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Abstract

Genotype earliness and date of sowing aretwo of the most critical aspectsin the management of cotton (GossypiumhirsutumL.) in Mediterranean
climates, where low temperatures at sowing and low temperatures and raining during boll period and harvest are the main weather constrains of the
season length. The aim of thiswork was to determine the influence of cultivar maturity type and planting date on phenology and growth indexes.

Six genotypes and three sowing timeswere studied in one fiel d experiment conducted in 2002 and 2003 at Comenda Experimental Station, Alentejo,

Portugal. No significant differences were accounted between genotypes in each phenological phase periods and in the whole growing season

durations. Inversely, planting date delay had aclear impact on shortening of some phenological periods, namely, planting-emergence (-7.5 days),

emergence-first square (-19 days) and first flower-first open boll (-15.5 days). The poor heat unit accumul ation and unfavorable high-day and low-
night temperatures registered after 15 August deeply affected the boll period duration, which surpass the standards higher limit intervalsreferred
for Californiaand Andalusia. Logistic growth asymptote (A) varied significantly with genotype (64.9 to 229.5 g plant™) and year (84.1 to 165.6
5 g plant?) but without any regular pattern between planting dates. The number of days after planting to reach maximum growth rate (C) decreased
significantly with planting date delay (122.8 to 98.7,DAP) and varied significantly between both years (104.6 to 117.7 DAP). In contrary, the B

constant (maximum relative growth rate) experienced no significant differences between the two factorsin study (0.075 g g* day*). Genotype and
planting date had significant impacts on RGR; (0.065 to 0.105 g g* day*) and NAR, (8 to 13 g m? day™), in the beginning of the season and on G,
(1.7 t0 3.4 g plant™ day*), £A (2.6 to 4.6) and GER, (13.1t0 26.7 g m day™) in the mid and |ate season. The two former growth indexes reach

higher valuesin the early growth stages, decreasing deeply thereafter until the end of the season. On contrary G, LAl and CGR presented a bell

shaped distribution pattern along the season, with peak CGR taking place 15 to 30 days after the beginning of the flowering period and peak LAI

22 to 30 days after peak CGR. However, data analyses of those growth indexes reveal inconsistent variation patterns among the two studied

factors. It was concluded that further studies using alarger range of maturity type cultivars are necessary in order to provide valuable phenological

and growth indexes baseline values for cotton grown in the southern I berian Peninsula.

Key words. Gossypium hirsutum, phenology, growth analysis, genotype earliness, planting date.

Introduction

Upland cottonisamajor economic crop in some southern regions
of Greece and Spain, where about 500 thousands hectares are
annually seeded. Since 2001 some attempts are in progress in
order tointroducethis crop in Portugal *. At those Mediterranean
type climates the growing season duration is a main constrain,
limited by low temperature at sowing and low temperature and
raining during maturation and harvest 2, implying poor field
emergences?4, small boll maturation periodsand low fiber quality®
5, To overcome the restricted growing season duration, planting
date’, seeding under plastic mulch &° and genotype earliness 1
1 are important considerations in crop management. However,
the relatively high labor and material costs drawn in mulching
during the first stages and the continuous decrease in crop
profitability lead to a tendency of plastic cover discard as a
management key factor 212, That way, the choices of planting
date and genotype earliness ¥ seem to remain the two major
tools of crop management at marginal regions.

132

Temperature functions as a primary factor controlling cotton
plant growth rate and timeinterval between unlike events4. The
durations of planting to first square and first flower to open boll
are the two main periods in which genotypic and genotypic x
environment variability ismost frequently accounted 46 whereas
thefirst squareto first flower period seemsto beamore genotypic
independent, published time gaps and heat units requirements
of cotton phenology unlike events commonly observed at the
Spanish cotton belt (Guadalquivir Valley, Andalusia) ¥ 7-1¢, For
thisregion 84% of the produced fiber becamefrom flowers opened
between 500 and 890°C days ', the equivalent of the period 80-95
daysafter planting (DAP) .

In regionswith high solar radiation, asoccur in the Guadal quivir
Valley, high leaf area indexes (LAI) must be achieved for
accomplish high yielding cotton crops, attaining maximal crop
growth rates (CGR) of 17-19 g m2 day* during the flowering
period®®. Under irrigation optimal LAI is around 5 . Others
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compared the influence of irrigation systems and water supply
levelson cotton production and earliness management 2° and the
evapotranspiration deficit asamanagement tool based on cultivar
earliness, growing season length and water availability .

