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Background and Introduction: 

Over the period from 1990 to 1993, research was carried out investigating the regrowth of 
Australian cotton varieties after damage by hai I. The work was funded by the Cotton 
Research and Development Corporation and carried out in co-operation with the loss 
adjusters to the Australian cotton industry, Agricultural Loss Management Group. 

By comparing the regrowth characteristics of Australian cotton varieties, following simulated 
hail damage at various stages of plant development, the aim was to test the accuracy of the 
loss assessment procedures currently used in cotton hail loss adjustment and determine 
whether it was appropriate to apply these procedures to loss adjustment for the whole range 
of llC\\ Australian bred varieties now grown. 

No differences in regrowth were found between varieties when allowed to mature fully 
follo\\ ing simulated hail damage. Looking at the deviation of actual loss from assessed loss, 
there ''as linle difference bet\.veen varieties tested when loss percentages were averaged 
across damage dates. Hence, it was not appropriate to modify the loss assessment procedures 
for the Australian bred cotton varieties included in the research program. 

But. ii should be kept in mind that the loss calculation does not estimate rhe actual loss in 
~ ic Id bur provides an estimate of the proportion of the p I ant lost at the 1 i me of damage. 

It ''a~ identified that following damage a number t)f factors come into play which affect the 
fo1al: ield and the full affect of the hail damage and hence contributed to differences between 
assessed loss and actual yield loss. These factors all act post damage and are not taken into 
m;L:oun1 in loss assessment. 

Factors affecting the relationship of assessed loss in yield from hail damage to actual yield 
after hail damage include: 

a. Disease susceptibility of cotton varieties. 
b. Weather conditions following damage. 
c. Cotton Production Area. 
d. Management of cotton crops following damage. 

These factors may contribute to a difference hetween assessed and actual yields after hail 
either between cotton varieties or yield recovery between fields. 

Cotton varieties differ in their susceptibility to diseases such as Bacterial Blight and 
Verticillium Wilt. Susceptible varieties may show an increased yield loss after hail due to 
the development of disease within the crop when weather conditions favouring development 
of that disease occur following hail damage. It should be recommended that growers not plant 
large areas to disease susceptible varieties if producing their cotton in high hail risk areas. 
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Hail delays the growth of the crop. The degree of yield recovery of a variety or crop depends 
on its ability to replace lost vegetative material and replace and mature fruit in the season 
remaining. The length of season differs with cotton production area and the effective growing 
season is reduced with adverse weather conditions following damage. Hence, crop recovery 
from hail differs considerably across damage date and season length of a cotton production 
area. 

In managing a hail damaged crop, growers not only have to take into account the 
requirements of the hail damaged crop but also the resources available for management of the 
\\'hole cropping enterprise. Management options are restricted depending on the time of the 
season of the hail strike and the inputs available to the grower. A number of problem areas in 
managing hail damaged crops have been identified and this work aims to investigate these 
areas and provide guidelines to assist growers in managing hail damaged crops. 

A three year project investigating the agronomic factors of prime importance in managing a 
crop following hail damage, instigated and funded by the Cotton Research and Development 
Corporation, was begun in the 1993/94 cotton season. The aim being to develop a set of 
criteria which will help growers with decisions on whether to CHIT) on with a crop after a hail 
strike. The base of data on hail damage generated in this project will be used to evaluate the 
currenl yield models and their response to hail and determine thL:ir potential for use in 
damage assessment and yield prediction for loss adjustment purposc:s. 
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Aims and Objectives: 

I. 

2. 

' .). 

To identify optimum management strategies for cotton crops after hail 
damage, with the aim of maximising returns to growers. 

To develop guidelines to help growers with decision making and risk 
management after a hail strike. 

To l:valuate the responsiveness and usefulness of current fruit and yield 
models to hail damage, using data generated from this work. 

Selected growers and consultants experienced with hail damaged cotton were interviewed as 
a means of identifying problem areas in the management of hail damaged Colton crops. 
Management problems were identified from the information gathered and management 
strategies developed for testing on hail damaged cotton crops. 

As hai I damaged occurred over the three seasons covered by the project. opportunity trials of 
these strategics were carried out on suitably damaged crops located in the di ITerent Australian 
cotton prodm.:tion areas. 

With ever) hail strike being different and inflicting various levels and rypes of damage, trials 
were not able to be laid out covering every damage situation. In an attempt co collate data on 
the range of possible types of crop damage and management options employed, case studies 
\\ere collated on hail damaged crops and their management over the period covered by the 
project. 

Trial results combined with data collated from case studies has been used to produce 
guidelines and discussion points on the management of hail damaged cotton. 

The opportunity has also been taken to evaluate the use of crop yield models i1~ loss 
assessment of hail damaged cotton. Data generated in earlier work (COLIC) has been used in 
the OZCOT yield prediction model to evaluate the response of the model to data from hail 
damaged crops. Computer yield models have a potential use in loss assessment for hai I 
damaged crops if they are able to predict the yield potential of a crop had hail damage not 
been inll icted. This would have the potential substantially increase the accuracy of loss 
assessment. 
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Chapter 1 

Options Following Early Season Hail Damage 

1.1: Introduction 

Although hail storms are recorded al any time du ri ng the cotton growing season, hai l storm 
activity is more prevalent in the spring and early summer. This period corresponds to the crop 
establishment in cotton and historically a large number of hail strikes are recorded for the 
period. 

With the crops being predominantly in vegetative growth stages, damage symptoms incurred 
consist of plant cut-offs, stem bruising and defol iat ion. Where the main stem cut-off is be low 
coty ledon level or severe bruisi ng occurs, pl ant deat h is the result and therefore the stand is 
reduced. Stem cut-offs and/or stem bruis ing at higher nodes may not resu lt in plant death but 
a large portions of plant material can be removed with such damage and the crop must 
replace th is material before continuing \Vi th development. Th is damage is most usually 
combined \.vi th defoliation and so acts to reduce plant vigour and the overa ll effect of the 
damage combined with reduced crop vigour is delayed crop development. Following such 
damage. crop management decisions revolve around whether Lo replant the crop or not. 

1.2: Economically Viable Plant Populations for Cotton 

General ly, lint yields increase with increased population up 10 the optimum population then 
gradually decrease (Bridge et al., 1973: Constable, l 977a). Hearn ( 1972) states that lint yield 
increases until a plateau of maximum yield was reached between 4-10 planrs per metre. 

As plant populations increase above optimum, plant height increases, more barren plants per 
metre are recorded , the node of the first fru iting branch is higher and boll size is reduced 
( Bridge el al. , 1973; Constable, l 977b; Low et al. , 1975 ). At lower plant stands the cotton 
plant can compensate to some degree by prod ucing a larger plant with larger bolls and seed 
(Bridge et al. , 1973). But as plant stands drop lower than opt imum, yield is decreased, as 
maturity is delayed and late bolls :>how reduced si'e and lower ginning turnout percentages. 
Yields can be maintained at higher plant populations with earlier maturity varieties or under 
narrow row cultivation (Constable, ! 977a, l 977b; Low et al., 1975). 

Work carried out in both Australia and the United States recommends a plant stand of 8- l 0 
plants per square metre for optimum growth of cotton under conventional cultivation, but 
yields remained economic with stands between 6- 14 plants per metre (Constab le, I 977b; 
Bridge et al., 1973 ; Marsha ll et a l .. 1994 and Sm ith el of .. 1979). 

Under dry land cultivation in Austral ia, row configuration has been found to be more of a 
limiting factor to yield than plant population, with no sign ificant yield reductions with stands 
or 12 plants per metre or if hail or insect damage reduces stands down to 3-4 plants per metre. 
The uniformity of the stand is of greater importance as a 'gappy' stand wi ll reduce yields and 
require increased weed conLrol (Marshall et al., 1994: C. R. C. for Sustainable Cotton 
Production, 1993 ). 
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Following an early season hail strike, a grower needs to determine if the plant stand 
remaining following the strike remains economically viable. A simple matter of counting the 
viable plants remaining following the hail strike. Note that immediately following a hail 
strike only those plants cut off below the cotyledons would actually be classified as dead. It 
usually takes 10-14 days (average 450 GDDs) before new growth appears in a crop following 
a hail strike and plant development is able to continue (West, 1996). The production of new 
growth requires the presence of healthy meristematic material and a continuous pathway for 
photosynthates to reach the young shoots. As it becomes ev ident that bruising injuries were 
sufficiently severe to cut vascular tissue, plant death will continue. In determining the number 
of viable plants remaining, severely bruised plants should be included as possible lost plants 
and hence further reducing the plant stand. 

Plant disease also plays a part in reducing plant stands in the period following the initial 
damage. Damaged plants have low vigour and therefore are more disease susceptible and 
wounds and injury points inflicted by the hail provide infection access for disease pathogens. 

Growers may accept a lower than optimum plant stand following a hail strike for a number of 
reasons. A primary point to consider is the date of the hail strike as replanting at a much 
delayed date can incur significant losses in yield potential and the existing stand may have 
the yield potential advantage (Refer to Section l .3). In short water years, as experienced over 
the previous four years in Australian cotton production areas, following a hail srrike there 
may be insufficient water available to rhe gni\\'er lo enable establishment of a new srnnd or 
correspondingly in the dryland situation ne\\ planting rain events may nor occur. 
Alternatively, excessive rain occurring with a hail storm may prevent replanting being 
attempted until wel I past an economic replant date. 
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Continuing with a hail damaged stand of cotton also incurrs losses related to delayed crop 
development. In a hail strike, the crop has lost a proportion of the material produced up to the 
date of damage and hence has lost a proportion of the growing season directly related to the 
date of damage. Immediately following a hail strike it has found that an average period of 450 
GDDs passes before new vegetative material develops or fruiting is re-initiated (West, 1996) 
(Figures I. I & 1.2, Table I. I). Once regrowth is initiated the crop mus! then replace lost 
plant material to reach the same stage of development to which it had reached on the date of 
the hail strike. The overall effect is to shift the entire crop development curve to later in the 
cotton season. The rate of replacement and initiation of new material is dependent on weather 
conditions following damage and with adverse weather conditions development is further 
delayed, ie. the development curve is shifted further into the season again. 

Ir the development cmve is shifted further into the season then the crop is setting and 
maturing fruit later in the season. Grower experience illustrates that prolection of new fruit 
necessitates insecticide spraying later into the season where insect pressure is heavier and 
insect resistance levels require the use of 'heavier' and more costly insecticides, late 
irriga1io11~ are olten required and defoliation is carried out under cooler temperature 
conditions when defoliants are less active (Refer lo Section 1.4 ). 

Figure 1.1: 
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Table 1.1: 

Sample Date in Growing Day Degrees from 
Planting 

V5 Damag.: S111111la11011 

Initiation of Squaring Following Simulated Hail Danrngc 
Site: A. C. R. I. 1991/92, 1992/93. 

Growth Stage of Damage Start of Delay in Squaring Delay to Squaring 
Damage Date Squaring Compared to Following 

(GDDs from (GDDs from Undamaged Damage 
Planting) Planting) Cotton (GDDs) 

(GODs) 
UNOAMACED 

1991/92 Nil 506 0 0 
1992/93 Nil 404 0 0 

Mean Nil 455 0 0 

V3 DAMAGE 

1991/92 203 653 147 450 
1992/93 190 675 271 485 

Mean 197 664 209 468 

VS DAMAGE 

1991192 521 983 477 462 
1992/93 338 764 360 426 

Mean 430 874 419 444 
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1.3: Estimating Yield Depletion with Delayed Planting or Early 
Season Hail Damage in Cotton 

1.3.1: Introduction 

The cotton planl develops indeterminately until either boll load or stress from nutrients, water 
or climate imposes cul out. Our main cotton production areas are oftemperalc climate and 
temperature determines the start and finish of the growing season. Minimum temperatures for 
germination or cotton is reached by early October in most cotton production areas. Growth is 
terminated by the occurrence of first frost. Table 1.3. I summarises the average dates for the 
start and finish ul' bol 1 setting in cotton production areas as determined from historical 
climatic records. 

Vegetative grO\\ th in cotton is predominantly temperature driven and as a co11011 plant must 
grow vegetatively to produce fruiting sites on which the seed cotton is borne, the potential 
yield of a crop can be estimated using heat unit summations (Growing Day Degree units). 
Plant development can also be limited by cold shock or heat stress, soil propcni1.·s impeding 
gcnnination/cstablishment, or plant growth may be retarded b) \\liter. nutrient or dist:asc 
stress. Fruit set \lr :-.wYi\ al is also affected by insect pressure and so) icld pn.:cl i..:1io11s based 
on Growing Da~ Degree summations arc subject to some inaccuracies. l3u! ai. 1~111pernturc is 
considered a primar) growth rate determining factor in conon, yield predictions based on 
temperature can be used as a guide to yield depletions which can be expected '' ith delayed 
planting or cotton. 

Lach stage or dc\'dopmcnt of the plant has a specific heat unit requirement, but an O\'Crnl I 
seasonal heat unit requirement cannot accurately be calculated due to the indctcnninate 
growth habit or col!on. But the relationship between heat unit accumulation and lint) ield can 
be estimated. Constable el al. ( 1976a) determined the relationship berween Lint Yield and 
Growing Day Degrees in a series of planting date experimcllls in the Namoi Valle) using t\VO 
varieties of cotton. The decreased day degree accumulation post planting\\ ith delayed 
planting produced decreasing lint yields. The relationship between planting dale and lint 
yield was determined by regression analysis. With hail damage al progressively later dates 
through a growing season there is also progressively less heat units able to be accumulated 
post damage and similar decreases in yield recovery arc seen. 

In this exercise, the relationship between heat unit accumulation and cotton lint) icld is 
examined for all conon production areas of Australia with the aim of estimating yi~ld 
depletion with delayed planting for each area. This work re-examines the work or Conslable 
el al. (I 976a), employing their computer methods, but with the advantage of using the longer 
term climatic data for each cotton production area which is now available. 
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Table 1.3.1: 

Dates for Boll Setting Set bv Tem12erature 

Production Area First Flower Last Effective Flower 
(Start of Flowering (Limited by Frost) 

I st October Plantin.g) 
Namoi 25 Dec 4 Mar 
Gwydir 21 Dec 7 Mar 
Macquarie 7 Jan 19 Feb 

Lockyer 22 Dec 22 Mar 
Darlin.g Downs 25 Dec 6 Mar 
St. George 10 Dec 15 Mar 
Theodore 13 Dec 23 Mar 
Biloela 13 Dec 23 Mar 
Emerald 3 Dec 6 /\pr 

Mc lntyre 15 Dec 13 Mar 
Bourke 10 Dec 15 Mar 
Mungindi 10 Dec 15 Mar 
Walgett 21 Dec 7 1\-lar 

BO!!!!abri 26 Dec I l\lar 
Brceza 7 Jan 19 Feb 

Source: SIRAT.'\C l\lanual 1987 

l.3.2: Methods 

The C.S.l.R.0. unit at the Australian Cotton Research Institute, Myall Vale. Narrabri 
maintains a database of weather data collated from its weather stations set up in al I cotton 
production areas. This information was considered the mosl representative of climate in the 
cotton production areas and was used for this analysis (Table I .3.2). 

Accumulated Da) Degree values were calculated for each season at a series of pla111ing dates, 
al each location using lhe computer program developed by G.A. Constable. The season being 
lerminated al first frost. Note that the computer program discounts for the effect of cold 
nights. Predicted lint yields were then calculated using the exponential relationship between 
Lint Yield and Day Degrees defined by Constable et al., (I 976). The lowest and h ighcsl I 0% 
of yields were deleted from the calculations and Mean Accumulated Day Degrees and Mean 
Predicted Yields for each planting date determined. 

Regression or Predicled Yield against Julian Day of Planting for each site prodrn.:~d highly 
correlated regression equations. These equations can be used to predict I int yield for planting 
al any date. Regression Analyses are presented in Appendix I. I. 
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Table 1.3.2: 

Summary of Climatic Data Available 

Years 

Emerald 1895-1989 

Biloela 1966-1989 
Dalby 1890-1989 

St. Gcorl!c 1963-1990 
Goondiwindi 1895-1989 

Moree 1965-1989 

Mvall Vale 1961-1993 

Breeza 1975-1990 

Wale.cu 1958-1989 

Bourke 1958-1989 

Warren 1970-1982 
Trangic 1949-1993 

Hills ton 1958-1989 

13 

Total No. of Years 

94 
23 
99 
27 
94 
24 
32 
15 
31 
31 
12 Incomplete da1a set 
44 
31 
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1.3.3: Results and Discussion 

The following charts display the depletion in lint yield which could be expected from 
planting at a range of planting dates at each of the twelve locations tested. The dotted 
lines display the range of yields which were calculated with the climatic data which 
was available. 

Predictions can be made as to the average date at which planting is not an 
economically viable option depending on which yield a particular grower bel ieves is 
uneconomic in his situation. 

Figure 1.3.1: Yield Depiction with Delayed Planting - Location: EMERALD 
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Figure 1.3.2: Yield Depletion with Delayed Planting - Location: BILOELA 
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Figure 1.3.3: Yield Depletion with Delayed Planting - Location: DALBY 
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Figure 1.3.4: Yield Depletion wit h Delayed Planting - Location: ST.GEORGE 
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Figure 1.3.5: Yield Depletion with Delayed Planting - Location: GOONOJWINDI 
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Figure 1.3.6: Yield Depletion with Delayed Planting - Location: MOREE 
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Figure 1.3.8: Yield Depletion with Delayed Planting- Location: WALGETT 
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Figure 1.3.9: Yield Dep letion with Delayed Planting - Location: BREEZA 
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Figure 1.3.10: Yield Depletion with Delayed Planting - Location: BOURKE 
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Figure 1.3.11: Yield Depletion with Delayed Planting - Location: TRANG IE 
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Figure 1.3.12: Yield Depletion with Delayed Planting - Location: HILLSTON 
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If Julian Day 290 (October 16th) was 1;onsidered an earlier planting date, the yield at the 
latest planting date tested, .Julian Da) 350 or December 16th, is expressed as a percentage of 
the yield at .ID .::!90 in Table 1.3.3. The ranking of these values gives us an indication of the 
comparative length of season and comparative yield potential at each site. 

Looking at the rate of yield depletion over the range of planting dates JD 290 - J 0 3 50, the 
sho11er season areas of Trangie, Hillston and Dalby show the greatest rates of yield depletion 
but are closely followed by areas such as Moree, Myall Vale and Goondiwindi which are 
usually considered good longer season areas. This is a reminder that there is an optimum 
planting period for cotton and significant yield depletions can occur with greatly delayed 
planting or re-planring after hail damage in all cotton production areas. 

Note that the Breeza site data gives us an unexpectedly high predicted yield and low rate of 
yield depletion. This is due to gaps in the available climatic data and emphasises the need to 
have accurate climatic data for yield predictions made using these methods. With such 
anomalies appearing, it is obvious that the predicted yield potential for a particular planting 
date needs to be looked at in to relation to an economic yield eg. 1668 kg/ha (ie. 3.0 
bales/acre). ln Table 1.3.3, the predicted yield at JD 350 is expressed as a percentage of 1668 
kg/ha. These values gives us a direct comparison or ranking of cotton growing areas for 
predicted yield potential. 

Based solely on temperature, this method has predicted a low rate of yield decline for the 
Emerald area, where in practice, heat stress is reported to limit production. Also, in these 
northern areas, insect pressure makes production of late crops uneconomic and hence, it is 
economics which places a limitation to the productive season rather the temperature. 
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It should be noted that calculating yield depletions with delayed planting using solely 
temperature and Accumulated Growing Day Degrees has limitations. Although the computer 
program takes into account the effect of cold shock on growth, no research has been carried 
out to looking at the effect of extremely high temperatures on yield. Other limiting factors 
may be soil type, water availability and insect pressure. Where climatic data available is 
inaccurate or only covers for a sho11 period, yield predictions may also be inaccurate as 
illustrated at the Breeza site. 

Table 1.3.3: Comparison of Predicted Relative Yield Potential for Cotton 
Growing Areas. 

Predicted Yield at JD 
350 as 'Y.1 of Yield at 

JD 290 

Emerald 86.13 
Bilocla 77.04 
Dalby 56.64 

·s1. George 81.47 
Goondiwindi 67.87 

Moree 65.22 
Myall Vale 60.47 
Brccza 66.06 
Walgett 74.83 

Bourke 79.40 
Trangie 47.55 
Hillston 47.42 
NB: JD 290 = October 16th 

JD 350 = December 16th 

Rate of Yield Predicted Yield at JD 
Depletion 350 as% of Yield of 

from JD 290 - JD 350 1668 kg/ha (ie. 3.0 
kg/ha/day ba/ac) 

5.20 114.78 
8.14 63. 13 
13.59 63.13 
6.77 105.79 
11.14 83.63 
11.44 76.21 
12.35 67.16 
9.30 64.37 

8.85 93.49 
7.39 101.24 
I 2.21 39.35 
12.81 41.05 
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1.4: Case Studies on Early Season Hail Damage in Australian 
Cotton Crops (1993/94 - 1995/96) 

Introduction: 

In interviews prior to beginning this work, growers and consultants were asked to list the 
criteria they used in decision making in regard to replanting following early season hail. They 
were asked to nominate minimum viable plant populations and last replant dates for their 
particular production area and production type. Data was then collated in case studies of 
actual early season hail strikes in cotton crops over the following three years. From this data 
we can summarise the actual criteria used by growers in deciding to replant following hail 
damage in the early part of the season and summarise the success of late replanting. 

I A. I: Plant Populations 

In the initial interviews, grower opinion on optimum and minimum plant stands varied 
considerably. 

In case studies fol lowing hail damage. where hail damage reduced the viable plant stand to 
below an average 01· 4-6 plants per metre, the prt!ferred option among growers was to replant 
tht: damaged area. The evenness of the stand was considered important at these lower plant 
populations and hence. where large gaps existed in stands growers did not expect adequate 
~ompensatory grO\:vlh and replanting was considered the beuer option. 

The decision to replant was not only based on the viable plant population remaining, growers 
took into account the date of the hail strike (See Section 1.4.2). A key factor affecting 
replanting decisions over the period covered by these surveys was water supply. With 
drought conditions existing in most cotton production areas, fe"' growers had extra water 
available for replanting purposes and hence, were forced to either suffer a less economic 
plant population or abandon moderately or severely damaged areas of crop where in some 
instances replanting would have been otherwise carried out. 

1.4.2: Replanting Dates 

In surveys prior to beginning this work, growers and consultants nominated last replant dates 
for their particular production area and under dryland or irrigated cultivation. Late November 
was nominated by the majority of growers as the latest date for replanting following hail 
damage under irrigated cultivation. Replanting of dryland cotton after hail damage depends 
on available moisture. If surface moisture is depleted at the time of the hail strike and 
insufficient rain occurs with the storm, growers need to wait for the next rain event to replant. 
In initial surveys, growers nominated last replant dates for dryland cotton up to as late as late 
December. 

When faced with actual hail damage, growers replanting decisions were different. Case 
studies in the period from 1993/94 to 1995/96 colla1ed on earl) season hail damage show that 
economically viable decisions in regard to replanting following hail damage followed the 
same successful criteria used in normal replant decision making ie. taking into account the 
plant population and depleted yield potential with delayed planting (Section 1.2 and 1.3 ). 
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In the case studies collated, decisions as whether to replant or leave the stand as is, or to 
abandon damaged areas following early season hail damage were based on:-

I. The severity of the damage. 
2. The date of the hail strike. 

and/or 3. Replanting opportunities with respect to available water, weather 
conditions and other crop options. 

Severity of the Hail Damage. 

Where damage reduced the viable plant stand to below an average 4-6 plants per metre, the 
preferred option was to replant damaged areas. But decisions were also related to points 2 
and 3 as follows. 

Date of the Hail Strike. 

Growers with irrigation in any producLion area, did not replant after hail strikes later than 
20th November. Crops damaged severely after this date were abandoned or the grower may 
have elected lo carry on with the reduced plant stand. The crops damaged in central 
Queensland, Mc lntyre valley and on the western Darling Downs were at squaring or 
approximately first flower stage of growth in mid-late November. Whereas crops in the 
Gwydir, Namoi and Macquarie were in late vegetative stages of growth. 

In the dryland situation, case studies show that growers were willing to replant up to the end 
of November. 

There was no differentiation of last replant dates into short season and long season areas. 
This suggests that in the longer season areas where we would expect growers to take the risk 
with later planting dates that the economics of growing late cotton are an overriding factor in 
deciding whether to replant or not. ln the cotton production areas of central Queensland and 
other northern areas, the rate at which yield potential depletes as planting is delayed is slow if 
calculated based solely on temperature restrictions, but growing late planted cotton is not 
economically viable and hence, no late replanting was recorded in these areas. 

Earlier research work simulating hail damage in the vegetative stages of cotton crop 
development produced delays in maturity of 63-143 GDD (6-13 days) following VJ stage 
damage depending on weather conditions following the damage. Delays of 161-243 GDDs 
( 15-23 days) were produced following VS growth stage simulated hail damage (West, 1994). 

Case studies show that hail damage in the early vegetative stages (eg. V2-V4) had either no 
effect on crop maturity or produced delays in maturity estimated as up to I 0 days depending 
on weather conditions following the damage. These growth stages corresponded to damage 
up to mid November in the case studies collated. Overall, delays in maturity of this 
lnagnitude did not cause crop management problems. In dryland crops on the Liverpool 
Plains in 1993/94, the delay did expose crops to rain in February which produced a flush of 
late growth which proved to be difficult to manage. 
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Once crop development proceeded into later vegetative stages from mid to late November, 
delays in development recorded following hail damage were extended. Delays in 
development up to 30 days were recorded with moderate levels of damage at the V4-V6 
growth stages in most production areas. Delays in development of this magnitude caused a 
range of management problems. These included late irrigations ( l-2), late insecticide sprays 
(number depending on insect pressure but all being heavier 'Stage Ill" insecticides), 
defoliation was late and therefore more difficult under cooler conditions, late set fruit were 
slower to mature and maturing under cooler conditions induced low micronaire in many 
situations and hence heavy price discounts. The delay in development also exposed the crops 
to late rain and frosts making picking of the crops difficult and expensive. 

Replanting. Opportunities with respect to Available Water. Weather Conditions and Other 
Crop Options. 

Case studies were col lated over a period when drought conditions occurred in most growing 
areas. Replanting decisions were affected by the lack of available water for replanting or the 
lack of water for late irrigations which are required by the late developing hai I damaged 
cotton. Growers either abandoned the hail damaged areas and diverted water to cotton crL)ps 
which were potentially more productive or suffered with a less than economic plant stand. 

Weather conditions fol lo\·\ ing the hail damage acted to decrease replanting options. Where 
rain occurred with the hail storm and/or wet conditions followed, replanting was delayed \\'el I 
past economically viable dates and hence replanting was not practical and not carried out. Or 
in contrast, with IO\\. soil moisture present when the hail strike occurred and insufficient rain 
occurring with the storm, replanting was delayed until new planting rain events and due to 
the lack of such events was not carried out in most situations. This was particularly 
applicable to dryland crops. 

In some production areas such as the Darling Downs and Liverpool Plains, growers have 
other summer crop options and after experiencing hail damage to cotton, took the option to 
replant to these crops where herbicide programs allowed and crops prices were attractive. 
This option was also used by growers where water was limited and water would be more 
productively used by another crop cg. Severe damage on 27/11/95 in Gwydir Valley saw 
replanting to sorghum as water was not available for replanting nor late irrigations for <.:Olton. 
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1.5: Discussion Points and Guidelines in Managing Early 
Season Hail Damage in Cotton 

In general, from case studies, hail damage to conon in the early vegetative growth stages does 
not pose difficull managcmcnc problems nor increase production costs beyond that of the cost 
of replanting as long as the weather conditions allow replanting at an early date and within 
the normal planting period for the production area. Delays in development due to damage 
versus delays due to establishmenl and development of a new stand are similar. 

Hail damage in the later part of the cotton planting window when established cotton is in the 
later vegetative growth stages poses more significant management problems as delays in crop 
development due to damage are signi licant and yield depletion with delayed replanting date 
are significant. 

Late vegetative stage damage 1.:auscs a number of management problems:-

I. Delays in development or up to four weeks are recorded whether growers are 
regrowing a hail damaged stand or have replanted following hail damage. This docs 
not include delays in defoliation or picking which are incurred should the delayed 
crop be exposed to late rain etc. 

2. 

... 
J. 

Dela) sin development increase crop production costs. In general. case studies 
sho'' that late vegetat i' c stage damaged crops replanted or regrO\\ n from damage 
require: -

1-2 extra irrigations. Water usage may be low immediate!) following the 
damage as the crop recovers from the hail damage. But once growth 
recovers and development continues water usage returns to that of a normal 
crop. As development is now delayed, late irrigations are required if 
the damaged crop is to mature fully. 
Extra insecticides and applied later in the season when insect resistance 
levels are higher and hence 'heavier' and more expensive sprays are 
required. The number of extra insecticide sprays is dependent on insect 
pressure in an area. 
With a larger proportion of the boll load developing later in the season and 
under cooler conditions low lint quality and in particular low micronaire is 
an inherent problem in hail damaged cotton. Low micronaire lint is heavily 
discounted in the marketplace. 
Late defoliation under cooler conditions is usually more difficult and more 
expensive as multiple application of defoliants is required. 
Late development exposes the crop to late rain and frosts which potentially 
increase defoliation and picking costs and make picking less efficient. 
Downgrading of lint quality may occur due to rain damage and frosts, 
growers returns are reduced with price discounts especially in respect to 
lint colour and leaf trash. 

Insurance payments for early season hail damage assume reasonable levels of crop 
recovery or assume thal close to lhe original yield potential is achievable following 
replanting. Most policic~ are shown not to cover the increased production costs 
inherent in regrowing a hail damaged and therefore late developing cotton crop. 
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Al l growers of irrigated cotton replanted following mid-November hail damage found similar 
problems as crops yielded poorly and were expensive to grow and hence, were marginally 
economic if they produced a profit at all. The general recommendation from growers was to 
manage the damaged crops to minimise the delay in development and minimise production 
cost increases. It should be noted that in these case studies, the tendency of many producers 
was to maximise inputs into these crops and attempt to regrow the original potential yield. 
But in hindsight, the same producers stated they would not do the same again as the 
significant delay in development increases production costs dramatically and crops quickly 
become uneconomic. Few growers had the financial and water resources and luck with the 
weather to regrow the crop totally and pro fitably. 

Dryland producers are even more reliant on weather conditions and were also more willing to 
wait to see what the weather will do in respect to providing rain for replanting or recovery 
from damage. Case study growers recommend making clear decisions immediately in regard 
to continuing with a reduced stand or nor. They found that by putting off replanting decisions 
or playing around with badly damaged cotton trying to encourage growth did not work but 
saw high input costs accumulate and delayed development exposed the crops to late rain and 
frosts and the associated picking problems. If rep lan1ing to other crops was not an option, 
there were strong recommendations to continue with reduced stands rather than waiting for 
further late ra in events fo r rep lanting. 

Some growers elected to replant to shorter season varieties following late vegetative stage or 
early squaring stage hail damage. Growers did not tind a maturity advantage. This would be 
due to the fact that in the period covered by this work. 1hc short season varieties available 
were not of sufficiently short maturily to compensate for 1he loss of growth season. Cotton 
varieties currently being developed in the short season breeding programs nm) provide better 
opportunities for rep lacing yield potential when replanting following hail damage. 

In respect to guidelines for manag ing early season damage, opt ions depend on the growers 
acceptance of risk . 

l. You requ ire an economically' iable plant population and guidelines arc 
agronomica lly proven in respe<.:1 ro optimum plant populations (Section I .2). 

2. If the viable plant stand is lo\v then a grower needs to weigh up the yield depletion 
from carrying on with the reduced stand and hail damage and compare this to the 
potential yield depletion from rep lanting at a much delayed date (Section l .3}. 

3. Delayed deve lopment is a feature of both carrying on with a hail damaged crop and 
replanting. The extra costs and risks associated with growing late crops are high and 
not necessarily covered by hail insurance. 

4. Both yield depletions and i11crcased production costs should be examined in 
determining the full cost associated with early season hail and compared to other 
cropping options and transferring resources to undamaged cotton. 
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Chapter 2 

Mid Season Hail Damage - Hail Damage When 
Replanting is Past being an Option? 

2.1: Introduction 

Once the last economic replant date has passed, if a hail strike is to occur, a grower needs to 
regrow the crop and replace lost yield potential. This is possible to some extent in all except 
the most severe damage situations but the ability of a crop to recover and replace lost yield 
rapidly declines to zero by Last flower Date. ln the average year, any flower appearing after 
the historical last flo..,ver date will not have sufficient time available to it to mature 
completely. Case studies show that growers are often overly optimistic as to the yield that can 
be replaced in the reduced season available to them. In only a small percentage of cases wi II a 
grower get away with pushing a crop to replace the total lost yield. 

FollO\Ving hail. crop growth is delayed and once growth restarts, it needs lo mature within the 
remaining season if the grower is to avoid the problems associated with late crops ie. late 
high cost spra) ing. late/extra \.vatering, difficult defoliation and low qualit) cotton. 

A few points should be kept in mind when regrowing a cotton crop following mid-season hail 
damage. 

I. 

2. 

3. 

4. 

5. 

6. 

The hlli l damage has removed part or all of the yield set as bolls to the date of 
the hai I strike. 
There is a reduced season available to the grower over which to replace lost 
yield and a reduced overall crop yield potential. 
Cost!> have been incurred in getting the crop to the stage of growth at" hich it 
was at the rime of damage. 
Costs will be now be incurred to regrow and mature the crop following [he 
damage. 
In regrowing a crop following hail damage, crop development is pushed into a 
later part of the growing season. 
Growing late season crops involves problems with late watering, late insect 
control in a period of the season when insect control is difficult and expensive, 
late set bolls are maturing under cooler conditions and hence time to maturity 
is extended and lint quality problems are inherent, defoliation of late crops is 
difficu It under the cooler conditions. 

Case studies show that not all these points are taken into account when growers arc 
regrowing a crop following mid-season damage (Refer to Section 2.6). Many growers attempt 
to regrow the same yield that they were expecting prior to the hail strike and incur a series of 
problems and extra costs. The suggested strategy is to attempt to replace a realisti~ yield 
potential and mature it within the growing season which remains available whilst containing 
input costs and hence reducing the overall financial loss. 
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Cotton crop management is complex and for the purposes of this study crop management was 
broken down into separate areas. 

Firstly, insect and water management were considered whole farm strategies. The 
development of hail damaged cotton is pushed later into the season and will require later 
irrigations. As you need to replace lost plant material and regrow the crop, mo re irrigatio ns 
than no rmal may be required. In limited water situations, a grower will achieve a greater 
return by allocating water to undamaged cotton rather than pushing hail damaged cotton to 
regrow and hence the decision is made on a whole farm basis. 

In regard to insect management, with a reduced season available to replace lost yie ld, all fruit 
initiated will need to be protected from insect damage and hence the usua l strategy in regard 
to insect control is to reduce spray thresholds accordingly . Note, that with the cro p 
deve lopment curve shifted to later in the season, insect sprays will be applied later in the 
season, and hence 'heavier' and more expensive sprays may be necessary. Hence, both water 
and insect management involve increased r roduction costs fol lowing hail damage. 

With lhe aim being to get the cro p regro'\ ing fol lowing hai l damage and then maturing it in 
the remaining season avai I able, nutrients and growth regul ators can play an important p(lrt i 11 

managing a hail damaged crop. In this part or the study, a series of field trials concentrating 
on these two areas of management were carried out on hail damaged crops over the previous 
three seasons. With the assis tance of cotton growers, case studies covering crops damaged by 
hai l during the mid-season period were col lated to illustrate the variable strategies employed 
by growers in their attempts to encourage recO\ ery fol lowing the hai I damage. 
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2.2: Nitrogen Fertilisation of Hail Damaged Cotton Crops 

2.2.1: Introduction 

The cotton plant contains more nitrogen than any other mineral nutrient. Nitrogen is a key 
component of plant proteins, enzymes and of course, ch lorophyll and hence, plant size and 
growth rate are affected by nitrogen status. Nitrogen deficiency is identified as the first 
limiting factor to yield in regard to fertilisers (Maples and Keogh, 1965}. 

Nitrogen fo11ilisation increases yields by prolonging growth and increasing the number of 
bolls set, ie. delays cut out. lncreasing applied nitrogen above an optimum level is found to 
induce excessive vegetative growth and delayed maturity, as reported by Basinski et al. 
( 1975). Boquet et al. ( 1993 ), Constable and Rochester ( 1988) and Hearn ( 1981 ). Excess 
nitrogen is also found to carryover to subsequent crops and hence, acc urate application rates 
arc important (Maples and Fr issel l, 1985). 

Nitrogen is taken up rap idly and early in the growth cycle and in excess of the plant's 
requirement at that time. The leaf canopy acts as reservo ir or nitrogen, then as plant nitrogen 
requirements increase to a peak in early boll set, nitrogen is re-mobilised from the leaves to 
supply young fruit (Constable and Rochester, 1988). Fertilisation programs are designed to 
have nitrogen applied and available to the plant at times to match peak requirements. As 
nitrogen is stored in the leaves and then re-mobilised fo r use by growing bolls, nitrogen needs 
to be applied approximate ly three weeks before peak usage. Hence. current Australian 
n.:commcndations (Constable, 1986, 1988, 1990) are Lo apply al l nitrogen prior to the first 
irrigation so that ni trogen is available to the plant for its peak req uirement period which 
corresponds to early January in the Namoi Valley (Table 2.2.1 ). 

Following a crop rotation eg. cotton/wheat or fa llowing, higher levels of nitrogen arc found 
in the soil and available to the crop and a reduced quantity of fertiliser is required (Constable 
et of., 1992). In contrast, nitrogen recovery from fertiliser is reduced by denitrification, 
leaching and ammonification (Humphreys el al., 1988), waterlogging and water stress (Hearn 
and Constable, 1984) and in these situations fertil iser requirements may increase. 

