfﬁiﬁhéﬁandydrou§htyyroot«Uﬁnw
a wéu under;high aluninum concentrations, and which can. -
prdduceﬂwell~underAthezlow@nativé=soil'fertility-cdndi-
,-tions:~ This 'is: an area where much interest and research:
j’ is cur:ently,underﬁay and breedersfin,many_parts_of,the;ﬂ
;world are::looking -into each.of these areas. S
Z\In.terms-of drought tolerance deeper rooted varie-
f ties would appear to have an advantage. Even if root .. -
'systamS‘are not particularly proliferous at depth, a
few dispersed ropté:may'be:ofﬂconsiderable advantage,
in view of the high capillary: conductivities reported. ..
’fbt,the Brasilia;Oxiéol;:
| »:'Length of time to maturity is a second crop cri-
‘teriaewhich‘can begrelaﬁed'to-drought tolerance. It
' was pointed outwthatgfhe variety of corn used in the.
experiments was -long to maturity (140 days) and lacked -
uniformity in its reproductive habits, ie. tasseling
andmsilﬁing occurred over a long period. These are
'qualities which permit that corn variety to be rela-- - .
tively tolerant to water stress and to produce some. -
grain%yield even under drought conditions. However,
in terms of year-round cropping delay in maturity is .. -
in essence a loss. This is particularly true in tropi-.

cal and sub-tropical climates where possibilities exist.
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F”}for more complete use of . the environment. If*adequatehwﬂ

tfwater control -canitbe: assured afvariety oftshorter du-t:
fﬂration .would:be- recommended.'*lf initthe: long run irri-
flgation is’' developed and: agricultural ‘water supplies: ;vhm*'
Eobecome»limiting, the picture may again change. - Al-tvﬁwf
though crop maturity may be delayed by early lack of "
" water, this may be an acceptable alternative ifmotherwgﬁli
priority alloeationsfarextoxbeumaderfor thekwateng\ﬁi@ué‘5

;;Plantlng Dates ‘wﬁixaavﬁg Qb(ﬁ%ﬁﬁ‘ﬁﬁ ;uﬁggﬁ‘uingpﬁmifll

‘Results of the" climatic analyses'indlcatesthat in
most'years'wet,season»droughts;will&affect'yleldSwof=;
:}menyfcrops. Management*practiceSvsuch as an early °
- planting date should be chosen to take advantage of
likely rains in November and December and to minimize
the potential effect of the wet season drought hnzard, X

which can ocour with regularity after late December. |
For example, corn might be planted as early as possible
in September or October so that in late December the
crop was in ‘the lete grain filling stages rather than
at tasseling. If good moisture conditions exist early :
in the season, it would be advisable to plant an early.
. maturing variety with a view to double cropping. As
pointed out above, a problem with earlier varieties is
that these tend to have a shorter and more time-specific

reproductive period which would make these varieties



 more susceptibleto ‘drought’ should it occur.: However, ..
fﬁ;iiﬁéfdéﬁégfaffdfouéht‘frbm1mid%N€§emB§rﬁ£odlatewfﬂl?K%
-;,Dédémset'énd éoinciding with’réprdducfibnfaﬁdxgrainidmv;e
"fiiifﬁgﬁiﬁLéafly corn‘'varieties 'has been shown to be
unusually low. And as will be pointed out in the next: .
sectf&ﬁ,Tthe'drought insurance is the second crop. = .
~ A”Becond: possible option for corn is a delayed . . ~i:
| prantiﬁb*aates'fbr'examplé;blatééNovember, so that
}likelyfﬁefanicos-in'latetDécember>and‘January wouldwaa'
come ‘while the crop was still in the period of vegeta-
tive growth. Dropght”atfthis stage might not be-as’ . : :
injurious as a drought on‘the crop at a more critical:
stage. A delayed déte?oﬁ?plénting.should take :iinto. -
consideration bthér?iikelyfdryfperiods‘in‘late March.: .

- as.‘the dry season approaches’.”

Cropping Sequences

Certain sequences of crops such as' corn followed
by beans or sorghum are logical from the standpoint of
more fully utilizing the rainy season. Both beans and
sorghum are short crops and might be planted in February
and harvested in May. Sorghum is accepted as a drought.
tolerant species. It is also quite susceptible to
aluminum toxicity. Research on sorghum varieties less
sensitive to the aluminum is in progress in Brazil and

results may offer promise. If short varieties of tropi-
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”cal,soybeans cancbe. developed which,areslessnaffected

Aby photoperiodicity,,these might also fit in to.a; de-?'ftm

‘sirable icropping: sequence.; @;gwyﬁﬁkgﬁﬁﬁium ?ﬁr’@h,mgﬁg,
‘ If’ Earlier:maturing varieties have the advantage of .
permitting ‘double or -triple .cropping. :One advantage n,ih
'is that with two or more crops:grown sequentially the
;1ikelihood of totaltcropvfailure;fromidrought;is,re:
1duced. ;A-variation-on: this. wouldrbe to:, have .several ..
;staggered ‘planting: dates of a- Single crop to obtain

?the same end. : A second advantage of:. two. crops is; that.
fertilizer additions, particularly nitrogen and potas-v;,

‘sium might be more fully- recovered if- provision is: made

ifor farming the same: land.: Perhaps the principle ad-.
ivantage in shorter varieties -and. multiple*crOpping is;.
more complete exploitation Othh3*13P91@ngsynlightyﬁp-m&
produce needed foodstuffs. it “‘ B !