Unfortunately, besides maximum LAl values, those two authors
denreport any further growth parameters or phenological data.
The behavior of ‘Coker 310" seeded under and without plastic
mulch, at Alcaade Rio (37°20' N), Spain, showed great differences
in LAI during the first stages, with the mulched treatments
reaching higher values 8. However, the initial differences
progressively decline along the growing season. Significant

planting date effects were detected on the observed LAI until 90
DAP, with the late plantings reaching higher values in shorter
periods after planting, but they were not able to find LAI

intergenotype differences at first flower 7. However, in other

experiments, those authors find significant differences of peak
LAl between genotypes and between planting dates, reaching
the short season cultivars and the late sowing dates the lowest
peak LAI values 2, Leaf shape also has a great influence on
LAI, with atendency of the okraleaf genotypesto reach lower
values at the same DAP 224, The relationships between LA,
CGR and net assimilation rate (NAR), aswell astheir impact on
cotton yield, were widely studied 2?". The earlier peak CGR
relatively to peak LAI and the following decline of CGR dueto
NAR deep decrease, attributed to canopy leaf aging and

progressive unfavorable environmental conditions after summer
solstice, are the leading motives of cotton canopy inefficiency.
Under these circumstances, cultivar earliness and planting date
are potential instruments that can be used in order to enhance
cotton growth behavior.

Unfortunately, there's a lack of available data and general
information about thisissues obtained in the Iberian Peninsula,
so the purpose of this experiment was to characterize the
phenology and to obtain relevant growth indexes data on six
genotypes of upland cotton sown at three planting dates.

Table 1. Description of varieties.

Material and M ethods

Cultural details: Field experiments was hand sown using acid
delinted seeds of Carmen, Celia, Crema, Flora, Lactaand Sonia
upland cotton cultivars (Table 1) in 3 planting dates each year (19
and 30April and 13May in 2002, and 20 March, 3and 17 April in
2003) at 5 cm deep and 1 mrow-width (18 seedsm?) a the Comenda
Experimental Center, Caia, Alentgjo, Portugal (38°54'N, 7°03' W,
169 m altitude), on asandy Xerofluvent, Fluvent, Entisol. Seeded
plant population was 18 seeds m2, and averaged genotype and
planting dates emerged plant popul ation reached only 9.5 plants
m2. A completely randomized design was used with three
replicationsin plotsof 10mx5m.

Temperature datawere recorded using temperature sensorsand
dataloggers (Spectrum Technologies, Inc.), in order to evaluate
therelation of this primary control factor of cotton growth with
phenology and growth parameters results. Growing degree days
weredetermined using 15°C (60°F) lower threshold and no upper
threshold (Table 2).

Soil water content was monitored with watermark soil moisture
sensors and loggers (Spectrum Technologies, Inc.) and
maintai ned in adequate availablewater thresholdsto plant growth
using drip irrigation. Crop evapotranspiration, determined by
Penman method and adjusted with the cotton crop coefficients %
was 795 and 767 mm, in 2002 and 2003, respectively, entirely
compensated by irrigation.

Fertilizer were applied broadcast at arate of 45 kg ha' N:P:K
prior to planting and additional 180 kg ha® N at first square.
Weeds were controlled with trifluralin (48% w/v), benfuresate
(40% w/v) and fluometuron (50% w/v) preplant application and
by hand in row and mechanical between row weeding along the
growing season. Insect infestations were controlled as needed
with dimethoate (40% w/v), endosulfan (38% w/v), lambda-
cyhalothrin (20% wi/v) or metomil (20%) w/v) sprays. In spite
thoseinsect controlsin both years, important damages on squares
and bolls were observed due to rough bollworm (Earias spp.)
and cotton bollworm (Heliothis spp.)
(Lepidoptera: Noctuidae). In 2003 Aphis spp.
(Hemiptera: Aphididag) damageswas also noted.

Genotype Growing Precocity Leaf Origin
season index (%)° type

Carmen (Sicala V2)* medium-late 87 normal  CSIRO (Australia) Measurements: Weekly harvests of 3 plants per
Celia (Sicala 40) eary-medium 93 normal  CSIRO (Australia) genotypex planting date combinationswere made
Crema 111 (KC311)* medium 86 normal  Stoneville (USA) randomly in each plot, leaving un-harvested the
Flora (Sicot 41) medium 89 normal  CSIRO (Australia) plot border and the adjacent plants to previous
Lacta (Siokra V-17) medium 90 okra CSIRO (Australia) .

Sonia (Sicot 70) medium-late 87 normal  CSIRO (Australia) harvested sites. In each sampled plant, leaves

aSolely ‘Carmen’ and ‘Crema’ cultivars are responsible for more than 46,000 hectares of cotton crop in
south Spain per year. ® Percentage of first harvest on total seed-cotton yield (E precocity index®).

Table 2. Monthly temperature and thermal units summary for 2002
and 2003 at Comenda Experimental Center, Caia, and correspondent

30year’'smean datafor Elvas.

were separated from therest of the above ground
structures, in order to determine leaves area. In
each 2002 sampling, leaves were digitally
photographed and their area measured using the
Image Tool for Windows Version 3.0 package,
developed by the University of Texas, Health
Science Center, San Antonio. In 2003, leaf area

Month Temperature (OC) Thermal units® was estl mated by | | near regresg on equan ons
V= %2062 212013 F]llv 2;5 2%0(2) 2000(3) Elgaos fitted with 2002 leaf areaand dry weight data per
April 14.6 14.1 13.8 0.0 0.0 0.0 each genotype and planting date. After leaves
May 17.4 20.3 173 74.4 164.3 71.3 area measurement, total plant and leaves dry
June 229 244 2Ls 2370 2820 1950 weightswere determined after drying for 48 h at
July 25.6 25.0 24.7 328.6 310.0 300.7 100°C.