The aim \l:i th nitrogen fertil isat ion should be Lo obtain a maxi mu m yield whil e min imising 
the problems of rank growth and delayed maturity. Soil nitrogen testing and petiole testing 
are key tools in optimising nitrogen application and methods arc reviewed by Burhan and 
l3abikir ( 1968), Constable ( 1987, I 988a and b ), Constable el al. ( 1991 ), Constable and 
Rochester ( 1992) and Hartizan ( 1988). In general, soi I nitrogen testing combined with 
monitoring of crop nitrogen levels during the growing season with the use of petiole nitrate 
tests provides the means by which to best optimise nitrogen fertilisation. 



32 

Table 2.2.1: Average Nitrogen Application Rates For Cotton After 
Various Crop Rotations 

Previous Crop Nitrogen Rate (kg/ha) 

Cotton or Sorghum 130-160 
Third Year Cotton I 50- 180 
Soybean 80-110 
Wheat 70-100 
Fallow 60-80 

Factors Which Increase These Rates: Factors Which Decrease These Rates: 
- Jong growing season • river loam soi ls 
- compacted soil · short season 
- heavy, flat country - good soil structure 

Source: Constable ( I 988b ) 

Soil samples taken in September to a depth of 30 cm in unfertilised soils give the best 
coJTe[ation with subsequent cotton crop response to nitrogen fertiliser. Levels of 20-25 ppm 
nitrate indicate that adeq uate nitrogen can be supplied by the soil itself. Soil nitrate test levels 
of 5 - l 0 ppm nitrate indicate that 200 · 100 kg N/ha are required. In practise, many growers 
apply nitrogen ferti li sers before September and hence, nil strips need to be left for soil nitrate 
tests to determine if side dressing of nitrogen wi l I be required (Constable, I 988a). 

Petiole nitrate tests give a 'snapshot picture' of the nitrogen status of a growing crop. The 
absolute value of petiole nitrate at any date is affected by the stage of growth, agronomic 
factors such as water status, by plant variety and weather conditions. The critical petiole 
nitrate value at first flower is approximately 20,000 ppm, and where values are below th is, 
the crop may require extra nitrogen (Figure 2.2. 1 ). One approach is to petiole nitrate test at 
three sample dates one week apart from squaring to early flowering . If va lues remain below 
critical levels then further N may be required . 

Concentrations of nitrate in petioles are as high as 30,000 ppm at squaring and fall linearly to 
as little as 1000 ppm 900 growing day degrees from sowing (Constable 1988b). A more 
accurate picture of nitrogen usage is gained by noting the decline in petiole nitrate from 
squaring to flowering with optimum rates of decline of 31.8 ppm/GOD ± 1 ppm/GOD for 
adequately ferti lised Grey Clays (Constable el al., 1991 ). Concentrations decline more 
rapidly in nitrogen deficient crops (Constable and Rochester, 1992) (Figure 2.2.2). 

The nutritional status of a crop is of primary importance in determining the ability of a crop 
to recover from hail damage. Following hail damage, a variety of fertiliser strategies have 
been used by growers with varying results (Refer to Section 2.6). Growers have either left the 
nutrient status as is and let the crop regrow, or applied small and large amounts of nitrogen 
and other nutrients to replace or boost nutrient levels in the crop. Resulting problems have 
included lack of regrowth due to less than optimum nutrient levels or excessive vegetative 
growth adding to the lateness and delayed maturity of hail damaged cotton. 
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Relationship between Petiole Nitrate at 750 GDD (First Flower) 
and Fertiliser Requirement. 
Source: Constable ( l 988b ). 
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Figure 2.2.2 Relationship Between Rate of Decline in Petiole Nitrate and 
Fertilisc1· Nitrogen Requirement 
Source: Constable and Rochester ( 1992). 
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Monitoring of Petiole Nitrate Levels in Hail Damaged 
Cotton 

The aim of this exercise is to determine what would be considered optimum nitrogen 
strategies for use on hail damaged cotton. N itrogcn deficiency or stress was identified by 
monitoring nitrogen levels in hail damaged crops as lhey recovered following a hail strike. 

Methods: 

Petiole nitrate levels were monitored in crops following damage by hail at six trial sites in the 
1994/95 and 1995/96 cotton seasons. Petiole sampling was carried out at 7. 14 day intervals 
over the period from squaring to two weeks after first flower on regrowth. 

Al Site A, hail damage (averaging an assessed 28% loss) was simulated at the R3 growth 
stage of a Sica la V2 cotton crop. Petiole nitrate levels were monitored in simulated hail 
damage treatments compared to undamaged adequately fertilised cotton as part of a combined 
nitrogen and growth regulator trial. 

Sites B through to F were sites which had incurred natural hail damage. At these sites, field 
trials relating to growth regulator use were carried out and petiole nitrate levels were 
monitored in untreated plots to identify problems in nitrogen levels. Water, insect and other 
agronomic management was carried at trial sites as per the normal commercial program as 
outlined in Appendix 2.2. 

Four replicates of 40·50 petioles of the youngest fullest expanded leaf (3rd ·4th leaf from 
terminal) of a cocton plants were collected from trial sites. Samples were dried at 70 · 80 Oc 
for 12 hours or where travel time to dehydrators was more than 12 hours, samples were dried 
by microwave. Samples were then ground using a cyclotec grinder and stored in air tight 
plastic vials for analysis. Nitrate levels were measured using standard international 
techniques, with 0.1 g of the sample extracted in SO ml of distilled water, filtered for one 
hour and analysed for nitrate using an auto analyser method (Technicon method 487· 77 A). 
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Results and Discussion: 

Following a hai I strike, new squaring and flowering phases are initiated on regrowth plant 
material. Vegetative growth and fruiting patterns are similar to that in undamaged cotton but 
overall crop development is delayed compared to development in undamaged cotton (West, 
1996). It is suggested that when nitrogen is not a limiting factor, nitrogen uptake or usage 
should fol low similar patterns as for the original fruiting phase of undamaged cotton. 
Concentrations of nit rate in petioles are found to fal I linearly from squaring through 
flowering in cotton unaffected by hail (Constable I 988b), similar rates of decline of petiole 
nitrate should be observed as the crop regrows after hail damage if nitrogen is not limiting. 

Constable et al. ( 1991) showed that in adequately fertilised cotton crops growing on grey clay 
soi Is. rates or decline of petiole nitrate in the order of 31.8 ppm/GDD ± I ppm/GDD occur 
between squaring and flowering (approximately 700 - 900 GDDs from planting). This rate of 
decline has been used as an "optimum" rate of decline for the purposes of this work. 

The ne\V fruiling phase which occurs following damage is delayed compared to the normal 
fruiting pattern and depending on the date of the hail strike at each site in these trials, occurs 
from I 000-1-lSO GDDs from planting. 

Uptake of nitrogen declines past peak flowering as the undamaged cotton crop matures, and 
hence. petiole nit rate readings taken at sample dates from I 000-1-lSO GDDs from planting 
would have decreased significantly compared to the squaring to !lowering period. This is 
indicared in ploLting the nitrate level decline through to 1450 GDDs in undamaged cotton 
grn\\ ing 011 a gri:y clay ic. 'optimum' decline as in Figure 2.2.3. 

rhe crop regrO\\ ing a lier hail damage re-initiates the fruiting plrnse and rapid growth 
fol lo\\ ing damage sees levels of uptake of nitrogen closer to that seen in the 750-100 GDD 
period in undamaged cotton. Rates of decline should indicate whclher lhere is sufficient 
nitrogen available to meet the growth requirements of the regro\\ ing hail damaged crop. 

Petiole nitrate readings in these trials were found to be linearly related to time from planting 
(Gro" ing Da) Degrees or GDDs) as in the work of Constable e1 al. ( 1991 ). Regression of 
petiole nitrate readings against time from planting was used ro calculate the rate of decline in 
petiole nitrate for each trial and treatment (Table 2.2.2). 
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Table 2.2.2: Regression Equations Relating Decline in Petiole Nitrate to Time 
from Planting in Growing Day Degrees. 

Site Regression Equation r2 Rate of Decline 
in Petiole 
Nitrate 

<nom/GDD) 
A - A.C.R.l. 1994/95 Undamaged Nitrate = 37905 - 20.5 x 91.5% 20.5 

GOD 
/\ · A.C.R. l. 1994/95 Ni I Nitrogen Nitrate -= 5 l 990 - 28. 1 x 90 .7 % 28. 1 

GOD 
A - A.C.R.I. l 994/95 50 Units Nitrate = 42290 - 20.6 x 92.4 % 20.6 

Side-dressed Nitrogen GOD 
B - Abbey Green 1994/95 Nitrate "" 69080 - 33.-1 x 97.4 % 33.4 

GOD 
C - Wild Willows 1994/95 Nitrate = 99846 - 56.0 x 99.7% 56.0 

GDD 
D • Auscott Narrabri 1995/96 Nitrate - 50357 - 28.2 x 78.5% 28.2 

GOD 
i E - Coolabah l 995/96 Nitrate = 34 104 - 23.4 x 88.2 % 23.4 
I GDD 

F - Willawood 1995/96 Nitrnte .,, 792 19 - 53.7 x 97.8 % 53.7 
GOD 

The 1994/95 Australian Cotton Research Institute (A. C. R. I.) trial or Site A was carried out 
on a grey clay soi l and was cons idered to be adequately ferli lised with 100 units of nitrogen 
applied pre-plant. Due to lack of ha il events in the region. ha il damage was simulated at the 
RJ growth stage at an average level of 28% assessed damage. Figure 2.2.3 illustrates the 
decline in petio le nitrate from squaring to flowering on regrowth following simulated hail 
damage at Site A. 

It is found that the uptake of nitrogen in the simulated hail lreatments is higher than in 
undamaged cotton in petiole nitrate levels measured at any sample date. This is an indication 
of the more rapid growth rate of cotton during the squaring - flowering phase compared to 
growth rates in more mature cotton. 

Petiole nitrate levels declined at a rate of 20.5 ppm/GGD in the undamaged cotton. The rate 
of decline in petiole nitrate from squaring to flowering in simulated hail damaged cotton is 
more rapid than in undamaged cotton. But uptake levels do not decline below levels which 
wou ld be considered critical for grO\Vth by comparing values to either the undamaged 
treatment in the Site A trial or to the recorded optimum uptake levels defined by Constable et 
al., (1991) and so do not indicate that an additional application of nitrogen wou ld have been 
required (Figure 2.2.3). With the side dress ing of 50 units of nitrogen as urea fo llowing the 
simulated hail damage, the rate of decline in petiole nitrate returns to the same rate as in 
undamaged cotton. 
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Figure 2.2.3: Decline in Petiole Nitr·atc in Cotton Following Simulated Hail 
Damage (Site: A· A. C.R. I. 1994/95). 
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The brown clays, on which Sites Band C were located, are generally more fertile with 
greater amounts of nitrogen al depth and show a greater degree of nitrogen mineralisation and 
hence. more nitrogen is available to the plant (Rochester pers comm.). Constable and 
Rochester ( 1988, 1991) have found that the brown clays display a lower critical nitrogen 
level and show a lower rate of decline in petiole nitrate than that seen in grey clays. Trials at 
Site 13 and C, compare the rates of decline of petiole nitrate in two crops of different maturity 
at the time of the hail strike but growing on the same soil type and under the same growing 
conditions (Figure 2.2.4). Both sites had sufficient nitrogen remaining under the crops to 
support good regrowth following the strike as indicated by the high petiole nitrate readings 
measured following the damage in spite of waterlogging. 

Vegetative regrowth folio\.\ ing damage was not extensive at Site B - Abbey Green due to tht: 
fact it was at a more mature growlh stage at the time of damage (RS.JN growth stage). 
Whereas, the crop at Site C - Wild Willows was at only the R2·R3 growth stage at the time of 
damage. Nitrate levels declined at a rate of 33.4 ppm/GOD at Site B compared to 56.0 
ppm/GOD at Site C. Nitrogen requirements and uptake would have been greater at Site C, as 
it re-initiated development following damage and nitrate concentration would have been 
rapidly diluted by the increased vegetative material with the result that the rate of decline in 
petiole nitrate at Site C was rapid at 56.0 ppm/GOD. But note that nitrate levels are still 
~bove critical levels indicating additional nitrogen would not need to be applied in either 
situation. It should be noted that in both trials B and C, prolonged waterlogging in the three 
weeks post hail damage should have contributed to a decreased uptake of nitrogen. This is 
not indicated by the petiole nitrate readings taken which remained above critical levels during 
this period. 
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Figure 2.2.4: Decline in Petiole Nitrate in Cotton Regrowing After Hail Damage 
(1994/95) 
Sites: B (Abbey Green) and C (Wild Willows) 
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Wann growing conditions and good drainage in 1995/96 season Sa\\ vigorous regrowth 
following hail damage at Site D (Auscott Narrabri) in spite of heavy rain in the January of 
1996. The rate of decline in petiole nitrate of 28.2 ppm/GOD at this site is comparable to that 
reported by Constable el al. ( 1991) for grey clay soils. The so il type at Site D would be 
considered intermediate between the brown and grey clays and hence a slightly slower rate of 
decline in nitrate levels would be expected. The damage experienced at this s ite was early in 
the growth cycle at the R2 growth stage, and 'vvith good growing conditions fo llowing 
damage. the reproductive phase was re-initiated within I 00 GDDs of the damage. Rates of 
nitrogen uptake during the new squaring and flowering phase were similar to that expected 
for an undamaged crop ie. little delayed compared to undamaged cotton, as indicated in 
Figure 2.2.5. 

Sires E and F being situated on grey clays and rates of petiole nitrate decline of23.4 and 53.7 
ppm/GOD were measured for the sites, respectively. The crop at Site E was very mature at 
the time of damage (RI 0-R 12 growth stage) and within 14 days of cutout. Little regrowth 
appeared following the hail damage due to the combined effect of the growth stage at time of 
damage and weather conditions which did not induce rapid growth. Hence, little nitrogen was 
required by the crop and little was taken up as indic3:ted by the low levels of petiole nitrate 
measured at each date. The Site F trial (Willawood) was younger cotton (R2-R4 growth 
stage) at the time of damage and regrowth should have been rapid but due to severe 
waterlogging for a prolonged period following damage regrowth was slow. Although nitrogen 
was app lied the waterlogged conditions made uptake impossible and hence petiole nitrate 
levels dec lined rapidly. 
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Figure 2.2.S: Decline in Petiole Nitrate in Cotton Reg1·owing After Hail Damage 
(1995/96). 
Sites: D (Auscott Narrabri), E (Coolabah) and F (Willawood). 
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Crop growth stage at the time of damage and the timing of the hai l strike within the available 
growing season "' i II dictate that amount of regrowth that can be expected fo l lowing a hail 
strike. Mature cotton has a reduced requirement for nitrogen as regrowth following damage is 
mi nimal compared to younger cotton following hail damage, as cotton physiology dictates 
that the crop wil I mature the fruit remaining on the bush before initiating any regrowth and 
climatic conditions will dictate if there is sufficient time remaining in the season to initiate 
and mature regrowth . A crop at a less mature growth stage at the time of damage under 
optimum weather conditions will initiate vegetative regrowth quickly and hence will have a 
greater nitrogen requirement. 

The nutrient status of the crop will dictate how much of th e regrowth potential can be 
achieved under su itab le weather conditions. At each of these sites, nitrogen applied prior to 
the hail strike was considered adeq uate for production of a normal cotton crop. ro llowing die 
hail strike, petiole nitrate levels and the rate of decline of petiole nitrate indicate that nitrogen 
was not limiting for growth. Hence, further nitrogen fertil isation would not have inceased 
yields. Only where waterlogging was imposed on young cotton attempting to regrow 
following damage, did nitrate levels reach critical levels. In this situation, nitrogen was 
applied to the commercial field and as ind icated by the overall lack of regrowth, it is 
suggested that the applied nitrogen was not able to be uti lised by the crop due to 
waterlogging. 
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2.2.3: Post Hail Damage Application of Nitrogen Fertiliser 

Aims: 

The aim of this exercise was to determine what would be considered optimum nitrogen 
strategies for use on hail damaged cotton. Previous trials had indicated that where normal 
fertiliser inputs for a given yield potential were applied prior to damage no deficiency was 
indicat~d in crops regrowing following a hail strike. With a crop damaged by hail prior to the 
application of its full nitrogen requirement, a suitable site was available to test the response 
of a hail damaged crop to varying rates of applied nitrogen fertiliser. 

lVIethods: 

/\uscott Narrabri (Field 5) was damaged by hail on I Oil 2/95 at a level of -U% assessed 
damage when at the R3-R4 growth stage. The crop was squaring well and damage saw 
approximately 70% defoliation, with most plants tipped out at the 6th -7th node level 
rt!moving the major proportion of fruiting limbs and squares, and stem bruising was evident. 
At this stage Field 5 was yet to receive its full nitrogen application. A replicated trial 
(Randomised Complete Block Design) was set up applying 30 and 60 units of nitrogen as 
side-dressed urea compared with no side-dressing of nitrogen. 

Nore that the field was planted to the variety Sicala V2 in skip row configuration with a 
double sl-.:ip every 16 row on double beds to minimise water usagi;::. The previous cotton crop 
was 1993/94. 96 units of nitrogen applied prior to planting of the 199/96 crop consisted of 30 
uni rs of nitrogen applied to a wheat crop in the fallow which failed to establish and 30 units 
N which were applied in July prior to sowing the cotton crop. This is an equivalent of 96 
units of N avai I able to the crop as 62.5% of the cropping area is planted to cotton with N 
applied over I 00% of area. 

Urea was side-dressed by ground rig immediately the ground was trafticable following the 
hail storm. All water, insect and other agronomy management was as per the commercial 
tield in which the trial was situated (Appendix 2.2). 

Petiole nitrate levels were monitored in the crop as it regrew following the hail damage. 
Petiole sampling was carried out at 7-14 day intervals over the period from squaring through 
to two weeks after first flower on regrowth. Four replicates of 40-50 petioles of the youngest 
fullest expanded leaf (3rd - 4th leaf from terminal) of a cotton plant were collected from trial 
sites. Samples were dried at 70 - 80 De for 12 hours then ground using a cyclotec grinder and 
stored in air tight plastic vials for analysis. Nitrate levels were measured using standard 
international techniques, with 0.1 g of the sample extracted in 50 ml of distilled water, 
filtered for one hour and analysed for nitrate using an auto analyser method (Technicon 
method 487-77A). 

Fruit numbers were monitored at 6, I 0 and 14 weeks fol lowing damage by fruit counts over 
one m2 areas. Lint yields were determined by sequential hand picking over 2 m2 areas at 
maturity. Sub-samples were ginned to determine ginning percentages and fibre quality was 
determined by H. V. I. techniques at the Australian Cotton Research Institute, Myall Vale, 
Narrabri. 
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Results and Discussion: 

Petiole nitrate levels were monitored as the hail damaged crop re-initiated vegetative and 
reproductive growth. Regression of petiole nitrate readings against time from planting was 
used to calculate the rate of decline in petiole nitrate for each treatment. Petiole nitrate levels 
at each sample date indicate that nitrogen was limiting to growth in the Nil Nitrogen 
treatments (Figure 2.2.6). Uptake at each sample date was below critical levels for growth. 
Examination of the rate of decline was not applicable as uptake of nitrogen was minimal. 
Application of 30 and 60 units of nitrogen saw uptake levels rise above critical levels and 
rates of decline of petiole nitrate of 21.7 and 21.8 ppm/GOD were measured, respectively. 
Such rates of decline would be expected for the brown clay soil type and slightly slower than 
for a grey clay soil type. No significant difference in rates of decline in petiole nitrate arc 
observed between the two tr~atments of 30 and 60 units of side-dressed urea. 

Figure 2.2.6: Decline in Petiole Nitrate in Colton Regrowing After Hail Damage 
(1995/96) Site: Auscott Narrabri (Field 5) Nitrogen/Zinc Trial 
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Regression Equations: 

Grey Clay Optimum 

~ Nil Nitrogen 

·· - ··-·· 30 Units Nitrogen 

~- SD Units Nitrogen 

Side-dressed Nitrogen (30 units) 
Side-dressed Nitrogen (60 units) 

Nitrate= 41730 - 21.7 x GDDs r2 = 76.2%. 
Nitralc "'42105 - 21.8 x GDDs r2 = 62.4%. 

No differences were found between treatments in regard to fruit numbers at any sampling 
date, with final plant height and boll numbers being similar across the three treatments. 

No differences were found in final lint yield nor in maturity of the nitrogen treatments as 
measured by sequential picking. H.V.l. testing revealed no differences in lint quality due to 
nitrogen treatments. 
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Conclusions: 

The average lint yield over the entire trial area was only 4.5 bales/hectare and therefore, 
factors other than nitrogen were acting to limit yield or acted to limit the uptake of nitrogen. 
The crop was planted skip row to be able to take full advantage of the limited irrigation water 
originally expected. The rain of December and January allowed watering to optimum 
requirements, but the crop could not take full advantage of the available row space and it is 
suggested did not utilise the full quantity of available nitrogen. 

Application of urea was carried out within seven days of the hail strike, as the field was 
quickly trafficable since there was little rain was recorded with the hail. Initial regrowth was 
quite rapid but the initiation of flowering corresponded to wet \\ eather conditions \\'ith 
rainfall for January totalling 425 111111 for the Myall Vale ,,·eather station compared to a long 
term average for the month of I 04 mm. This included a fal I or 221 mm in 24 hours which 
caused water to backup into the trial area and the area remained waterlogged for an extended 
period. During the same period average temperatures also remained moderate (Appendix 2.1 
Climatic Averages 1995/96). Hence, uptake and utilisation of nitrogen and other nutrients 
was hampered by climatic conditions and crop regrowth was reduced. This precluded any 
conclusions being drawn as to the response of the crop to applied nitrogen. 

Petiole sampling rc:'ults suggest that nitrogen would have been a yield limiting factor for the 
nil nitrogen treatments under normal growing conditions. Note that there \\as llnlc difference 
in petiole 11 itracc n:adings for the two side-dressed nitrog~n treatments. 30 units or nitrogen 
applied post damage ''ould have been sufficient nitrogen to bring the nitrogen applied up to 
normal crop requirements. The application of a fu11her 30 units of nitrogen (ic. 60 units N 
treatment) has produced no increased nitrogen uptake as recorded in the petioli.: nitrate data 
and it is suggested may have been in excess to crop requirements in a normal growing season. 
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2.3: Foliar Fertilisation of Hail Damaged Cotton Crops 

2.3.1: Introduction 

In modern cotton production, nutrients are supplied to a crop firstly from the soil and 
secondly from applied fertilisers. The amount supplied by the soil is influenced by the 
amount returned to the soi l in crop residues versus the quantity removed with the crop 
product and the cropping history of the field. If residues are burnt, then the non-metallic 
elements nitrogen, phosphorus, and sulphur are lost to the atmosphere. If residues are 
incorporated into the soil. lhcy decompose and become available to a subsequent crop. 
Hence, of the clements taken up in large quantities by a cotton crop, N and Pare more 
frequently needed as fen ii iscrs than K, Ca and Mg (Hearn , 198 1 ). ! learn ( 1981) revie\\ eel in 
detai l the nutrient requirements of collon, <ldiciency symptoms, critica l leve ls, plant tests and 
nutrient application. A summary or uptake or nutrients by cotton and nutrient removal is 
presented in Table 2.3.1. 

Most of Austra lian cotton growing soi ls are re latively ferti le. Corron crops, of course, have a 
high nitrogen requirement and hence, nitrogen is routinely applied lo al l soils. Phosphorus is 
also required on some soi l types. With a high crop demand and depletion of nutrients\\ ith 
long term cropping we ma) sec deficiencies of other nutrients such as potassium and sulphur. 
Soil tests fo r N. P. Kand Na can help to identif)' ferti liser requirements before sowing but 
soil le' e ls for trace c lemcnts bear I it tic relationship to crop status. Plant tissue levels pro,·iclc 
a bener ind ication of possible de lie ienc) problems fo r trace elements and critical level:> for 
these nutrients are outlined in Table 2.3.2. 

Trace elements seem to be present in adequate levels in Australian soils with the exception or 
zinc which can become unavailable due to specific soil conditions, eg. in areas cut in laser 
level ling, high pH soils or fields displaying long fallow disorder (Constable, 1988a; Daniel ls 
and Larsen, 199 1 ). 

Foliar fertili ser mixes are often applied Lo boost rnicronutrient levels in hi gh yielding crops or 
to a lleviating part or that stress imposed by waterlogging, hail damage etc. 
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Table 2.3.1: Essential Nutrients for Cotton and Typical Values for Total Plant 
Uptake and Removal at Harvest 

Typical Uptake Typical Removal* 
k2/ha kg/ha 

Nitro2en I 10 ! I 
Potassium l25 6 
Phosp horus 30 2 

Calcium 90 l 
Magnesium 30 I 
Sulphur 10 0 .1 

Iron 0.600 0.066 
Manea nese 0.450 0.012 
Boron 0.200 0.02 1 
Zinc 0.060 0.0 13 
Cooner 0.020 0 .003 
Molvbdcnum 0.003 Trace 

>+ Removal refers lo that removed by a crop including seed and lint and assuming a 38% gin out turn. 

Source: Constable { I 988a) . 

Table 2.3 .2: Plan t Tissue Levels Which May Indicate Deficiency fo r Cotton 
Growt h 

a) LEAF BLADE DURING EARLY FLOWERI NG 

NUTRIENT UNITS CRITICAL NORMA L 
LEVEL RANGE 

Nitrogen N % 3.0 3.0-4.5 
Phosphorus p % 0.2 0.3-0.5 
Potassium K % 1.0 1.0-3.0 

Calcium Ca % 0.4 0.4-3.0 
Magnesium Mg O/o 0.2 0.4-0.9 
Sulphur s % 0.2 0.2-0.4 

Iron Fe ppm 30 50-350 
Manganese Mn ppm 13 50-350 
Boron B ppm 10 20-60 

Z inc Zn ppm 11 20-60 
Copper Cu ppm 2 5-25 
Molybdenum Mo ppm 0.4 0.4-0.9 

b) PETIOLE AT FIRST FLOWER 

NUTRIENT UNITS CRITICAL 
LEVEL 

Nitrogen N01 oom 20,000 
Phosphorus p oom 12,000 
Potassium (( oom 10,000 
Source: Constable (I 988a). 
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A Comparison of the Response of Hail Damaged 
Cotton to Foliar Application of Zinc and 
Micronutrients. 

The aim of this trial was to investigate the response of hail damaged cotton to the application 
of a foliar 111 icronutrient ferti I iser mix and foliar application of zinc as means of alleviating 
the stress imposed on cotton by hail damage. 

Methods: 

Auscolt Narrabri (Field 5) was damaged by hail on I 0/12/95 at a level of 43% assessed 
damage when at the R3-R4 growth stage. The crop was squaring well and damage saw 
approximately 70% defoliation, with most plants tipped out at the 6th -7th node level 
remm'ing the major proportion of fruiting limbs and squares, and stem bruising was evident. 

A Randomised Complete Block Design trial with four replicates was set up on the hail 
damaged cotton to investigate the response of the cotton to a foliar application of zinc and a 
micronutrient mix. Treatments being 1. Nil applied foliar fertiliser, 2. Foliar Zinc (230 g/ha) 
and 3. "Triple 7" foliar fertiliser ( 1500 ml/ha). Plot size was I Om by 4m allowing use of a 
hand held pressurised spray rig for application of foliar sprays. Agronomic management of 
the crop area was as per the whole commercial field as outlined in Appendix 2.2. 

Leaf blade samples were taken for analysis of zinc levels immediately prior to application of 
foliar sprays. Analyses carried out by INCITEC Ltd showed zinc levels ranging from 14 - 17 
ppm (Average 15. 75 ppm) which is considered low and indicates a deficiency of Zinc. The 
critical leaf blade zinc level at early flowering is I I ppm with 20-60 ppm being normal levels 
(Constable et al., 1988). 

Foliar Zinc 1-leptahydrate was applied at a rate of I kg/ha (ie. 230g Zn /ha) on 16/1/96 or 430 
GDDs after the hail damage when sufficient leaf area was replaced for adequate fertiliser 
uptake. The micronutrient mix "Triple 7" was applied at a rate of I 500 ml/ha on the same 
date. "Triple 7" contains on a percentage weight per volume basis, 7.0% nitrogen as urea, 7% 
iron as ferrous sulphate, 7.0% zinc as zinc sulphate, 0.5% copper as copper sulphate and 
7.5% sulphur as sulphate. (See Label - Appendix 2.3). Both foliar fertilisers were applied 
using a hand held pressurised spray unit. 

Leaf blade samples were taken for zinc analysis at 2, 4 and 6 weeks after application of foliar 
fertilisers and analysis carried out using standard international techniques by the Biological 
and Chemical Research Institute, Rydalmere. Leaf area samples were taken at three and six 
weeks after application of the foliar fertilisers and leaf area determined using a Li-Cor area 
meter. 
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Fruit numbers were monitored at 7, 10 and 14 weeks following damage by fruit counts over 
one m2 areas, as weather conditions allowed. Lint yields were determined by sequential hand 
picking over 2 m2 areas at maturity. Sub-samples were ginned to determine ginning 
percentages and fibre quality was determined by H.V.I. at the Australian Cotton Research 
Institute, Myall Vale, Narrabri. 

Results and Discussion: 

Leaf blade zinc analysis at 2. 4 and 6 weeks after the application of the foliar fertiliser 
showed no significant differences beLween treatments. Zinc levels for each treatment and 
sample date were in the range of 18.5 - 29.0 ppm and hence, were within the optimum range. 
But variability between samples docs not allow accurate assumptions to be made in regard 10 

zinc uptake. It should be noted that zinc levels improved in all three treatments suggesting 
that uptake was limited in the initial sampling a factor other than a deficiency of7.inc. 

In monitoring the regrowth of the leaf canopy following the hail damage and application of 
foliar fertilisers, it was found that hail damaged cotton showed an initial response to applied 
zinc. At the first sample date, three weeks after the application of the foliar mixes, the LAI 
for the Foliar Zinc treatment was significantly higher than that measured for the orher 
treatments (Table 2.3.3). By the 6 week sampling date, the foliar zinc treatment still had a 
marginally larger LA I but the di ffercncc compared to the other treatments was no longer 
statistically significant. No difference was measured between the nil treatment and the 
"Triple 7" treatment. 

Table 2.3.3: Changes in Leaf Arca Index in Hail Damaged Cotton Following 
Application of Foliar Fertiliser. 

Trcattnent LAI at Sample Oatc 1 LAI at Samolc Date 2 
I. Nil applied foliar fertiliser 1.70 2.17 
I Foliar Zinc (230 .!!/ ha) 2.40 (/ ) ~ ... 

_.J.) 

3. Triple 7 ( 1500 ml/ha) 1.95 2.17 

a - Indicates significant difference compared tO other treatments at this sample date (10 % Level). 

Final plant height measured at 14 weeks after the hail damage shows a height advantage of 6-
7 cm for two treatments where foliar fertiliser was applied, although replicate variability has 
decreased the statistical significance of this result. Hence, the data suggests that there is some 
advantage in appl ying foliar fertiliser following a hail strike, in that ir may assist in 
overcoming the stress imposed by the damage and increase the rate of early vegetative 
regrowth. But variability between replicates has reduced the statistical significance of these 
results and hence, reduced the confidence in drawing this conclusion. Further trinling of 
foliar fertilisers is required to investigate possible differences in rate of regrowth. 
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Although the Foliar Zinc treatment produced an 8.8% relative yield advantage over the 
control treatment and 3.3% relative yield advantage over the use of "Triple 7", replicate 
variability has meant that this result is not statistically significant (Figure 2.3.1 ). The Foliar 
Zinc and "Triple 7" treatments showed an increased rate of boll opening in the early stages of 
opening by reaching 40% open bolls, 14.5 and 5.0 GDDs ahead of the Nil Foliar treatment. 
Cool temperatures affected the rate of opening from this time onwards and hence, although, 
still ahead in maturity by the third sequential pick, differences in time to 60% open not 
statistically significant. Foliar treatments did not affect lint quality. 

Figure 2.3.1: Relative Lint Yield of Hail Damaged Cotton Following Foliar 
Fertiliser Applications. 
Site: Auscott Narrabri (Field 5) 1995/96 
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Conclusions: 

Regrowth in this trial was affected by wet weather conditions as previously described in 
Section 2.2.3. Together with field variability this has meant that results are not conclusive, 
especially in regard to any yield and maturity advantage referred to. The field showed 
marginal zinc levels in tissue tests carried out immediately following the hail strike and 
adequate levels following the application of foliar zinc. It is suggested that the applied zinc 
and micronutrient mix alleviated the deficiency existing in the field contributing to earlier 
replacement of leaf area in zinc treated areas, with further investigation needed to look at the 
effect of applied zinc and foliar micronutrient mixes on hail damaged cotton where zinc is not 
expected to be a limiting factor to growth. 



2.3.2: 

Aim: 

48 

Response of Hail Damaged Cotton to Foliar 
Application of Zinc 

The aim of this trial was to investigate the response of hail damaged cotton to app licati on of a 
fo liar application of zinc as a means of alleviating the stress imposed on cotton by hai l 
damage. 

Methods: 

Auscott Narrabri (Field S) was damaged by hail on 10/12/95 (550 GDDs from Planting) at a 
level of 43% assessed damage when at the R3-R4 growth stage. The crop was squaring well 
and damage saw approximate ly 70% defoliation, with most plants tipped out at the 6th -7th 
node level removing the maj or propon ion of fruiting limbs and squares, and stem bru ising 
was evident. 

Foliar zinc treatments "vere overlaid on the nitrogen fertiliser trial described in Section 2.2.3, 
forming a split plor experiment. Treatments of Fo liar Zinc (230g Zn/ha) and Ni l Foliar Zinc 
were applied as treatments. Plot size was I Om by 4m allowing use of a hand held pressurised 
spray rig for appl ication of foliar sprays . Agronomic management of the crop area was as per 
the whole commercial field as outlined in Appendix 2.2. 

Fo liar Zinc Heplahydra te ''as applied at a rate of I kg/ha ( ie. 230g Zn /ha) on 16/1/96 or -BO 
GDDs after the hail damage when sufficient leaf area was replaced for adequate fertiliser 
uptake. 

At 2, 4 and 6 weeks after the application of fo liar fertilisers, leaf blade samples were taken 
for zinc analysis and ana lysis was carried out using standard international techniques by the 
Biological and Chemical Research Institute, Rydalmere, N.S.W. Leaf area samples were 
taken at three and six weeks after application of the foliar fertilisers and leaf area determined 
using a Li-Cor area meter. 

Fruit numbers were monitored at 7, 10 and 14 weeks following damage by fruit counts over 
one metre square areas, as weather conditions allowed. Lint yields were determined by 
sequential hand picking over 2 rn2 areas at maturity. Sub-samples were ginned to determine 
ginning percentages and fibre quality was determined by H. V. [.techniques at the Australian 
Cotton Research Institute, Myall Vale, Narrabri. 
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Results and Discussion: 

Zinc deficiency usually results from soil zinc being tied up in forms not readily available to 
plants. for example in some of the high phosphate high pl-I soils used in cotlon production, 
especially where topsoil has been removed in ground levelling for irrigation. Zinc deficiency 
can also occur in cool weather and waterlogging during early growth and following a long 
crop fallow (Constable et al., 1988}. The area in which this trial was carried out was 
effectively coming out of a long fallow, since a fallow wheat crop failed to establish in the 
previous year due to drought conditions. During the cotton growing season, as previously 
described, wet weather conditions during January 1996 caused prolonged waterlogging 
during the period over which the crop was attempting to regrowth from hail damage inflicted 
in mid-December. These conditions prevented lhe uptake of applied nilrogen and we would 
e\pecl lhc same condilions to induce a deticicncy or mirconurrienls such as zinc. 

Leaf blade analyses for zinc sampled prior to foliar applications. showed zinc levels ranging 
from l-1 - 17 ppm (Average I 5.75 ppm) which is considered low and indicates a deficiency of 
/inc. The critical leaf blade zinc level at early flowering is l l ppm with 20-60 ppm being 
normal levels (Constable el al., 1988). Leaf blade analyses at 2, 4 and 6 weeks after the 
application of the foliar fertiliser showed thal zinc levels had improved in the period 
following the in ilia! sampling and had reached adequate levels by two week sample dale in 
boih treatments. Zinc levels were reduced to 17.75 and 19 ppm at the -I week sampling date 
"hich would be considered low with the reduclion in measured zinc possibly due to 
''<llerlogging in che period immediately prior to the sampling. as le' els increased again by the 
6 \\eek sampling dale. Al all samples dates. the foliar zinc treatments displayed marginally 
higher leaf blade analysis zinc levels although not statistical I~ signiticant (Table 2.3.4). 

Tnblc 2.3.4: Changes in Leaf Blade Zinc Levels in Hail D~11nagcd Cotton 
Following Application of foliar Zinc 

Leaf Blade Zinc 
Nil Zinc Foliar Zinc 

Initial Sampling following Hail Damage 14 - 17 ppm 14 - 17 ppm 

Al 2 Weeks Following Foliar Application 26.00 ppm 27.50 ppm 

J\1 -1 Weeks Following Foliar Application 17.75 ppm 19.00 ppm 

;\r 6 Weeks Following Foliar Application 24.00 ppm 25.25 ppm 

Initial leaf area development was greater in the foliar zinc treated areas, although replicate 
variability ensured the difference in leaf area was not statistically significant. But leaf area 
development was only delayed in the nil zinc areas compared to the foliar zinc treatment, as 
the nil zinc areas had a significantly higher final L.A. I. at the final sampling date (5% Level 
of Significance) (Table 2.3.5). 
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Table 2.3.5: Leaf Area Development in Hail Damaged Cotton Following 
Application of Foliar Zinc. 

NB: 

Treatment L. A. I. at 3 Weeks Following L. A. I. at 6 weeks Following 
Foliar Ap1llication Foliar Application 

(1242 GDDs from Planting) (1489 GDDs from Planting) 
Nil Zinc 1.77 2.65 a 
Foliar Zinc 2.27 2.22 b 

Damage Date 10112195 or 550 GDDs from Planting. 
Foliar Zinc Applied 1611196 or 980 GDDs from Planting. 
L. A. I. followed by a and bare significantly different (5% Level). 