This intensive. approach5to'agriculturaiwproduction~a
is not: the: one. generally taken. in 1ocations where 1and
18'80 abundant.. However, because farming in the Cerrado}
‘will ‘require base level addi\ions of limestone, phos--a;
phorus and other nutrients before significant, production
can be attained, there will be advantages;in,exploitigqﬁ

~the lands which have received these;inputsqgmﬂg,jg;

[F.a TR AL A -

: Future _Integrated Research ~;¢_ﬁﬁ_@'gg; 3 5¢ﬁ¢34ﬁgg

.Several potentially productive.areas of future re-l


http:can,'.be

o }i’,;following‘.,_ ol
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'asearch havemalreadyibeen described. imheee include'thebd

oS

1 A The investigation of the economic viability
of farm units combining both extensive and
=ik #an intensive enterprises including use of irri-~
hm&#gatibnfand/or perennially wet areas.
;ﬁ%ﬁijevelopmentwof«fertility‘management~prac-
fheﬂ.aticesvwhich minimize fertilizer requirements
w22y and: reduce the need for water as insufance
against crop loss.
”‘B;ma”Selection‘of;crops/varietieskwhich'can better
~enn itwithstand drought 'and :which: can: produce well
2 undex IOWfnativeefettiiity&cdhditidns.
’4:Ma.Development of!cropiprcductionwsystems which
i "ﬁ“arevless‘vulnerahieWtQ}WetﬂseesonXdrcught
vand'which‘mofeﬂfu11y$utiiize-theﬁyeerétound

““ﬁ*ﬂﬁclimatic“potentielﬁof“the‘ared;'*”*

“r

?%Eite&additidnalflines‘offresearch are suggested:
Ar*1l5?LFarmers”oftenfcomment that second crops do
i?bettet.thanfthe“first on‘Cefrado soile, or
" that 'rice is the only first crop for opening’
. up. new land. No one at preeent 1s studying
implicit in these observations. A practically

oriented microbiologic study: would be valuble

in defining what :i8 'the’ effect of microbioldgiFt
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fcal action upon nutrient:transformationgiuuiy

ﬂThis study would:be especially tiﬁelyﬁinE
fﬁieW>ofuthe worldwide;pressures~upon fenﬁg
tllizer supply.: . = &

' 3~In the tropical environment disease and 1nj

”sect control is especially crucial when ﬁﬁ
year-round cropping:is practiced. - A yearyd;ig
and a.half of. contlnuous cropplng has fé: jf]}
sulted in a marked increase in- crop lossesfiff
due to 1nsects and disease.- Efforts at

chemical control have not. been adsquate..

nFleld ‘research, consistent with.sound eco-h,f7
loglcal practices, needs to'be- initlated
{on ‘methods of prevention. and control of \Qflfﬂ

1nsects -and. disease before these factors

Qbectme widespread problems.waj
ﬂj?if[ Stud1es need to be made on tillage‘nanage-fiei
- ment on Cerrado 5011s. Posslble toplcs ofigff
Flnterest and 1mportance would 1nc1ude.,;tfft

!lethods of land clearlng, eg.-: burning._ f

%hr,; Should crop residues be returned to

the ‘land?
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. 5:During ithe wetiseason1973<74; ‘water man-

{reséarch was‘initiatéd to ‘determine

;}“““ﬂféfféthSf‘veranicdsVon*yield;7AThis research
V‘fwﬁfwaé onlyfpartiaIIY'stccessful inasmuch as the
Gf”ﬁg* range of water treatments was limited due to
~35‘fi‘wellldistributed‘rains. This work needs to
. 'be continued, perhapS"With other crops, so
.that yield-water response functions may be
more adequately defined. These may then be
"4combined with veranico probabilities already
~ developed for the Area to provide an estimate
~of risk and expécted wet season production.
 5;}‘ﬁThe‘sdi1s on the Alexandre Gusmio project are
V’v ff6iiso1é,simi1ar to those at the Experiment
fst&fion. erplproduction there is represen-
._tétiVeJof what might occur in larger areas
f}dfyﬁﬁé,Céfrado given the intensive inputs
:{ofTWatér} fertilizers and management. A
ifStﬁdy of this project should be made to un-
| derstand.the production system which has
i_evolved in the few years since the project
was initiated. An important facet of that
‘.stuay would focus on sociological questions,
:~for there appears to be a disparity in pro-

f_duction between farms operated by Brazilians
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6f Japanese ancestry and those operated by
native Brazilians. Are different value sys-
tems operative, or are the differences caused
by differences in accessibility to markets,
credit and technology? An understanding of
these and other questions may aid in elimina=-
ting potential constraints to expansion of

Cerrado development.
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