August 24.6 27.8 245 297.6 396.8 294.5 :

September 20.9 23.5 222 177.0 255.0 216.0

October 17.6 16.6 17.4 80.6 49.6 74.4 Data analysis: Functional approach to plant

a[(méx. temp. + min. temp.)/2 — 15°C].
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growth analysis ? was determined from a logistic equation
adjusted by non-linear regression of total plant dry weight (DW)
observed dataand from alinear regression adjusted to leaf area

rate (LAR) data, both with days-afterplanting(DAP), as the
independent variable¥:

A
1+ e (-B(DAP—C))

whereLA means|eaf area

DW = LAR=i=a+bDAP,
DW

BDW 2

Absolute growth rate (G = BDW - A

), relative growth rate

BDW

(RGR:B—T) and crop growth rate

BDW 2
(CCGR = [BDW Y ]x plant density) was directly calculated

from logistic curve, and net assimilation rate
g_BDW _ BDW
(NAR = A _ A ) both fromlogistic curveand LAR

LAR  a+bDAP
straight line. Using total leaf dry weight (LDW) to LA quotient,

specific leaf area(SLW :%:a+bDAP)Wasalso determined

from alinear regression with DAP. Non-linear quadratic equations
werefitted between teaf-areatndex-(At)and DAP.

All statistical analysiswas performed with SPSSfor Windows
Standard Version 9.0. In some cases, no experiment year
differenceswere detected, so meansand statisticswere calculated
and presented using both year data. In general, the planting date’'s
differences of 1 month imposed between the first and third
planting treatments and the 1 month earlier plantings of 2003
relatively to 2002, were almost absorbed and annulled by plant
growth and devel opment during the growing seasons. Thisresult
had as a general consequence alesser number of DAP requisite
to reach the same event, 2002 rel atively to 2003, and also thelater
planting date relatively to the earlier ones. Because of this plant
growth behavior, all the Figs; are plotted against calendar dates
and not against DAP.

Results

Phenology: In 2003 sowing datewas 1 month earlier thanin 2002,
having seedlingsin 2003 experienced quitelower soil temperatures
during all the emergence period, inclusively below thet, of 15.5°C
rule-of-thumb . This constrain, added to the observed soil crust
2-3 cm thick *, outcomein greater planting-emergence periods
andin significant lower plant densitiesin 2003 thanin 2002 (8.0
versus 11.1 plants m?). Inversely, from May to September

(emergence-first squareto boll growth and devel opment period)
2003 temperatures were much more favorablefor cotton growth
than those logged in 2002, which were able to compensate the
relative delay observed in the beginning of the growing season.
Consequently, the whole growing season duration results were
approximate for both years of the experiment. Unfortunately, no
significant differences were detected between genotypesin the
durations of the distinct phenological phases. Probably, to find
distinct phenotypic characteristics, varieties with greater

differences of total growing season durations shall be chosen. In
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fact, none of the 6 genotypes used was very early or very late-
Season

In the phenological period's planting-emergence, emergence-
first square and first flower-first open boll, a clear tendency of
shorter duration was observed with planting delay, plant behavior
that almost shades off the 1 month planting date imposed
difference. Same tendency was observed by other experiments
conducted at Narrabri (30°13'S), Australia?2. However, the eight
cultivars used by those authors presented amaturity type broader
interval, so they were able to detect significant inter-genotypic
differences between the number of daysfrom sowing to maturity.
For all planting dateswe observe similar period’ sdurationsin the
first square-first flower phase (21 days), confirming that this phase
seemsto be avery conservative characteristic of the species!# 16
(Table3).

Relevant information can also be drawn out from day-night
temperature regimes impact on cotton phenology rather than
mean temperature, which is more important to analyze if daily
temperature exceeds 30.5-32.0°C and if night temperature falls
below 15.0-16.5°C, sincetemperatures outside this extremeshave
avery negativeinfluence during the boll period and maturation®,
Hourly logged data on experimental site allows usto quantify 35
days, inboth years, inwhich daily temperatures exceed that higher
limit, and 48 and 30 daysin which daily temperatures was bel ow
the lower limit, in 2002 and 2003, respectively. In the next
phenological phase (first open boll to harvest) we recorded 38
and 35 days in which night temperature extremes were below
15.0-16.5°C, in 2002 and 2003, respectively. In 2003, 14 days
registered daily extremetemperatures higher than 30.5-32.0°C.

Analyzing 2002 and 2003 temperature dataframing on thethermal
kinetic window for the cotton species (23.5-32.0°C) *, wefind
that 73 and 59% of the total hourly temperatures registered
between emergence and harvest were lower than thelower thermal
kinetic window limit, in 2002 and 2003, respectively. Higher
temperatures than the highest established limit * were registered
in 6 and 11% per each year.