Vegetative development in terms of plant height saw the final plant height of the foliar zinc 
treatments average 80 cm compared to 68 cm in areas not treated with foliar zinc which is 
statistically significant at the 1% level (Figure 2.3.2). Plant height differences at earlier 
sampling dates were small. 

Fruit development saw significantly greater production of squares in the foliar zinc treated 
areas (1% Level of Significance) (Figure 2.9). But although early boll numbers were higher 
in the foliar zinc treated areas, final boll numbers were similar between the two treatments 
(Figure 2.3.4). 

No significant difference is found in linal lint yields between the two treatments, nor in lint 
qualtiy characteristics. There was a tendency for boll size to be increased in earlier sequential 
picks for the foliar zinc treatment (I 0% Level of Significance) and for average boll size to be 
overall larger for the foliar zinc 1rca1men1 (5% Level of Significance). 

Figure 2.3.2: Plant Height Development in Hail Damaged Cotton Following 
Application of Foliar Zinc 
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Figure 2.3.3: Square Development in Hail Damaged Cotton Following 
Application of Foliar Zinc 
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Conclusions: 

This trial data suggests that the foliar zinc assisted in increasing early canopy regrowth and 
intitiation of the squaring and fruiting phases following the hail damage, with the areas not 
treated with zinc being delayed in development in comparison. But this does not suggest that 
the application of zinc to any hail damaged crop will assist in the early recovery of the crop, 
Leaf blade analysis had suggested that the site had low to marginal zinc levels in the first 
place or at least zinc deficiency induced by climatic conditions and hence, the application of 
zinc would have acted to remedy a deficiency situation. Further work on the use of foliar zinc 
on hail damaged cotton is required on sites not subject to zinc deficiency. 
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2.4: Use of Growth Regulators in Management of 
Regrowth of Hail Damaged Cotton 

2.4.1: Introduction 

Excessive vegetative growth in cotton can increase fruit shed and hence, decrease lint yield, 
delay maturity and contribute to increased boll rot (Cathey and Meredith , l 988). 
Traditionally, the restriction of water supply to the crop in the early season was used to 
suppress vegetative gro\' th and encourage the plant to move into the reproductive phase and 
retain early fruit lL is now believed that this practise can actually be detrimental to crop 
growth and can decrease lint yields. Pix® (Mepiquat Chloride) is now \.videly used as a 
growth regulator in colton crops, being used to suppress vegetative growth in the same 1\ ay 
as restricting early water supply was used, except without imposing stress (Holden, 199-f ). 

Mepiquat Chloride, b) inhib iting the enzyme involved in the synthesis of gibberell ic acid 
(GA), alters GA metaboli sm in the co1ton plant. GA is involved in the process of ce ll 
expansion and henc~. a reduction in its concentration would reduce leaf area, internmk 
length and plant height (I-I olden, I 994). I lence, Mepiquat Chloride or Pix® suppre-,->cs 
'cgetat ivc gro-.,vth in cotton b:• reducing ma in stem and fruiting branch intern ode length and 
leaf ar~a. producing a ::;horter and more compact plant (Cathe) and Meredi th. 1988: Cothren, 
1979; McCarty et al. 1990: McKinnon et uf. 1990; York, 1983a and 1983b). 

In reducing main stem internode length, plant height is found to be reduced by application of 
Pix® (Cathey and Meredith, 1988; York. J983a and l 983b). The level of response is 
proportional to the rate o r Pix® applied (Holden, 1994). Kerby ( 1985) fo und that application 
of Pix® had a mini ma l effect on plant he igh t when applied to short crops but the effect of Pix 
in terms of decreasing plant height was greater on taller plants and under hi gher nitrog1.:n 
regimes. 

Boll retention at primary and secondary fruiting positions is increased in Mepiquat Chloride 
treated plants, with the largest increases being on the lower fruiting branches (York, 1983 b: 
McCarty et al., 1990: Metzer and Wilde, 1990; Livingston and Wilde, 1990). Holden ( 1994) 
shows that whi le bol l retention is increased on lower frui ting branches, it is unaffected in the 
middle fruiting branches an d decreased on upper fruiting branches. With improved light 
penetration in th e lo" er canopy with the reduced leaf area, Holden ( 1994) suggests rhat 
carbohydrate supply to lO\.\er bolls is enhanced and retention increased. The increased rate of 
retention of bolls in primary and secondary fruiting positions and on lower fruiting branches 
is expressed as earlier crop maturity. 
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Late planted cotton which germinates and establishes under warm growing cond itions and 
suffers little or no cold stress during early growth will naturally grow rank. As will cotton 
which has suffered early insect attack and hence, has had most of its early set fruit removed is 
similarly delayed in development. Cathey and Meredith ( 1988) showed that although Pix® 
reduced yields in early planted cotton and had no effect on maturity, as planting becomes 
more delayed, pix increases yield and induces earliness. Similarly, York { i 983b) found that 
under conditions of high nitrogen or high p I ant populations, plant height and number of 
main stem nodes was genera lly increased wit h low retention of bo lls on lower rru iting 
branches, but where Pix® was applied , a decrease in plant height was achieved, retention of 
first position and lower bolls was increased and crop maturity advanced. From th is \\C can 
l;Onclude that potentia lly l)ix® has its greatest beneficial effects on late planted cotton or 
cotton delayed in maturity by high levels of nitrogen, high plant populations or suffered early 
insect damage or hail damage. 

With sufficient heat units, ie. if the growing season is long enough, late set bolls in delayed 
cotton ''viii mature and hence, any response to Pix measured at earlier dates will be reduced. 
This is confirmed by Kerby ( l 985) showing an ear liness advantage to the applica tion of Pix® 
is only expressed as an increase in yield in short seasons, where heat un its were minima l. 

111 standard row spacing (I 00 cm or 40" ro" ~) irrigated cotton, one appl ication of Pix at first 
llmver has been shown to be the optimum ralt.: of app lication (Constable, 1990; Weir and 
Kerby, 1990). United States work has sho'' 11 ad\'antages in applying Pix in a split dose and in 
low multiple rates especia lly in narrow rQ\\ culti vation (30" rows) but only where vegetative 
growth is excessive.(Kerby, 1990). Similar resu lts have not been replicated in Austra lia 
(Constable, l 990) . 

Yield depletions are recorded where Pi x i.., app lied LO cotton already stunted vegetati\e l) due 
to eg. moisture stress or cool ''eather. The u~t.: of lo\\ multip le rates of Pix has been 
forwarded as a means or promoting early fruit set and retention without causing premature 
cutout and to assist growers in not overcorrccring plant size when drought conditions occur 
following the first application of Pix (Livingston and Wilde, ! 990). Applications can be 
adjusted according to the environmental condi1ions. 

As Pix® acts on cells currencly undergoing gro\\'th and expansion, it will have its eftecl on 
the size of leaves and length of intern odes or nodes ye t to appear on a plant. Hence, the 
timing of Pix app licat ion needs to be made b) predicting\\ hen the crop will enter a phase or 
excessive vegetative growth and not once a crop has already become excessively vegetative, 
if application is to control growth. 

Prior to flowering, node development in cotlon is primarily dependent on temperature \vi th a 
new node being developed on average ever) -10 day degrees (2-4 days). Once flowering is 
initiated, the rate of production of node is mudilied by the production of fru iting branches but 
node number remains an indicator of plant age and is insensitive to such factors as drought, 
disease and nutrient status. 
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lnternode length, on the other hand, is very sensitive to environmental cond itions and hence, 
is a good growth indicator for the cotton plant. A long internode length indicates favourable 
growth conditions and the potential for rank growth, a short intemode length results from 
stress encountered during the development of the associated node. Hence, the changes in 
length of plant internodes provides a p icture of the changing growth rate of the plant. Height 
to Node Ratio (HN R) is the most widely accepted method for estimating plant vigour and 
various methods for monitoring plant vigour via internode elongation have been developed 
and are region and to some degree variety specific (Silvertooth et al., l 996). 

Regular monitoring of plant heigh t and node development allows an evaluation of the degree 
of vigour in a crop's growth and a means of predicting when to apply pix. The res ponse to Pix 
applications is found to increase as the growth rate of a crop increases (Figure 2.4.1) 
(Constable, l 992). Growth rate in this situation is measured as the rate of in tcrnodc increase 
ie. the ratio of plant height increase to increase in node number over a given period. 

te. Rate of lnternode Increase Change in Plant Height 
Change in Node Number 

From extensive tr ial ing in Austra lia (Constable, 1990, 1992, 1994), it is concluded that crops 
growi ng at a rate of internode increase kss than 6.5 cm/node needs to be encouraged to grow. 
Rate of increase of between 6.5 - 7 .5 cm/node indicate optimum growth wh il sc rate of 
increase of internodes in excess of 7.5 cm/node indicate excessive vegetative growth and that 
water and nutrient programs should be modified to reduce growth rates and a response to Pix 
application would be expected (Table 2.4.1 ). 

Figure 2.4.I: The Relationship Between Rate of Plant Internode Increase at 

Ea rl y Flowering and the Subsequent Yield response of that Cro p 
to Pix. 
Source: Constable ( l 992). 
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Table 2.4.1: Using Measurements of Plant Height Internode Increase at Early 
Flowering to Make Decisions on Pix Applications. 
Source: Constable ( 1992) 

Rate of Plant lnternode Pix Action Other Action/Comments 
Increase at Early Flowering 
Stage 

Less than 5.5 cm/node Nil Encourage growth by judicious water and 
fertiliser management 

5.5 co 6.5 cm/node 200 ml/ha Do not expect much Pix response 
6.5 to 7.5 cm/node 600 ml/ha Continue good management 
Greater than 7.5 cm/node 750 - 1200 Care should be taken with water and 

ml/ha fertiliser management 
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Response of Hail Damaged Cotton to Applications of 
Pix® 

In theory, growth regulators such as Pix® should be key tools in the management of hai I 
damaged cotton, as hail damaged crops are late developing crops and usually growing under 
wanner conditions conducive to excessive vegetative growth. There is also a requirement to 
mature the crop within a reduced growing season. Control of the rate of vegetative growth by 
the use of growth regulators should be important in maximising the setting, retention and 
maturation of fruit. To this end, these trials aimed to evaluate the use of Pix® (Mepiquat 
Chloride) in controlling vegetative regrowth in hail damaged cotton. 

Methods: 

A series of nine field trials were set up on hail damaged cotton crops in various cotton 
production areas during the 1994/95 and 1995/96 cotton seasons. The response of hail 
damaged collon to the applicat ion of the growth regulator Pix® (Mepiquat Chloride) was 
measured,\\ ith aJ1p lications made at 'arious dates and rntes as the crops regre\\ following 
hail damage. Pix·.& (Mepiquat Chlor ide) is a product of Hoechst Scher ing AgrEvo Pty Ltd .. 
commonly used as a management tool for the control of excess vegetative growth in colton. 
Commercially recommendations fo r use of Pix are described by the labe l provided in 
Append ix 2.J . 

Commercial cotton tie Ids damaged by hail were selected for trial sites in each cotton 
production area. Trials were limited to irrigated sites and where damage was relatively 
uniform over the <1rca required for the trial (Table 2.4.2). 

A hand held pressurised spray unit was built for the application of growth regulators. This 
reduced the land requirement for trials and overcame the need for commercial ground-rigs, 
cotton pickers, picker scales etc. and allowing flexibility in trial management. 

Trials were designed as Randomised Complete Block Designs with 4 replications, with plots 
4 rows (4m wide) by I Om in length. For the ! 994/95 season, fruit counts and plant height 
determinations were carried out over l 1112 sample areas. Lint yield and maturity of treatments 
were determined by sequential hand picking of I m2 sample areas. Lint quality 
determinations were made using H. V. I. techniques at the Australian Cotton Research 
Institute, Narrabri. Fo r the 1995/96 season, tria ls were increased to six replicacions and 
sample areas '"ere increased to 2 m2 to reduce variabi lity within the trial areas. 
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Table 2.4.2: Resc£onse of Hail Damaged Cotton to Applications of 
Pix - Trial Sites 1994/95 and 1995/96 

Site Production Area Trial Site Date of G r owth Stage Assessed Loss 
Loss at Date o f Loss 

A Namoi Valley "Wild Willows" 2/ 1/95 R2 77% 
Wee Waa 

B Upper Namoi "Carnavon" 18/12/94 R2 Esc. Damage 
Mullaley 80% 

c Darling Downs "Arundel" 18112/94 R2 36% 
Dalby 

D Narnoi Valley Auscott Narrabri I 0/12195 RJ .5 43% 

F. Namoi Valley "Abbey Green" 211195 R6 74% 
Narrabri 

F Emerald Lot 159 Wills Rd. 19/ 12/94 RS 36% 
Emerald 

i c Lower NanlOi "Coolabah" 411196 R8 60% 
Merah North 

II Lower Namoi "Willawood" 411/96 RS 72% 
Merah North ·-

I Macquarie Valley "Kimberley" 211 19 5 1{9 50° 0 
Warren -

ln:atments imposed were as fo llows: 

I. 

3. 
.f. 

5. 
6. 
7. 

Nil Pix 
Pix 300 ml/ha at First Flower on Regrowth 
Pix 600 ml/ha at First Flower on Regrowth 
Pix 600 ml/ha at Last Square Date 
Pix I 000 ml/ha at Last Square Date 
Pix 300 ml/ha at First Flower on Regrowth and 600 ml/ha at Last Square Date. 
Pix 600 ml/ha at Pirst Flower on Regrowth and I 000 ml/ha at Last Square 
Date. 

All growth regulator applications were made 7- 10 days prior to the date nominated so that the 
compound was active in the plant by that date. Chemica l was ap plied over the entire plot area 
providing treated buffer areas for the sample areas. 

Insect, water and agronomic managemen t other than application of grov.rt:h regulators was 
carried out by the co-operating grower and as required by the tield or management unit as a 
·whole. Agronomic data fo r each site is summarised in Appendix 2.2. 
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Results and Discussion: 

There is difficulty in using the standard techniques for monitoring growth rates in conon to 
predict Pix application requirements in hail damaged cotton. Hail damage often removes a 
large portion of the plant structure and in most cases removes part of the main stem or stem 
bruising sees the initimion of secondary branching which modifies the overall growth rate of 
the main stem of plants. This means that the standard scales monitoring plant vigour using 
the height to node ratio (Constable, 1992) for Pix application determinations are not directly 
applicable to hail damaged cotton. 

Other than predicting Pix requirements by use of plant vigour indices, trials have shown that 
the optimum timing of pix under Australian growing conditions is at First Flower (Constable, 
1990) and hence, for the purposes of these trials on hail damaged cotton, First Flower on 
regrowth was selected as the first application date for Pix. In managing the growth or cotton 
following hail damage, we are attempting to prevent vegetative growth from becoming 
excessive so as to maximise early fruit set 011 the regrowth. To achieve this, the aim or early 
Pix applications was to "peg back" vegetati ve growth. Hence, the effect of applications of Pix 
at 300 ml/ha and 600 ml/ha at first flower on regrowth were compared. 

Hall damaged cotton is delayed in development ic. late cotton. The second aim in managing 
the regrowth of hail damaged cotton, is to mature whatever fruit are set before the climalic 
~nd of the season. On average, no llO\\ er prnduced past the defined Last flower Dale for an 
area will mature as an open boll. If fruit set is to be maximised from the date of the hail strike 
through to Last Flower Date then squaring must be maximised from the date of the hail strike 
through to Last Square Date. Last square date occurring 21 days prior to last the average Last 
Flower Date, as the average period required for development of a square to a flower is 
approximately 21 days. In these trials, Pi -.: applications were applied to act by the Last Square 
Date to attempt to reduce late vegetative growth and maximise fruit set up to that date. whilst 
allowing sufficient rime for all fruit set co mature before first frost. Hence, applications of Pix 
of 600 ml/ha and I 000 ml/ha were included in these trials. In the commercial situation, split 
applications of Pix are commonly used as n means of moderately modifying early vegetative 
growth and then preventing or reducing late vegetative growth and hence, the effectiveness of 
single applications is compared to split applications as described. 

The date of the hail damage. growth stage at the time of damage and weather conditions 
following the hail strikes have been an 0\ erricling factors in determining the degree or 
recovery achieved and the response to applications of Pix in these trials. Due to the relatively 
mature growth stage at the time of damage, trials at sites E through to I showed reduced 
recovery (Table 2.4.2). Recovery was further reduced al sites E, G and H by waterlogging 
and cool conditions following the hail damage. 

a. Vegetative Plant Response 

The vegetative plant response to pix treatments in hail damaged cotton was measured by 
monitoring plant height in the growth regulator trials. The overall response of plam heigh! 
pooled over all trials is presented in Figure 2.4.2. 

It is found that application of Pix at First Flower on regrowth acted to decrease plant height 
compared to untreated controls and compared to \arc applications of Pix (5% Level of 
significance). This included treatments where Pix was applied as a single treatment of 300 
ml/ha or 600 ml/ha, or in similar quantities as part of a split application . The decrease in 
plant height was proportional to the rate used in Firsr Flower applications. 
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Leaving the Pix application until Last Square Date assisted in slowing late vegetative and a 
decreased final p lant height was measured compared to untreated cotton (5% Level of 
Significance). Increas ing the rate of Pix at Last Square Date from 600 ml/ha to I 000 ml/ha 
did not produce a consistent decrease in plant height, in fact the increased rate fai led to 
decrease plant height at a number of sites. 

Figure 2.4.2: Plant Height Response in Hail Damaged Cotton to Application 
of Pix. - Pooled results of eight trials ( l 994/95 and l 995/96). 
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The timing of the Pix application produced a similar pattern of height decrease across all 
trials. Minor variations from the average response to Pix occur between individual sites and 
reflect e ither the effect of weather conditions following damage on the Pix response or the 
growth stage o f the crop at the time of damage (Figures 2.4.3a and 2.4.3 b ). 

At S ite B: "Carnavon" Mullaley. a severe infection by charcoal rot (Macrop/1()mina 
phaseo/ina} as the crop attempted to regrow following the hail strike reduced plant vigour 
and caused significant plant death. Hence, recovery was slow and was reduced overall and in 
this situation minimal response to the Pix application was measured. 

Pix applications decreased plant height to a lesser degree at Site [: "Kimberley" Warren, 
where vegetative regrowth following damage was less extensive. At this site the crop was 
qu ite mature at the time of damage, being at the R9 growth stage, and although damaged at an 
average of 50% loss, much of the main stem was still intact. Hence, vegetative regrowth was 
initiated at growing points along the main stem producing more lateral growth and a reduced 
increase in plant height. 

Crops at Sites C and D experienced the most ideal growing conditions following the hail 
strikes and under these conditions the response to applied Pix was not only related to the 
timing of the application but responses proportional to the rate of Pix used at each application 
were also observed. ie. Plant height was decreased by application of Pix at First Flower but 
the decrease was greater at the higher rate of 600 ml/ha of Pix, likewise higher application 
rates at Last Square and in Split Rates also saw a greater reduction in plant height. Holden 
( 1994) reports a Pix response proportional to the rate of Pix used in cotton growing under 
normal growing conditions ie. not damaged by hail. 



Figure 2.4.3a : Plant Height Response in Hail Damaged Cotton to Pix Applications 
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Figure 2.4.Jb: Plant Height Response in Hail Damaged Co tton to Pix Applications 
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b. Lint Yield Responses 

[n work carried out in Australia and the United States, yield responses to Pix under normal 
growing conditions have been variable . Kerby ( 1985) and York (I 983a,b) conclude that the 
variation in yield response is related to heat unit accumulation and a yield increase following 
the application of Pix can be observed where heat units are minimal. Crops regrowing 
following a hail strike are regro\ving under conditions of reduced available heat units and a 
yield response to applied Pix would be expected. 

The nature of hail damage itself has posed some problems in this work, in that the symptoms 
of hail damage and the severity can vary within small areas of crop. This made selection of 
sample areas for monitoring of fruit development, lint yield etc for these trials quite difficult. 
Although. immediately following the hail strikes, areas of uniform symptom type and severit) 
were marked for use in crop regrowth monitoring, statistical analysis of the darn collated 
from the trials still showed significant variation between replicates. Hence, although some: 
large differences "ere observed between lint yields and maturity at some sites. the results 
were not statistically significant. Hence, conclusions drawn from these results can only be 
regarded as trends. 

The vegetati\·e response to applied Pix in these trials was much stronger than the lint yield 
and maturit) responses. The overall effect on plant height was common to most trials. But in 
the case or fruit development, climatic factors have affected fruit set and maturity of fruit that 
are set and h1::ncc. responses di !Tercel between sites and production areas. Pooling of results 
over all trials ignores the fact that <;casonal conditions in the different production areas "viii 
affect yield reco,·ery potential. I Jenee. it is more accurate to look at individual trial sites and 
the yield resuils for trials in th<it )ear (Figures 2.4.4a and b). 

Sites A, C and D were struck by hail at moderately early stages of development and there "as 
sufficient timt: available to regrow the crop to some degree. At Site A ("Wild Willows" Wee 
Waa), the highest relative lint yields were found in treatments were Pix application was left 
until Last Square Date. Early growth following the hail strike would have been self regulated 
by the crop a:> temperatures were moderate and rain activity had continued. The higher dose 
or 600 ml/ha at First Flower acted to reduce yield and hence, the recommended strategy 
would have been to apply no Pix early or a smaller dose such as 300 ml/ha at First Flower. 
No advantage was gained by applying Pix in split rates. 

Similarly al Site C ("Arundel" Dalby}, initial regrowth following the hail storm was self 
regulating as temperatures were moderate, early Pix at 300 ml/ha produced an equivalent 
yield as the nil Pix treatment. Highest yields were achieved by applying Pix at Last Square 
Date at a moderate rate of 600 ml/ha or in a split application of300 ml at First Flower and 
600 ml/ha at Last Square. The higher doses of Pix applied at First Flower and at Last Square 
acted to reduce I int yie Ids. 
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Temperatures and general climatic conditions following the hail strike at Site D (" Auscott 
Narrabri" Field 22) were optimum for growth and regrowth following the hail strike was 
more vigorous than at either Site A or C. Pix applied at 300 ml/ha as the single dose or as part 
of a split application of 3001600 ml per ha acted to peg back vegetative growth and increase 
boll set producing a yield advantage for these treatments. Both treatments having a yield 
advantage over Last Square Date application dates. 

Site E ("Abbey Green" Narrabri) was at a slightly later growth stage at the time of damage 
than the previously mentioned sites. Again, the Last Square applications of Pix produced a 
yield increase, but no difference is observed between other trcatmencs. 

Responses to Pix applied to cotton damaged by hail at later dates are less defined and in a 
number of cases Pix application is detrimental to lint yield. At Site G ("Coolabah" Merah 
North), little regrowth occurred due 10 late stage of growth at the time of dnmage and no 
differences in response to Pix applications can be determined. At Site H ("Willawood" Merah 
North), lint yield was not increased by application of Pix. and is actually decreased by high 
application rates at first flower and the high split application rate treatment. At Site I 
("Kimberly" Warren) lint yields are reduced by applied Pix. except where applied at 600 
ml/ha at First Flower where lint yields equal the Nil Pix treatment. Hence, we can assume 
that vegetative growth was already being regulated I reduced by the plant itself. 

The Emerald crop was force finished early due to lack of water for the final irrigations the 
crop required. The 600/1000 ml per ha split rate application of Pix, had the double action of 
reducing early vegetative gro\\ th and stopping late vegetative growth, produced the highest 
lint yield. The iower splic rate application (300/600 ml per ha) and the heavy single Last 
Square Date application of I 000 ml/ha or Pix also produced increased yield over other 
treatments. Any treatment \\ hich had not reduced early vegetative growth and stopped late 
vegetative growth produced decreased lint yields compared to the Nil Pix treatment. These 
treatments had allowed the crop to set fruit at its own rate and so had fe\\er fruit set when 
water supplies ran short. 
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Figure 2.4.4a: Lint Yield Response in Hail Dnmagcd Cotton to Pix Application.s 

Site A: "Wild Willows" Wee Waa ( 1994/95) Site C: "Arundel" Dalby ( 1994/95) 
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Figure 2.4.4b: Lint Yielcl Res ponse in Hail Damaged Cotton to Pix Applica tions 

Site F: Emerald Site G: "Coolabah" Merah North (1995/96) 
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c. Effect of Pix Applications on Crop Maturity 

With the aim of attempting to mature whatever fruit are set post damage within the season 
remaining following the hail strike, crop earliness is the factor of importance. Kerby ( 1985) 
found that an earliness advantage is only expressed as a yield increase where heat units are 
minimal. Hail damage immediately imposes a restriction on heat units available for growth 
and hence we would expect that application of pix would induce both a yield increase and an 
earliness advantage in most hail damage situations. Although where conditions are conducive 
to good growth following the hail strike and the season is not unusually short, any earliness 
advantage in applying Pix may be reduced as even the most delayed crop is able to mature its 
late set bolls. 

As with lint yield responses to Pix, variability in the symptoms of hail damage within small 
areas of a crop has produced significant variation between the replicates of trials in statistical 
analysis of the data collated. Hence, although large differences were observed between 
maturity al some sites, the results were not statistically significant. Hence, conclusions drawn 
from these results can only be regarded as trends. 

Table 2.4.3a presents a comparison of the differences in maturity between Pix application 
treatments at trial sites on the 1994/95 and 1995/96 seasons. This data is translated to maturity 
relative to the Nil Pix treatment in Table 2.4.3b. It should also be noted that the wet finish to 
both seasons prevented adequate sequential picks rrom being carried out at Sites B and H and 
so, treatment maturities could not be determined for these sites. 

Small differences in maturit) (eg. 0-20 CiDDs) arc not of commercial significance, as 
depending on the production area, the differcnc.:e i:; on\) a matter of0-3 days. But once 
maturity differences of 20-50 GDDs are measured, '' e are talking about differences in 
maturity of up to I 0 days depending on production area which can be commercially important. 

The differences in maturity measured at sites C, F, and F may become important from a 
commercial picking point of view (Table 2.4.3b ). At Site C ("Arundel" Dalby), the most 
delayed treatments were where Pix was applied at Last Square Date, maturity was delayed 
compared to the Nil Pix treatment by 52.0 and 2 l .0 GDDs, following applications of 600 and 
I 000 ml/ha of Pix respectively. Note that 600 m I/ha Pix at Last Square was the highest 
yielding treatment. So, although gaining a larger yield advantage, the more economic 
application may have been the split application (300 1600 ml/ha) as it delivered an earliness 
advantage as well as a yield response. 

At Site E ("Abbey Green" Narrabri), where pix was applied early (first Flower) either as a 
single application or as part of a split application, maturity was advanced compared to ocher 
pix applications. Whereas the application at first flower induced earliness, maturity was 
further advanced by application of a second dose of Pix at Last Square. The trial was not able 
to go through to full maturity due to the need to carry out the commercial pick of the field. 
Late set bolls in treatments where vegetative growth was not pegged back by early Pix did not 
mature for picking and so any earliness advantage of applying Pix at First Flower was 
increased. Last Square applications of Pix had produced the greater yield advantage, but at the 
cost of earliness. 
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It is interesting to note that at Site F (Emerald) where insufficient water was available to give 
the crop the final irrigations it required, where Pix was applied at First Flower and vegetative 
growth had been pegged back at that stage, maturity of the treated areas was advanced. Where 
a second application of Pix was applied at Last Square Date to stop late vegetative growth, 
maturity was even further advanced. This suggests that in very short seasons or where the crop 
will be cut out early by restrictions on water etc., then Pix can play an impo11ant part in 
maximising earliness. 

/\t both Sites A and I, the crops were left to mature fully and season conditions allowed 
maturation of late set bolls in all treatments and hence, any advantage in earliness from 
applying Pix was reduced and no differences are observed between maturity of treatments. 
Site D (Auscou Narrabri Field 22) displayed vigorous regrowth compared to Sites A and I, and 
\ 1vas also allowed to mature completely and we find that any earliness advantage from applying 
Pix treatments is reduced. 
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Table 2.4.3a: 

PIX TREATMENT MATURITY in Growing Day Degrees from Planting to 60% Open Bolls 

SITE 
W ild Willows Arundel AU!>COtt 22 Abbey Emerald Coolabah Kim berley 

Green 
A c D E F G I 

T REATMENT 

Nil Pix 2100 2033 1857 2528 21 JO 1922 1875 

Pix 300 ml at FF 2092 2048 1857 2505 2092 1932 1875 
Pix 600 ml at FF 2102 2038 1858 251 0 2080 1945 1872 

Pix 600 ml at LS 2095 2085 1857 2525 2115 1928 1872 

Pix 1000 ml at LS 2097 2054 1860 25 17 2112 1942 1885 

Pix 3001600 ml 2100 2025 1$55 2482 2077 1935 1875 

Pix 600/1000 ml 2097 2048 1857 2498 2070 1929 1878 

Table 2.4.3b: 

RELATIVE MATURITY (Relative to Nil Pix Treatment) in Growing Day Degrees 

SITE 
Wild Willows Arundel Ausco lt 22 Abbey Emerald Coolabah Kimberley 

Green 
A c D E F G I 

TREATMENT 

Nil Pix 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pix 300 ml at FF -8.0 15.0 0.0 -23.0 - lS.O 10.0 0.0 

Pix 600 ml at FF 2.0 5.0 1.0 -18.0 -30.0 23.0 -3.0 
Pix 600 ml at LS -5.0 52.0 -0.5 -3.0 5.0 6.0 -3.0 

Pix I 000 ml at LS -3.0 2 1.0 3.0 - 11.0 2.0 20.0 10.0 
Pix 300/600 ml 0 -8 -2 -46 -33 13 0 
Pix 600/1000 ml .:; 15 - 1 -30 -40 7 3 --.... ·--· 
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d. Lint Quality 

Lint quality tests for the I 994/95 season show no significant differences between lint quality 
characteristics between treatments and hence, no growth regulator treatment acted to improve 
lint quality. In comparing the effect of treatments on lint quality and differences between 
sites we need to keep in mind that different varieties were used at different trial sites. 

From Tables 2.4.4a - 2.4.4e, it is found that fi bre length for all s ites and trea tments lies in the 
medium to long range. Fibre strength is high at all sites except "Arundel" Da lb) and "A bbey 
Green" Narrabri . The colou red conon variety planted at" Arundel" Dalby and Sica la VI 
planted al "Abbey Green" Narrabri, would be expected to have slightly lower fibre strength 
than the newer varieties planted at other sites. Uniformity is also low at "Arundel" Dalby, rhe 
\Hriety may have an inherent lower uniformity but fu ll quality data is not avai lable on this 
variety. 

A particular problem associated with hail damaged cotton and late plan ted cotton is km 
micronaire on wh ic h heavy discounts are im posed. In 1994/95, all sites except "Kimber ley" 
Warren show micronai re val ues in the discoun t range and no growth regulato r trea tmen t is 
able to improve micronai re. At ''Kimberley" Warren, micronaire values are higher and lie 
within the accepted range for marketing purposes. The higher micronaire values can be 
attributed to the fact that the proportion of bolls which survived the hail damage and \\Crc 
completely mature at picking contributed a large proportion of lint to the overall pid and 
hence. brought up the average micronaire value of a sample of I int. 

In the 1995/96 season. maturity readings for lint samples were also avail ab le and the:'c: 
indicated that fibre mcnurily was not a problem at any of the three sites. Fibre la) in the \ ·~r) 

ti ne' category for tincness at a ll three sites. Although fibre elongation was IO\\-a\erngc at 
each site, uniformity rema ined average-high, strength in the average-h igh range and fibre 
length in the medium- long range. So on the bas is of these characters, lint quality \\HS not a 
problem. But as expected, micronaire was low at both "Auscott Narrabri" and "Willawood" 
where the crops were regrown following damage and were delayed in maturity. At 
"Coolabah" Merah North, as regrowth was minimal few bolls set on regrowth contributed to 
the final yield . An) lint sample would have consisted mainly of bolls set prior to Lhe hail 
damage and we tind that micronaire values were within the acceptable range fo r marketing 
purposes. 

Looking at the separate growth regulator treatments for 1995/96, although va lues d iffered 
significantly from each other in fibre strength at "Willawood" and "Coolabah" Merah North 
and with respect to fib re length at "Auscott Narrabri" and "Willawood", the increases in 
values where not suffic ient to lift the lint sample for that treatment into a higher quality class 
and hence, were not or commercial value. But the split rate Pix treatments (300/600 ml per ha 
and 60011000 ml per ha) acted to increase fibre length at "Auscott Narrabri" and 
"Willa wood" (5% Level of sign ificance). Fibre strength was increased for the split rates 
treatments at "Willawood" , while at "Coolabah", Pix at 600 ml/ha and in the spl it rate of 
3001600 ml per ha, increased fibre strength compared to other treatments. 
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Table 2.4.4a: "Wild Willows11 Wee Waa 1994/95 Growth Regulator Trial 
Lint Quality Data 

Lint Quality Characteristic 

Length Uniformity Strength Elongation Micronaire 
(inches) (%) (Grams/tex) (%) (Micrograms 

/inch) 
TREATMENT 
Nil Pix 1.085 8 l.15 28. 15 6.200 2.350 
Pix 300ml at FF 1.128 83.08 30.82 5.950 ? -,-_,)_) 

Pix 600ml at FF 1.!25 82.23 28.40 5.925 2.325 
Pix 600ml at LF 1. I 18 81.90 28 .68 5.950 2.375 
Pix t OOOml at LF I. l 18 82.85 30. !5 6.275 2.425 
Pix 300/600ml 1.108 81.90 27.88 6.350 I ~1 -_,.).) 

Pix 600/1 OOOm I 1.130 82.68 30. 18 6. 100 2.375 
Differences between treatments are not significant. 

Table 2.4.4b: "Arundel" Dalby 1994/95 Growth Regulatol' Trial 
L. Q I' D Ill t ua 1tv ata 

Lint Quality Characteristic 

Length Uniformity Strength Elongation Micronairc 
(inches) (%) (G rams/tcx) (%) (Micrograms/ 

inch) 
TREATMENT 
Nil Pix 1.033 78.25 23.35 5.975 2.875 
Pix 300ml at ff 1.040 78.30 23 .90 6.375 2.775 
Pix 600ml at FF 1.015 77.90 23.28 5.875 2.775 
Pix 600ml at LF l.023 78.05 23.73 6. 175 2.675 
Pix IOOOml at LF l.028 78.25 24.08 6.125 2.725 
Pix 300/6001111 1.043 78.38 24.95 5.950 2.800 
Pix 600/IOOOml 1.038 78.70 24.38 6.225 2.700 
Differences belween lrealments are not significant. 
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0 Table 2.4.4c: "Abbey Green" Narrabri 1994/95 Growth Regulator Trial 
L int Quality Data 

Lint Quality Characteristic 

Length Uniformity Strength Elongation Micronairc 
(inches) ('Y..) (Crams/tex) co;.,) (Micrograms/ 

inch) 
TREATMENT 

Nil Pix 1.053 81.73 28.15 6.338 2.325 

Pix 300ml at FF 1.056 82.04 26.69 6.263 2.375 

Pix 600ml at FF 1.084 82.31 29.01 6.000 2.363 
Pix 600ml at LF 1.084 82.28 28.83 6.012 2.350 
Pix IOOOml at LF' 1.085 82.18 28.27 5.988 2.625 

0 
Pix 300/600ml 1.086 82.55 30.38 5.637 2.475 
Pix 60011 000 ml 1.071 82.24 28.61 6.150 2.388 
Differences between treacments are nol sign i ti can c. 

Table 2.4.4d: Emerald 1994/95 Growth Regulator Trial 
Lint Qualitv Data 

Lint Qualicy Characteristic 

Length Uniformity Strength Elongation M icronairc 
(inches) ('Y.1) (Grams/tex) (%1) (Micrograms/ 

inch) 
TREATMENT 
Nil Pix 1.173 83.23 32.38 5.425 3.150 
Pix 300ml at FF 1.170 83.55 33.53 5.275 3.000 
Pix 600ml at FF 1.153 83.55 33.42 5.375 2.975 

Pix 600ml at LF 1.148 83.30 32.73 5.250 3.025 
Pix IOOOml at LF 1.168 83.88 32.35 5.150 3.150 
Pix 300/600ml 1.153 83.30 32.58 5.175 3.125 
Pix 600/IOOOml 1.168 83.33 33.50 5.300 3.225 
Differences between treatments ar~ not significant. 

Table 2.4.4e: "Kimberley" Warren 1994/95 Growth Regulator Trial 
L" Q r D mt ua 1ty ata 

Lint Quality Characteristic 

Length Uniformity Strength Elongation Micronairc 
(inches) (%) (Grams/tcx) (%) (Microgram 

s/inch) 
TREATMENT 
Nil Pix 1.140 82.38 29.33 5.100 3.900 
Pix 300ml at FF 1.155 82.70 29.08 5.125 3.975 

Pix 600ml at FF 1.160 83.00 28.85 5.000 4.175 
Pix 6001111 at LF 1.143 83.08 30.03 5.225 3.725 
Pix lOOOml at LF 1.138 82.15 29.30 5.025 3.750 
Pix 30016001111 1.160 82.68 28.58 4.925 4 .025 
Pix 600/1 OOOml 1.160 83.00 29.83 4.950 3.875 

. -Differences between treatments are noc s1gn1t1cam 
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Table 2.4.4f: "Auscott Narrabri11 1995/96 Growth Regulator Trial 
Lint Quality Data 

Lint Quality Characteristic 
Maturity 2% Percent Fineness Length Uniformity Strength Elongation Micronaire 

Mature Fibre (millitex) (inches) (%1) ( G ra 111.s/I ex) ('Yo.) (Micrograms/inch) 

TREATMENT 

Nil Pix 0.888 79.26 114.67 1.168 83.80 32.53 6.100 2.983 

Pix 300ml at FF 0.890 79.19 I 16.67 1.170 84.15 32.93 6.067 3.017 
Pix 600ml at FF 0.880 78.52 113.67 1.162 84.03 32.82 6.167 2.967 
Pix 600ml at LF 0.932 82.72 117.67 1.177 84.32 32.:n 6.033 3.150 

Pix IOOOml at LF 0.910 80.70 116.33 1.177 84.23 3 l.75 6.133 3.050 

Pix 300/600ml 0.920 81.64 124.83 a 1.1867 a 84.80 33.25 6.150 3.250 
Pix 600/I 0001111 0.928 82.43 121.00 b 1.1967 b 84.92 3.3.05 5.983 3.200 

NB: Treatments wich subscripts of a and bare not significantly different from each other but are significamly different from treatments. 

Table 2.4.4g: 11 Coolabah 11 Merah North 1995/96 Growth Regulator Trial 
L. Q r D mt ua aty ata 

Lint Quality Characteristic 

Maturity 2% Percent Fineness Length Uniformity Strength Elongation Micronaire 
Mature Fibre (millitex) (inches) ('Yu) (Grams/tcx) (%) (Micrograms/inch) 

TREATMENT 

Nil Pix 1.083 93.50 130.67 1.198 85.48 30.93 5.933 3.800 
Pix 300ml at FF 1.088 93.75 130.33 1.192 85.67 31.95 5.567 3.800 
Pix 600ml at FF 1.062 92.04 127.33 1.195 85.40 30.50 5.617 3.650 
Pix 600ml at LF 1.065 92.22 127.00 1.198 85.63 32.35 ll 5.717 3.650 
Pix lOOOml at LF 1.063 92.03 125.50 1.185 85.02 30.35 5.567 3.617 
Pix 300/600ml 1.098 94.38 131.50 1.200 85.30 32.10 h 5.717 3.850 
Pix 600/IOOOml 1.083 93.33 129.50 1.192 85.30 30.83 5.617 3.767 
NB: Treatmems wuh subscripts of a and bare not significantly different from each other bu1 arc significantly different from treatments. 

0 0 
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Table 2.4.4h: 11Willawood" Merah North 1995/96 Growth Regulator Trial 
Lint Oualit'V Data 

Lint Quality Characteristic 
Maturity 2% Percent Fineness Length Uniformity S trength Elongation Micronairc 

Mature Fibre (millitcx) (inches) (%) (Gra ms/tex) (%) (Micrograms/inch) 

TREATMENT 

Nil Pix 0.9 77.97 I 0 1.67 1.063 8 1.93 27 .72 6.250 2.650 

Pix 300ml at FF 0.902 80.66 I 5.50 1.098 83.1 3 28.67 5.800 2.833 

Pix 600ml a t FF 0.868 77.78 105.50 1.068 82.33 28.82 5.667 2.733 

Pix 600ml at LF 0.920 81.76 107.50 1.075 81.97 28.82 5.833 2.900 

Pix lOOOml at LF 0.858 76.77 100.83 1.072 81.90 28.27 6.250 2.633 
Pix 300/600ml 0.875 78.22 103.83 1.087 82.47 29.47 a 5.650 2.733 

Pix 600/IOOOml 0.893 79.82 105.50 1.110 83.35 30.48 b 5.583 2.800 

NB: Treatments with subscripts of a and bare not significantly diffe renl from each oth~r but are significantly different from treatments. 
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Conclusions: 

In terms of vegetative plant response, a stronger response is measured when Pix is applied to 
cotton damaged at a younger growth stage and regrowing under good growing conditions. 

The largest reductions in plant height (ie. vegetative vigour) were measured where Pix 
application treatments included an application at First Flower. Applications at Last Square 
Date reduced vegetative growth compared to no Pix, but more effective reductions were 
achieved where some Pix was applied at First Flower. Under poor to moderate conditions 
following damage, high rates of Pix wou ld nol normally be used and in these trials it was 
shown that such rates produced no additional effect on plant height. 

With early hail damage and only moderate weather conditions following the hai l strike, the 
largest yield recovery \.Vas measured where Pix was applied at Last Square Date, with 300 
ml/ha Pix at First Flower increasing the response at some sites. Here, the strategy has been to 
let the crop to regrow largely at its O\Vll rate, then stopping late vegetative growth with the 
dose of Pix at Last Square. 

But with good growing conditions fol lowing ea rly ha il damage, ie. optimal for growth , some 
pegging back of vegetative growth by First Flower app licat ion of Pix has been shown to be 
an advantage in terms of increased) iclcl. 

Under poor to moderate growing conclirio11s, hi gher closes of Pix at First Flower (600 ml/ha) 
were detrimental to lint yield and no advantage \\ as found in applying higher doses at Last 
Square. 

With hai l damage at late growth stages. no yield advantage was found in app lying Pix. 

With damage in the earlier growth stages. although Last Square applications o f Pix produced 
the greater yield recovery, these same appl icatio ns produced the most delayed cotton. Ir part 
of the recovered yield is compromised. a First FIO\\ er application of Pix at eg. 300 ml/ha 
(single or spilt application) will increase earliness and may be the more economic decision 
when taking into account discounts for low lin t qua lity which may be imposed with late 
maturing cotton. 

The higher rates of Pix, as single and split appl icat'ions. were more advantageous where there 
was insufficient water supplies to allocate extra "'ater to a hail damaged crop to a llow it to 
regrow to its fu ll potential. Higher rates decreased early vegetative growth to a greater extenl 
and forced more rapid fruiting in the limited time availab le. Although had suffic ient water 
been available, a greater yield recovery would have occurred with a less harsh growth 
regulator treatment. Similar situations occur \vhere picking schedules for a management unit 
do not allow separate defoliation of the hail damaged section of the management unit and 
hence, the hail damaged cotton is nol able to go through to full maturity. 
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With the current discounts for low microna ire cotton, lint quality is a factor of importance in 
growi ng both hail damaged and late cotton. If we aim to get the crops regrowing after hail 
and set maximum fruit numbers before last square date and then mature the fruit before first 
frost, then we are also aiming to increase the lint qua lity as we should be picking more 
mature lint. As the cotton is maturing under cooler conditions micronaire will be a problem, 
but if growth regu lator strategies combined with other management strategies are able to 
bring the crop in as early as possible then m icrona ire problems wi 11 hopefu I Iy be reduced. 

Further tria l ing of the strategies is required ro collate more lint quality data as this series of 
tr ials fai led to produce significant improvements in lint quality. Points to note would be that 
1.virh late damage, micronaire is not as large a problem, as there is insufficient time to produce 
a replacement yield, the cotton remaining after the hail and set before the strike contributes 
the larger portion of the lint sample and hence, as long as these bolls are left to mature fully 
then the micronaire is not affected. As we a1te111pt to regrow a crop following earlier damage, 
we are growing a late crop and micronaire wi ll be reduced in the late set bolls maturing under 
cooler conditions. Where a compromise between recovering maximum yield and crop 
earl iness has been suggested as a cost recovery strategy in using early and split applications 
or Pix, by accepting a slightly lower yield in turn fo r an earlier maturity you should also be 
reducing lint quality problems. 

ln all of the trials descr ibed in this section on growth regulator use, prior to the hail damage, 
growers had applied the optimum amount of nitrogen for their expected yield (pre-ha il). No 
nitrogen was applied post damage in excess of the normal crop requirement, except in one 
situation which was suffe ring prolonged water logging. Hence. \ egetative regrowth was not 
c:-.ccssive due to excess nitrogen. But , ·egctat ive regrowth '' otild have been reduced at least 
four of the sites due to less than ideal weather conditions follu\\ ing the hail damage. 
Vigorous regrowth -.vas only measured at three sites. Hence, furrher tria ling may be required 
in situations where nitrogen usage has been excessive and \\here weather conditions are 
conducive to extremely vigorous vegetative regrowth. Higher rares of Pix may be necessary 
under these growing conditions. 
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Response of Hail Damaged Cotton to Applications of 
PGR-IV Cotton Growth Regulator 

Introduction: 

PGR-IY is a new crop growth regulator receiving attention in the United States and having 
polentia l for use in cotton production. Oosterhuis ( 1994) review Lhe effects of PGR-IY on the 
growth and yield of cotton and this discussion is based 011 this review. 

PGR-IV is a multi-entity plant growth regulator consisting mainly of 0.003% (w/v) 
gibberellic acid, 0.0028% (w/v) indolebutyric acid. It is reported to improve rhe growth and 
yield of couon (Oosterhuis, 1995). Lint yield increases have been recorded in various studies 
with PGR-IV applied to cotton as an in-furrow treatment or as a foliar applied growth 
regulator (J-1 ickey and Atkins, 1992 cited by Oosterhuis, l 994 ). Oostcrhuis ( 1994) suggests 
that in the case of in-furrow treatments, yield enhancement is the result or increased root 
gro\\ th. nutrient uptake and seedling growth. But in respect to fo liar treaLments, yield 
enhancement is the result of increased boll retention and boll growth. 

Vegetatively, PGR-IV produces a number of changes in cotton gro\\ th . larl ier emergence, 
incr~asccl seedling vigour and enhanced root development are allributcd lo in-furrow 
application of PGR-IV. Decreased plant height is recorded \\ ith foliar applications and 
a llhough internode length is decreased, Oosterhuis ( 1994) associates the decreased plant 
heig.h! \\ ith the increased boll load or boll retention providing a stronger sink for assimilates 
than \ egetative growth. Leaf area and leaf number are not recorded as affected by PGR-JV 
application. In respect to reproductive growth, reports vary as to the effects of PGR-IV. 
Increased square and boll numbers are recorded by Oosterhuis and Zhao ( 1994); Hickey and 
At kins. 1992 and Wier et al. 1994; as cited by Oosterhu is ( 1994 ). Whereas, Robertson and 
Cothren ( 1993) cited by Oosterhuis (1994), reports increased yield due Lo increased boll 
weight not boll number. Increased boll retention, especially at primary and secondary fruiting 
positions. is widely reported. 

PGR-IV is currently recommended to be applied in-furro" at a rate of 72 ml/ha. Whereas as a 
combined in-furrow I fo liar treatment trials show that 72 ml/ha in-furrow, 150 ml/ha at pin 
head square and 300 ml/ha at first flower (Oosterhuis, 1995). 

It is suggested that PGR-IV may be more appropriate than Pi x for use in management of 
regro\.vth of hail damaged cotton. Pix acts to reduce vegetative growth, and hence by default 
increases reproductive development. PGR-IV by increasing boll retention directly, should 
make more efficient use of the reduced fruit set period available to a crop fo llowing hail 
damage. (Oosterhuis pers comm.). Application rates suggested as appropriate for testing the 
effect of PGR-IV on hail damaged cotton were I SO ml/ha at Pin Head Square, 300 ml/ha at 
First Flower and 300 m!/ha two weeks after First Flower. 
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Aims: 

PGR-IV is a new cotton growth regulator for management of vegetative and reproductive 
growth in cotton and is currently being trailed in the United States. This trial is a preliminary 
comparison of the response of hail damaged cotton to PGR-lV and Pix growth regulators, 
evaluating the potential use of PGR-IV in the management of regrowth of hail damaged 
cotton. 

Methods: 

The response of hail damaged cotton to the application of the growth regulators PGR-IV and 
Pix® (Mepiquat Chloride) was measured in a trial located on "Auscott Narrabri" Field 22 in 
1995/96. 

The site was damaged by hail on 10th December, 1995 when the crop was al an average 
growth stage of R3.5 and hence, was squaring well. Damage was assessed at an average loss 
of 43%. The crop experienced approximately 70% defoliation, most plants were cut off at 6th 
- 7th node level, removing the major proportion of fruiting branches and squares. Stem 
bruising \\as evident on most plants. 

Agronomic management for the trial area was carried out as per the \\hole field and is 
described in Appendix 2.2. 

A hand held pressurised spray unit built for the application of growth regulators was used lo 
apply treatm<::nts. The trials was designed as Randomised Complete Block Designs with 6 
replications. with plots 4 rows (4m wide) by I Om in length. Fruit count<; and plant height 
determinations were carried out over I m2 sample areas. Lint yield and maturity of treatments 
were determined by sequential hand picking of 2 m2 sample areas. Lint quality 
determinations were made using H. V. l. techniques at the Australian Cotton Research 
Institute. Narrabri. 

Treatments imposed were as follows: 

I. 
2. 
3. 
4. 
5. 
6. 
7. 

8. 

Nil Pi:-\ 
Pix 300 ml/ha at First Flower on Regrowth 
Pix 600 ml/ha at First Flower on Regrowth 
Pix 600 111 1/ha al Last Square Date 
Pix I 000 ml/ha at Last Square Date 
Pix 300 ml/ha al First Flower on Regrowth and 600 ml/ha at Last Square Date. 
Pix 600 ml/ha at First Flower on Regrowth and I 000 ml/ha at Last Square 
Date. 
PGR-JV at 150 ml/ha at PHS, 300 ml/ha at FF, 300 ml/ha at Mid !lowering. 

All growth regulator applications were made 7-10 days prior to the date nominated so that the 
compound was active in the plant by that date. Chemical was applied over the entire plot area 
providing treated buffer areas for the sample areas. 
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Results and Discussion: 

A comparison of the Pix treatments is discussed separately in Section 2.4.2 . These results and 
discussion will concen trate on a comparison of PGR-IV and Pix. 

PGR-IY \.vas found to reduce plant height compared to Nil Pix and Last Square Date 
applications of Pix, but failed to reduce plant height to the extent to which Pix applied at First 
Flower or in split applications was able to (5% Level of Significance) (Figure 2.4.5). PGR-1 V 
is reported to have the capabil ity of reducing plant height but growth regulators such as Pix 
wh ich act directly on cell elongation processes affect plant height to a greater degree 
(Oosterhu is et al., 1995 ). 

Note thal as previously described, due to the variability of hail damage and symptoms within 
small areas. statistica l analysis of the data collated from the trial showed significant variation 
between replicates. Hence, although some large differences were observed between lint 
yields, the results were not statistically significant. Hence, conclusions drawn from these 
results can only be regarded as trends. 

Yield responses lo Pix are reported as being increased in seasons of red uced heat units, as 
increased earliness is induced b) increased early fruil set (Kerby, 1985: York. I 983a and 
I 983b). Followi ng hail damage al this site. regrowth was vigorous, rain during Janua r) di d 
not affect clevclopmenc as good field drainage ensured 110 waterlogging. The crop was able to 

finish well and hence, any yield or earliness advantage of a growth regulator treatment wou Id 
be masked. 

The Ii nl ) ield response to PG R-1 V was equivalent to that for untreated colt on (Figme 2 . ..i .6 ). 
Pix JOO ml ha at First Flo\.\ er pegged back vegetative growth sufficient I) to produce a:- ic ld 
advantage of 8-10% O\er PGR-I V and the Nil Pix treatments. 

No differences in maturity were measured (Table 2.4.5). 

Figure 2.4.5: Plant Height Response in Hail Damaged Cotton to PGR-IV and 
Pix G rowth Regulator Applications 
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Figure 2.4.6: Lint Yield Response in Hail Damaged Cotton to PGR-IV and 
Pix Growth Regulator Applications 
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Table 2.4.5: 

-1-

Nll Ptx Pix 300 Pix 600 Pix 600 PIK 1000 Pix 3001600 Pix PCR IV 
ml/ha a1 FF ml/ha al FF ml/ha at LS ml/ha al LS ml/ha 60011000 

ml/ha 

Growth RegulalorTrea1ment 

AUSCOTT NARRABRI (Field 22)- 1995/96 COTTON GROWTl-I REGULATOR TRIAL 

MATURITY RELATIVE MATURITY 
in Growing Day Degrees (Relative to Nil Pix 

from Planting to 60% Open Treatment) in Growing Dny 
Bolls Degrees 

TREATMENT 

Nil Pix 1857 0.0 
Pix JOO ml at FF 1857 0.0 
Pix 600 ml at FF 1858 1.0 

Pix 600 ml al LS 1857 -0.5 

Pix 1000 ml at LS 1860 3.0 
Pix 300/600 ml 1855 -2 
Pix 600/1000 m I 1857 -I 
PGR-IV 1859 2.0 

Fruit counts and tinal boll numbers do not indicate significant differences in boll retention. 

Except for micronaire, the quality characteristics of the lint produced in the trial was good. 
The normal length and strength of fibre in Sica la Y2 is 1.14 inches and 30 grams/tex, 
respectively. Hence, the values recorded in this trial were higher than the average for Sica la 
V2. Uniformity was average al a range of 83.8-84.92% and elongation was average at 5.98-
6.15. ic. Fibre maturity, length, uniformity, strength and elongation were in desirable ranges 
for marketing purposes. Micronaire ranged from a treatment mean low of 2.97 Lo a high of 
3.25 and this is below optimum and in the discount range. Differences in lint quality 
characters beLween treatments were only significant for fineness and strength (Table 2.4.6). 

I 
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ln regard to fineness, all values were in the very fine range of less than 155 millitex. Fibre 
fineness for the higher rate split Pix treatment was coarser, but only significantly different 
from the Nil Pix and 600 ml/ha Pix at FF treatment. Fibre length for the split rate Pix 
treatments was longer than for other treatments (5% Leve! of Significance), but all were 
classified in the 'long' range. 

Following hail damage, fibre maturity and micronaire are the usual problem areas. In this 
trial, fibre maturity was not a problem but micronaire was obviously reduced. None of the 
growth regulator treatment acted to improve micronaire. PGR-IV did not act to improve or 
lower lint quality compared to Pix treatments. 

Conclusions: 

Under the conditions experienced in this trial, PGR-[V offered no advantage over Pix in the 
management of regrowth of hai l damaged cotton. 
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Table 2.4.6: Auscott Narrabri (Field 22) 1995/96 - Lint Quality Data 

Quality Characteristic 

Maturity 2"/., Percent Fineness Length Un iforrnity Strength Elongation Micronaire 
Mature Fibre (millitex) (inches) ('%) (Grams/tcx) (%1) (Micrograms/inch) 

TREATMENT 

Nil Pix 0.888 79.26 114.67 1.168 83.80 32.53 6.100 2.983 
Pix 300ml at FF 0.890 79.19 116.67 1.170 84.15 32.93 6.067 3.017 

Pix 600ml at FF 0.880 78.52 113.67 1.162 84.03 32.82 6.167 2.967 
Pix 600ml at LF 0.932 82.72 117.67 1.177 84.32 32.27 6.033 3.150 
Pix IOOOml at LF 0.910 80.70 116.33 1.177 84.23 31.75 6.133 3.050 
Pix 300/600ml 0.920 81.64 124.83 a 1.1867 a 84.80 33.25 6.150 3.250 
Pix 600/lOOOml 0.928 82.43 121.00 b 1.1967 b 84.92 33.05 5.983 3.200 
PGR-IV 0.887 79.10 117.83 1.175 84.38 32.97 6.133 3.033 
NB: Treatments subscripted by a orb are significantly different from other treatments. 
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2.5: Response of Hail Damaged Cotton to Applications of 
Nitrogen and Pix® 

Aims: 

ln examining the response of hail damaged cotton to applications of Pix as discussed in 
previous sections of this work, it has been suggested nitrogen levels in a crop also play a part 
in determining the rate of regro\.Vth that can be achieved by a crop. These trials aimed to 
evaluate the combined use of nitrogen and Pix® (Mepiquat Chloride) in hail damaged 
cotton, with nitrogen used to encourage vegetative regrowth and followed by Pix to manage 
or control the regrowth. 

Methods: 

Four trials evaluating the response of hail damaged cotton to nitrogen and pix were carried 
out during the 1993/94 and 1994/95 colton seasons. Trial sites being as described in Table 
2.5.1. 

Table 2.5. l: Response of Hail Damaged Cotton to Applications of Nitrogen 
and Pix® - Trial Sites l 993/94 and 1994/95. 

Trial Site Date of Growth Stage Assessed Loss 
Loss at Date of Loss 

A 1993/94 C.S.I.R.O. 20111/93 vs Maximum 
Leitch's Block Payout 

(A.C.R.I.) (70 - 80%) 

B 1993/94 "Myall Yale" 2011 1/93 R2 Maximum 
Wee Waa Payout 
(Field 21) (70-80%) 

c 1993/94 Auscott Narrabri 21/1/94 R9.9 62.3% 
(Field 10) (Mechanically 

Simulated 
Damage) 

D 1994/95 A. C.R. I. 13/ 12/95 R2.8 28.3% 
(Field B2) (Manually 

Simulated 
Damage) 

Hail strikes in commercial cotton crops in the 1993/94 cotton season were few. Storms in late 
November provided trial sites in close proximity to the Australian Cotton Research Institute 
and two small scale trials were laid out. This cotton was, however, at a reasonably young 
stage and did not technically fall within the damage period that was required for testing of the 
nitrogen and pix management strategies. The opportunity was taken to collate data on early 
season damage and the effects of nitrogen and pix application to cotton damaged by hail at 
the VS and R2 growth stages. The lack of hail during the rest of the growing season 
necessitated the simulation of hail at a backup site provided by Auscott Ltd. (Narrabri) in late 
January (R9.9 Growth Stage). The three trials have provided data on the response of cotton 
damaged by hail in early and late stages of development (ie. the extremes of the period 
required for testing) to side-dressed nitrogen and pix applications. 
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Trials for the 1993/94 season were designed as Randomised Complete Block Designs with 4 
rep I ications, with plots 4 rows ( 4m wide) by I Sm in length, al lowing for application of 
growth regulators by high-boy ground rig. These trials combined nitrogen and pix 
applications as follows:-

I. 

' .). 

4. 
5. 

Nil Nitrogen, Nil Pix. 
Nil Nitrogen, Pix 600 ml/ha at First Flower. 
Nil Nitrogen, Pix 300 ml/ha at First flower and 600 ml/ha at Last Square Date. 
Nil Pix, SO units N as Urea (Side-dressed following Hail Dflmage). 
600 ml/ha Pix, 50 Units of N as Urea (Side-dressed following l-lail Damage). 

Damage was simulated at the Auscott Narrabri site using the hail simulation rig developed by 
Auscott Narrabri and this allowed for the inclusion of an undamaged control treatment. 

In the 1994/95 cotton season, hail damage was simulated in a trial situated at the Australian 
Colton Research lnscitute (Field B2), Narrabri. Damage was simu latcd manually when che 
crop \vas at an average growth stage of R2.8. Simulation was carried out by inflicting main 
stem cut-off at the midpoint of the main stem and removing approximately 90% of leaf 
materia I. Damage was assessed 14 days after the damage simulation and was assessed al an 
a\·erage loss of 28%. 

The trial \.\as designed as a R. C. B. D. with four replicates, plots \\ere ~ metres (ie. 4 rows) 
"ide and IS metres in length. with treatments as follows:-

l. 

3. 
-I. 

5. 
6. 
7. 

Undamaged 
Nil Nitrogen, Nil Pix (ie. Untreated control) 
Ni I Nitrogen. 600 ml Pix at first Flower after Damag~ 
Nil Nitrogen, 300 ml Pix at First Flower after Damage & 600 ml Pix at 
Last Square Date 
SO Units Nitrogen, Nil Pix. 
SO units Nitrogen, 600 ml Pix at First Flower after Damage 
SO units Nitrogen, 300 ml Pix at first Flower after Damage & 600 ml 
Pix at Last Square Date 

In all four trials, nitrogen was applied as side-dressed urea 7-10 days alter the natural or 
simulated hail damage. Urea was side-dressed by ground rig placing the urea into side of the 
hill at a depth of 15 cm. 

Pix applications were made 7-10 days prior to First flower or Last Square so that the 
compound was active in the plant by that dace. Chemical was applied over the entire plot area 
providing treated buffer areas for the sample areas. A hand held pressurised spray unit was 
built for the application of growth regulators in the A. C. R. I. trial in 1994/95. 



88 

Regrowth was monitored in weekly counts of squares and fruit set over I m2 areas of crop. 
Lint yield and date to maturity were determined by sequential hand picking of I m2 sample 
areas. Lint quality determinations were made using H. Y. I. techniques at the Australian 
Cotton Research Institute, Narrabri. 

Insect, water and agronomic management, other than trial treatments, was carried out by the 
co-operating grower and as required by the field or management unit as a whole. Agronomic 
data for each site is summarised in Appendix 2.2. 

Results and Discussion: 

Previous work has shown that growth stage at the time of damage has a significant effect on 
the degree of recovery of which a crop is capable following a hail strike {West, 1993). These 
trials cover crops which were at widely varying growth stages at the time of damage and 
hence, results for each will be presented and discussed separately. 

Climate Conditions 

Water allocations for the 1993/94 season were low after a dry winter during 1993 and no 
effecrive rain in water catchment areas. Effective rain during the cotton growing season did 
not evenwate till February 1994. Time between irrigations had been stretched to the 
maximum and most growers were sholt at l-2 irrigations. Rain in February provided relief for 
crops and allowed Namoi valley crops to finish. although the effect of water stress showed in 
decreased yields. (Figure 2.5.1) 

Temperatures and day degrees values for the season were very much along the lines of long 
term averages (Figures 2.5.2 and 2.5.3). Weather conditions in late November and December 
were characterised by periods of lower than average temperatures and in particular cool 
nights. This was not advantageous to vigorous regrowth following the hail damage on 
November 20th, 1993. 

It should be noted that irrigations were stretched out at all trial sites due to the drought and 
low irrigation allocations for the season. Hail damage results in delayed maturity and a 
requirement for extra irrigations and so the imposition of a restricted water supply would 
affect the results of all trials. The Auscott Narrabri site would be more severely affected as 
the production of new squares on regrowth was occurring late in the season and at the time of 
significant moisture stress as water supplies ran out. 

Climatic conditions for the 1994/95 were more optimum for growth of cotton and are 
summarised in Appendix 2.1. Water allocations for irrigation were still low and hence 
irrigations were stretched out as far as possible again for the 1994/95 season. 

J 
0 
0 
1 

a 
a 

0 

] 



0 

0 
D 

0 

0 

89 

Figure 2.5.1: Average Rainfall Data - Myall Vale, 1993/94 
Source: A. C. R. I. Narrabri. 
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l<'igure 2.5.2: Avera::;e Maximum Daily Temperature (OC) - Myall Vale, 1993/94 
Source: A. C. R. I. Nan'abri. 
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Figure 2.5.3: Accumulated Growine; Day Degrees - Myall Vale, 1993/94 
Source: A. C. R. I. Narrabri. 
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Results and Discussion (continued) 

2.5.1: Trial Site A - C. S. I. R. 0. "Leitch's" Block 1 

Leitch's Block I represented the C. S. I. R. 0. Cotton Unit's commercial scale insecticide 
strategy trial. The field trial was planted with cotton varieties as trial blocks with insecticide 
treatments overlaid. The field was damaged by hail on November 20th, 1993 when the crop 
was at the VS growth stage. With damage being more substantial on the northern side of the 
field, one replicate was deleted from the insecticide trial and made available for a hail trial. 

a. Vegetative Growth Response to Application of Pix and/or Nitrogen 
Following Hail Damage 

Historically, crops on the Le itch's Block do not require large applications of pix or other 
growth regulators as growth does not tend to become rank. In combination with less than 
optimum growing conditions fol lowing the hail damage and lack of compensation for 
reduced plant stand, vegetative plant regrowth was not vigorous. Average final plant hcighl 
ranged from 69-75 cm and in a commercial situation no Pix would have been applied to 
control vegetative regrowth. Differences in final plant height were not significant (Figure 
2.5.4). 

Figure 2.5A: Plant Height Development Following Application of Pix and/or 
Nitrogen to Hail Damaged Cotton. 
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Fruit Development Following Application of Nitrogen and/or Pix to 
Hail Damaged Cotton 

If we look at fruit development following damage, we see some significant differences in 
fruit numbers at some sampling dates. Square numbers for all treatments peak at 
approximately the same time after damage. In the early stages of regrowth, Nil Nitrogen with 
Spilt Pix (300/600 ml) has higher square numbers than the other treatment. (5% Level of 
Significance). But this difference does not carry through to later sampling dates (Figure 
2.5.5). 

Peak squaring for all treatments is approximately 1423 GDDs from planting (1131 GDDs 
post damage) and at peak squaring, treatment 4 (Nitrogen 50 units with no Pix) has 
signilicantly lower square numbers than the other treatments (5% Level of Significance). 
This carries through to boll numbers where treatments 4 and 5, where SO units of nitrogen are 
applied with or wichout Pix, display a lower rate of production of bolls and a lower peak bol I 
number compared to the other treatments as displayed (Figure 2.5.6) (Significant at 5% 
Level). Applying nitrogen has been detrimental to increase in fruiting. 

c. Lint Yield Response of Hail Damaged Cotton to Application of Pix 
and/or Nitrogen 

13oll size was very small compared to normal average size for Siokra L23 in undamaged 
conon. Hence, any difference in boll numbers did not contribute a large quantity of lint ro 
final yield. 

The management strategies applied as treatments in this trial failed to produce a yield 
advamage on the hailed damage cotton. ie. There were no significant differences between 
applied trearments with respect to lint yield (Table 2.5.2). Analysis of the data shO\\S large 
standard deviations indicative of the variation in plant density across the trial and variation 
between replicates. Looking at relative lint yield, all management treatments reduced linl 
yield (Figure 2.5.7). 

Hail damage over the site of the hail trial was assessed as being at maximum payout levels. 
Not only was the plant stand reduced but plants sustained heavy bruising of stem tissue 
resulting in slow and low vigour of regrowth. The climatic conditions fol lowing damage \\·ere 
not advantageous to regrowth so overall the crop was stunted and slo\\ 10 produce fruit. 8011 
number and boll size were reduced compared to that you would normally expect from Siokra 
L23. With !his type of regrowth you would not apply pix in the commercial situation and 
hence, pix trial treatments were not expected to produce significant increase in lint yield and 
aclually decreased yields in this trial. Application of nitrogen did not improve the response. 
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Figure 2.5.5: Square Development Patterns Following Application of Pix and/or 
Nitrogen to Hail Damaged Cotton. 
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Figure 2.5.6: Boll Development Patterns Following Application of Pix and/or 
Nitrogen to Hail Damaged Cotton. 
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Ta ble 2.5.2: Lint Yield Following App lication of Pix and/or Nitrogen to Hail 
Damaged Cotton. 
- C.S.I.R.0. "Leitch's" 1993/94 

LINT YIELD 
TREATMENT kg/ha balha 

Nil Nitrogen, Nil Pix 425.60 1.89 

Nil Nitrogen, Pix 600ml 283.60 1.26 

Nil Nitrogen, Pix 300/600 ml 330.80 1.47 

50 Units N/ha, Nil Pix 164.00 0.73 

50 Units N/ha, Pix 600 ml 312.80 1.39 
NB: Differences not significant 

Figure 2.5.7: Lint Yield Relative to Untreated Hail Damaged Cotton Following 
Application of Pix and/or· Nitrogen 
- C.S.l.R.0. "Leitch's" 1993/94 
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d. Effect of Application of Pix and/or Nitrogen on Maturity of Hail 
Damaged Cotton 

Management treatments did not advance nor de lay overall maturity compared to the controls 
plots with no Pix o r Nitrogen. The small differences in time to 60% open presented in Table 
2.5.3 are not significantly di fferent. 

Table 2.5.3: C.S.l.R.O "Leitcb's" 1993/94 - Treatment Maturity 

M ATURITY 

Days to 60% Open fro m Growing Day Degrees to 
Plant in!! 60°/., Onen From Pla ntinl! 

TREATMENT 
Nil Nitrogen, Nil Pix 189.6 2045 

Nil Nitrogen, Pix 600ml 19 1.6 2060 

Nil Nitrogen, Pix 300/600 ml 186.6 2024 

50 Un its Nnia, Nil P ix 184.7 20 10 

50 Units N/ha, Pi x 600 ml 192.2 2064 

NB: Differences Not Sign ificant 

e. Responses of Hail Damaged Cotton in terms of Lint Quality Following 
Application of P ix a nd/or Nitrogen 

In terms of lint quality, no hail management treatment improved lint qua lity nor were any 
differences in I int qua I ity measured between treatments. M icronai re was very low for a l I 
treatments. Fi bre length and strength are reduced compared to the historical averages fo r the 
Siokra L23 va riety of 1. 14 inches and 30 grams/tex respective ly (Table 2.5.4). 

Table 2.5.4: C.S.I.R.O. "Leitch's" 1993/94 - Lint Quality 

QUALITY CHARACTERCSTIC 

Length Uniformity St rength Elongation Microna i1·c 
(inches) (%) (C r a ms/tex) (%) (Micrograms/inch) 

TREATMENT 
Nil N, Nil Pix 1. 07 79.93 28. 18 6.23 2.45 
Nil N, 600 ml Pix 1.09 8 l.18 29. 52 6.3 2.38 
Nil N, 300/600 Pix 1.09 79.93 28.0 6.48 2.48 
50 units N, Nil Pix 1.09 80.17 28.23 5.97 2.40 
50 units N, 600 ml Pix 1.08 81 .08 28.98 6 .63 2.48 

NB: Treatmenrs are not significantly diffe rent 
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Results and Discussion (continued) 

2.5.2: Trial Site B: "Myall Vale" Wee Waa (Field 21) 

"Myall Vale" Narrabri (Field 21) was severely damaged across part of the field by a hail 
storm on November 20th, l 993 when at the R2 growth stage. Had the damaged section of the 
field made up the larger percentage of the field , the grower would have replanted the fie ld. 
The hail damage was assessed at maximum payout level, although the srand was not totally 
destroyed. A hail management trial was placed in the damaged section of the field. The trial 
was designed as a R.C.8.0. with four replicates but with problems in uniformly applyi ng tile 
urea, replicate four was dropped from the results . 

a. Vegetative Growth Response to Application of Pix and/or Nitrogen 
Following Hail Damage 

Stem tissue was severely bruised and scarred and so regrowth was slow to be initiated and of 
low vigour. The situation \\ as exacerbated by the less than optimum growth conditions 
experienced in the six wed.s lollowing damage. Being on an alluvial loam soil and newly 
brought into cotton cu ltiqltio n. vegetative growth at the site in previous )ears has been quite 
vigorous, and so in the case or this trial, the rate of vegetative regrowth has been modified b) 
the hail damage and grO\\·ing conditions. The application of nitrogen (50 units) along with 
Pix at 600 ml/ha reduced fina l plant height but this was not of any commerc ial significance 
(Level of Significance 5%). There was no statistical difference between final plant height for 
other treatments. 

Statistical analysis sho\~ S that there is no significant d ifference in the number of squares on 
cotton in each of the management treatments through the season. Although there is a trend for 
Treatment Nos. 2 & 3 to reach their peak square number at a later date than the other lhrec 
treatments. Differences in boll numbers are not significantly different. (Figures 2.5.8, 2.5.9). 
This is contradictory to the usual effect of pix applications which usually act to increase 
earliness of squaring as prc,· iousty described. 

b. Lint Yield Response of Hail Damaged Cotton to Application of Pix 
and/ or Nitrogen 

Replicate variability has produced large standard deviations. Hence, although differences in 
lint yield between treatments were large, treatment lint yields were not stati stically 
significantly different (Table 2.5.5). Looking at the results as trends only, lint yields were 
reduced where no nitrogen was applied. Nitrogen should not have been limiting for this crop 
as 157 units of nitrogen was appl ied pre-plant and the crop was following a fallow. 
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Figure 2.5.8: Square Development Patterns Following Application of Pix and/or 
Nitrogen to Hail Damaged Cotton. 
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Figure 2.5.9: Boll Development Patterns Following Application of Pix an cl/or 
Nitrogen to Hail Damaged Cotton. 
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Table 2.5.5: Lint Yield Following Application of Pix and/or Nitrogen to Hail 
Damaged Cotton. 
- "Myall Vale" Wee Waa (Field 21) 1993/94 

LINT YIELD 

TREATMENT kg/ha ba/ha 

Nil Nitrogen, Nil Pix 1040.4 4.62 

Nil Nitrogen, Pix 600ml 928.6 4.13 

Nil Nitrogen, Pix 300/600 ml 893.7 3.97 

50 Units N/ha, Nil Pix 1175 s 5.23 

50 Units N/ha, Pix 600 ml 1163.8 5.17 

NB: Differences not significant 

c. Effect of Application of Pix and/or Nitrogen on Maturity of Hail 
Damaged Cotton 

Differences in date to maturity (ie. Date to 60% open) were determined in sequential hand 
picks. Treatments which applied nitrogen with or without Pix were advanced in maturity 
compared to where pix was applied with no nitrogen.(Table 2.5.6). 

At sequential pick 2, Nil nitrogen treatments with Pix applied at either 600 ml/ha or 300/600 
ml/ha split were delayed compared to other treatments (5% Level of Significance). But by the 
time the crop opened to 50-70% open range around the date of sequential pick 3, the ni I 
nitrogen/split Pix treatment had begun to open more rapidly and was no longer significantly 
less mature than treatment 5. At maturity. Treatment 2 (ie. Nil N/Pix 600 ml/ha) was delayed 
in maturity by 71 GDDs or I 0 days compared to treatment 5 (50 units of Nitrogen plus Pix 
600 ml/ha) (5% level of significance). Note that the Nil Nitrogen/Nil Pix treatment was of 
similar maturity to treatments 4 and 5. Availability of nitrogen has reduced recovery in terms 
of yield and maturity. 

So from this, Pix treatment has not increased earliness in all treatments where Pix was 
applied compared to Nil Pix treatments. Where Pix was applied without added nitrogen, 
maturity was delayed. 

Table 2.5.6: "Myall Vale' Wee Waa (Field 21) 1993/94 -Treatment Maturity 

MATURITY 

Days to 60% Open from Growing Day Degrees to 
Plantin11: 60% Onen From Plantin11: 

TREATMENT 

Nil Nitrogen, Nil Pix 195.9 2050 

Nil Nitrogen, Pix 600ml 202.5 2097 ab 
Nil Nitrogen, Pix 300/600 ml 201.3 2088 b 
50 Units N/ha, Nil Pix !96.2 2052 
50 Units N/ha, Pix 600 ml 192.5 2026 
a· Treatment is significantly different from other treatments at Sequential pick 3 (Approx. 60% Open) 
b· Treatments are significantly different from other treatments at Sequential pick 2. 
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d. Responses of Hail Damaged Cotton in terms of Lint Quality Following 
Application of Pix and/or Nitrogen 

Micronaire readings for all treatments were wel l below the expected micronaire for the 
variety and was related to the hail damage and water stress. Fibre length and strength 
compared favourably with the historical data for the variety Sicala VI, which average 1.16 
inches in length and 29.1 grams/tex in strength. The hail damaged cotton in this trial was both 
longer in fibre length and stronger than the h istorical averages (Table 2.5.7). 