Total plant dry weight (DW, g plant?): Significant differences
were found in A and C logistic constants between the two
experimental years (Table 4). The higher value of DW (constant
A) observed in 2003 (165.6) was probably dueto three motives.
Thehigher total growing season heat units, the higher total hours
within the thermal kinetic window and the lower plant density
registered in this experimental year, stand that allowslessinter-
plant competition and relatively larger individuals. Inwhat refers
to C constant, wefind that plants reached its maximum absolute
growth rates, according to the logistic equation precisely when
they have half their maximal DW, in aminor number of DAPin
2002 (104.6) thanin 2003 (117.7). However, considering theearlier
planting date of 2003, the logistic inflection point has occurred
during an overlapped calendar period, although rather sooner in
thisyear (17 July to 13 August) thanin 2002 (2 to 26 August).
Theanalysisof logistic growth behavior between the 3 planting
datesin each experimenta year only revealsstatistical differences
in C constant, with asignificant decrease from the earlier to the
latter planting date. This result supports the observed
phenological data and shows a positive relation between phase
duration and planting earliness (Table 4). In fact, the number of
DAPtoreach DW/2 asincreased from 95t0 116 in 2002 and from
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103t0130in 2003, from late to earlier planting dates, respectively.

The analysis of logistic growth behavior between the 6
genotypes in each planting date and experimental year reveal
statistical differences in A constant in the medium and late-
planting dates, in 2002, and in all the 3 planting dates of 2003, and
in C parameter only intheearlier planting date thisyear (Table5).
No regular inter genotypesrankingswerefoundin thisstatistical
differencesfor both yearsand planting dates. Infact, for example,
in2002, themajor A constant wasattained by ‘ Lacta’ inthemedium
planting and by ‘ Crema inthelate-planting treatment, with ‘ Floral
and ‘ Sonia’ presenting the lower ones, respectively. In 2003, we
found themajor A constantin‘ Celia , intheearlier planting, the
lower one in ‘Flora in the medium planting and ‘ Sonia® and
‘Crema’ with thelate-planting major A constants. No differences
were detected between the B constants adjusted for the 6
genotypes. Once the C constant equals the number of DAP
necessary to reach the greater plant growth rates, it will be
understandabl e that any genetic earlinesswill have aninfluence
upon this constant reduction. However, no consistent inter-
genotypes differences were accounted for this constant, result
that agreeswith the upper considerations about varieties growing
season durations used in this study. Those dataallow usto infer
that genetic differencesin per plant cotton growth behavior tend
to exhibit consistently and in more extend in the maximum DW
attained (A logistic constant). In the opposite, the B constant,
corresponding to the maximal relative growth rate, or specific
growth rate %, tends to be avery conservative cotton biological
characteristic.

Absolute growth rate (G g plant? day?): The instantaneous
dlopedrift fromthelogistic equation resultsin bell-shaped curves
with lower values at the beginning and at the end of the growing
season, and with a maximum when DAP equals the C logistic
constant, which G va ue can be cal culated asAB/4 *. The planting
date influences on each variety G are shown in Fig. 1. Planting
datedelay had apositiveimpact in G maximum valueon‘ Carmen’,
‘Crema, ‘Flora and ‘Lacta’, which increase from early to late
planting treatments. The G maximum reached by ‘Crema and
‘Lacta’ inlate planting was significantly higher than in thetwo
earlier treatments. Aninverse behavior wasnoted on‘ Celia , with
significant lower G valuesfor thelate planting treatment since 26
July to 23 August, during thefirst flower-first open boll period. G
maximum of ‘Crema’ at late planting (3.4 g plant?® day') was
significantly higher than al the other genotypes and planting

dates G maximum. ‘ Sonia planting delay effectson G during the
initia and thelast growth periodswere opposite, showing planting
delay, a negative impact until soon after the first flower and,

inversely, apositiveimpact on G values|later inthe season, after
9 August. In Carmen and Sonia genotypes, planting date delay
also had a significant impact delaying the day of the year in

which G maximum occurred, showing these varietieshaving less
timerecover capability than all the others. Planting dates averaged
G maximum valuesrangebetween 2.2 (‘ Carmen’) and 2.7 (' Crema))
gplanttday?, ‘Flora planting dates average being the exception,
with an average G of 1.9 g plant® day*. Theinitial growth rates
recorded in this study (0.5 g plant* day!) were very similar to
those observeduntil 56 daysafter emergence, with*DES119’ ina
soil-plant-atmosphere (SPAR) apparatus growing in the lower

day/night temperatureimposed cycles (20/12°C) 5. Maximum G
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of 2.4 g plant? day, occurring 56 days after emergence, was
reached in the 30/22°C day/night temperature cycles, which are
more favorable for cotton growth than that registered in our
experimentd siteearly inthe season. Nevertheless, their maximum
G canbeplacedin our 3 planting dates and 5 genotypesinterval
of 2.2-2.7 gplant* day.

Relative growth rate ard (RGR, g g* day?'): The planting date
influences on each variety RGR are shown in Fig. 2. From the
logistic equation the maximum RGR value is given by the B
constant, and occurs when the plants are in very early stages.
The B constant behavior was analyzed in the total plant dry
weight chapter. The deeper RGR decrease was noted for all
genotypes and planting dates at the beginning of the flowering
period. Significant differencesin‘ Carmen’ and‘ Crema RGRwere
found between the late and the two earliest planting dates, since
the beginning of the observation period until 110-140 DAP, when
plants were in the first flower-first to open boll period. Equal
tendency (0.05<P<0.10) was observed in ‘Lacta’. At the end of
the growing season in thelatest planting date, ‘ Lacta’ and ‘ Sonia
still had RGR with positive values (0.015-0.017 g g *day ), when
all the other genotypes and planting dates were near zero. This
behavior can be asymptom of some re-growth tendency of those
two genotypes when late planted.