Fibre quality was not sign ificantly different betwee n treatments for any of the fibre 
characteristics measured. ie. management strategies did not improve or lower fibre quality . 

Table 2.5.7: "Myall Vale" Wee Waa (Field 21) 1993/94 - Lint Quality 

QUALITY C HARACTERISTIC 

Length Uniformit Strength Elongation Micronaire 
y 

(inc hes) (% ) (Grams/tcx) (%) (M icrogra ms/i nch) 
T REATMENT 

Nil N, Nil Pix l.2 l 84.93 33.07 6.4 2.57 
Nil N, 600 ml Pix l.19 83 .83 3 1. l 7 6.1 2.57 

Nil N, 300/600 Pix l.20 84.80 32.93 6.2 2.80 
50 units N, Nil Pix 1.21 84.67 32.80 6.1 2.70 

50 units N, 600 ml Pix l.22 85.1 3 31.93 6.0 2.73 
NB: Treatments are not significantly different 
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Results and Discussion (continued) 

2.5.3: Site C - Auscott Narrabri (Field 10) 1993/94 

Due to lack of hail events in the 1993/94 season. hail damage was simulated on Auscott 
Narrabri (Field JO) on a crop of Sicala V2 at the R9.9 growth stage. 

Vegetative Plant Development and Fruit Development Following Application of Pix 
and/or Nitrogen to Simulated Hail Damaged Cotton 

Following the simulated hail damage, due to the late growth stage at the time of damage and 
restrictions on recovery imposed by limited water supplies, vegetative regrowth in terms or 
increased plant height was reduced. Final plant height in simulated hail treatments remained 
reduced compared to undamaged cotton (Level of significance 5%) (Figure 2.5.10). 
Differences in final plant height between simulated hail treatments were not significant. 

Figure 2.5.10: Plant Height Development following Application of Pix and/or 
Nitrogen to Simulated Hail Damaged Cotton. 
- Auscott Narrabri (Field 10) 1993/94. 
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At the time of the hail damage simulation in the Auscott Narrabri trial at I 096 day degrees 
from planting, the crop was at the R 9. 9 stage of crop development. Hence, the crop was quite 
well advanced in its boll fill period with an average of 9.9 fruiting limbs present. Vegetative 
regrowth is minimal in such situations. Fruit counts 14 days after damage show that square 
production had already peaked in the undamaged crop whilst boll numbers increased till 
approximately 1385 day degrees from planting (Figure 2.5.11 ). 
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Figure 2.5.11: Fruit Deve)opment Patterns in Undamaged Cotton. 
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Following the simulated hail damage, squaring was advanced by application of Pix at 600 
ml/ha at first flower on regrowth whether with or without added nitrogen (Figure 2.5.12) and 
peak square numbers were also higher (5% Level of Significance). Both treatments also 
showed higher peak square numbers than the control (Nil N/Nil pix). 

In Figure 2.5.13, early trends in boll numbers are not well defined and boll set has obviously 
been affected by water stress. There is no indication of an earlier start to boll set on regrowth. 
Bur where Pix was applied at first flower on regrowth final boll numbers are higher than 
other treatments (5% level of significance). 
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Figure 2.5.12: Square Development Patterns Following Application of Pix and/or 
Nitrogen to Simulated Hail Damaged Cotton 
- Auscott Narrabri (Field 10) 1993/94 
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Figure 2.5.13: Boll Develo pment Patterns Following Application of Pix and/01· 
Nitrogen to Simulated Hail Damaged Cotton 
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b. Lint Yield R es ponse of Simula ted Hail Damaged Cotton to Application 
of Pix a nd/o r Nitrogen 

Analysis of overall fi na l lint yield failed to sho w any s ignificant differences between 
treatments imposed over damaged areas. The average lint yield of all damaged plots was 295 
kg/ha ( 1.32 ba/ha) compared to the undamaged average yield of 1246 kg/ha (5.54 ba/ha) 
(Table 2.5.8, Figure 2.5.14). This represents a yield loss o f 76% corn pared to the assessed 
loss 14 days after the damage simulation of 62%. 

Water stress and late season mite infestation cu 11a iled the regrowth after the hail simulat ion 
and the setting and maturat ion of bolls in the damaged plots. Hence, the sma ll nu mbers of 
squares set fo llowing damage did not go through to become pickable bolls. Only bo ll s set 
prior to the hail s imulatio n and left undamaged by the simulation wou ld contribute to final 
yield. 

Table 2.5.8: Lint Yield Following Applica tion of Pix and/or Nit rogen to 
Simulated Hail Damaged Cotton. 
- Auscott Na n-abri (Field 10) 1993/94 

LlNT YIELD 
TREATMENT h.g/hn ba/lrn 

Undamaged Control 1246.18 5.54 

Nil Nitrogen, Nil Pix 307.13 1.37 

Nil Nitrogen, Full Pix 326.38 1.45 

Nil Nitrogen, Split Pix 231.1 3 1.03 

SO Units N/ha, Nil Pix 260.35 1. 16 

50 Units N/ha, Full Pix 352.75 1.57 

Figure 2.5.14: Lint Yield of Simulated Ha il Da maged Cotton Rela tive to 
Unda maged Cotton Following Application of Pix and/or Nitrogen 
- Auscott Narrabri (Field 10) 1993/94 
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Of the management treatments imposed following the hail simulation, none produced a 
significant effect on yield. Although from Figure 2.5.15, which directly compares the 
management treatments, the lower yielding treatments were those where either no early Pix 
was applied or a low dose of 300 ml/ha was applied. These treatments were allowed to set 
squares at their own rate, whereas treatments where 600 ml/ha Pix was applied at first flower, 
vegetative growth was reduced and the crop was forced to set squares earlier. This has 
produced a slight yield advantage for treatments where 600 ml/ha was applied at first flower 
(Not statistically significant). 

Bol I size was not reduced by damage or affected by the management treatments. 

Figure 2.5.15: Lint Yield Relative to Untreated Simulated Hail Damaged 
Cotton - Auscott Narrabri (Field 10) 1993/94 
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Effect of Application of Pix and/or Nitrogen on Maturity of Simulated 
Hail Damaged Cotton 

The aim in using nitrogen and pix in these management strategies was to get the crop 
growing again after damage and then bring it to maturity before the end of the growing 
season. Using Date to 60% Open for each treatment as a measure of maturity, analysis has 
shown no significance between the treatments (Table 2.5.9). Regrowth was restricted by the 
lack of water to supply crop regrowth requirements but at such a late date of the simulated 
hail (ie. Growth Stage R9.9), regrowth is minimal and differences in treatment maturity 
would be expected to be minimal. 
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Responses of Simulated Hail Damaged Cotton in terms of Lint Quality Following 
Application of Pix and/or Nitrogen 

Simu lated hail damage and post hail management strategies em ployed in this trial did not 
affect I int qua! ity in respect to fibre maturity, fibre strength, uni form ity or rn icro nai re. 
Diffe rences between treatments for each of these quality parameters are not signiticant 
(Table 2.5. l 0). 

Fibre length was found to be increased by hai I damage compared 10 undamaged Colton ( 1 % 
Level of Significance). But no differences in the affect of the management' strategies was 
measurable. Cotton where hail was simulated also displayed a finer fibre than in the 
undamaged samples although fineness values are not significantly different in the analysis. 

Usually you would expect to see a decrease in micronaire in hail damaged cotton as lint from 
immature bolls produced on regrowth lower the average micronaire of the lint sample. In this 
case, the regrowth did not produce pickable bolls and hence micronairc varied little from that 
of rhc undamaged samples. The micronaire of all treatments was lower rhan what "ould 
normally be expected at this site and with this variety. The low micronaire would most likely 
be due LO the seasonal climatic conditions and water stress . 

Tab le 2.5.9: Auscolt Narrabri (Field 10) 1993/94 -Treatment Maturity 

MATURITY 

Days to 60% Open from Growing Day Degrees to 
Plantin2 60%. Open Fro m Planting 

TREATMENT 

Undamaged Control 166.6 186S 
Nil t'litrogcn, Nil Ph: 166.6 1868 
Nil Nitrogen, Pix 600ml 166.9 1870 
Nil Nitrogen, Pix 300/600 ml 167.7 1878 
50 Units N/ha, Nil Pix 165.8 1860 
50 Units N/ha, Pix 600 ml 166.0 1872 

Table 2.5.10: Auscott Nlln·abri (Field 10) 1993/94 - Lint Quality 

QUALITY CHARACTERISTIC 

Length Uniformit Strength Elongation Micronaire 
y 

(i nches) (%) (G rams/te:<) ('Xi) (Micrograms/inch) 
TREATMENT 
Undamaged 1.123 a 82.28 30.1 8 5.48 3.000 
Nil N, Nil Pix I. l 73 83.70 31.85 5.73 2.900 
Nil N, 600 ml Pix 1.180 84.15 3 1.10 5.65 2.925 
Nil N, 300/600 Pix 1.178 83.00 31 .58 5.70 2.475 
50 units N, Nil Pix 1.185 84.18 31.43 5.43 2.725 
50 units N, 600 ml Pix 1.185 83.73 31 .65 5.70 2.825 
NB: Values marked by a arc significantly different from other 1rea1rncnts. 
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Results and Discussion (continued) 

2.5.4: Site D - Australian Cotton Research Institute 
(Field B2) 1994/95 

The three previously described trials combining nitrogen and pix treatments in managing 
regrowth in hai I damaged cotton covered crops damaged in early growth stages (V 3 and RI) 
and late growth stages (R9.9). With the possibility of a low incidence of hail again in the 
1994/95 season, a hail trial using simulated damage was initiated to ensure that crops at 
growth stages intermediate between the previously tested growth stages could be trailed. 
Hence, hail damage was simulated at A. C. R. I. on a crop of Sicala V2 at the R2.8 growth 
stage. Simulated damage does not inflict the same "stress" factor as natural hail and regrowth 
is vigorous while weather conditions are conducive to growth and such conditions prevailed 
in 1994/95 (Appendix }. 

a. Vegetative Plant Development and Fruit Development Following 
Application of Pix and/or Nitrogen to Simulated Hail Damaged Cotton 

Following simulated damage vegetative regrowth was rapid. Depending on the hail 
management treatment appl icd post damage, the plant compensated to produce plants either 
of equal height or reduced from that of undamaged couon. Where no Pix was applied, with or 
without extra nitrogen, final plant height equal led that of the undamaged cotton (Figure 
2.5.16). Pix applied at first flower at 600 ml/ha reduced final plant height to the greatest 
extent, while a split application of 300/600 ml/ha also reduced plant height but to a lesser 
extent (5% Level of Significance). The same rates of application of Pix also reduced plant 
height where extra nitrogen was added (5% Le vel of Significance). Regrowth in this trial was 
much more rapid than in the 1993/94 trials, but the moderate rates of 600 ml/ha Pix at first 
flower on regrowth or a split rate of 300 ml/ha at tirst t1ower followed by 600 ml/ha at Last 
Square adequately controlled vegetative growth C\'Cn where excess nitrogen was applied. 

Following simulated hail damage, peak squaring \.Vas delayed in damaged treatments by 
approximately 550 GDDs compared to undamaged cotton and reached similar levels (Level 
of Significance 5%). No differences were measured in either square numbers nor time to peak 
squaring between simulated damage treatments. Similarly no differences were measured in 
boll numbers between simulated hail treatments (Figures 2.5.17, 2.5.18). From this we can 
conclude that although delayed in developm<.!nt, the simulated hail treatments all 
compensated for the damage and produced similar final fruit numbers to the undamaged 
cotton, with no one treatment producing more fruit than another. 



Figure 2.5.16: 

120.0 

100.0 

~ 800 

2' 
~ 
J: 600 

~ 
Cl. 

~ 400 

200 

Undamaged 

106 

Plant Height Development Following Application of 
Pix and/or Nitrogen to Simulated Hail Damaged Cotton. 
- A.C.R.I. (Field B2) 1994/95. 
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Figure 2.5.17: Square Development Patterns Following Application of Pix 
and/or Nitrogen to Simulated Hail Damaged Cotton 
- A.C.R.I. (Field B2) - 1994/95 

140 

120 

Q) 

~ 100 
E 
Q) 

iii 80 
::> 
CT 
V> 

a; 60 
Cl. 

·2 40 u. 

20 

500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 

Gr0\11/ing Day Degrees from Planling 

· · · · .. · Undamaged .. · • • · Nil N. Nil Pix - ~ - Nil N. Pix 600 rnl ·-- Nil N. Pix 
300/600 ml 

SO units N. !\ii - -- • 50 units N. Pix --+-- 50 unils N. Pix 
Pix 600 ml 300f600 ml 

Figure 2.5.18: Boll Development Patterns Following Application of Pix and/or 
Nitrogen to Simulated Hail Damaged Cotton 
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b. Lint Yield Response of Simulated Hail Damaged Cotton to Application 
of Pix and/or Nitrogen 

The undamaged cotton on average outyielded the cotton damaged by simulated hail by 44.6% 
(Table 2.5.11 ). But differences in lint yield between the separate treatments following 
simulated hail were not significant, even though the top yielding treatment (50 units N with 
600 ml/ha Pix) showed a 13% yield advantage over the nil nitrogen/nil Pix treatment (Figure 
3.21). 

Table 2.5.11: Lint Yield Following Application of Pix and/or Nitrogen to 
Simulated Hail Damaged Cotton. 
- A. C.R. I. (Field B2) 1994/95 

LINT YIELD 

TREATMENT kg/ha ba/ha 

Undamaged 2654 l l .80 

Nil Nitrogen, Nil Pix 1739 7 73 

Nil Nitrogen, Pix 600ml 1842 fU9 

Nil Niu·ogcn, Pix 300/600 ml 1904 8 46 

50 Units N/ha, Nil Pix 1885 !U8 

50 Unils N/ha, Pix 600 ml 1968 8.75 

50 Units N.ha, Pix 300/600 ml 1931 8.58 

NB: Differences not significant 

Figure 2.5.19: Lint Yield Relative to Untreated Simulated Hail Damaged 
Cotton. 
- Australian Cotton Research institute (Field 82) 1994/95 
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c. Effect of Application of Pix and/or Nitrogen on Maturity of Simulated 
Hail Damaged Cotton 

The management strategies employed in this trial did not have any significant effect on 
decreasing the delay in development caused by the hail damage. No difference in maturity 
was measured between damage treatments. while Lhe undamaged cotton was mature 53-67 
GDDs ( 14-16 days) before the damaged treatments (Table 2.5.12). 

Table 2.5.12: A.C.R.I. (Field B2) 1994/95 - Treatment Maturitv 
MATURITY 

Days to 60°1.. Open from Growing Day Degrees to 
Pian tin!! 60% Oocn From Plantin!! 

TREATMENT 

lJ ndamagcd 182.2 a 2185 a 

Nil Nitrogen, Nil Pix 198.0 2248 

Nil Nitrogen, Pix 600ml 198.0 2249 

Nil Nitrogen, Pix 300/600 ml 197.5 2245 

50 Unils N/ha, Nil Pix 198.2 2252 

50 Units N/ha, Pix 600 ml 196.5 2238 

50 Units N, Pix 300/600 ml 197.0 2242 

NB: Treatments followed by a arc significantly different from other treatments. 

d. Lint Quality Responses to Hail Management Treatments 

According to varietal records, Sicala V2 has an average fibre length of 1.1 4 inches, fibre 
strengrh of 30 grams/tex, length uniformity of 83% and a micronaire of 4.1. In this trial, fibre 
length was betrer than the average for both undamaged and simulated hail damaged cotton. 
Fibre uniformity was also marginally higher across all treatments. Fibre strength was 
improved on average and tended to be higher for treatments where Pix was applied at first 
flower at a rate of 600 ml/ha, but analysis showed this difference to be not significant. 
Micronaire was reduced compared to the historical average value in both undamaged and 
damaged cotton and all treatments fell within the discount range. This was probably due to 
the fact that water supplies were stretched out to the maximum possible through the season 
(Table 2.5.13). The undamaged cotton and Nil N/Nil pix treatments had, marginally higher 
micronaire than other treatments (5% Level of Significance). 

Table 2.5.13: A.C.R.I. Field B2) 1994/95 - Lint Oualitv 
QUALITY CHARACTERISTIC 

Length Uniformity Strength Elongation Micronaire 
(inches) (%) (Crams/tex) (%) (Micrograms/inch) 

TREATMENT 

Undamaged 1.22 84.88 31.23 5.33 3.48 

Nil N, Nil Pix 1.19 84.20 30.35 5.75 3.33 
Nil N, 600 ml Pix 1.19 84.80 34.IO 5.95 2.70 

Nil N, 300/600 Pix 1.21 85.18 31.70 5.58 2.70 

50 units N, Nil Pix 1.21 85.10 32.08 5.98 2.70 

50 units N, 600 ml Pix 1.19 83.68 33.18 5.70 2.65 
50 Units N, Pix 300/600 ml 1.20 85.00 31.40 5.60 2.73 
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Conclusions: 

Both the Myall Vale and Leitch's sites incurred damage at a time which correspond to the 
latest recommended replant date and seasonal conditions were not advantageous to rapid 
establishment of a new stand and so replanting was not an option. Damage was shown by 
assessment to be at maximum payout levels. At these sites, the severely damaged areas 
formed only a small part of the fields concerned and so growers management decisions were 
based on the less damaged and larger part of the fie lds. 

The management strategies employed in the trials were designed around encouraging and 
contro 11 ing regrowth using nitrogen and then pix. Such strategies wi 11 on ly produce a 
response if climatic cond itions have allowed regrowth in the first place. Both Leitch's and 
Myall Vale (Field 21) trials suffered due to the adverse conditions immediately fol lowing the 
damage and the severity of the damage meant new growth was slow and weak. When 
conditions later improved, the crop began to grow quite vigorously but due the limited 
growth season remaining the crop did 1101 yield up to it's original potential. Cl imatic 
conditions and severity of damage have dictarecl that recovery in these trials was to be 
minimal and so any management strategy employed would have had minimal effect on 
increasing recovery. 

ln the case of Auscott Narrabri (Field l 0) in l 99 3/94, regrowth is found to be minimal clue to 
the late growth stage at the time of damage. Yie ld recovery was then further reduced by late 
mite infestation and restricted water supply. Under these conditions the growing season ha::: 
been further and drnmaticall] reduced. fVfanagemcnt strategies which act to encourage the 
earliest and maximum squaring and fruit set rate have produced the largesr yield recover;.. 
although differences \·\Crc minimal and not s tat i ~t ica lly significant. 

With damage at an earlier dale such as at the A.C.R.l. 1994/95 site, more time is available for 
compensatory growth and with optimal climatic conditions as experienced at th is site, 
recovery was good. As late set and developing bolls in the most de layed of treatments ha ve 
sufficient time to mature, an) earliness and hence ) icld advantage of treatments incorporating 
Pix is reduced. All pix and nitrogen combinations improved yield recovery over the control 
where no nitrogen or pix was applied lo damaged cotton, but yield increases were not large 
and were statistically not significant. The larger increases were produced where growth \\as 
encouraged by application of nitrogen but then managed with applications of Pix. [n this 
situation a grower shou ld weigh up the possible yield increase from the application of Pix 
and nitrogen against the actual returns from the small yield increase. 
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2.6: Case Studies on Mid-Season Hail Damage in Australian 
Cotton Crops (1993/4 - 1995/96) 

2.6. l: Introduction: 

Once past the last economically viable replant date, growers in all but the most severe hail 
damage situations, will choose to proceed with a damaged crop and attempt to maximise lint 
yield in the season remaining. Although the crops will regrow following the damage, the 
degree of recovery rapidly declines to zero at last square date. 

Where hail damage covered the smaller part of a management unit, growers elected to 
manage the hail damaged area according to the management requirements of the undamaged 
part of the field or management unit. This also applied lo crops where the hail damage 
occurred in an uneven pattern, inflicting damage for example across a tail or head ditch 
section of a field and making separate management strategies for damaged and undamaged 
areas impossible to implement. Crops were managed as per undamaged cotton where hai I 
damage was considered light. 

Where the hail damage covered the larger part of the crop management unit, changes in 
management were possible and necessary to maximise yield following the hail damage. 
Growers employed different strategies to regrow crops following the damage. Growers were 
either willing to risk that the growing season wil I be longer than the historical average and 
attempt to push out production past the usual crop cut out or last square dates for their area or 
in contrast, growers regrew the crops keeping in mind the average last flower dates for their 
area and attempted to achieve maximum yield recovery within this restricted growing season. 
Both scenarios rely on good weather conditions immediately following damage to allow rapid 
repair of damaged plant material and rapid regrowth. 

2.6.2: Mid-Season Hail Damage in Dryland Cotton 

Only a limited number of dryland crops incurred mid-season hail damage during the period 
covered by this work. Case studies were collated on those crops where damage covered a 
large enough portion of the crop or were sufficiently severe to require a change in crop 
management. 

All growers attempted to regrow the crop, weather conditions played a part in their success in 
maturing the fruit set following the damage. For example in 1993/94, late rain on the 
Liverpool Plains allowed late regrowth but with mid-January hail damage, there was no time 
for the regrowth to reach maturity and heavy discounts were imposed on hail damaged cotton 
due to low micronaire. With hindsight, growers were of the opinion that high doses of Pix 
applied earlier in the regrowth period would have reduced the late vegetative regrowth and 
reduced the problem. In contrast, with a dry maturation period for regrowth on the Darling 
Downs in 1994/95, although crop development was delayed 2-3 weeks, lint matured and low 
micronaire was not a problem. Note that rain did eventually delayed picking of the crops once 
mature and colour discounts were imposed. 



112 

1995196 provided some interest ing comparisons between both dryland and irrigated crops and 
hail damaged and undamaged cotton crops. Wet weather conditions in late November, 
December and early January saw prolonged waterlogging in irrigated crops . Floods further 
impacted on production in the Mcintyre valley. Dryland crops in many cases were on 
undulating and lighter country and were better drained through this period and suffered less 
waterlogging and responded more rapidly when warmer and drier weather arrived in January. 
Indeed at this time dryland crops were estimated to have a higher yield potential than some 
irrigated crops in the affected areas. 

Ha il strikes occu rred in a number of areas occurred on 18112195. Ory land crops responded 
di fferently depend ing on th e weather immediate ly following the damage. On the Darling 
Downs. rain continued and waterlogging prevented rapid regrowth. Moderate and drier 
conditions in early-mid January in the Mcintyre and Namoi valleys produced good regrowth. 

In deciding to proceed with the hail damaged crops, growers were accepting that insect 
control and other management would be continued and hence, full insectic ide programs were 
implemented and hail damaged cotton required 1-2 extra insecticide sprays than undamaged 
cotton. These sprays were applied late in the growing season and were typically of a 'heavier' 
type eg. Talstar, Larvin, Parathion and/or curacron. Thresholds were not necessarily lowered 
out anent ion \\as pa id co ci meiy anci accurate appl ication o f sprays. 

Foliar sprn) S of nitrogen and in some cases iron were applied to boost nutrient supplies 
where \\et \\Cather cond itions followed the ha il damage and where g.ro\\ trs \\Crc attempting 
to maximise the regrowth response within a reduced growing season. 

Pix was applied by most of the dryland growers fo llowing the hail damage. Although growers 
were cautious in the timing of application and in the rates of Pix used as they were keeping in 
111 ind the potential hazard of applying Pix and then running into moisture or heat stress. Pix 
was appl ied. on average, four weeks after the hail damage as leaf area was rep laced and 
squaring was re-initiated. Where growers used a s ingle app lication of Pix, a rate of 400-600 
m I/ha of Pix \\as used and was intended to stop late vegetative growth. Sp! it applications 
were used where growers wanted to peg back vegetative regrowth in the early stages 
following damage without stopping growth and then apply second application to stop late 
vegetative growth or a lternatively where late vegetative growth was anticipated due to late 
rain. Typical rates were 150 ml/ha for first applications and 500 ml/ha for second 
applications. The single application of Pix was successfu l in controlling vegetative gro\vth 
where regro\\ th was not excessive. But on the Darling Downs rain periods conti nued 
fol lowing damage and control of vegetative regrowth was difficuh and in hindsight, split 
applicati ons of Pix may have been more successful a long wit h closer monitoring of rates of 
growth early in the regrowth period. Defol iation was also difficult in the Darling Downs 
crops. 

Defoliation was delayed up to 14 days compared to undamaged cotton but this did not pose 
problems where vegetative growth had been controlled. Moderate temperatures during 
autumn allo\\·ed lint to mature fully and severe depletions in micronaire were not recorded 
except on the Dari ing Downs as previously dcscri bed. 
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2.6.3: Mid-Season Hail Damage in Irrigated Crops 

As previously mentioned the success of the strategy for regrowing a crop following mid­
season damage depends on good weather conditions following damage. This is clearly 
illustrated in irrigated cotton crops struck by hail during the mid-season period from 1993/94 
ro 1995/96. Hail strikes were few in the mid-season period which we were interested in 
covering. 

Although drought conditions saw limited water available for irrigation purposes in 1993/94 
and 1994/95. Other than the water situation, optimum conditions for regrowth occurred 
following hail damage. In the Macquarie valley, good yield recovery was achieved following 
moderate level damage. This was the only valley with adequate water supplies and hence, 
hail damaged crops were watered as required and with adequate nitrogen underneath, 
regrowth was rapid and vigorous. Although insect spray thresholds were not tightened across 
the board, it should be noted that crops were attractive to insects very soon after the damage 
and timely application of insecticides was important. in the documented cases, high doses of 
Pix were required (up to 1500 ml/ha in split applications were required to control vegetative 
regrowth. With moderate weather conditions in the late season even though delayed in 
development, crops recovered and matured and losses in yield and lint quality were 
111 in im ised. 

ln a contrasting study in the same season, in the shorter growing season of the Liverpool 
Plains, regrowth did not mature and high discounts were imposed for low micronaire in a hail 
damaged crop. This crop had been resown folio'\ ing unsuccessful original establishment and 
hence was already late in de\·elopment for the area. Not anticipating replanting or hail 
danrnge, sufticient nitrogen had been applied prior to planting for a full season yield 
potential. It proved to be very di fticult to manage in respect to vegetative growth. 

From the case studies collated in 1994/95 and 1995/96, it is obvious that growers made 
conscious decisions to promote the regrowth of their hai I damaged crops. But once regrowth 
was initiated and the season progressed, growers either made conscious decisions in regard to 
how to manage the regrowth. or others allowed the weather conditions etc. to dictate the 
action they took. 

In the Emerald area, part of the nitrogen requirement of crops is commonly applied post 
planting as side dressed or water run urea. Immediately following hail damage in 1994/95, 
growers applied 50-60 units of nitrogen in such a manner and watering their crops as soon as 
possible after the damage to reduce stress even though water was limited for irrigation for the 
season. Or where adequate nitrogen was present under the crop prior to damage, the damaged 
areas were given a boost by applying eg. 6 kg/ha nitrogen as foliar N. Traditionally, little Pix 
is used in the Emerald area. Some growers did consolidate fruit set with a low application of 
Pix (eg. 250 ml/ha) once regrowth was initiated. Although some good early regrowth was 
observed, crops did not compensate well due to the late stage of growth at the time of damage 
(for the production area) and due to inadeguare water supplies available to water the crops to 
their full requirements. Growers did not or could not chase late bolls due to lack of water and 
the cost of late spraying. 
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In other production areas, heavy rain with hail storms and following rain saw prolonged 
waterlogging following mid-season hail. In these situations regrowth was not vigorous or 
rapid and growers anempted to promote regrowth with the application of foliar fertilisers. 
Foliar nitrogen was applied as eg. Easy N at rates of I 0-20 units N to overcome nitrogen 
deficiencies induced by waterlogging and were applied as soon as sufficient leaf area was 
replaced to allow uptake of the fertiliser. Foliar fertiliser mixes such Ocean Fish, Triple 7 and 
Megamix were applied attempting to alleviate the stress imposed by the hail damage and 
waterlogging and to 'kick start' regrowth. 

Once regrowth was initiated vegetative growlh and fruit set was managed using growth 
regulators. In less waterlogged crops where regrowth wad been initiated al a moderate rate, 
split applications of Pix were applied early in the regrowth period between 4 and 6 weeks 
after damage with the aim of consolidating fruit set, then a second rate being applied to 'pull 
up' the crop and reduce the delay in maturity. This second application being applied 
anywhere between last square and last flower date for the crops studied. Typical Pix rates 
used in first applications were 300-350 ml/ha, and 350-500 ml/ha of Pix in second 
applications. (Second applications of Pix were not generally required in comparable 
undamaged crops}. 

But in the majority of cases covered in 1994/95 and 1995/96, early regrowth following 
damage was reduced due to the waterlogging no early applications of Pix was used. Crop 
development was delayed and to attempt to reduce crop lateness, Pix was used to 'pull Ltp' the 
vegetative growth of the crops and hence, by defaull induce cut out. Pix was applied at 
varying limes and rates depending on what the grower was trying to do with the crop. 

The limited number of growers following a management strategy, indicated that they 
attempted to 'pull up' the crop by last flower date so as to allow the bolls set on regrowth to 
fully mature within the growing season remaining and hence, had applied Pix between last 
square and last flower dates. These growers were electing not to attempt to extend cut out and 
push the crop past the average climatic end to the season. In other crops, application dates for 
Pix were much delayed and applications were made too late to effectively reduce late 
vegetative growth. Application rates ranged from 600 ml/ha to 1300 ml/ha. Higher rates were 
used where growers nominated they were attempcing to 'pull up' the crop. 

No growth regulators were required in a limited number of crops which displayed no 
excessive vegetative growth due to the advanced physiological growth stage of the crop at the 
time of damage and the weather conditions which regulated the vegetative growth of the 
crop. 

Note chat in 1995/96 in the Mcintyre valley, fruit set in all crops (hail damaged or not} did 
not begin until approximately mid-January when rain, floods and waterlogging eased. The 
general weather conditions for the season were the overriding factor posing problems for 
crop management rather than the hail. All crops were late and according to discussions with 
consultants were similarly managed. 
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On average, no extra irrigations above those appl ied to undamaged crops were required in the 
l 994/95 and 1995/96 case studies due to in season rain. But differences in management 
strategies now became obvious as increased production costs were now incurred by those 
growers who elected or were forced to push the crop extending cut out and now required to 
mature all late bolls set on regrowth. 1-2 late insecticides (mostly Larvin or curacron) were 
required to protect late set fruit. Clear and dry weather did enable good defoliation to be 
ach ieved in these crops but in l 994/95 the delay in defoliation of2-6 weeks exposed the 
crops to late rain and picking was further delayed. Returns were heavily discounted for low 
micronaire and then colour discounts were imposed due to rain damage with total discounts 
in some cases totalling up to $220 per ba le. 

Where crops cut out at approxi mately the average last flower dates for the respective 
production areas due to either I. the growth regulator strategy used, or 2. the lack of regrowth 
due to weather conditions or physiological growth stage of the crop at Lhe time of damage or 
3. due to the growers decision not to chase all late set bolls; although deve lopment may still 
have been delayed an average 2 weeks due to the hail damage but defoliation occurred under 
good conditions and few crops caught by the rain. Penalties for lo\\ rnicronaire were not as 
significant in these crops due to the lower proportion of bolls in a given sample being set on 
regrowth and maturing under deteriorating clinrnlic conditions. 

Climatic conditions fo llowing damage have pl11yed an important pan in the success ful 
managemt:nt of the hail damaged crop but implementat ion of dccis i' c management strategics 
has played a part in curbing production cost increases and reducing defoliation, picking and 
I int qua I ity problems. 
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2. 7: Discussion Points and Guidelines in Managing Mid-Season 
Hail Damage in Cotton 

A few points should be kept in mind when regrowing a cotton crop following mid-season hail 
damage. 

I. 

2. 

... 
J. 

4. 

5. 

6. 

The hail damage has removed part or all of the yield set as bolls to the date of 
the hail strike. 
There is a reduced season available to the grower over which to replace lost 
yield and a reduced overall crop yield potential. 
Costs have been incurred in getting the crop to the stage of growth at which it 
was at the time of damage. 
Costs will be now be incurred to regrow and mature the crop following the 
damage. 
Jn regrowing a crop following hail damage, crop development is pushed into a 
later part of the growing season. 
Growing late season crops involves problems with late watering, late insect 
control in a period of the season when insect contro I is di nicu It and expensive, 
late set bolls are maturing under cooler conditions and hence time to maturity 
is e:-.:tended and lint quality problems are inherent, defoliation of late crops is 
difficult under the cooler conditions. 

Case studies show that not all these points are taken into account when growers are 
regrowing a crop following mid-season damage. Growers are often overly optimistic as to 
how much quality cotton can be produced in the reduced growing season. Many growers 
attempl to regrow the same yield that they were expecting prior to the hail strike and incur a 
series of problems and extra costs. Water, nutrients and growth regulators are thrown at crops 
in attempts to get crops growing following hail damage and then if successful growers then 
need lo pull up and mature the crop - a difficult proposition \..\'hen climatic conditions 
override much of the management implemented and the strategies employed in attempting to 
manage a hail damaged crop 

The suggested strategy is to attempt to replace a realistic proportion of the original yield 
potential and mature it within the growing season which remains available whilst containing 
input costs and hence reducing the overall financial loss. 

According to case studies, the growers who have been more successful in replacing lost yield 
potential whilst containing increases in production costs have been those who have attempted 
lo regrow the damaged crop within the average 'climatic limits' of their growing season 
without attempting to extend cut out dates, forsaking part of a potential yield recovery for 
more complete maturation of the fruit set and hence reducing the large discounts for low 
micronaire cotton and reducing the chances of adverse weather conditions affecting 
defoliation and picking. 

Typically, management of the regrowth of damaged cotton in case studies involved watering 
only as the crop required, protection of all fruit initiated on regrowth with particular attention 
to early regrowth where some growers used tighter thresholds than normally used. Most crops 
studied had a full normal crop's requirement of nitrogen applied prior lo the hail strike and no 
further nitrogen fertilisation was used. F o I iar nitrogen and/or fo I iar mix es of micronutrients 
were widely used to boost regrowth following the stress of hail and especially under 
waterlogged conditions. 
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Where early regrowth occurred at a moderate to vigorous rate, pix was applied to reduce the 
rate of vegetative regrowth and encourage early fruit set on regrowth. But in a majority of the 
case studies collated, weather conditions immediately following damage were not conducive 
to rapid regrowth and pix was not applied within the first 4-6 weeks of regrowth. In these 
situations pix was used to reduce late vegetative growth and 'pull up' crops to encourage 
earlier maturation of fruit on regrowth. Large reductions in tibre micronaire due to immature 
bolls in the pick were only avoided where late application of pix was made between last 
square and last flower dates and the maturity of the crop was advanced sufficiently by the 
growth regulator treatment or where growers had made the decision not to attempt to chase 
lace sec bolls. Defoliation was easier where lhe vegetative growth and maturity of crops was 
pegged back by growth regulators or water usage strategies and hence were able to avoid 
some of the late season adverse weather conditions. 

With the aim being to get the crop regrowing following hail damage and then maturing it in 
the remaining season available, nutrients and growth regulators can play an important part in 
managing a hail damaged crop. In this part of the study, a series or field trials concentrating 
on these two areas of management were carried out on hai I damaged crops. 

Nitrogen Fertilisation of Hail Damaged Cotton Crops 

The nutritional status of a crop is of primary importance in detcrm ining the ability of a crop 
to recover from hail damage. The aim with nitrogen fertilisation should be to obtain a 
ma:-.:imum yield while minimising the problems of rank growth and delayed maturity. 

hillo'' ing hail damage, growers have used a variety of fertlliser strategies with varying 
results. Crops have been left to regrow on the pre-existing nitrogen level, or nitrogen and 
other nutrients have been applied in small and large amounts to replace or boost nutrient 
le,·cls in the crop. Resulting problems have included lack of regrowth due to less than 
optimum nutrient levels or excessive vegetative growth adding to the lateness and delayed 
maturity of hail damaged cotton. 

Crop growth stage at the time of damage and the timing of the hni I strike within the available 
growing season dictated the amount of regrowth that could be c:xpcctcd following the hail 
strikes. Mature cotton has a reduced requirement for nitrogen as regrowth following damage 
is minimal compared to younger cotton following hail damage. Crops at a less mature growth 
stage at the time of damage under optimum weather conditions will initiate vegetative 
regrowth quickly and hence will have a greater nitrogen requirement. 

Petiole nitrate levels were monitored in a series of hail damaged cotton crops to identify 
deficiency or stress as regrowth occurred. At each of these sites. nitrogen applied prior to the 
hail strike was considered adequate for production of a normal cotton crop. Following the 
hail strike, petiole nitrate levels and the rate of decline of petiole nitrate indicate that nitrogen 
was not limiting for growth. Hence, further nitrogen fertilisation would not have increased 
yi~lds. Only where prolonged waterlogging was imposed on young cotton attempting to 
regrow following damage, did nitrate levels decline at critical rates. Hence, monitoring the 
rate of decline of petiole nitrate in hail damaged cotton could be used to identify possible 
nitrogen deficiency. 
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As problems will arise in supplying nitrogen deficiency where weather conditions do not 
make application of nitrogen practical, it is suggested that as a rnle larger quantities of 
nitrogen will probably only be required where insufficient for normal growth was applied 
prior to the hail strike or where conditions make the existing nitrogen inaccessible to the 
regrowing crop. 

Extending this idea, with a crop damaged by hail prior to the application of its full nitrogen 
requirement, a suitable site was available to test the response of a hail damaged crop to 
varying rates of applied nitrogen ferti I iser. Although uptake and utilisation of nitrogen and 
other nutrients was hampered by climatic conditions and crop regrowth and lint yield were 
reduced in the trial and prevented full conclusions being drawn as to the response of the crop 
to applied nitrogen, petiole sampling results indicated that nitrogen would have been a yield 
limiting factor for the nil nitrogen treatments under normal growing conditions. Application 
of sufficient nitrogen to bring levels up to the normal crop reqt1irements brought petiole 
nitrate readings above critical levels. Addition of nitrogen in excess to a normal crop's 
requirement saw no further improvement in nitrogen uptake and it is suggested this 
application was excess to the requirements of the crop. 

Foliar Fertilisation of Hail Damngcd Cotton 

Foliar fertiliser mixes are often applied to boos! micronutri1;:n1 k vels in high yielding crops or 
to alleviating part of that stress imposed by waterlogging. liai I damage etc. The foliar 
application of zinc and a micronutriem mix \.Vere compared as means of alleviating the stress 
imposed on colt'on by hail damage in two trials. The trial data suggests that the foliar zinc 
assisted in increasing early canopy regrowth and initiation of the squaring and fruiting phases 
following the hail damage, with the areas not treated with zinc being delayed in development 
in comparison. But this is not suggesting that the application of zinc to any hail damaged crop 
will assist in the early recovery of the crop as these fields showed marginal zinc levels in 
tissue tests carried out immediately following the hail strike. It is suggested that the applied 
zinc and micronutrient mix alleviated the deficiency pre-c'\isting in the field or a zinc 
deficiency induced by climatic conditions, contributing to earlier replacement of leaf area in 
zinc treated areas. Further work is needed to look at the effect of applied zinc and foliar 
micronutrient mixes on hail damaged cotton in fields where zinc is not expected to be a 
I imiting factor to growth. 

Use of Growth Regulators in Management of Regrowth of Hail Damaged Cotton 

Control of the rate of vegetative growlh by the use of growch regulators should be important 
in maximising the setting, retention and maturation of fruit following hail damage. In 
managing the growth of cotton following hail damage, we are attempting to prevent 
vegetative growth from becoming excessive so as to maximise early fruit set on the regrowth. 
Hail damaged cotton is delayed in development ie. late cotton and so, the second aim in 
managing the regrowth of hail damaged cotton, is to mature whatever fruit are set before the 
climatic end of the season. 
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In terms of reducing vegetative plant vigour, a stronger response to Pix was measured in 
cotton damaged at a younger growth stage and regrowing under good growing conditions. 
The largest reductions in plant height (ie. vegetative vigour) were measured where Pix 
application treatments were made early in the regrowth phase (First Flower on regrowth). By 
leaving Pix application to Last Square Date, vegetative growth was reduced compared to 
using no Pix. but Pix was more effective in reducing vegetative vigour when applied in a split 
rate with the first application al first nower and the second at Last Square or the single rate at 
First Flower previously described. 

When we look at yield recovery, with early hail damage and only moderate weather 
conditions rather than optimum following the hail strike, the greatest yield recovery was 
measured where Pix was applied at Last Square Date, with added earlier application of 300 
ml/ha Pix at First Flower increasing the response at some sites. I !ere, the strategy has been to 
let the crop to regrow largely al its own rate, then stopping late vegetative growth with the 
dose of Pix at Last Square. But with good growing conditions following early hail damage, 
ic. optimal for growth, some pegging back of vegetative gro.,,vth by First Flower application 
of Pix has been shown to be an advantage in terms of increased yield. 

With damage in the earlier growth stages, although Last Square applications or Pix produced 
the greater yield recovery. these same applications produced the most delayed conon. l f part 
of the recovered yield is compromised, a First Flower application of Pix at eg. 300 m I/ha 
(single or spilt application) will increase earliness and may be the more economic decision 
\\hen taking into account discounts for low lint quality which may be imposed with late 
maturing cotton. 

In a number of the trials conditions were not optimum for growth following damage and 
under these poor to moderate growing conditions, high rates of Pix would not normally be 
used commercially and in these trials it was shown that such rates produced no additional 
effect on plant height. The higher doses of Pix at First Flower (600 ml/ha) were detrimental 
to linr yield and no advantage was found in applying higher doses at Last Squon:.~. With hail 
damage at late gro'' th stages, no yield advantage was found in applying Pix. 

In situations where there was insufficient water supplies to allocate extra water to a hail 
damaged crop to allow it to regrow to its full potential, higher rates of Pix, as single and split 
applications, were more advantageous. Higher rates decreased early vegetative growth to a 
greater extent and forced more rapid fruiting in the limited time available. Although, had 
sufficient water been available, a greater yield recovery would have occurred with a less 
harsh growth regulator treatment. Similar situations occur where picking schedules for a 
management unit do not allow separate defoliation of the hail damaged section ofthc 
management uni1 and hence, the hail damaged cotton is not able to go through to full 
maturity. 

With the current discounts for low micronaire cotton, lint quality is a factor of importance in 
growing both hail damaged and late cotton. If we aim to get the crops regrowing after hail 
and set maximum fruit numbers before last square date and then mature the fruit before first 
frosr, then we are also aiming to increase the lint quality as we should be picking more 
mature lint. As the cotton is maturing under cooler conditions micronaire wi 11 be a problem, 
but if growth regulator strategies combined with other management strategies arc able to 
bring the crop in as early as possible then micronaire problems will hopefully be reduced. 
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Further trialing of the strategies is required to collate more lint quality data as this series of 
trials failed to produce significant improvements in lint quality. Points to note would be that 
with late damage, micronaire is not as large a problem, as there is insufficient time to 
regrowth to contribute to yield, the cotton remaining after the hail and set before the strike 
contributes the larger portion of the lint sample and hence, as long as these bolls are left to 
mature fully then the micronaire is not affected. As we attempt to regrow a crop following 
earlier damage, we are growing a late crop and micronaire will be reduced in the late set bolls 
maturing under cooler conditions. Where a compromise between recovering maximum yield 
and crop earliness has been suggested as a cost recovery strategy in using early and split 
applications of Pix, by accepting a slightly lower yield in turn for an earlier maturity you 
should also be reducing lint qua I ity problems. 

In all of the trials described in this section on growth regulator use, prior to the hail damage, 
growers had applied the optimum amount of nitrogen for their expected yield (pre-hail). No 
nitrogen was applied post damage in excess of the normal crop requirement, except in one 
situation which was suffering prolonged waterlogging. Hence, vegetative regrowth was not 
excessive due 10 excess nitrogen. But vegetative regrowth would have been reduced at least 
four of the sites due to less than ideal weather conditions following the hail damage. 
Vigorous regrowth was only measured at three sites. Hence, further trialing may be required 
in situations where nitrogen usage has been excessive and where weather conditions are 
conducive to extremely vigorous \·cgetative regrowth. Higher rates of Pix may be necessary 
under these gro•\ ing conditions. 

PGR-IV is a new conon gro\\ th regulator for management of vegetative and reproductive 
growth in cotton and \\HS compar;:d to Pix, to evaluate the potential use or PGR-IV in the 
management of regrowth of hail damaged cotton. PGR-IV is reported to have the capability 
of reducing plant height more than growth regulators such as Pix which act directly on cell 
elongation processes affect plant height to a greater degree. In this work, PGR-IV was found 
to reduce plant height compared Lo Ni I Pix and Last Square Date applications of Pix, but 
failed to reduce plant height to the extent to which Pix applied at First Flower or in split 
applications. The lint yield response to PGR-IV was equivalent to that for untreated cotton. 
Pix 300 ml/ha at First Flower pegged back vegetative growth sufficiently to produce a yield 
advantage of 8-10% over PGR-IV and the Nil Pix treatments. Fruit counts and final boll 
numbers do not indicate significant differences in boll retention. PGR-IV did not act to 
improve or lower lint quality compared to Pix treatments. Under the conditions experienced 
in this trial, PGR-IV offered no advantage over Pix in the management of regrowth of hail 
damaged cotton. 

Response of Hail Damaged Cotton to Applications of Nitrogen and Pix® 

In examining the response of hail damaged cotton to applications of Pix as discussed In 
previous sections of this work, it has been suggested nitrogen levels in a crop also play a part 
in determining the rate of regrowth that can be achieved by a crop. Trials were designed to 
evaluate the combined use of nitrogen and Pix® (Mepiquat Chloride) in hail damaged 
cotton, with nitrogen used to encourage vegetative regrowth and followed by Pix to manage 
or control the regrowth. Such a management strategy will only produce a response if climatic 
conditions allow regrowth in the first place. Two trial sites suffered due to the adverse 
conditions immediately following the damage and the severity of the damage meant new 
growth was slow and weak and the combined nitrogen-pix strategies did not produce a yield 
response. Similarly, regrowth is found to be minimal with damage at late growth stages and 
minimal responses were measured to this type of strategy. 
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With damage at earlier dates, more time is available for compensatory growth and with 
optimal climatic conditions, recovery is good and late set and developing bolls in the most 
delayed of treatments have sufficient time to mature. Trial data showed that any earliness and 
hence. yield advantage of treatments incorporating Pix is reduced. All pix and nitrogen 
combinations improved yield recovery over the control treatments where no nitrogen or pix 
was applied to damaged cotton, but yield increases were not large and were statistically not 
significant. The larger increases were produced where growth was encouraged by application 
of nitrogen but then managed with applications of Pix. (n this situation a grower should 
weigh up the possible yield increase from the application of Pix and nitrogen against the 
actual returns from the small yield increase. 

Fertiliser and Growth Regulator Strategies for Hail Damaged Cotton 

Following hail damage in the mid-season period, the suggested strategy is to attempt to 
replace a realistic proportion of the original yield potential and mature it within the growing 
season which remains available whilst containing input costs and hence reducing the overall 
financial loss. Hence, the aim would be to get the cotton crop regrowing following hail 
damage and maximise fruit set up to last flower date then maturing it before first frost. 
Nutrients and growth regulators play an important part in being able to implement suc.:h a 
management strategy for hail damaged cotton. 

In regard to ferci lisers and growth regulators the following points are of interest:. 

I. \.Vhere adequate nitrogen for a normal crop's requirement of nitrogen has been 
applied prior to the hail damage, no indication of nitrogen defic.:iency has been 
111easurcd in petiole nitrate monitoring of nitrogen levels in hai I damaged 
couon following a hail strike. This suggests that additional nitrogen is not 
required except under conditions where this nitrogen is mack inaccessible to 
the crop such as in waterlogged situations. 

2. 

3. 

The application of foliar nutrients is widely practised following hail damage as 
a means of boosting regrowth or preventing/overcoming micronutrient 
deficiency in the rapidly regrowing crops. Yield advantages in such 
applications are difficult to measure. But where a deficiency of a micronutrienl 
pre-exists in a hail damaged crop or where climatic or soil conditions make the 
nutrient unavailable to the crop, foliar application of the nutrient was shown to 
increase the rate of early regrowth. Differences in yield responses were not 
measured. 

Growth regulators such as Pix® (Mepiquat Chloride) have been found to be useful 
in managing vegetative regrowth following hail damage and in maximising fruit set 
on regrowth. Climatic conditions following the hail damage in these trials have not, 
in general, been such which have promoted extremely vigorous vegetative growth 
following the hail strike. Under these more moderate conditions, the recommended 
rates for use of the growth regulator have controlled vegetative growth and 
encouraged fruit set on regrowth. Under poor growing conditions, the higher 
recommended rates have been detrimental to regrowth and lint yield recovery. 
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Monitoring the rate ofregrowth especially in the early period following damage is 
important in using a growth regulator such as Pix to manage regrowth following 
hail damage. Where weather conditions encourage moderate to vigorous early 
regrowth, an early application of Pix near first flower on regrowth has been found 
to be advantageous in pegging back vegetative growth and encouraging early fruit 
set. A later application at last square date provides extra control 011 vegetative 
growth where conditions have remained conducive to late growth. If weather or crop 
conditions are not conducive to good regrowth, by leaving the crop to regrow at its 
own pace and then pulling up the vegetative growth of the crop at last square date 
with the use of a growth regulator has been found to produce the greatest yield 
recovery. These same later applications produced the most delayed cotton. If part 
of the recovered yield is compromised, an early application of Pix (single or spilt 
application) will increase earliness and may be the more economic decision when 
laking into account discounts for low lint quality which may be imposed with late 
maturing cotton. 
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Chapter 3 

Late Season Hail Damage 

Where hail strikes occur late in the growing season there is no time remaining for the crop to 
regrow and in managing a crop post damage we are looking at rescuing what remains of the 
crop. 

Every hail strike is different and the options or problems in managing a crop post damage ar<.! 
different in every case and this includes late season damage. During the period covered by 
this work, it was not until the final season that there were significant hail strikes in the later 
part of rhc season L1pon which to collate data. None of the sites were suitable for trials. 

The severity of the late season strikes in irrigated crops necessitated quick management 
decisions to attempt to rescue cotton and in the dryland strikes, weather conditions post 
damage d icrated crop response. 

Case studies on each or the hail strikes were the best option for collating information on th~ 
management strategies employed by growers. Most of this discussion will centre on these 
case st ucl ies. 

3.1 Effective Regrowth Following Late Hail Damage 

At whar point do we decide that no regrowth is possible following a hail strike? As in 
deciding on whether to replant or not following an early hail strike, heat units available arc; 
the key to the problem. 

Square and boll maturation periods vary with temperature and are extended under cooler 
temperature regimes (Table 3.1 ). Under more optimum growing conditions with daily 
temperatures averaging 27 oc we would expect an average time for development for a square 
to flower to be approximately 20 days and the period from flower to open boll to be 
approximately 50 days. Dates of last effective flower, calculated based on date of first frost 
were collated for use in the SIRATAC pest management package and are collated in Table 
3 .2. Past the last effective flower date, in the average season, a flower set as a boll will not be 
able to go through to full maturity without being hit by frost. 

If the average square period is subtracted from the last effective flower date we can determine 
or estimate a last effective square date (Table 3.3 ). Following a hail strike if we are to 
regrowth the crop tO any degree we require rapid initiation of squares following a hail strike 
and then rapid setting of squares within the squaring period remaining. Depending on the date 
of the hai I strike, there may be I ittle if any time remaining to set sq uart!S. 
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Immediately following a hail strike there is a period of 398-485 GDDs (Mean 448 GDDs) 
where no regrowth is measured as the plant is still in a stressed condition following the hail 
damage (West, 1996). This means a further decrease in time available for squaring following 
a hail strike. Subtracting a further period of 450 GDDs from the last effective square date 
would define an average date at which no fruit initiated on regrowth would be expected to 
mature in the average season (Table 3.J). Case studies show that when a hail strike occurs 
from this date on, in the average season no fruit set on regrowth contribute to yield. Of 
course, a grower may decide to take the risk that the season will be longer than the long term 
average and in the proportion of seasons which are longer than the average will see some 
fruit set on regrowth will mature. 

Table 3.l: Day Degree Requirements for Square and Boll Development 

GDD Days 
@220c @210c 

--------·-·-·····---·-··-·--··- ..... 

Initiation to 3mm 220 
3mrn to anthesis 300 
Anthesis to maximum size 3 I 0 
Maximum size to mature 
Matmc to fully open 

365 
75 

Source: Hearn and Constable ( 1984). 

22 15 
30 20 
31 21 
37 24 
8 5 

T bl 3 2 a e : Eff c cchve B II S 0 ettme: P . d S b T eno as et 1y emperature 
Region First Flower * Last Effective Flower* Est. Last Effective Square 

(Start of Flowering (Limited by Frost) (20 Days prior to 
1st Oct. Plantin.g) Last Effective Flower) 

Namoi 25-Dec 4-Mar 12-Feb 
Gwydir 21-Dec 7-Mar 15-Feb 

Macquarie 7-Jan 19-Feb 30-Jan 
Lockyer 22-Dec 22-Mar 2-Mar 
Darling Downs 25-Dec 6-Mar 14-feb 
St. George 10-Dec 15-Mar 23-Feb 
Theodore 13-Dec 23-Mar 3-Mar 

Biloela 13-Dec 23-Mar 3-Mar 

Emerald 3-Dec 6-Apr 17-Mar 

McIntyre 15-Dec 13-Mar 21-Feb 

Bourke 10-Dec 15-Mar 23-Feb 
Mungindi 10-Dec 15-Mar 23-Feb 

Walgett 21-Dec 7-Mar 15-Fcb 
Boggabri 26-Dcc I-Mar 9-Feb 
Breeza 7-Jan 19-Feb 30-Jan 

SIRATAC Manual 1987. 
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Table 3.3: Estimated Date for Nil Effective Re2rowth Followint Hail Dama!!e 
Region Last Effective Last Effective Delay to Squaring Estimated Date for 

Flower Square Following Hail Nil Effective 
Damage Regrowth 

Followin" 
"' Oamll!!C 

(Limited by (20 Days prior to Average 450 GDDs 
Frost) Last Effective (or 30 Days@ 27oc 

Flower) max. Temo.) 

Namoi 4-Mar 12-Feb 30 Days 12-Jan 
Gwydir 7-Mar 15-Feb 30 Days 15-Jan 
Macquarie 19-Feb 30-Jan 30 Days 30-Dec 
Lockyer 22-Mar 2-Mar 30 Dnys 2-Fcb 

Darling Downs 6-Mar 14-Feb 30 Days 14-Jan 

St. George 15-Mar 23-Feb 30 Days 24-Jan 

Theodore 23-Mar 3-Mar 30 Days 3-Feb 
lliloela 23-Mar 3-Mar 30 Days 3-Feb 
Emerald 6-Apr 17-Mar 30 Days t 7-Feb 
Mc lntyrc 13-Mar 21-Feb 30 Days 22-Jan 
Bourke 15-Mar 23-Feb 30 Days 2-1-Jan -
Mungindi 15-Mar 23-Feb 30 Days 2-1-Jan 

Walgctt 7·Mar 15-Feb 30 Days 15-.lan ·-
Boggabri I-Mar 9-Feb 30 Days 9-.Jan 

Brec:za 19-Feb 30-Jan 30 Days 30-Dec -

Using the dates generated by this exercise for estimates of dates for 'nil effective regrowth' 
following hail damage. 95 hail damage claims were recorded over the 1993/94 - 1995/96 
c.:011011 seasons in the Late Hail Damage category. 

Crop damag~ claims lodged wirhin the period CO\'crcd crops ranging in development from 
late flO\\ering to fully mature open crops and covered both dryland and irrigated crops. 
Management options implemented depended on whether crops were irrigated or dryland. 
Drought conditions in some valleys also limited the management options available for some 
irrigated crops. 

Growth slage of the crop at the time of damage determines the physiological grm.vth response 
that is possible following damage and also determines the management options a grower has 
available or may need to implement following late season damage. 

All crops falling into this late season damage category were at or past cut out at the time of 
damage and limited growth would be expected following damage due to the physiological 
growth stage and due to the inadequate length of season remaining before first frost date. 
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Crops could be grouped as follows:-

I. Late Flowering ie. at or approaching cut-out/full boll load. (R 12 Growth Stage) 

2. 

3. 

R 12+ Growth Stage with bolls ranging in maturity from small bolls in top crop to 
fully mature green bolls. Mature in hail loss assessment terms. 

R 12+ Growth Stage with boll load consisting mostly of mature green bolls. 
Mature in hail loss assessment terms. 

4. Rl2+ Growth Stage with full boll load in various stages of boll opening. 
Mature in hail loss assessment terms. 

Of the hail claims lodged, 27 claims were found to consist of light damage when assessed. 
These claims were below insurance policy excesses and were not proceeded with. A further 8 
claims covered only minor sections of fields and hence did not cover a significant enough 
area of a crop to warrant a change in a crop management. Only four crops suffered damage 
significant enough to warrant abandonment of the crop and these wi II be discussed later. 

Case studies were collated on the remaining crops where hail damage necessitated changes in 
management of the crop. 

3.2 Late Season Hail Damage in Dryland Cotton Crops 
( 1993/94 - 1995/96) 

Crop damage was inflicted over a wide area of the Darling Downs from hail storms on 
February 13th, 1996. Crops had already been affected by heavy rain and some flooding 
during the early part of the season (November-December). Weather conditions had induced 
vigorous vegetative growth and combined with the heavy insect pressure which was 
experienced throughout the season resulted in poor lower canopy fruit set. The weather 
conditions made management of crop si7.e and insect control difficult and expensive. 

In the Dalby area, no rain was recorded following the hail strikes and dryland crops which 
\\ere damaged by hail were cut-out by moisture stress. Hence. no vegetative or reproductive 
regrowth was recorded. 

Most of the dryland crops in the Dalby area were at late Oowering or cut-out at the time of 
damage (ie. category I or 2). Damage ranged from below assessable levels to moderately 
severe damage (eg. 50% assessed loss). The average crop (15-25%) suffered loss of the top 
crop including all late set fruit, some boll bruising and some defoliation. Little rain fell with 
the storm and with no follow up rain moisture stress became the main limiting factor in both 
hail damaged and undamaged crops. No regrowth occurred in hail damaged crops. The lack 
of rain was an advantage when looking at boll bruising as it ensured that boll bruising did not 
develop into boll rots. Crops were essentially left with relatively mature bolls to fill as 
smaller bolls in the top crop were removed. 

Without hail, growers were required to protect the top crop from insects and wait for the crop 
to attain full maturity. With the lack of rain a percentage of the top crop did not mature in 
undamaged crops due to moisture stress. With hail damage and the top crop removed, an 
equivalent portion of the yield potential was lost due to hail damage. With little of the top 
crop left to mature in these cases insecticide sprays were saved. No other management could 
be employed in these situations. 
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Dryland crops further east in the Jondaryan-Pittsw011h area suffered damage in the same 
storms. Again all crops were at late flowering or cut out at the time of damage with a good 
proportion of bolls yet to mature. Damage was assessed in the range of 40- I 00% loss. The 
storms were erratic and violent producing a range of damage severities across a farm. In the 
less severe cases, damage saw removal of a proportion of the top crop and boll bruising well 
down into the crop canopy. 

Being d1yland, growers were only left with the option of maturing what remained of the crops 
or in the more severe damage cases, abandoning the crop. 

In the severe damage cases, growers either slashed the crop immediately or left the crop 
standing but abandoning management. These crops included damage ranging from 85-100%. 
Picking costs were determined to be in excess of possible returns from attempting to pick the 
remaining maximum yield of 15%, if the crop was able to mature the bolls or boll portions 
remaining. Growers elected to leave a crop slanding where severely damaged areas formed 
part of a larger field. Where growers elected to pick through the severely damaged section, at 
picking, the returns from lint from these areas al a maximum managed to met picking costs 
and hence no advantage was gained by leaving the crop standing. Advantages may actually 
have been gained by slashing at the earlier date in advancing ground preparation programs. 

Where cotton was Jess severely damaged, boll bruising was still extensive down into the 
canopy, but with crops only at or around cut out at the time of damage, the only option was to 
carry on and mature whatever remained or the crop. 

Whilst little rain fell with the hail storm, in this more eastern area, an average of 50 mm of 
rain fell 14 days after the storm and induced a flush of new vegetative growth in these 
moderately damaged crops. The new vegetative growth was attractive to insects and with 
immature bolls at risk, growers were required to spray to protect fruit, with 1-2 sprays 
required to control fleliO!his and/or aphid prior to picking. Hence, production costs wen: 
further increased for these crops with a reduced return due to hail. 

One saving factor with these crops was the fact that besides the SO mm of rain, conditions 
post damage were dry and not conducive to boll bruising developing into boll rots. A 
proportion of boll bruises counted as contributed to the overall yield loss in loss assessments, 
were actually able to open and were picked. Hence, this partial reduction in yield loss would 
have assisted in recouping productions costs outlaid in post damage insecticide costs. 

Other late season dryland cotton hail strikes occurred in 1994/95, of the two case studies 
collated, in the first case, dry conditions following damage prevented regrowth in a crop 
damaged at cut-out. Spraying was continued only to mature immature fruit remaining 
following the strike. In the second case with damage at the R 12+ growth stage, removing late 
fruit and inflicting light boll bruising, again the dry conditions prevented development of boll 
rot and reduced the significance of the hail damage. 

Hence, in the dryland situation, management options following late season damage are few. 
Growers need to mature whatever fruiL remain following the strike, or abandon the crop in 
severe damage cases. The costs of continuing with the damaged crop to mature immature or 
partly damage bolls is dictated by the weather and insect pressure. 
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3.3 Late Season Hail Damage in Irrigated Cotton Crops 
(1993/94 - 1995/96) 

Under irrigation, there are a few more management options available for growers following a 
late season hail strike. Again the physiological growth stage dictates the degree of any 
regrowth response, e ither vegetative or reproductive. With !ate stage damage, where a 
proportion of the boll load remains following damage, the physiological response of the crop 
is to mature the boll load that remains before initiating regrowth. The presence of a boll load 
restricts or prevents a vegetative regrowth response. Where the major part of the boll load is 
matu re and damage removes immature fruit, regrowth occurs. The avai lability of irrigation 
allows for maturation of the surviving bol I load without moisture stress and provides 
moisture for regrowth. We have defined these hail strikes as occurring past a date at which in 
the average year regrowth can contribute to lint yie ld, hence any late vegetati ve regro\' lh can 
pose management problems. 

Hail strikes recorded covered irrigated crops rang ing in development from late flowering 
(cut-out) through to crop opening ie. categories I - 4 described previously. Numerous case 
studies show that where damage is inflicted at the late flowering stage around cut-out, 
a lthough so me regrowth occurs it does not contribute to overa ll lint y ie ld, ie. regrowth was 
vegetative or if re product i vc failed to mature to pickable bolls. 

Only where the season proved to be longer than the historical average for an area did 
regro,vth contribute to lint yield. Such conditions occurred in the Macquarie valley and 
Rourke area in 1994/95 where damage in the first week of January (late nowering gro\\'th 
stage) saw regrO\\ th\\ hich contributed to final yield. The growing season had an unusually 
mild and late finish . On average water supplies for the area were limited, but in three case 
studies adequate \\alcr \\as avai lable to water the crops late in the growing season and hence 
providi ng for the maturation of regrowth. In making the decision to regrow these crops the 
growers were taking on increased product ion costs as management inc luded conti nuing the 
insect control program. The crops had received 4-7 insecticide sprays pre-damage and then 
received 5-6 sprays post damage and hence, overall received what would be considered a full 
spray program for a normal crop. Some degree of yield reduction would sti ll be expected 
from the pre-damage y ield potential ie. yield recovery from the damage even in a longer than 
average season cou ld nol be expected lo be I 00% and so the increased number of insecticides 
would have increased the production costs per bale. Defoliation and picking were delayed 
into late May and June and micronaire was reduced due to maturation of bolls under coo ler 
temperature conditions hence decreasing returns. 

In other hail damaged c ro ps in the same area, where irrigation water was not avai lable to 
water the regrowing crop to an optimum level, regrowth did not contribute to final yield. In 
these cases, damage was of a moderate - severe level but with part of the bo ll load remaining, 
regrowth was contro lled and did not become excessively vegetative. 

Where the growing season approximated the normal length in 1993/94 in the Macq uarie 
valley and 1994/95 in the Namoi valley, regrowth past the last effecti ve flower date did not 
contribute to lint yie ld . Vegetative regrowth was not excessive and where grO\\ers applied 
Pix as a preventative measure ro stop any potential late vegetat ive growth or in trial strips, no 
difference was seen be tween treated and untreated areas. 
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Light damage at the late flowering stage (R 12 growth stage) saw removal of late set small 
fruit and with the remaining fruit being relatively mature, regrowth was vegetative and was 
found to have the potential to cause late leaf growth and defoliation problems. Pix was used 
successfully by some growers to control the vegetative regrowth and in hindsight, other 
growers have indicated that they should have been more attentive to the rate of vegetative 
regrowth and used Pix to reduce late vegetative growth. 

Growers in the Macquarie Valley experienced severe late hail damage in the 1995/96 season 
(28/2/96) when crops were at an advanced state of maturity (Categories 2, 3 and 4). 

With damage at the Rl2+ growth stage, growers did not consider regrowing the crop. The 
management problem was how to mature the boll load which remained after the hail strike. 
Following the strikes, grower crop management aimed to do one of the following depending 
on stage of maturity (as described in categories 1-4):-

or 

I. 
2. 
... 
.) . 

Fill last immature bolls then open up the crop 
Attempted to open all green mature bolls then pick 
Attempted to pick all open cotton ie. rescue the crop quickly . 

ln this situation a number of factors needed to be weighed up and risks determined. With a 
crops consisting of mature green bolls or in various stages of openness the key is opening the 
crop and picking as soon as possible. Of course, growers would prefer to pick as much cotton 
as possible of what remains of the crop following the damage by waiting for immature or 
unopen bolls to mature or open but weather remains the biggest problem. Adverse weather 
conditions following damage puts at risk all open cotton. Likewise any boll damage or 
bruising can quickly develop into boll rot and total loss of affected bolls if wet and/or llllmid 
weather follows the damage. Actual losses may then be much larger than that originally 
inflicted by the storm or the assessed loss. 

Dry and warm weather conditions followed the late February hail strikes in the Macquarie 
valley. Where growers elected to attempt to fill remaining immature bolls in spite of damage 
and heavy bruising to mature bolls, they needed to apply final irrigations and control insect5 
as in an undamaged crop and required full normal defoliations. With good weather conditions 
holding growers succeeded in maturing the late bolls. Although yields were depleted due to 
hail, low micronaire and other lint quality problems were only recorded in one case of late 
replant cotton where with hindsight the grower would not have waited for the last bolls which 
proved to be low micronaire. 

By electing to finish off immature bolls in the less open crops, growers incurred full 
production costs as crops required last irrigations, insect control and full normal defoliations 
and in some instances incurred loss of lint quality by waiting for the latest bolls. 

In crops where the larger proportion of bolls were mature, growers in general, assessed the 
moisture status of the crops and the majority cancelled last irrigations allowing the bolls to 
open on the available moisture. Only where irrigations were due on or about the date of the 
hail strike did growers take the option of applying a final irrigation. Both crops falling into 
this category were yet to begin opening though having the majority of bolls mature. No 
further insect sprays were required in these crops. Defoliation programs were moved forward 
(ie. earlier) in all cases and with no leaf regrowth, defoliation using only one or two 
applications were possible. Hence, growers were able to contain production costs following 
the hail damage. Regrowth was only recorded in one study where defoliation was delayed to 
allow the very last bolls to mature and in this case a full defoliation program was necessary. 
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Where crops were in more advanced stages of boll opening and hence were within 7-10 days 
of defoliation, growers employed the strategy of drying out the fields following the damage 
and then defoliating as quickly as possible . Most brought defoliation forward and aimed for 
fast defoliations with a maximum of 1-2 applications. High rates of Prep® were the rule in 
defoliations. Insecticides were only required fo llowing damage to control aphid prior to 
defoliation in two case studies. 

Contrary to any grower or consultant experience, the weather following these late hail strikes 
was warm and dry which has determined the success of the strategies used by the growers. 
Boll bruis ing was extensive in all crops and there was the potential for greatly increased 
losses if bruising developed into boll rot. With dry and clear conditions immediately 
following damage, growers elected to wait and finish crops. This could have been a 
disastrous decision had the weather turned instead of remaining abnormally warm and dry. 
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3.4: Discussion Points and Guidelines in Managing Late Season 
Hail Damage in Cotton 

In surveys prior to initiating this work, major questions raised by growers in regard to 
damage in the later part of the season included:-

1. At what date in the growing season is regrowing the crop past being an option? 
2. How do I decide whether lo pull out immediately and rescue open or mature 

bolls or can I risk trying lo mature the late and immature undamaged bolls? 
3. What are the options for quick defoliation and picking? 

Growers are very familiar with the use of the term 'last effective flower date', from which 
date onwards in the average season a flower set as a boll wil I not mature before the first frost. 
Ifregrowth following a hail strike is to contribute to lint yield then the crop needs to initiate 
new vegetative growth and then initiate squares to flower before the last flower date. 

In hail damage simulation work, there was found to be an average delay of 450 GDDs 
recorded following a hail strike before the appearance of new squares on regrowth ie. up to 
30 days. If this is added to the average period of 20 days required by a square to develop to a 
flower, then a hail S!rike occurring appro.ximately 50 days prior to the last effoctive flower 
date will not produce regrowth which will contribute to lint yield. 

Light to moderate hai I damage with optimum weather conditions post damage may see earlier 
initiation of squares on regrowth and hence, push the last effective regrowth date back 
towards last square date. But some factors act to bring the last effective regrowth date 
forward further. The physiology of the cotton plant dictates that the fruit load of bolls acts as 
a stronger sink for assim i I ates than new vegetative growth, hence, where damage occurs at a 
mature growth stage and a po11ion of the boll load remains, the crop will mature this fruit 
before initiating new vegetative, this effectively delays the initiation of new squares brings 
forward the date for no effective regrowth. 

Growers may argue exceptions to the last effective regrowth dates calculated in this work. In 
a year which is longer than the average growing season, effective regrowth can be achieved 
and case studies have been col lated to support the fact. But in the average season this is not 
possible and in the three years or case studies covered in the work the last effective regro\vth 
dates have been supported. The dates for each production area correspond approximately to 
the dates at which the average crop in a district is reaching cut out and therefore has the 
major proportion of its boll load set. Dryland and irrigated crops struck by hail on this date or 
later produced no effective regrowth to contribute to lint yield and hence these dates would 
be considered cut off dates for attempting to regrow crops. 

The second question relates to the proportion of the boll load remaining after the hail damage 
that the grower aims to pick. Of course, the grower would aim to pick the maximum number 
of bolls whatever the stage of maturity the crop is at. With damage at or near cut -out a 
proportion of the bolls remaining would be immature and the mature bolls present may have 
avoided damage or suffered bruising. The proportion of mature bolls increases as the hail 
strike occurs at progressively later dates up to a fully mature and open crop. While a yield 
loss is incurred in not waiting for immature bolls to mature, risks are involved in chasing the 
immature bolls and costs involved in taking the crop through to maturity. 
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fol lowing damage at th is late stage, if regrowth is not going to contribute to lint yield, any 
vegetative growth that occurs can potentially make the crop attractive to insects and 
contribute to defoliation and picking problems. A major factor increasing losses following 
late season damage is adverse weather conditions whether rain or even high humidity which 
encourages development of any boll bruise into boll rot. 

In the dry land situation, the initiation of regrowth occurs after a rainfall event therefore there 
is little control over vegetative regrowth. Accepting that a yield loss has been incurred in the 
hai l strike. Then following the hail strike the crop will mature the remaining bolls on the 
rema ining soi l moisture reserves. As in an undamaged crop, if insu fficient moisture is 
available part of the top crop will not mature and will be aborted or small pinched immature 
bolls will result. Production costs will still be incurred as in an undamaged crop to protect 
late fruit although the crop with less fresh fo liage and young fruit is usually less attractive to 
insects. 

Further rainfall events will provide moisture to mature more of the boll load in both hail 
damaged and undamaged crops. But the same rainfall events will initiate new vegetative 
gro,\lh in ha il damaged cotton which will make the crops attractive Lo insects necessitating 
late appl ication of insecticides. With sufficient time/optimum growth conditions, the 
vegetative growth may require contro ll ing with growth regu lators and rhe new leaf material 
wil l req uire full defoliation programs (2-3 app licat ions) as opposed to where liltle regrowth is 
recorded and the canopy has been thinned by hai I, a reduced program is often required. 
I knee overa II production costs are increased by the rain events. 

l.inL: ielcl has been reduced by the loss of fruit in the original hail strike. Yield losses 
attributed Lo hai I are now only increased by loss of damaged bol Is to bol I rot or due to picking 
problems. Maturity of the crop is not delayed by late hai l and in some instances where the top 
crop is removed by the hail, maturity is advanced. 

On the other hand, lint quality will be affected by the number of immature bolls picked. 
I lcnce. if a growers chooses to chase late boll s fo llowing hail. time and conditions must 
allO\\ bolls co fully mature if low micronaire problems are to be avoided. Low lint quality is 
therefore a belated loss due to hail. In dryland crops the same problem ex ists for undamaged 
crops where moisture is limiting causing abortion of the top crop. 

Under irrigation, following hail damage in the late season, similar problems exist but growers 
also have the advantage of being able to water the crop to mature any immature bolls 
remaining. Bul in watering the crop, it predisposes the crop to the same vegetative regrowth 
as can occur with rain events in dryland cotton and hence the simi lar increased production 
costs per bale of cotton. To this can be added the costs of the irrigation. Wilh a traditionally 
more vegetati ve crop than in the dryland situation , fo llowing hail, although defo liated to 
some degree, significant leaf material may remain and so with rain and/or high humidity is 
maintained within the canopy and the boll rot problem is made dramatically worse. Large 
numbers of bolls assessed as being partly lost to hail bruising now become totally unpickable. 

Hence, the decision needs to be made as to what proportion of the immature boll load a 
grower wishes to chase to counteract possible increases in production costs, further lint yield 
losses due to boll rot and losses in lint qua lity. 

Hail strikes in the later part of the growing season were few in occurrence until 1995/96. 
Hence, few opportunities arose to test a range of defo lialion strategies. Defoliation is a 
difficult 'science' in most seasons with climatic conditions at the time of defoliation dictating 
the defoliation strategy and the chemicals used. 
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Chapter 4 

Fruiting Patterns of C. S. I. R. 0. Varieties of Cotton 

4.1: Introduction 

In the process of identifying the response of Australian bred cotton varieties to damage by 
hail (COL IC), it was found that little data was available documenting the fruiting patterns of 
current commercial C. S. I. R. 0. varieties of cotton. The fruiting pattern and maturity type of 
a given variety were suggested as contributing to the crop's ability to replace losl yield in a 
given production area after hail damage. During the 1994/95 cotton season the fruiting 
patterns of current commercial and newly developed varieties of cotton were monitored in 
Cotton Seed Dis1ributors Ltd. cotton variety trials. The fruit development patterns of varieties 
at three Namoi Valley trials was monitored for the 1994/95 cotton season with 1he aim of 
producing fruit development curves for each variety. 

4.2: Trial Design and Methods 

The three C. S. D. trial sites selected were located within 75 kilometres of the Australian 
Cotton Research Institute and were fu I ly irrigated commerc ia I crops. The sites represented 
three climatic ?ones of the Namoi Valley and were situarcd at Myall Vale, Merah North and 
Boggabri. With drought conditions prevailing again this season, the trials were placed on 
farms with the ability to irrigate to the fo II requirements of the crop. Trials arc of a large 
scale mirroring 1he commercial situation and are designed as Randomised Complete Block 
Design wich four replicates and varieties planted in strips according to planter \\ idth (ie. 8, 12 
or 16 rows of metre width.). The crop agronomy for each sice is summarised in Appendix 4. l. 