Net assimilation rate ard (NAR, g m2 day?): For all genotypes
and planting dates NAR’s evolutions went crescent until the
beginning of the opening flowers, following thereafter along
and intense decreasing period until the end of the season. No
NAR differenceswerefound between genotypes but, in contrary,
some differences between planting dateswere accounted. ‘ Celid
‘Flora and ‘ Sonia’ late planting date NAR's were significantly
lower than the respective NAR's obtained in medium and early
planting treatments (Fig. 3). This difference happened until 12
July (60-86 DAP) in‘ Sonia and until 16 August (95-121 DAP) in
‘Celia and ‘Flora' . The former date corresponds to the end of

first square-first flower period, and thelast oneto last quarter of
first flower-first open boll period. ‘Lacta’ demonstrated an

opposite behavior, with thelate planting date having the highest
NAR until 9 August (88-114 DAP). No significant differences
between planting dateswerefoundin ‘Carmen’ or ‘Crema’.

Leaf arearate (LAR, cn? gt) and specific leaf weight SEAHg
%) No planting date’s or experimental years differenceswere
found on LAR or SLW. The ratio between leaf area and total

respiratory tissues DW (LAR) shows anegative trend along the
growing cycle. In contrary, SLW presented a crescent tendency
(Table 6). Significant differencesin LAR slopes and intercepts
were found only between ‘Lacta’ and ‘ Crema’, with the former
genotype presenting asmooth decrease (-0.51 versus- 0.60 cm?
glday?t) and alower maximal leaf areaper unit entire plant DW
(114.3 versus 128.9 cnm? g1). All genotypes showed al eaf thickness
increasetendency along the cycle. Significant differencesin leaf
thickness increase rates were found between ‘ Celia (0.17 gm?
day?) and ‘Sonia’ (0.06 g m2 day?). Also differencesin SLW
intercept were found, the okraleaf type presenting higher initial

leaf thickness (78.1 g m2) than all the other genotypes (mean 58.2

gm?).
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Figure 3. Net assimilation rate (NAR, g m? day*) of 6 upland cotton genotypes sown in early,
medium and late planting dates with 2002 and 2003 pooled data. FS = first square, FF = first
flower, OB =first open boll. Left and right arrowsindicate the beginning of each phasefor early
and late planting dates. Vertical bars=+1 standard error. Initial and final growing season datanot

shown for simplicity.

Leaf areaindex (LAI, m?n?): LAI differencesbetween planting
dateswerefoundin‘Sonia since5 July until 30 August, thelate
planting presenting significantly lower valuesthan the other two
treatments (Fig. 4). For ‘Carmen’, ‘Crema and ‘Lacta’ some
significant differencesin LAl were accounted between planting
dates only after 9 August, and until mid September, when LAI

values were still relatively high. Comparatively to the other

genotypes, planting date exerted arelatively small effect on the
LAl of ‘Celia and ‘Flora along thegrowing season. LAl =1was
attained in late June (50-100 DAP), near the moment of first visible
square. Planting date delay had aclear effect onincreasing inter-
genotypic data variability of LAl maximum, ranging from 2.6
(‘Flora)to 4.2 (‘Crema’) inthelateand from 2.8 (‘ Flora’) to 4.6
(‘Lacta’) in the medium planting date, whereas in the earlier
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planting LAl maximum ranges only from 3.1 (‘Celia’) to 3.6
(‘Sonia). Maximum LAI was attained by all genotypes and
planting dates in mid to late-August, near 1 month after first
flower appearance, during boll devel opment stage. LAl maximum
values averaged genotypes pooled data varies from 3.3 (early
planting) to 3.7 (medium planting) and 3.4 (late planting). LAI
maximum of ‘ Carmen’, ‘' Crema and ‘ Lacta tendstoincreasewith
planting date delay. Latein the season, in our medium planting
datetreatment, ‘Lacta’ LAI reached significantly higher values
(4.6) than the normal leaf type genotypes.

Crop growth rate (CGR, g m2 day®): Derived from thelogistic

DW growth, CGR evolution dependent to DAP were bell-shaped,
like the G curves (Fig. 5). CGR increased since the first stages
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until 100-125 DAP, decreasing thereafter until the end of the
season. CGR maximum values showed significant differences
between some genotypes and planting dates. Infact, intheearly
planting date, ‘Celia maximum CGR (23.8 g m? day!) was
significantly higher than observed for ‘ Carmen’ and‘Crema'. In
themedium planting date‘ Lacta’ (26.7 g2 day™®) and ‘ Crema

(25.9 g m? day™*) werethe genotypeswith greater CGR maximum,
significantly higher than attained by all the other genotypes. In
thelater planting date‘ Cdlia (16.2gm?2day™')and‘Flora (13.19g
m2 day?) registered CGR maximum lower than the other

genotypes. ‘ Cdia lateplanting CGR registered inthefirst growing
stages, until 12 July (60-86 DAP, just beforefirst flower), attained
significantly higher valuesthan wereregistered for the other two
planting dates, being very distinct, arelatively backward position
of the CGR curve. Same conduct wasnoted in ‘ Carmen’ at early
planting date. Delaying planting date had positive impact in

‘Carmen’, ‘' Cremd and ‘ Lactal maximum CGR. Inversdly, anegetive
impact wasnoted in ‘ Celia’ and ‘Flora . No relevant effect was
notedin‘Sonia’, which CGR evolution along the growing season
was closely independent to the planting date.