Varieties trailed at each site are summarised in Table 4.1 and are selected as representing the 
varieties considered most suited to an area according to maturity type. They are compared at 
each site to the industry standard variety, Siokra 1-4. 

Subject to weather conditions and irrigation schedules, weekly counts of fruit forms were 
carried out at each site. Counts were over I m2 marked areas in each varietal strip in each 
replicate. The sampling period being from stand establishment through to last irrigation. 

Fruit forms counted were classed as follows:-

Squares 
Small Green Bolls 
Large Green Bolls 
Open Bolls 

Floral buds from 5 mm to yellow flower. 
Green bolls from pink flower up to 2 cm in diameter. 
Green bolls over 2 cm in diameter. 
Bolls with split locks to fully open. 

In analyses and figures, the term "green bolls" is used which includes small and large green 
bolls or the term "bolls" which is total of small, green and open bolls. Data was analysed 
using the MINITAB Statistical package with analyses carried out at each sample date for 
differences in numbers of fruit forms present and differences in date of first square. Where 
"date of first square" is defined as the date at which 50% of the plants in the sample area bear 
a Ii rst square. 
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Table 4.1: COTTON VARIETIES - Cotton Seed Distributors Ltd. Variety Trials (1994/95) 

Togo Station "Coolabah" "Nandewar" 
Mvall Vale Merah North Boel!abri 

VARIETY MATURITY 
TYPE 

Siokra 1-4 Medium * * * 
DP 90 Medium - Late * * 
cs so Medium * * 
Sicala V2 Medium * * .. 

Siokra V-15 Medium - Late * * * 
Siokra L23 Late * * 
cs 189+ Late * * 

CS8S Early * * 
Siokra S324 Early * 

Exp 523 Early * 
Exr> 613 Medium * * * 
Exp 97 Late * 

4.3: Results 

Fruiting patterns were developed by plotting fruit form numbers against accumulated heat 
units ie. Growing Day Degrees. The growth and development of cotton is directly related to 
temperature rather than chronological time ie. days from planting and hence accumulated 
heat units is the more accurate scale against which tu measure the development of cotton. 

Heat unit accumulation was determined from temperatures measured at the Australian Cotton 
Research Institute, Myall Vale according to the calculations used by Constable ( 1976), 
Constable and Shaw ( 1988). Growing Day Degree values for each day were calculated using 
the following formula:-

Growing Day degrees (GDDs) (Tmax -12) + (Tmin - 12) 

-·-·----·-·--·------
2 

Note that if a minimum of less than 12 °c occurs the value of (Tm in - 12) is zero. 

The weather stations at the Merah North and Boggabri sites were found to be functioning 
unreliably. Heat unit accumulation for these sites was calculated from the Myall Vale data. 
Based on historical knowledge of climatic conditions, the assumption was made that heat 
units accumulated at Merah North at a more rapid rate than at Myall Vale. Heat units were 
summed over the growing season with the addition of one day degree per day to produce 
values for accumulated GDDs at Merah North. Similarly, at Boggabri, heat units were 
assumed to accumulate at a slower rate and were calculated by subtracting a day degree per 
day from the Myall Vale data. Weather data and accumulated heat units are presented in 
Appendix 4.2. 
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Fruit development patterns for cotton varieties at each site are presented graphically. Fruit 
count data is inherently variable. Sample areas were selected for uniformity to minimise 
variability. Fruiting pattern trends can be described from the graphs and statistically 
significant differences in fruit numbers are discussed. 

Fruit development patterns for cotton varieties monitored at "Togo Station", Narrabri are 
presented in Figures 4.1 (a) and (b). These are compared to those from "Coolabah" Merah 
North in Figures 4.2(a) and (b) and from "Nandewar" Boggabri in Figures 4.J(a) and (b). 

4.3.1: Fruit Development at "Togo Station", Myall Vale 
(Site A) 

At "Togo Station" there is very little difference between the number of squares borne by each 
variety. (Figure 4.1 a). At 625 GDDs after planting, the short season variet.) CS8S has 
significant I) higher square numbers but only when compared to Siokra L23 (5% Level of 
Significance). Siokra L23 is a later maturity variety and at this sample date had the lowest 
square numbers. 

By 700 GDDs after planting, squaring has increased in CS 189+ and now both CS8S and 
CS 189+ have significantly higher square numbers than Siokra L23 (5% Level of 
Signi frcancc ). 

In the period between 800 and 1200 GDDs all varieties except DP90, Siokrn L23 and Exp 
613 reach peak square production. Peak square production is not reached by Siokra L23, 
DP90 and the experimental line 613 until just prior to 1200 GDDs after planting and at this 
point DP90 and Siokra L23 have higher square numbers than other lines due to the fact that 
square production in the other lines is now decreasing (I 0% Level of Significance). At this 
site, DP90 nnd Siokra L23 produced the highest peak in square numbers. 

By approximately 800 GDDs after planting, boll setting has begun but no diffe!·ence in boll 
numbers is distinguishable until approximately 1100 GDDs after planting. CS8S displays the 
earliest boll set pattern showing significantly higher boll numbers than other varieties and 
especially Siokra L23, at 1100 and 1200 GDDs (5% Level of Significance). In the period 
from approximately 1500 to 1700 GDDs, the rate of increase in boll numbers in CS8S, 
CS 189+, Sicala V2 and Siokra V-1 S declines. At the same time the rate of increase in boll 
numbers increases in the case of Siokra L23, DP90 and to a lesser extent Siokra 1-4. 

Boll numbers in all varieties peaked at approximately 1800 GDDs after planting and at that 
time DP90 had the highest bo II numbers, and Sica la V2 and S iokra V-1 S the lowest. DP90 
shed some smaller bolls in the following period so that the advantage of DP90 in respect lo 
boll numbers was reduced. So that at the last sampling date DP90 and CS8S showed higher 
boll numbers than the standard. S icala V2 and S iokra V-15 showed decreased boll numbers. 

This trial was not taken through to full maturity but varieties CS8S followed by CSSO and 
Siokra 1-4 were the earliest to begin opening as presented in Table 4.5. 

In investigating the fruiting patlerns of varieties, boll numbers cannot be translated directly 
through to yield potential as boll size and seed size etc. affect the amount of lint present in a 
boll. Table 5 2 summarises the yield and quality characteristics of varieties al the "Togo 
Station" variety trial site in 1994/95. This is as determined by the commercial picking of the 
trial by Cotton Seed Distributors Ltd. and shows the variation in ranking of varieties 
compared to a ranking based on final boll numbers as presented in earlier graphs. 
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Table 4.2: Lint Yield and Lint Quality Characteristics of Cotton Varieties 

Site: "Togo Station" Myall Vale 1994/95 

COTTON VARIETY 

Siokra DP90 Siokra CS50 CSl89+ CS8S Sica la Siokra 
1-4 L2J V2 V-15 

Yield ba/ha 7.09 6.91 7.43 7.81 8.17 8.14 8.74 8.63 
Yield ba/ac 2.87 2.79 3.01 3.16 3.31 3.29 3.54 3.49 
Gin OIT 38.33 38.12 38.84 39.2 38.31 .39.62 38.1 39.15 

Colour 21-1 21-1 21-1 21-1 21-1 21-1 21-1 21-1 

Staple 1.14 I. I I 1.12 1.14 1.13 I. 1 1.13 1.15 
Micronairc 3.4 3.6 3.4 3.5 3.7 3.9 3.7 3.6 
Gms/Tcx 27.8 30.2 30.8 27.9 28.3 27.9 28.9 29.9 
"lo, of Siokra 1-4 100 97.39 104.77 110.11 115.2 114.77 123.21 121.6 
Source: C.S.D. Variety Trial results 1994/95. 
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Figure 4.la: Square Development in Cotton Varieties 
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Figure 4.lb: Boll Development in Cotton Varieties 
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Fruit Development at "Coolabah" Merah North 
(Site B) 

"Coolabah" Merah No1th is an longer season area compared to Myall Vale. Theoretically, the 
later maturing varieties such Deltapine 90 (in the absence of Bacterial Blight infection), 
CS 189+ and Siokra L23 would yield better. Siokra 1-4 has produced good yields in previous 
years so is not unsuited to the area. 

In this lrial fruit numbers would indicate that CS l 89+. along with DP90 and Siokra L23 
would out yield Siokra 1-4 as they have higher boll numbers and potentially the highest yield . 
The new lines Exp 613 and Exp 97 also have higher final boll numbers than Siokra 1-4. But 
statistically speaking, only CS 189+ had significantly higher boll numbers than the cotton 
varieties with the lowest boll numbers in final counts. Sicala V2 and Siokra V-15 (5% level 
of Significance). As boll and seed size and ginning turnout differ between cotton varieties, 
yield estimates should not be based on boll numbers. Actual lint yields are presented in Table 
4.3 as determined in the commercial pick of the trial by C.S.D. 

T bl 4 3 a e : L. y· ltl d L. t Q r Cl t . . f c t mt le an 10 ua 1ty rnn1c cnshcs o o ton v ·r anc 1cs 
Site: "Coolabah" Mcrah North 199-1195 

COTTON VARIETY 

Siokra DP90 Siokra CS50 CSl89+ Sica la Siokra 
1-4 L23 V2 V-15 

Yield ba/ha 8.84 8.86 8.97 9.6 8.98 9.28 9.2 
Yield bahlc 3.57 3.58 3.6.3 .3.89 .3.63 3.75 3.72 

Gin OIT 35.78 40.13 37.6 -11.1 S 36.67 37.77 36.42 

Colour 21-1 11-2 21-1 21-1 21-1 21-1 21-1 

Staple 1.16 1.11 1.15 1.15 1.14 1.15 1.16 
Micronairc 3.7 4.2 4 -I 4.1 4.1 3.8 
Gms/Tex 27.1 27 27.9 26 2 27.3 28.I 29.2 
•y., of Siokra 1-4 100 100.29 I 01.49 108.72 101.64 105.03 104.13 

Source: C.S. D. Variery Trial Results 1994'9 5. 

Early square numbers are very similar between varieties (Figure 4.2a). All varieties except 
CSSO, CS 189+ and Exp 613 peak in square production prior to approximately 1000 GDDs 
after planting. These three varieties peak approximately I 50-200 GDDs later. From 
approximately 1200 GDDs after planting, the rate of square production declines, CS50 and 
CS 189+ continue squaring at a higher rate than other varieties up to approx. 1400 GDDs. 
Statistically at this point, Sicala V2 and Siokra V-15 showed lower square numbers than 
CSSO and CS 189+ (I 0% Level of Significance). 

Boll set had begun at Merah North by approximately 900 GDDs, but little difference is seen 
in boll numbers until the 1200 GDDs sampling date (Figure 4.2b). At this time CS 189+, 
CSSO and Exp 97 show a decreased number of bolls set compared to other varieties. Between 
1200 and 1400 GDDs, the rate of boll set by CS 189+ and CS50 increases rapidly so that boll 
number between varieties are more similar by 1550 GDDs, although Sicala V2 and Siokra 
L23 have significantly lower boll numbers than CS 189+ and CSSO (5% Level of 
Significance). 
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All varieties except CS50, CS 189+ peak in bolls numbers approximately 1500 GDDs after 
planting. CS50 and CS 189+ peak at approximately 1650 GDDs and reach the higher peak 
boll numbers(\ % Level of Significance) along with Ex.p 613. 

Boll shedding after cutout sees a reduction in boll numbers in all varieties through to 
maturity. Statistically speaking, Sicala V2 and Siokra V-15 show lower boll numbers than all 
varieties throughout development, but differences are only significant between these varieties 
and CSSO and CS 189+ ( 1650 GDDs after Planting). At maturity ( 1850 GD Os), CS 189+ has 
statistically (5% Level of Significance) greater boll numbers than Sica la V2. 

Differences in maturity were not statistically significant. Although there is a 150 GDDs (8 
Day) difference in time to maturity (Date of 60% open) between varieties. Siokra I-4 and 
OP90 being the earliest to maturity and Exp 97 the later maturing as described in Table 4.5. 
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Figure 4.2a: Square Development in Cotton Varieties 
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Figure 4.2b: Boll Development in Cotton Varieties 
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4.3.3: Fruit Development at "Nandewar" Boggabri (Site C). 

The Boggabri area is considered one of the sho1ier season areas for cotton production in 
Australia. Growers historically have not had cotton varieties available of suitable maturity to 
give them flexibility in planting time and management. Siokra I- 4 has proven to be a reliable 
yielding variet) for the area but recent releases from the C.S.l.R.0. short season variety 
development program have the potential to out yield Siokra I- 4 and mature earlier and hence 
give growers more flexibility in crop management. 

Looking at the "Nandewar" Boggabri trial, although not statistically significant, early square 
numbers in CS8S are higher than other varieties but generally square numbers arc similar 
between varieties up to 800 GDDs after planting. Square production increases in all varieties 
between 800 and IOOO GDDs, peaking between I 000 and 1200 GDDs after planting (Figure 
-L3a). 

Siokra 1--1, Siokra S324 and Exp 523 show the most rapid increases and during this period. 
Square numbers in Siokra I- 4 are only surpassed by those in Exp 523. Siokra S32-1, Exp 613 
and Exp 523 have statistically higher square numbers than the longer season varieties Sicala 
V?. and Siokra V-15 from I 000 to 1200 GD Os after planting (I 0% Level of Significance). 

13011 set sho,,s a similar pattern overall,'' ith CS8S setting higher numbers or bolls at t.:arly 
elates and the' arid) continues to set higher boll numbers than other varieties ''di into the 
boll setting period. Sicala V2 and Siokra V-15 show significantly lower bol I set t:arly and 
significantly lo,,er numbers than CS8S and Exp 523 as boll numbers peak between 1400 and 
1600 GDDs a lier planting (5% Level of Significance). 

In Figure 4.3b. boll set peaks in Siokra 1-4 and Exp 613 between 1400 and 1600 GDDs. 
Other varieties do not reach peak boll numbers until between 1600 and 1800 GDD::. . 
Following the shedding of small bolls after cut out, Sicala V2 and Siokrn V-15 sho\\ lo\ver 
bol I numbers than other varieties reflecting later boll setting and fewer set bolls O\ era! I in the 
reduced season length at Boggabri. CS8S and Exp 523 have significantly higher final boll 
numbers than these varieties (5% Level of Significance). The standard, Siokra 1--1 shows 
decreased potential y ield compared to the newer varieties CSSS and Exp 523 if yield 
estimates are based on boll numbers, but as presented in Table 4.4, in commercial picking 
Siokra 1-4 outyields CS8S. 

Although this trial \\as not followed through to maturity CS8S is the first variety to begin 
opening fol!O\\Cd by Siokra I- 4 and Siokra S324 as presented in Table 4.5. 
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Figure 4.3a: Square Development in Cotton Varieties 
Site: C.S.D. Variety Trial 11Nandewar11 Boggabri, 1994/95. 
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Figure 4.3b: Boll Development in Cotton Varieties 
Site: C.S.D. Variety Tria l " Nandewar " Boggabri, 1994/95. 
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Table 4.4: Lint Yield and Lint Qualitv Characteristics of Cotton Varieties 
Site: "Nandewar" Boggabri 1994/95 

COTTON VARIETY 

Siokra csss Siokra Sica la Siokra 
1-4 S324 V2 V-15 

Yield ba/ha 7.65 7.37 7.28 7.56 7.96 
Yield ba/ac 3.09 2.98 2.94 3.06 3.22 

Gin O/T 36.79 36.52 37.56 37.01 36.74 

Colour 31-2 31-2 31-2 41-1 41-1 

Staple 1.14 1.09 I. I I. I I 1.13 
Micronairc 3.1 3.3 3.3 3.2 3.1 
Gms/Tex 26.2 27.8 25.6 28.I 27.9 

% ofSiokra 1--t 100 96.37 95. I 98.98 104.08 

Source: C.S.D. Variety Trial Results 1994/95. 

T bl 4 -a c .:>: V . IM an eta . C S D V . t T . I 1994/9-atu ntv in .. . anery na s :> 
Site: "Coolabah" "Coolabah" "Togo Station" '' Nandewa r'' 

Mcrah Nth Mcrnh Nth Myall Vale Boggabri 

Variety GDDs Days GDDs Oays GDDs Days GD Os Days 
to 10% to IO'X, to 60% to60% to 10'% to 10% to 10% to 1 o•x. 
Open Open Open Open Open Open Open Open 
Bolls Bolls Bolls Bolls Bolls Bolls Bolls Bolls 

Siokra 1--t 1860 142.5 ~050 161.0 1770 145.0 1820 164.5 

DP90 1850 141.5 2055 162.0 1800 147.0 

CS50 1882 144.5 2077 165.0 1765 144.5 

Sic V2 1875 143.7 2052 161.5 1805 148.0 1870 169.0 

Siokra V-15 1860 141.5 2060 162.5 1802 147.8 1860 168.5 
Siokra L23 1885 145.0 2074 165.0 1902 152.0 

CSl89+ 1930 148.2 2090 167.0 1800 147.5 

csss 1742 143.0 1775 159.7 
Siokra S324 1810 163.5 
Exp 523 1880 170.0 

Exp 613 1925 147.5 2078 165.5 1815 148.5 1880 170.0 
Exp97 1930 148.0 2200 169.0 
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Discussion: 

From the fruiting patterns depicted above for the three sites, we can broadly group the 
varieties by earliness to initiate fruit. But if a variety is to lend itself to recover more quickly 
from hail damage it should not only initiate fruit rapid ly following damage but also square at 
a high rate to make maxim um use of the season remaining. 

The therma l time required to reach first square is loosely associated with maturity type. 
A I though the trials were not taken through to full maturity, a comparison of degree of crop 
openness in the early stages of crop opening show larger differences in time to maturity than 
can be explained by the time required to reach 'First Square'. 

Fruiting patterns of cotton varieties differ not only in terms oft ime 10 reach 'First Square' but 
also in terms of the rate of square production, bo ll period and hence time to maturity (Wells 
and Milroy, 1994 ). Each of these parameters depend to varying degrees on temperature 
conditions (Moraghan et al. 1968; Hesketh and Low, l 968). 

The ti me req uired for a variety to develop to 'First Square' and 'First Flower' were determined 
fo r each \'ariety at each s ite and the time period req uired for each variety to begin squaring at 
each location is summarised in Table 4.6(a) and (b). 

Ti me co 'First Square' along with the squaring rate determine the rate at which fruit can be set. 
Squaring rates calculated between appearance of first square and first flower were 
determined for each variety at each site and are summarised in Table 4.6(c). 

From this data'~ e can get a more accurate picture of the fruiting pattern of varieties and 
dete rmine if a particular variety may lend itself to recover more quickly from hai l damage 
due to its inherent earliness to fruit or squaring rate as these characters wou ld enable more 
rapid fru it sd on regrowth in the reduced season available fo llowing a hai l strike. 

Varieties \\hich are earlier to initiate squaring and/or haven higher squaring rate are shown 
to be earlier to maturity. The response in these tria ls is more defined in longer and sho11er 
season areas than in moderate length growing areas. At the "Coolabah" Mcrah North site, 
Siokra 1-4, OP90 and Sicala V2 are in the earliest fo ur varieties to reach first square and are 
only surpassed by CS 189+ and the new line Exp 97 in high squaring rates. The combination 
of earl iness to fi rst square and high squaring rate in these three varieties have produced 
advanced matu rity compared to other varieties at the date of I 0% open bolls and at maturity 
(60% open bo lls). Although this does not translate to higher lint yield at this site. The longer 
season varieties are only slightly later in reaching first sq uare and have moderate squaring 
rates and also fruit over a longer period reach ing a higher final lint yield. 

At "Togo Station" Myall Vale, a moderate season length area, the response is less defined. 
CS 189+, although having an earlier date to first square and a higher squaring rate once 
squaring is ini tiated, is not advanced in maturity due to the fact that there was an adequate 
length of good growing conditions for the variety to continue fruiting over a longer period 
and hence, boll maturation occurred over a longer period. After CS 189+, CS8S and CS50 
also have short periods to first square and high squaring rates and at this site, this translates to 
earlier maturity as the varieties do not tend to fru it over an extended period nor at the higher 
levels of CS l 89+. 
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"Nandewar" Boggabri is a short season climatic area. CS8S, S iokra l -4 and Siokra S324 are 
well advanced in date to initial opening (10% open bolls). Where CS8S and Siokra S324 
have conspicuous ly earl ier dates to first square, Siokra 1-4 displays a high squaring rate than 
all other varieties and these characteristics combine to produce earlier maturity. 

In terms of possible responses to hail damage or recovery from ha il damage. It is obvious that 
variet ies of longer season length displaying longer periods to initiation of squaring and lower 
sq uaring rates would be slower to initiate fruit following hail damage. This may not be a 
disadvantage in longer season areas but would be detrimental to recovery of yield potential in 
moderate and shorter season areas, or where management options avai lable will not allow a 
variety to grow oul to its full potential (eg. where water a llocatio ns are low). Where earlier 
and more rapid fruit set occurs following damage an increased yie ld response could be 
expected under such conditions. 

The differences in date to first square and maturity measured in these trials is not large when 
looki ng at a commercial sitllation but when combined with agronomic management strategies 
increased lh1iting rates and earliness to maturity may contribute to increased recovery within 
the reduced growing season fol lowing hail damage. 
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T bl 4 6 a e . a: 
Site: 

Variety 

Siokra 1-4 

DP90 
CS50 
Sicala V2 

Siokra V-15 
Siokra L23 
CSl89+ 

csss 
Siokra S324 
Exp 523 

Exp 613 
Ex1> 97 

T bl 4 6b a c ; 

Site: 

Variety 

Siokra 1-4 I 
DP90 

CS50 
Sicala V2 

Siokra V-15 

Siokra L23 
CS189+ 

CS8S 
Siokra S324 
Exp 523 

Exp 613 
Exp 97 
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Appearance o fF. S . c •1rst ••1uare ID otton v ·r arae 1es 
"Coolabah" "Togo Station" 

Merah Nth 1994/95 Mvall Vale 1994/95 
GD Os Days GDDs Days 
from from from from 

Planting Planting Planting Planting 

625 56.0 638 59.9 

615 55.2 600 56.7 

635 56.7 612 57.7 

650 57.6 645 60.5 

655 58.4 625 58.7 

652 58.::? 640 60.0 
680 60.2 580 55.3 

615 58.0 

658 58.5 595 56.5 

677 60.0 

\ 1 J)J)earance o f F. t Fl irs ·cu v ·t' ower ID 0 on ar1e 1es 
"Coolabah" "Togo Station" 

Mcrah Nth 1994/95 Myall Vale 1994/95 

GDDs Days GDDs Days 
from from from from 

Planting Planting Planting Planting 

1027 82.0 982 82.5 

1035 82.5 982 82.5 
1050 83.4 982 82.5 
1055 83.6 980 82.2 

1002 80.7 982 82.5 

1050 83.4 982 82.5 

1062 84.1 982 82.5 

975 82.0 

1058 83.8 982 82.5 
1065 84.3 

"Nandewar" 
Boe:2abri 1994/95 

GDDs Days 
from from 

Planting Planting 

655 66.8 

715 70.5 

630 65.5 

568 59.5 
590 60.0 
625 65.0 

635 65.7 

"Nandewar" 
Boggabri 1994/95 

GDDs Days 
from from 

Planting Planting 
(Est.) (Est.) 

1061 93 

1061 93 

1061 93 

957 85 
1061 93 
1061 93 

1061 93 



T bl 4 6 a e . c: 
Site: 

Variety 

Siokra 1-4 
DP90 
cs so 
Sicala V2 

Siokra V-15 
Siokra L23 
CS189+ 

CS8S 
Siokra S324 
Exp 523 

Exp 613 

Exp 97 

15 1 

s •Quarmg R ·c ates m otton v .. ariehes 
''Coo labah '' "Togo Station" 
Merah Nth Myall Vale 

1994/95 1994/95 

Squares/GOD Squares/GOD 

0.651 0.4 !0 
0.664 0.416 
0.572 0.428 
0.644 0.410 

0.568 0.354 
0.623 0.394 
0.709 0.472 

0.448 

0.541 0.428 
0.661 

'' N andewar'' 
Boggabri 1994/95 

Squares/GOD 

0.503 

0.365 

0.376 

0.378 
0.334 
0.497 

0.465 0 
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Chapter 5 

Crop Modelling and Yield Estimation following Hail 
Damage 

Introduction: 

There is currently much discussion in the cotton industry in regard to hai I damage loss 
insurance. Current policies are seen to be inadequate in some respects in failing Lo cover the 
grower for rhe true cost of hail damage to a crop. Current loss assessment methods involn ! 
assessment of loss at the time of the damage. It has been suggested that a more equitable 
insurance scheme would involve end-of-season loss assessment where a grower could be 
reimbursed for any yield loss incurred and also the extra costs involved in bringing a hail 
damaged crop through to maturity. Such a scheme would require the application of 'good' 
agronomic management post hail to minimise yield loss for the scheme to be equitable. 

Crop yield simulation models ha ve been developed in the couon industr) which may assi-;1 in 
predicting the potential yield or a cotton crop prior to damage by hail. In the process of 
carrying out this work, a significant amount of data has been collated on the yield response 0!' 
cotton to hail damage at various stages of crop growth. The aim of this exercise is to evaluate 
current yield models for their response to hail. The modification of such models to be 
sensitive 10 hail damage 1.vould enable more accurate damage assessment and yield prediction 
for loss adjustment purposes. The following report examines the OZCOT cotton yield 
simulation model, developed by the C.S.l.R.O. at the Australian Collon Research Institute. 
and its potential for use in cotton hail loss adjustment. 
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Computer Simulation of Hail Damage 

Report by A. B. Hearn 

I ntrod u ct ion 

The CRDC has funded a research project to study the management of hai I damaged crops. 
Ms Karyl-Lee West executed the project in a series of experiments in which hai I damage was 
mechanically simulated. A component of the project was to use a computer model or the 
cotton crop to simulate the crop's response to hail damage. The purpose of the simulation 
was to test the ability of a model to predict the yield loss. The simulated yield loss would 
then be compared with yield loss assessed by the methods used in the insurance industry. 
The methods currently used in the insurance industry were developed in the USA, and are not 
necessarily applicable to Australian conditions and Australian varieties. The study would 
indicate if computer simulation might be a better way of assessing hail damage than current 
methods. 

Two of the experiments done were selected for the simulation study because more detailed 
data had been col lccted in these than in others. Ms West supplied detai Is of the e:xperimcnta I 
treatments, and the data collected. This report describes the computer simulation of the 
damage done by hail to the cotton plant. and the concomitant effect on yield. 

The Experiments 

The experiments were done at the ACRI in the 1991-92 and 1992-93 seasons. They were 
identical and consisted of two levels of damage at four dates applied to two varieties. The 
varieties were DP90 and Siokra 1-4. The damage levels were nil and moderate. The 
moderate damage at the four dates in each season are described in Table 1 using the hail 
damage assessment methods used in the insurance industty. 

TABLE 1: Damage treatments. 

Stage 1991-92 1992-93 Cut off Fruiting branch Large bolls Defoliation 

number/plant number/plan % 
t 

V3 1 Nov 15 Nov co 80%, cc 20% - - 100 

V5 29 Nov 30Nov CO 50%, CC 40%, C1 10% - . 100 

RS 17 Jan 14 Jan C10 100% 2 1.5 30 

R12 2 Mar 5 Feb C13 100% 2 1.5 30 
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The symbols V3, R8 etc refer to the growth stage; V is the number of vegetative nodes at the 
time of damage. R is the number of reproductive nodes, or nodes bearing fruiting branches 
(or sympodia). Damage is assessed on the basis of four observations: 

• the percentage of plants in each class defined by the node above which the mainstem 
is cut off - CO= below cotyledonary nodes (plants therefore die), CC= cotyledonary 
nodes left; CI = I st mainstem node left, C2 =2nd mainstem node left etc; 

• the number of fruiting branches lost in addition to those lost on the portion of the 
mainstem cut off; 

• the number of large bolls lost in addition to those lost on the portion of the mainstem 
cut off and the additional fruiting branches lost; 

• defoliation - the percentage loss of the leaf area left after stem and branch loss. 

The agronomic data needed for simulation are given in Table 2. 

TABLE 2: Agronomic 1991-92 1992-93 

data. 
Sowing date 9 October 1991 7 October 1992 

Plant population - plants per sq m DP90 = 9 o: Srokra = 9 2 DP90 = 10.8; Siokra = 10.1 

Soil and fertiliser nitrogen ·kg per ha 88 & 100 88 & 138 

Irrigation dates - day of year 274,295,2, 13,21, 52, 71 262,356, 7, 15,25, 39,49, 77 

The developmental data that had been collected during the season are estimates of LAI, and 
counts of squares, small and large green bolls and open bolls. Yield data consists of weight 
or I int in sequential picks, total lint and numbers of bolls picked. The boll size was estimated 
by dividing lint yield by numbers of bolls harvested and assuming a lint percentage of 40%. 

The OZCOT model 
The OZCOT model was developed at what is now the ACRI between 1981 and 1992, and 
successfully simulates the effects of sowing date, water supply, nitrogen supply. weather and 
region on development and yield. OZCOT does 1101 explicitly model the branching structure 
of the plant. However the branching structure is implicit in the model, which uses the 
cumulative number of fruiting points produced as a measure of the size of the branching 
structure. The geometry of the branching architecture requires that the number of fruiting 
branches is a function of the square root of the cumulative number of fruiting points. As the 
plant develops not all of the fruiting branches continue to produce fruiting points. The 
proportion of fruiting branches actively producing new fruiting points decreases as the crop 
develops in response to internal stress in the plant resulting from competition for nutrients. 
OZCOT produces a cohort of new frl!iting points and leaves every day as a function of the 
number of active fruiting branches. 
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Modifications to OZCOT 

OZCOT was amended in order to simulate hail damage. Subroutine CINPUT! was modified 
to read a new input file, HAIL.INP, which contains the details of the damage specified in 
Table I. Subroutine PL TGRW calls a new subroutine, HAIL, which changes the 
appropriate state variables on the day the hail occurs. Subroutine ISTSQ was modified to 
lake account of any delay to the first square event caused by hail damage. Minor 
modifications were made to OZCOTI and INIT and a new common block created. OZCOT 
only executes hail damage if it detects that file HAIL.INP is present. These additions do not 
therefore prevent this new hail sensitive version OZCOT being used for crops without hail 
damage. 

Subroutine HAIL estimates from the C and the V or R values (Table 1) how many mainstem 
nodes have been cul off. Separate procedures are then followed depending whether the 
damage is done in the vegetati ve (V) or reproductive (R) stage to damage the plant parts. 

In the vegetative stage the delay to the first square event is estimated from the number of 
nodes lost, giving each a value of 42 day degrees, plus the time needed for vegetati ve 
branches 10 start growing from the surviving axillary buds. Victor Sadras (pers. comm.) has 
observed that the delay in producing vegetative branches is 78 day degrees for DP90 and 58 
day degrees for Siokra. The estimate of delay is passed to subroutine ISTSQ. The area of 
each cohort of leaves is then reduced by ~ubroutine HAIL according to the percentage in 
Table 1. 

In the reproductive stage. even though soim: fruiting sires remain on the plant alier hail 
damage, it is assumed that they are on inactive branches, or arc on branches that become 
inactive as a result of hail damage. Consequent I) the number of active fruiting sites is reset 
to zero for estimating production of new fruiting points. OZCOT uses a similar procedure 
when water stress stops production of fruiting points. 

Next the number of existing daily cohorts of fruiting points and leaves affected by cut off of 
the mainstem is estimated. The fraction of existing. cohorts affected is the fraction of the 
reproductive nodes (mainstem nodes hearing sympodia) that have been cut off. Not all of 
each coho1t is lost when the rnainstem is cut off, because part of a cohort is on the fruiting 
branches borne below the node where the mainstem was cut off. It is assumed that all of the 
most recent cohort is lost and none of the last cohort produced before the oldest node cut off. 
Therefore the fraction of each cohort lost decreases linearly from 100% for the most recent 
down to nil for the last cohort before the cut off. Next, the fraction of fruit and leaves lost 
from the remaining fruiting branches is estimated as a function of the fraction of branches 
lost below the mainstem cut off point (the number or branches lost in Table I divided by the 
number of branches, that is reproductive nodes, below the cut off point). The number of 
large bolls (as defined for hail damage assessment) lost is then distributed uniformly among 
the cohorts of medium and large bolls (as defined in OZCOT). Likewise the percentage loss 
of the leaf area left after stem and branch loss has been taken into account is distributed 
uniformly among the remaining cohorts of leaves. 

Finally the loss of nitrogen is estimated as proportional to the loss of leaf area. 
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Simulation 

Control Treatments 

The first step was to run OZCOT for the control treatments in order to check that the 
simulated yield levels were satisfactory. Based on knowledge of the experimental site, it was 
assumed soil conditions (slope, drainage) and fertility (nitrogen expressed as initial soil N 
and potential boll weight) were above average. This was accounted for with a waterlogging 
threshold of water content/capacity> 0.92 instead of the default 0.87, soil nitrogen 88 kg per 
ha instead of 44, and a factor of 1.5 instead of 1.3 to estimate the potential boll size from the 
standard boll size. Standard boll size is the value used by breeders and agronomists to 
characterise a variety, based on the average of trials over a large number of sites and seasons. 
The results of the runs for the control treatments in Table 3 and figure I show thar OZCOT 
simulated the yield levels of the controls reasonably well. 

Hail Damage Treatments 

Most interest focuses on yield. In presenting the results, yield will be addressed tirst. Two 
other aspects will rhen be examined: first. how well the procedures in subroutine HAIL 
simulated the actual damage in terms of loss of plant parts; and second, how well OZCOT 
simulated subsequent crop growth and development in response to that damage. The latter 
are important in analysing any failure of the model to simulate effect on yield. 

Yields & yield components 

Table 3 shows the observed and simulated yields and yield components for all treatmenls. 
Yields are also show graphically in Figure I. OZCOT did not predict the yield of hail 
damaged crops as well as that of intact crops. Simulation of the effect of damage on yield 
was variable, with some treatments reasonable, while other treatments were nor. l he 
description "reasonable" is a subjective and relative term used in the context of experience of 
the limitations of simulation. "Reasonable'' may not be acceptable for all purposes. The 
issue here is whether it is acceptable for hail assessment, which will be addressed later. 

The fo !lowing treatments were reasonable: V 5 in 1991-92, and V3 and R 12 in 1992-93. Poor 
results were obtained with the treatments V3, R.8 and R 12 in 1991-92 with under-estimation 
of yield, and R8 in 1992-93 with over-estimation of yield. Treatment V3 in 1991-92 actually 
increased yield, while OZCOT predicted a 25% decrease. The worst result was R8 In 1992-
93 when OZCOT over-estimated yield by a factor of 3. The correlation coefficient between 
observed and simulated yields was 0.53 (n=20, p<0.05), and the predicted yields were biased, 
because low yields over-estimated. 

OZCOT predicted the numbers of harvested bolls better than it predicted yield. The 
overestimate of the yield of R8 in 1992-93 was associated with overestimating the number of 
harvested bolls rather than boll size. The underestimate of yield in VS, RS and RI 2 in 1991-
92 are all the result of underestimating the number of harvested bolls. 
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OZCOT failed to predict the extent of increase in boll size in Lreatments VS, R8 and R 12 in 
1991-92. This increase in boll size is a very interesting compensatory response that needs 
further study. OZCOT did predict on in increase in boll size in R8 and Rl2 , but not the 
degree observed. Potential boll size appears to be much larger than assumed in OZCOT. 

The correlation coefficients between observed and simulated values are 0.79 and 0.69 (n=20, 
p<0.00 t) for boll numbers and boll size respectively, and are appreciably greater than that for 
yield. These suggest there is potential for improvement if better boll number and boll size 
prediction could be made simultaneously. 

Because the results of simulating the effect of hail damage on yield are patchy, it might be 
concluded that the results are not good enough for hail damage assessment. However 
OZCOT's simulation was marginally better than the insurance industry's damage assessment 
method (or the insurance industry's damage assessment method was worse!). The damage 

· had been assessed by the insurance industry's method. Tb is assessment, expressed as a 
pt:rcentage loss of yield, is shown in Table 4 together with the observed yield loss and the 
simulalcd yield loss for comparison. The correlation coefficients bel\\een the observed loss 
and the simulated and assessed losses are 0.29 and 0.05(n=16) respecti vely. Simulation \.vas 
better than the assessment, that is closer to the actual yield loss, in I I cases, worse in 2, and 
neither better nor worse in the remaining 3 cases. 

Loss of plant parts 

Simulation b.) OZCOT of the actual mechanical damage done to the plants, as opposed to the 
effect on subsequent development, was evaluated by comparing measured LAI and counts of 
squares and bolls before and after damage with rhe simulated values. The comparison or 
observed and simulated values in Table 5 shows how well the procedures in the new 
subroutine I IAIL simulated the loss of plant parts caused by hail. The evaluation is limited 
because on some occasions an interval of up to 24 days elapsed between damage and the next 
counL or measurement of LAI. A further limitation was that in the vegetative stage LAI was 
very small, and there were no squares or bolls (or \'cry few in VS in 1991-92). In general 
given the limitations, the actual toss of plant parts \\CIS well simulated. 

Observed and simulated reductions in LAI, and in numbers of squares and bolls, were similar 
for all treatments with the notable exception of trearmen! R8 in 1992-93. In this treatment 
OZCOT underestimated the number of bolls before damage by a factor of 3, and 
overestimated the number after damage, also by a factor of 3, because OZCOT was late in 
setting bolls compared with the actual crop. It is noteworthy that OZCOT was least 
successful in predicting the yield of this treatment. 
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LAI development 

In most cases the simulation of LAI development was excellent. Figure 2 shows the Siokra 
treatments in 1991-92 as examples. OZCOT simulated LAI development well in the control 
and in the damage treatments both before and after damage. Treatment V3 was least 
satisfuclory. The decline in simulated LAI at the end of the season in the control was the 
effect of defoliation. On the damage treatments simulated defoliation occurred later and is 
not shown because maturity was delayed. An index was constructed to show how well the 
simulated pattern of LAI development matched the observed pattern. The values of the index 
for each lreatment are given in Table 6. Of the 15 treatments not shown in Figure 2, 8 were 
as good or better than those in Figure 2, and one (V3 DP90 in 1992-93) was appreciably 
worse. 