Best fit of maximum CGR to the correspondent LAl was obtained
with apower equation, meaning that higher CGR maximum values
tend to be associated with higher optimal LAI (Fig. 6). According
with this regression we estimate the optimal LAI per genotype:
2.7(‘Camen’ and‘Cdlid), 3.0(‘Crema), 25(‘Flora), 3.1 (' Lacta)
and2.9(‘Sonid).

LAl optimal = 0.38 CGR*¢", R?= 040"

10 15 20 25 30 35
CGR maximum = (g m? day?)

Figure 6. Observed values and fitted power regression between LAI
and maximum CGR (g m? day!), with 6 genotypes, 3 planting dates,
2002 and 2003 pool ed data.

Discussion

Our results fit well the ranges in number of days required for
upland cotton quoted for USA 3% 3 and for Spain'®, for all
phenological phases, except for first flower-first open boll, which
observed duration period was generally higher in this study,
probably due to the decreasing temperature after 15 August and
until theend of the growing season. Of al theregression attempts
in order to fit the durations of each phenological phase to mean
temperatures, methodology followed by other authors 4, only
the linear one adjusted for first flower-first open boll period
outcomesignificant (P=0.0156): duration (days) = 220.44 - 6.898*
x temperature (°C), R?=0.9609.

In what concern to the heat units reported by those authors as
needed for upland cotton growth and development, they are
greater than the heat units observed in thisexperiment in thefirst
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(planting to emergence) and in the last (first open boll to first
harvest) phenological periods, precisely the two decisive phases
in order to achieve good stand establishment, boll development
and maturation and fiber quality. In contrary, heat unitsreferred
for emergence-first square period %3 aswell as500 heat units
for first flower 7 arelower than observed in this experiment. First
flower-first open boll observed heat units arein agreement with
those authors data. The observed per phase duration and
accumulated heat units divergences to the cited patterns were
some way compensated in the whole planting to first harvest
period, which ranges for all genotypes and planting dates from
180t0 205 daysand from 1070 to 1300°C-days, ranging intervals
for the third and first planting dates, respectively. These results
were somewhat expected, confirming that the short available
growing season due to unadequate low temperatures at early-
spring and late-summer are amajor constrain for cotton cropin
thisregion® 3%, The hourly day-night temperature analysis also
confirm the negative impact exerted by low night temperatures
during the boll period, perhaps mainly in 2002 *. The meaningful
disagreement observed between hourly air temperatures and
cotton thermal kinetic window or between environment and plant
biochemistry, pointed that approximately 70-80% of the growing
season is available to improve cotton growth and development
through changes in management practices and/or genetics =.

Inthe applied logistic growth model, the A constant (max DW)
wasonethat presented more year-to year and between genotypes
variations, the B constant (the specific growth rate) was more
conservative and the C constant (number of DAP to reach half
max DW) one with more planting dates differences.

As expected, RGR decreased along the season, probably due
totheforward differentiation of no photosynthetic activetissues
allied to a progressive decrease of foliar apparatus efficiency.
Our RGR results were much lower thanthe maximum5-6 g gt
day*noted at Wad Madani (14°N), Sudan “° but, as this author
did, wefound aRGR deep decrease tendency sincethe beginning
totheend of the growing season. Others“ found 0.07 g g*
day!at the beginning of the reproductive period and 0.03 g
gtday during boll growth, values something similar to observed
by us. Field studies with ‘DPL 50’ and ‘MD 65-11" isolines at
Stoneville (33° 27'N), Mississippi, USA, recorded 0.028 g g*
day! RGR between 84 and 112 DAP*, value also quite similar to
our observed data.

At the first growth stages cotton leaf area growth and leaves
progressive overlapping was compensated by more favorable
temperature and income radiation. Thereafter the end of July,
despite these good weather conditions, total leaf area and leaf
area age and distribution into the canopy resulted in a negative
impact over the unit leaf efficiency, with decreasing NAR’suntil
the end of the season 2+, In earlier works a consistent decrease
tendency in NAR was not observde along the growing season,
showing considerable fluctuations associated with climatic
conditions variations and NAR estimation approach “. In fact,
NAR amplitudes were very important, ranging from 11.3to 1
g m2 dayt. Other pointed out a continuous decrease in NAR,
since 10-30 days after emergence to the boll growth period, of
18.7t0 4.8 gmr2day . NAR evolution registered in the present
study was quite similar to observed with * Suregrow 501’ at Tifton
(31°30'N), Georgia, USA %, Thoseauthorsregistered meanNAR's
of 9.9-11.2 g m? day* between first flower and peak bloom,
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followed by a continuous decrease until the end of the season.
Initial NAR increaseto 6-8 g nr2 day (40-60 DAP) followed by a
continuous decreaseto 0-2 g m2 day* (100 DAP) were observed
in ‘Stoneville 453, in amost al field years studies . The
observation of consistently higher canopy photosynthesis per
unit leaf areain okraleaf plants, comparing with normal leafed-
plants is broadly accepted ?* 4. However, our NAR results
observed in ‘Lacta’ e confirm that greater unit |eaf
performancein the okraleaf genotype.

L eaf thicknessincrease with canopy age observed in the present
work was al so stated by other authors“®4°. Our greater thickness
increaserate (0.172) was much smaller than theincrease rate of
0.25 found between pinhead square (41 DAP) and boll
development stages (89 DAP) with ‘Deltapine 20' planted at
Fayetteville (36° 05'N), Arkansas, USA®. ‘ Lacta’ SLW intercept,
and also absolute values along the growing cycle, were
significantly higher than the corresponding values calculated
for all the other genotypes, as noted characteristic for okraleaf
type genotypes . Similar trend was referred for okra leaf type
genotypes 2. However, our values of SLW were higher than
observed by these authors, finding also true to the normal-okra
differences. The‘ Stoneville 506" SLW (65.9 g m?) averaged main-
stem and first three sympodial |eaves at main-stem node 10, was
quite alike our normal leaf type SLW fitted values for the same
growth stage **. Contrary of our results, they, were significant
differencesin mid-August SLW between early (late April) and
late (late May) planting dates, with 47.1 and 59.0 g m?,
respectively®2. Excluding the okraleaf genotype data, for better
comparability, inmid August SLW average 5 remaining genotypes
was of 70 g m2. SLW is probably positively correlated to net
photosynthesis %, If this tendency was true, our normal type
leaf genotypeswill have attained lower NAR'sthan the okraleaf
type, results that we are not able to withdraw in this study (Fig.

3.

As stated elsewhere, the initial growth of the cotton LAl was
very slowly 35, The moment when LAI reached 1 (50-100 DAP)
was similar to the results obtained by others (LAl = 1 at 65-75
DAP) %. However, most of the literature pointed that LAl = 1
takesplaceearlierinthecycle(LAlI =1.4a 50 DAP~,LAI =0.8
at 43 DAP%, LAl =2.97 at 82-102 DAP*and LAl = 1.1 at 41
DAP24) However, other authorsfound LAI’sprior to 100 DAP
(LAl =0.6at 88DAP®, LAl =0.7 at 63 DAP?*5) [ower or similar
asinour study. Theeffect of planting delay on lowering of attained
LAl wasdetected only in‘ Sonid , result generally observed with
‘SiokraS324' and ‘ Siokral. 22’ at Narrabri (30°13'S), Australia®.
Higher initial LAI's for earlier planting treatments were also
knowledgeable 2. L Al maximum showed atrend toincreasewith
planting delay inthree of our six experimented genotypes, aswell
asin six of eight other experimented genotypes 2. Working with
‘TAMCOT HQ95' and ‘ G& P74+ at Temple (31°06' N), Texas,
USA, maximum LAI occurred midway between first flower and
first open boll, but as soon as 80-90 DAP with valuesas high as
5.9 and 6.8 in each experimental year %. Thetime of theyear in
which LAl maximum occurred in our experiment wassimilar to
othersdata® (late August) though the values reached were much
lower, ranging from 5to 7 %, With 1 m row spacing, our maximum
LAl values of normal leaf type genotypes were not sufficient to
intercept 90% of theincoming radiation ®. * Coker-310' and ‘ Jaen’,
alocal short season cultivar, at the Agriculture Research Centre
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of Cordoba, Spain, showed no significant LAl maximum

differencesin full irrigated plants, with values ranging between
3.5and 4.2, 105 DAP(7 August) . Inthe samessite, other authors
found for all the cultivars similar maximum LAI values, ranging
between 3.9and 4.3, Intheir Experiments 1 and 2 LAl maximum
values always were below 3 7, and in the unshaded control

treatment aL Al maximum of 3.4 wasreached at peak flower stage
77 DAP“, According to the statements of several researchers,
the higher LAI attained by ‘Lacta’ in the medium planting date
(4.6) is precisely the opposite expectable result for an okraleaf
genotype 2244764 However, also higher peak LAl wasfound in
the early 2000 sowing of ‘ SiokraV-16’, an okraleaf genotype 2.

With the same row-width used in our experiment maximum
canopy photosynthesis per unit ground area occurred 90 DAP,
10 to 35 days in advance of our calculated data . The highest
maximum CGR observed in thisstudy were similar to the observed
22 g mr2 day by others 6, although the lowest oneswerein line
with the CGR valuesg m2 day* of other authors; 12-15 %, 12.7-
16.1%and 16.6%.

Ina3-year experiment inthe Mid-South, USA, an optimal LAI
was 4, somewhat higher than our fitted results®. Comparing our
estimated optimal LA valuesper genotypewiththe LAl maximum
attained, also per genotype (Fig. 4), we found that the cotton
plants continued to develop new leaves faster than canopy |eaf
senescence, increasing their leaf areas per unit ground area
beyond the values that conduct to higher CGR. Same results
have been noted by other authors % who estimate a 20 days
delay between peaks of LAl and CGR. Thisdiscrepancy ismore
evident in the genotypes that expressed higher LAI maximum
vaues. ‘Carmen’, ' Crema ‘Lacta and‘ Sonid . Thenegeativeimpact
of LAI further growth on CGR was al so caused by the observed
NAR decrease at this stage (Fig. 3), resulting in an out of phase
or displacement of LAl and CGR curves. Infact, |eaf areagrowth
continued even when solar radiation, air temperature and
probably leaf areadistribution in the canopy and average canopy
leaf age were no more favorable to high NAR and canopy
photosynthesis maintenance. Although new leaves with higher
photosynthetic rates continue to develop, the canopy
photosynthesis rate per unit leaf area declines significantly .
LAl increases beyond the LAI value correspondent to maximal
dry matter productioninvolvesa CGR decline®.

This apparent displacement between LAI, NAR and CGR is
plotted in Fig. 7, with only one genotype and planting date, for
simplicity. Until mid-July, as a result of smooth increase and
landing NAR values, associated to increasing LAI, CGR grew
exponentially. After the end of July NAR beginning to decrease,
probably asaresult of decreasing day length, increasing average
|eaves age and consequently decreasing canopy efficiency. Until
the beginning of August, in afirst phase, NAR decrease was
compensated by increasing LAI, resulting in CGR growth.
However, dong August, NAR decreaseimpose a CGR reduction,
besides L Al reaching ismaximum value at the end of thismonth.
Thereafter, and until the end of the season, both LAl and NAR
decreased, resulting in deep CGR decrease.
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Figure 7. ‘Celia NAR (g m2 day!), CGR (g m? day?) and LAI in
medium planting date treatment with 2002 and 2003 pooled data.

Conclusions
Our results suggest that no differences in each phenological
phase duration, as well as in the whole growing season, can be
accounted using early-medium to medium-late genotypes.
Inversely, planting date delay clearly impacts on shortening of
some phenological periods, namely, planting-emergence,
emergence-first square and first flower-first open boll. This
duration reduction is probably linked with more favorable
temperatures occurred in the first stages at later planting dates.
Our observed inter-genotypic and planting date constancy of
thefirst square-first flower duration period confirmsthe specific
and relatively conservative characteristic of this phenological
phase. Despite the relatively low temperatures registered after
seeding (April, 2002 and March, 2003), of al the phenological
phasesthe boll period (first flower-first open boll) duration was
the most far off the standard USA and Spain higher extreme
duration interval, probably due to the decreasing temperature
registered after 15 August until the end of the season. In fact,
those duration phase displacements were accompanied by
relatively poor accumulated heat units. Also the number of days
with unfavorable high-day and low-night extreme temperatures
that were registered during the boll period can also be an
explanation of that duration phase enlargement. About 70 to 80%
of the whole growing season cotton plants have experienced
temperatures outside the thermal kinetic window of the species.

As expected, the logistic growth curve fits well to the cotton
growth pattern. The A constant parameter was most affected by
the genotype treatment, although the C constant parameter was
most affected by the planting date delay. Both A and C constants
are year-to-year dependent. The specific growth rate given by
the B constant experienced no genetic, planting date or
experimental year significant differences, representing a very
conservative cotton biological characteristic.

Genotype and planting date had significant impacts on the
several growth indexesanalyzedinthisstudy: RGR and NARin
the beginning of the season, and G, LAl and GCR inthe mid and
|ate season. However, we did not verify any genotypeor planting
date consistent patternsin any of theseindexes, being theresults
somewhat irregular, although our observed datafitswell in genera
the growth analysis data cited by the bibliography.

Asexpected, higher SLW of the okraleaf variety was observed.
In contrary, the similarity of 'Lacta’ NAR with the normal leaf
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type genotypes NAR does not support the theory that okra |eaf
type genotypes have higher canopy photosynthesis per unit

leaf area. Alsotherelatively high LAI attained with ‘ Lacta’ inthe
medium planting date wasrel atively unexpected.

Chronological displacement between NAR, LAl and CGR
evolutions along the growing season was confirmed, feature
described in several other analyses and frequently underlined as
amagjor constrain of cotton canopy efficiency.

Our results suggest that improved low temperature resistance
and higher growth rates since emergence to squaring, will
probably allow earlier sowings and shortened planting to square
durations. Consequently, more favorable temperatures for boll
growth and shorter boll period durations can be attained, avoiding
inclement weather late in season. Probably, that attempt will also
reach better tuning and persistence of higher NAR and LAI
values, ensuing growth efficiency at canopy level.

Further studies using alarger range of maturity type cultivars
are necessary in order to provide valuable phenological and
growth indexes baseline valuesfor cotton grown in the southern
I berian Peninsula.
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