TABLE 6: Index of success for simulation of LAI; 0.0 =poor, 1.0 
=good. 

Treatment 1991-92 1992-93 
DP90 Siokra 1-4 DP90 Siokra 1-4 

Control 0.81 0.89 0.83 0.84 
V3 0.60 0.69 0.42 0.63 
vs 0.58 0.90 0.76 0.72 
R8 0.62 0.72 0.86 0.62 
R12 0.95 0.80 0.95 0.57 

Fruiting curves 

The simulation of the fruiting pattern was not as accurate as simulation of the pattern of LAI 
development. and was much more variable. Figure 3 shows the square and green boll curves 
for the Siokra treatments in 1991-92, the same treatments that were used to illustrate 
simulation of LAI in Figure 2. Treatment VS is particularly poor; the others were 
satisfactory. It can be seen in Figure J that OZCOT responded to hail damage in treatments 
V3 and VS with delayed square production when compared with the control. The delay was 
consistent with the observed delay in VJ (2 weeks), whereas in VS the simulated delay was 
25 days but the observed delay was 40 days. This failure to predict the length of the delay in 
VS is the reason for the poor simulation of fruiting. In the following year the delay to 

squaring in treatment VS was less and was accurately predicted by OZCOT. OZCOT is not 
sensitive to whatever factor caused the different response to V 5 damage in 1991-92 compared 
with 1992-93. 

Table 7 gives the index of the relative success of OZCOT in simulating fruiting for all 
treatments. Of the I 5 treatments not shown in Figure 3, 8 were similar to or worse than 
treatment VS, and 7 were similar to the other treatments. Treatment R8 in 1992-93 was 
particularly poor; this was the treatment in which yield was least well predicted. 
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TABLE 7: Index of success for simulation of fruiting; 0.0 =poor, 
1.0 =good. 

1991-91 1992-93 
DP90 Siokra 1-4 DP90 Siokra 1-4 

Control 0.35 0.41 0.11 0.01 
V3 0.34 0.34 0.42 0.07 

V5 0.09 0.15 0.18 0.48 
R8 0.16 0.37 0.00 0.00 
R12 0.39 0.47 0.34 0.24 

Data on boll opening are not shown, but OZCOT did not predict it well. The simulated onset 
of boll opening was later, and the subsequent rate of opening slower, than the observed, 
whether assessed by numbers of open bolls or sequential picks. Consequently OZCOT 
indicated that the hail damage treatments would cause a greater delay in maturity than 
actually occurred. 

Improving OZCOT's prediction of response to hail damage. 

Comparison treatmenL by Lreatment of Lhe yield data in Tables 3 and 4 with Table 6 (sui..:ccss 
in simulating LAI development) and Table 7 (success in simulating the pattern of square and 
boll production) shows that failure to predict yield loss was not associated with foilure to 
simulate LAI development or the course of fruit production. It was expected that where the 
response of LAI development and fruiting curves to hail damage was well simulated that 
yield response would also be well simulated, and vice versa. It was not so, and there \\'as no 
correlation between simulating fruiting dynamics well and predicting yield well. v.iLh the 
notable exception of treatment R8 in 1992-93. 

The lack of correlation between success in simulating the course of development afkr hail 
damage and in predicting yield was disappointing. We are left without an explanation of 
why OZCOT simulated the yield response poorly in some treatments and without any guide 
to improving the prediction. 

One option is to count fruit numbers immediately after hail occurs and use these as additional 
input into the model. A start could be made with data from the current experiments but the 
time that elapsed between the damage and the count is too long in some cases. Another 
option is to determine the potential boll size more precisely. A fu1ther option is to model the 
dynamics of the branching structure of the plant explicitly rather than implicitly as currently. 

CERCOT is the next generation of model which has been developed from OZCOT with a 
more robust soil water and soil nitrogen and plant nitrogen components. CERCOT should 
simulate the loss of nitrogen from the plant resulting from hail damage more accurately. 
CERCOT is also more likely to be able to detect anomalous soil nitrogen and water 
conditions. Both loss of nitrogen from the plant and anomalous conditions might have 
contributed to OZCOT's failure to predict yield loss more accurately on some occasions, in 
R8 in 1992-93 for example, though there is no evidence that this is the case. 
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Conclusions 

OZCOT did not simulate hail damaged crops as well as it simulated intact crops. However 
the model has the potential to predict the yield loss caused by hail damage more accurately, 
or at least less inaccurately, than the method currently used by the insurance industry. There 
are a number of options that could be explored in future work ro Improve the ability of 
OZCOT to predict the yield loss caused by hail damage. 

This has been a preliminary study of computer simulation of hail damage to cotton. It has 
been very worthwhile, and has pushed OZCOT to the limit and tested it in a new way. The 
\.vay is open for a more detailed study to explore the options suggested for improving 
OZCOT's performance. The experimental data used in this study could be augmented by 
using the other experiments done by Ms West in this project. 

Hail damage causes severe damage to the branching structure of the plant. OZCOT might do 
belier if the branching structure were explicitly modelled. We lack data to do this on some 
aspects or the dynamics of the branching structure of the cotton plant. There is a community 
or Interest in this topic involving several groups: the virtual modelling at CTPM, the 
insurance industry, Victor Sadras at ACRI studying response to terminal damage by pests, 
and Steve Milroy, Mike Bange and myself al ACRI developing OZCOT/CERCOT. Two 
questions arise from this community of interest: 

• should OZCOT and its successor CERCOT model the dyn<lmics of the branching 
structure explicitly rarher than implicitly as currently, and how could the virtual plant 
algorlrhms (the L_systern) be used without using the 3-D virtual graphics with its large 
computer power demands? 

• should a joint research project be proposed and funded to study the dynamics of the 
branching structure by the interested parties? 
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TABLE Observed and simulated yields and yield components. 
3: 

Year Variety Treatme Bolls/m Lint kg/ha Sc/boll g 
nt 

Actual Simulated Actual Simulated Estimated Simulated 

1991- DP90 Contr 123.9 110.4 2125 2216 4.29 5.14 
92 ol 

V3 125.3 89.4 2571 1884 5.13 5.40 
vs 61.3 84.5 1968 1658 8.03 5.03 
R8 68.3 51.6 2142 1259 7.84 6.26 

R12 67.0 48.9 1928 1147 7.19 6.02 
Siokra 1- Contr 120.0 117.9 2118 2310 4.41 4.66 

4 ol 
V3 117.0 95.1 2575 1900 5.50 4.76 
VS 68.3 84.3 1978 1819 7.24 5.14 
RS 71.8 53.3 2076 1367 7.23 6.10 

R12 71.0 53.9 1845 1270 6.50 5.61 
1992- DP90 Con tr 121.1 120.1 2430 2147 5.02 4 .58 

93 ol 
V3 138.8 122.6 2105 2199 3.79 4.60 
vs 124.5 108.8 1938 1570 3.89 3.70 
R8 34.0 81.8 440 1331 3.24 4.17 

R12 70.0 65.9 1359 1283 4.85 4.99 
Siokra 1- Contr 125.7 128.1 2552 2252 5.08 4 18 

4 ol -·· V3 137.8 135.2 2552 2299 4.63 4.05 
vs 129.5 112.7 2123 1693 4.10 3.58 
RS 33.3 77.5 421 1557 3.16 4.79 

R12 73.0 66.7 1365 1574 4.67 S.62 

Correlation coefficient 0.79 0.53 0.69 
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TABLE 4: Percentage yield loss. 

Year Variety Treatme Actual 
nt 

1991 -92 DP90 V3 -21.0 
V5 7.4 
R8 -0.8 

R12 9.3 
Siokra 1- V3 -21.5 

4 
V5 6.6 
RB 2.0 

R12 12.8 
1992-93 DP90 V3 13.4 

V5 20.2 
RS 81.9 

R12 44.1 
Siokra 1- V3 0.0 

4 
V5 16.8 
RS 83.5 

R12 46.5 

Correlation with observed 

Simulate Assessed 
d 

15.0 59.9 
25.2 57.8 
43.2 46.0 
48.2 71 .6 
18.5 59.9 

22.2 57.8 
42.6 46.0 
46.9 71.6 
-2.4 70.7 
26.9 45.4 
38.0 59.1 
40.2 64.1 
-2.1 70.7 

24.8 45.4 
30.9 59.1 
30.1 64.1 

0.29 0.05 
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TABLE 5: Observed and simulated squares, bolls and LAI before and after hail damage. 

Year Variety Treatment Squares Bolls LAI 

before after before after before after 

1991-92 DP90 V3 Observed - - - - 0.02 0.00 
Simulated - - - - 0.02 0.00 

VS Observed 5 0 - - 0.06 0.04 
Simulated 9 0 - - 0.08 0.00 

R8 Observed 141 26 20 35 3.21 1.17 
Simulated 129 36 38 32 2.55 1.15 

R12 Observed - - 105 103 2.76 1.24 
Simulated - - 27 28 3.21 1.44 

Siokra 1-4 V3 Observed - - - - 0.02 0.00 
Simulated - - - - 0.02 0.00 

VS Observed 12 0 - - 0.06 0.02 
Simulated 10 0 - - 0.08 0.00 

R8 Observed 152 19 37 35 2.16 0.89 
Simulated 154 27 44 38 1.92 0.88 

R12 Observed - - 118 18 2.47 1.26 
Simulated - - 117 30 2.54 1.15 

1992-93 DP90 V3 Observed - - - - 0 02 0.00 
Simulated - - - - 0.03 0.00 

V5 Observed - - - - 0 14 0 00 
Simulated - - - - 012 0 00 

RB Observed 153 36 36 13 2.48 0.88 
Simulated 122 32 14 38 2 29 1 52 

R12 Observed 55 0 114 35 3 67 1.90 
Simulated 94 29 91 50 3.70 0.18 

Siokra 1-4 V3 Observed - - - - 0.02 0.00 
Simulated - - - - 0.03 0.00 

vs Observed - - - - 0 15 0 00 
Simulated - - - - 0 12 0 00 

R8 Observed 201 43 51 12 1 41 1.00 
Simulated 130 32 15 41 1.70 1 07 ·--

R12 Observed 65 4 173 38 4.35 2 46 
Simulated 110 30 102 54 2.63 1.27 
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D Figure 1: Observed and simulated yields and yield components. 
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Figure 2: Observed and simulated LAI for Siokra 1-4 in 1991 -92. 
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Figure 3: Observed and simulated fruiting for Siokra 1.4 in 1991 ·92. 
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Chapter 6: 

Guidelines for Managing Hail Damaged Cotton 

6.1: Introduction 

Australian cotton production areas are prone to significant damage by ha i I storms and ha i I 
damage can be an important source of economic loss to growers. Hai I insurance schemes over 
the last decade have on ly reimbursed production costs to growers for costs incurred up to the 
time of the hail strike. Only in recent years have insurers begun to look at yield based policies 
where growers can insure a given crop yield or policies where growers can insure against a 
loss of profit. Wi th the expense of insurance, al l growers are not insured. Where growers are 
insured, insurance payouts following damage do not cover the full cost of the hail damage to 
the grower. Jn most cases, growers need to attempt to regrow the crop to attempt to recoup 
losses. 

The aim of this work has been to identify optimum management strategies for hail damage 
and develop guidelines for overcoming managemen t problems and hence assist in maximising 
crop returns following hai l damage. 

Where early season hai l damage is incurred , management problems centre around \\:hat 
wo uld be considered a viable plant population to ca rry on with and what would be considered 
a last date for replan ti ng followi ng hail damage. Whereas following damage later in the 
growing season where th e grower is allem pting to regrow the crop from the ex isting plant 
stand, grower questions re late to optimum water, insect, nutrient and growth regulator 
strategies for hail damaged cotton. With late season damage, the critical question is when is ir 
too late to try and regrow a crop fol lowing damage and when faced with not being able to 
economically regrow the crop, how to rescue what remains following the damage. 

The amount of regrowth which can be expected from a cotton crop following a hail strike 
depends on a combination of factors:-

I . Severity of the damage. 
2. Growth Stage of the crop at the rime or damage 
3. Length of the growing season remaining.. 
4. Resources available. 
5. Weather conditions following damage. 

The severity of the hail damage may in itself dictate that a crop would be abandoned. But 
uneconomic levels of yield recovery would also be expected where the crop was damaged at 
more advanced physio logical growth stages or if damaged at a date in the growing season 
where insuffic ient time remained for initi ation and maturation of regrowth. It is also 
inadvisable to regrow a crop following damage where the cost of producing the regrowth 
cotton outstrips the expected return. Besides financial resources, the availabi lity of other crop 
inputs such as irrigation water or rain events can dictate whether a grower continues with a 
crop. 
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Overriding all these factors is the weather conditions following damage. The rate of growth 
and development of cotton is dictated by climatic conditions. Therefore, the recovery of the 
cotton crop following hail damaged is controlled predominantly by the weather conditions. 
Any crop management option employed by growers to encourage or manage regrowth can 
only work within the restrictions imposed by the weather conditions. Only where 
temperatures etc. are conducive to growth will crop recovery be at a rate where the 
manipulation of nutrient levels, growth regulator use, insect and water strategies will be 
effective. Where conditions are overcast, wet conditions or low temperatures occur, regrowth 
is reduced or does not occur and manipulation of these areas of crop management will not 
improve recovery. 

Decisions to be made in regard to the management of hail damaged cotton crops change 
through the season and relate to the stage of crop development at the time of damage and the 
proportion of the growing season remaining a lier the damage. For the purposes of crop 
management decisions following hail damage, it is tiseful to divide the growth of the crop 
into three development phases:-

I. Planting Period (ie. early season) 
2. Growth and Development Period (ie. mid-season) 
3. Maturation Period ( ic. late season) 

The planting period covers the period from first planting date through to a last economic 
replanting date with management decisions in relation to hail damaged cotton covering 
replanting options. 

During lhe growth and development phase management questions relate to regrowing the 
crop afl:er hail damage and cover the period from the last economic replant date through to 
the last square or flower dale. 

The maturation period covers the period from the last square date through to harvest and 
covering decisions in regard to the economics of continuing with a crop, or rescuing what 
remains after the hail damage within economic constraints. 

We are therefore referring to management options/decisions relating to early, mid or late 
season hail damage. This breakdown of the crop development is used in this study. Not only 
do management options change with the date of the hail strike but they also differ depending 
on the severity of damage and the area damaged and importantly, the location of the crop or 
production area. In an attempt to cover as many of the variable effects of hail damage on 
management as possible, trials were carried out in all cotton production areas. 

With such a wide range of management options employed by growers following hail damage 
and the variable success of these strategies, an important part of this program was to collate 
case studies on the management of all hail strikes recorded over the period covered by this 
work from all Australian cotton production areas. With a limited response from growers, 
consultants and insurance companies, conclusions drawn from case studies are based on a 
limited number of responses. 

Trials were carried out in all cotton production areas where hail damage was recorded over 
the period. The success of these trials was related strongly to the weather conditions 
following the hail strikes and hence the vigour of regrowth. 
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6.2: Managing Early Season Hail Damage in Cotton 

In general, from case studies, hail damage to cotton in the early vegetative growth stages 
does not pose difficult management problems nor increase production costs beyond that of 
the cost of replanting. The delay in crop development of a damaged stand where a grower 
continues with the existing stand is similar to that time required to re-establish the crop 
should the grower choose to replant. This is provided that the weather conditions allow 
replanting at an early date and within the normal planting period for the production area. 

Hail damage in the later part of the cotton planting window when established cotton is in the 
later vegetative growth stages poses more significant management problems. Delays in crop 
development of the damaged crop due to hail are signiticant, as are yield depletions with 
delayed replanting date. 

Late vegetative stage damage causes a number of management problems:-

l. Crop development delays up to four weeks al'e recorded whether 

2. 

3. 

growers arc regrowing a hail damaged stand or have replanted following 
hail damage. (This does not include delays in defoliation or picking which are 
incurred should the delayed crop be exposed to late rain etc.) 

Crop production costs arc increased by the delayed development. 

In general, case studies show that late vegetative stage damaged crops replanted 
or regro\.vn from damage require:-

1-2 extra irrigations. Water usage may be low immediately following the 
damage as the crop recovers from the hail damage. But once growth 
recovers and development continues water usage returns to that of a normal 
crop. As development is now delayed, late irrigations are required if 
the damaged crop is to mature fully. 
Extra insecticides and applied later in the season when insect resistance 
levels are higher and hence 'heavier' and more expensive sprays are 
required. The number of extra insecticide sprays is dependent on insect 
pressure in an area. 
With a larger proportion of the boll load developing later in the season and 
under cooler conditions, low lint quality and in particular low micronaire is 
an inherent problem in hail damaged cotton. Low micronaire lint is heavily 
discounted in the marketplace. 
Late defoliation under cooler conditions is usually more difficult and more 
expensive as multiple application of defoliants is required. 
Late development exposes the crop to late rain and frosts which potentially 
increase defoliation and picking costs and make picking less efficient. 
Downgrading of lint quality may occur due to rain damage and frosts, 
growers returns are reduced with price discounts especially in respect to 
I int colour and leaf trash. 

Most policies are do not to cover the increased production costs inherent 
in regrowing a hail damaged and therefore late developing cotton crop. 

Insurance payments for early season hail damage assume reasonable levels of crop 
recovery or assume that close to the original yield potential is achievable following 
replanting. 
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Al l growers of irrigated cotton replanted fol lowing mid-November hai l damage found similar 
prob lems as crops yielded poorly and were expensive to grow and hence, were marginally 
economic if they produced a profit at all. The general recommendation from growers was co 
manage the damaged crops to minimise the de lay in development and min imise production 
cost increases. It should be noted that in these case studies, the tendency of many producers 
was to maximise inputs into these crops and attempt to regrow the original potential yield. 
I3ut in hindsight, the same producers stated they would not do the same again as the 
significant delay in development increased production costs dramatically and crops quickly 
become uneconomic. 

Dryland producers arc even more reliant on weather conditions and were a lso more willing to 
wait to see \vhat the weather will do in respect to providing rain for replanting or recovery 
from damage. Cllsc study growers recommend making clear decisions immed iately following 
hail damage, in regard to continuing with a reduced s tand or not. They found that by putting 
off replanting decisions or playing around with bad ly damaged cotton trying to encourage 
gro'vvth did nol work but saw high input costs accumulate and delayed development exposed 
the crops to late rain and frosts and the associated picking problems. If replanting to other 
crops was not an option, there were strong reconunendations to continue with reduced stands 
rather than \\aiting for fu11her late ra in events for repl anting. 

Some gro\H~rs ~lected to replant to shorter season variet ic::; following late vcgl!tative stage or 
early squaring ~Lage hail damage. Growers did not find a maturity advantage. h is suggested 
that the short season varieties currently available were not or sufficiently short maturity to 
compensate for the loss of growth season. Cotton varieties currently be ing developed in the 
shorl season breeding programs may provide better opportunities for replacing y ield potential 
when replanting following hail damage. 

In sum ma r~, points to remember in regard to early season damage:-

An economica lly viable plant populatio n is required and guidelines arc 
agronomically proven in respect to optimum plant populations. 

If the viable plant stand is low then a grower needs to weigh up the yield 
depiction from carrying on with the reduced sland and hail damage a nd 
compa1·c this to the potential yield depletion from replanting at a much 
delayed date. 

Delayed development is a feature of both ca rrying on wit h a hail damaged 
crop and replanting. The extra costs and risks associated with growing 
late c.-ops are high and not necessarily cove red by hail insura nce. 

Both yield depletions and increased production costs should be examined in 
determining the full cost associated with early season hail and compared 
to other cropping options and/or transferring resources to unda maged cotton. 
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Figure 6.1: OPTIONS FOLLOWING EARLY SEASON HAIL DAMAGK (PRIOR TO LAST ECONOMIC PLANTING DATE) 
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6.3: Managing Mid-Season Hail Damage in Cotton 

Points to be kept in mind when regrowing a cotton crop following mid-season hail 
damage:-

1. The hail damage has removed part or all of the yield set up to the date of the 
hail strike. 

2. 

3. 

-t 

5. 

6. 

There is a reduced season available to the grower over which to replace lost 
yield and a reduced overall crop yield potential. 
Costs have been incurred in getting the crop to the stage of growth at 
which it was at the time of damage. 
Further and increased costs will be now be incurred to regrow and mature 
the crop following the damage. 
Iu regrowing a crop following hail damage, crop development is pushed into 
a later part of the growing season. 
Growing late season crops involves problems with late watering, late insect 
control in a period of the season when insect control is difficult and 
expensive, late set bolls arc maturing under cooler conditions and hence 
time to maturity is extended and lint quality problems are inherent, 
defoliation of late crops is difficult under the cooler conditions. 

Case studies show that not all these points are taken into account when growers arc 
regrowing a crop following mid-season damage. Growers are ofcen overly optimistic as to 
how much quality cotton can be produced in the reduced growing season. Many growers 
attempt to regrow the same yield that they were expecting prior to the hail strike and incur a 
series of' problems and extra costs. Water, nutrients and growth regulators are thrown at crops 
in auempts to get crops growing following hail damage and then if successful, growers then 
need to pull up and mature the crop - a difficult proposition when climatic conditions 
override much of the management implemented and the strategies employed in attempting to 
manage a hail damaged crop 

According to case studies, the growers who have been more successful in replacing lost yield 
potential whilst containing increases in production costs, are those who have attempted to 
regrow the damaged crop within the average 'climatic limits' of their growing season without 
attempting to extend crop cut out dates. They are therefore forsaking part of the potential 
yield recovery but attaining more complete maturation of the fruit set on regrowth and hence 
reducing the discounts for low micronaire cotton. This also reduces the chances of adverse 
weather conditions affecting defoliation and picking. 

Typical management in these situations involved watering only as the crop water usage 
indicated and protection of all fruit initiated on regrowth with particular attention to early 
regrowth to encourage early fruit set on regrowth. The successful growers applied no further 
nitrogen fertiliser except where normal crop requirements were yet to be applied when the 
hail damage occurred. Hence, did not promote excessive vegetative growth by watering too 
early or applying excessive quantities of nitrogen. Foliar nitrogen and/or foliar mixes of 
micronutrients were applied to boost regrowth following the stress of hail damage but in 
particular where waterlogging was a problem. The use of growth regulators was also 
considered important in managing the regrowth of the crop canopy, although weather 
conditions dictated the rate and timing of their application. 
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The suggested strategy is to attempt to replace a realistic proportion of the original 
yield potential and mature it within the growing season remaining whilst containing 
input costs and hence reducing the overall financial loss. 

With damage in the mid-season, the aim should be to get the crop regrowing following hail 
damage and then maturing fruit set on the regrowth, and to this end, nutrients and growth 
regulators play an important part in managing a cotton crop damaged by hail in the mid­
season. In this study, field trials concentrating on these two areas of management were 
carried out on hail damaged crops in the various Australian cotton production areas which 
experienced hail over the period covered by the work. 

NITROGEN FERTILISATION OF HAIL DAMAGED COTTON CROPS 

The nutritional status of a crop is of primary importance in determining the ability of a crop 
to recover from hail damage. The aim with nitrogen fertilisation should be to obtain a 
maximum yield while minimising the problems of ran k growth and delayed maturity. 

Nitrogen application programs implemented by growers following hail damage have 
produced vegetative regrowth ranging from poor to excessive depending on the amount 
app lied post damage and the amount applied pre-damage. Excessive nitrogen encourages 
vegetat ive gro\\ th and therefore delayed crop maturity. Inadequate nitrogen would not allow 
sufficient regrowth to occur. So the question is how to determine the nitrogen requirement of 
a ha il damaged crop. 

"!'he crop growth stage at the time of damage and the timing of the hai l strike within tile 
avai I able growing season dictates the amount of regrowth that could be expected following 
the hail strikes. Mature cotton has a reduced requirement for nitrogen as regrowth following 
damage is minimal compared to younger cotton following hail damage. Crops at a less 
mature growth stage at the time of damage under optimum -.veather conditions will initiate 
vegetative regrowth quickly and redevelop a full plant structure hence will have a greater 
nitrogen requirement. 

Petiole nitrate levels were monitored in a series of hai l damaged cotton crops to identify 
deficiency or stress as regrowth occurred. At each of these sites, nitrogen applied prior to the 
hail strike was considered adequate for production of a normal cotton crop. Following the 
hail strikes, overall petiole nitrate levels were high and the rate of decline of petiole nitrate as 
regrowth occurred was slower than or equal to optimum rates of declines indicating that 
nitrogen was not limiting for growth (Figure 6.2). Hence, further nitrogen fertilisation would 
not have increased yields. Only where prolonged waterlogging was imposed 011 young cotton 
anempting to regrow following damage, did nitrate decline at critical rates. Hence, 
monitoring the rate of decline of petiole nitrate in hai l damaged cotton could be used to 
identify possible nitrogen deficiency. 

But 111011 itoring 11 itrogen levels by use of petiole analysis fol lowing hai I damage is not usually 
practica !. Either the rate of regrowth is too rapid to be able to diagnose a deficiency early 
enough to remedy the situation or wet weather conditions following damage make it 
impossible to carry out the petiole sampling. What these trials show is that nitrogen usage is 
similar in hail damaged crops regrowing after hail as in undamaged crops. 
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It is suggested that as a rule, larger quantities of nitrogen will only be required where the 
normal fertilisation program was not complete at the time of damage and hence less than 
optimum nitrogen levels were available to the crop or where conditions make the existing 
nitrogen inaccessible to the regrowing crop. A crop can only produce a given amount of 
growth in a season and in doing so uses nitrogen. Although some nitrogen is used in 
producing the plant material Jost to hail damage, the growing season and yield potential is 
reduced and so the nitrogen requirements for the regrowth crop are proportionally reduced. 

Figure 6.2: 
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The petiole nitrate decline plots show that the rate of nitrogen use in hail damaged cotton is 
similar to an undamaged cotton crop in the same growth phase. With the reduced growth 
season available and reduced yield potential, total nitrogen requirements for the crop should 
not be in excess of that for a normal crop. Confirming this idea, with a crop damaged by hail 
prior to the application of its full nitrogen requirement, a suitable site was available to test the 
response of a hail damaged crop to varying rates of applied nitrogen fertiliser. Petiole 
sampling results indicate that nitrogen would have been yield limiting where no nitrogen was 
applied. Application of sufficient nitrogen to bring levels up to the normal crop requirements 
brought petiole nitrate readings above critical levels (Figure 6.3). Addition of nitrogen in 
excess to a normal crop's requirement saw no further improvement in nitrogen uptake and it 
is suggested this application was excessive. 

Figure 6.3: Decline in Petiole Nitrate Following the Application of Nitrogen to 
Cotton Regrowing After Early Season Hail Damage 
(Site: Auscott Narrabri, 1995/96). 
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FOLIAR FERTILISATION OF HAIL DAMAGED COTTON 

Foliar fertiliser mixes are often applied to boost micronutrient levels in high yielding crops or 
to al Jeviating part of that stress imposed by waterlogging, hail damage etc. The effect of these 
applications on yield is difficult to measure. 

ln trials, the application of zinc or a foliar micronutrient mix was shown to aid in the more 
rapid replacement of the leaf canopy and earlier initiation of squaring in hail damaged cotton. 
But in tissue tests carried out in the trial areas following the hail strikes, zinc levels were 
found to be marginal. It is not accurate to suggest that the application of zinc to any hail 
damaged crop wi II assist in the early recovery of the crop. It is suggested that in these trials 
the applied zinc and micronutrient mix alleviated a deficiency pre-existing in the field or a 
zinc deficiency induced by climatic conditions and contributed to the earlier replacement or 
leaf area in zinc treated areas. Further work is needed to look at the effect of applied zinc and 
foliar micronutrient mixes on hail damaged cotton in fields where zinc is not expected to be a 
limiting factor to growth. 

USE OF GROWTH REGULATORS IN THE :VJANAGEMENT OF HAIL DAMAGF:O 
COTTON 

Controlling vegetative growth rates with the use ot'.growth regulators should be important in 
maximising the setting, retention and maturation of fruit following hail damage. In managing 
the growth of cotton following hail damage. we arc attempting to prevent vegetative growth 
from becoming excessive so as to maximise earl) fruit set on the regrowth. Hail damaged 
cotton is delayed in development ie. late cotton and so. the second aim in managing rhc 
regrowth of hail damaged collon using growth regulators. is to mature whatever fruit are :,<.!l 

before the climatic end of the season. 

In case studies, growers who more successfully managed hailed crops where weather 
conditions following damage were conducive to moderate/vigorous early regrowth, applied 
early pix to reduce the rate of vegetative regrowth and encourage early fruit set on regrowth. 
But where weather conditions immediately following damage are not conducive to growth, 
pix was not applied within the first 4-6 weeks of regrowth. In these situations growers used 
pix to reduce late vegetative growth and 'pull up' crops to encourage earlier maturation of 
fruit on regrowth. The average micronaire or fibre in late developing hail damaged crops is 
low due to immature bolls and large price discounts are imposed. Where growers used late 
applications of pix between last square and last nower dates, the maturity of the crop was 
advanced sufficiently by the growth regulator treatment to improve the overall micronaire 
and reduce discounts. A similar result was achieved by growers who did not chase late set 
bolls and left late bolls on the bush. Defoliation was easier where the vegetative growth and 
maturity of crops was pegged back by growth regulators or water usage strategies and hence 
growers were able to avoid some of the late season adverse weather conditions. 

Fields trials were carried out in a number of cotton production areas to determine the effect 
of the growth regulator, Pix, on the regrowth of hai I damaged cotton and determine if the 
recommended rates for use of Pix are successful in controlling and managing the regrowth of 
cotton after hail. 
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ln terms of vegetative plant vigour, cotton damaged at younger growth stages and regrowing 
under good growing conditions showed a greater response to the application of Pix by 
displaying a greater reduction in plant height. 

In respecl to the timing of the applications, the largest reductions in plant height (ie. 
vegetalivc vigour) were measured where Pix application treatments were made early in the 
regrowth phase, no matter what growth stage the crop was damaged at. Applications at first 
flower on regrowth as a single application or part of a split application were more effective in 
reducing vegetative vigour. By leaving Pix application to later eg. Last Square Date, plant 
heigh! was reduced somewhat compared to using no Pix, but the earlier application was more 
effecLive. 

Looking al yield recovery, trials show that the growth stage of lhe crop and the weather 
conditions following damage play a large pa1t in the yield response 10 applied Pix. Weather 
conditions following the hail damage were only conducive to vigorous vegetative regrowth at 
Lllrcc si1cs. Wi1h rain or overcast conditions or waterlogging following damage, conditions 
were less than ideal for rapid regrowth at a number of trial sites. 

Under these more moderate weather conditions, the greatest yield recovery was measured 
where Pix \\aS applied at Last Square Date, with an added earlier application of 300 ml /ha 
Pi:-.: al First Flower increasing the response at some sites. Here. the strategy has been to let the 
crop 10 r~grow largely at its own rate, then stopping late vege1a1i, ·~ growth with the <lose of 
Pix al Last Square. But with good growing conditions following early hail damage, ie. 
oprimal for growLh, some pegging back of vegetative growth b; First Flower application of 
Pix has been shown to be an advantage in terms of increased yield. The key being to 
carefully monitor the rate of regrowth of the crop. 

With hail damage at late growth stages, no yield advantage was found in applying Pix. 

With damage in the earlier growth stages, ahhough Last Square applications of Pix produced 
the greater yield recovery, these same applications produced the mos1 delayed cotton. 
Earliness \\as found to be increased but at the expense of some yield recovery if an 
application of Pix is applied at First Flower cg. 300 ml/ha (single or spilt application}. This 
may be the more economic decision when taking into account discounts for low linl quality 
which are inherent with late maturing cotton. 

High rntes of Pix would not be recommended for stressed cotton or that displaying shorter 
plant height/ less vigorous growth as displayed in some trials. Growth rates were reduced by 
poor lo moderate growing conditions and in these trials it was shown that high rates produced 
no addilional effect on plant height. The higher doses of Pix applied at First Flower on 
regrowth (600 ml/ha) were detrimental to lint yield and no advantage was found in applying 
higher doses at Last Square. 

But higher rates of pix were found to be useful in situations where there was insufficient 
water supplies to allocate extra water to a hail damaged crop which would have allowed it to 
rcgro\\ to its full potential. Pix, as single (600 ml/ha) and split applications (600/1000 
ml/ha), were advantageous to yield recovery. The higher rates decreased early vegetative 
growth to a greater extent and forced more rapid fruiting in the limited time available. 
Although, had sufficient water been available, a greater yield recovery would have occurred 
with a less harsh growth regulator treatment. 
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With such high discounts for low micronaire cotton, lint quality is a fac tor of importance in 
growing both hail damaged and late cotton. As the cotton is maturing under coo ler conditions 
low micronaire will be a problem, but if growth regulator strategies combined with other 
management strategies are able to bring the crop in as early as possible then micronaire 
problems will be reduced. The aim should be to get the crops regrowing after hail, set 
maximum fruit numbers before last square date and pull up the crop, then mature the fruit 
before first frost. then \.ve are also aiming ro increase the lint quality as we should be picking 
more mature lint. 

Further tria ling of the strategies is requ ired to col late more lint quality data as this series of 
trials fai led to produce significant improvements in lint quality. Points to note wo uld be that 
with crops incurring late damage, low micronaire is not as large a problem, as the regrowth 
does not contribute bolls to yield. The cotton remaining after the hail strike and set before the 
strike contributes the larger proportion of the total lint yield and hence, as long as these bolls 
are left to mature fully, then the overall rnicronaire is not reduced. As we attempt to regrow a 
crop following earl ier damage, we are growing a late crop and micronaire will be reduced in 
the !ate set bol ls maturing under cooler conditions. 

lf growers are" ii ling to accept a slightly lower yield recovery in turn for earl ier matur ity hy 
the use of early s ingle or sp lit appl ica tions, Lhen low micronaire problems can be reduced. 

In all of the gro\\lh regulator trials described, prior to the hail damage, growers had applied 
the optimum amount o f nitrogen for their expected yield (pre-hail). No ni trogen was applied 
post damage in excess of the normal crop requirement. Hence, vegetative regrowth was nol 
excessive due to excess nitrogen. Vegetati ve regrowth was reduced at some sites clue to less 
than ideal \\eathcr condilions folio'' ing the hail damage. Further trialing of growth regulator 
strategies is rcq u ired in situations where 11 itrogen usage has been excessive and where 
weather conditions are conducive to extremely vigorous vegetative regrowth. Rates of Pi.\ in 
excess of the recommended rates ma) be necessary to control canopy growth under these 
growing conditions. 

In respect to oth~r plant growth regulators, PGR-IV is a new cotton growth regulator for 
management of vegetative and reproductive growth in cotton and was compared to Pix , to 
evaluate the po1cntial use of PGR-IV in the management of regrowth of hai l damaged cotlon. 
PGR-IV was found to reduce plant height compared to untreated cotton and compared to Pix 
applied late in the season at Last Square date. But it fa iled to reduce plant height to the ex rent 
to which Pix applied at First Flower or in split appl ications. PGR-IV did not increase lint 
yields above thar of untreated canon. In the same trial , Pix appl ied at 300 ml/ha at First 
flower pegged back vegetative growth sufficiently to produce a yield advantage of 8-l 0% 
over PGR-lV and untreated cotton. Boll numbers did not indicate that PGR-IV was able to 
increase boll retention rates as reported by Oosterhuis( 1994 ). PGR-IV did nor act to improve 
or lower lint quality compared to Pix treatments. Under the conditions experienced in this 
trial, PGR-IV offered no advantage over Pix in the management of regrowth of hail damaged 
cotton. 

Whatever the choice of growth regulator or strategy, it is obvious that growers need to 
monitor the rate at which crops regrow following damage very closely to ensure the timely 
application of growth regu lators . 
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FERTILISER AND GROWTH REGULA TOR STRATEGIES FOR HAIL DAMAGED 
COTTON 

In conclusion, following hail damage in the mid-season period, the suggested strategy is to 
attempt to replace a realistic proportion of the original yield potential and mature it within the 
growing season which remains available whilst containing input costs and hence reducing the 
overall financial loss. You are therefore aiming to get the cotton crop regrowing following 
hail damage and maximise fruit set up to last flower date then maturing it before first frost. 
Nutrients and growth regulators play an important part in being able to implement such a 
management strategy for hail damaged cotton. 

In regard to fertilisers and growth regulators. the following points should be noted:-

I. 

2. 

... 

.) . 

4. 

Where adequate nitrogen for a normal crop's requirement of nitrogen has been 
applied prior to the hail damage, no indication of nitrogen deficiency has been 
measured in petiole nitrate monitoring of nitrogen levels in hail damaged 
cotton following a hail strike. This suggests that additional nitrogen is not 
required except under conditions where this nitrogen is made inaccessible to 
the crop such as in waterlogged situations. 

The application or foliar nutrients is widely practised following hail damage as 
a means of boosting regrowth or preventing micronutrient deficiency in the 
rapidly regrowing crops. Yield advantages in such applications are difficult to 
measure. But where a deficiency of a micronutrient pre-exists in a hail damaged 
crop or where climatic or soil conditions make the nutrient unavailable to the 
crop, foliar application of the nutrient was shown to increase the rate of early 
regrowth. Di ffercnces in yield responses were not measured. 

Growth regulators such as Pix® (Mepiquat Chloride) have been found to be useful 
in managing vegetative regrowth following hail damage and in maximising fruit set 
on regrowth. Climatic conditions following the hail damage in these trials have not. 
in general, been such which have promoted extremely vigorous vegetative growth 
following the hail strike. Under these more moderate conditions, the recommended 
rates for use of the growth regulator have controlled vegetative growth and 
encouraged fruit set on regrowth. Under poor growing conditions, the higher 
recommended rates have been detrimental to regrowth and lint yield recovery. 

Monitoring the rate of regrowth especially in the early period following damage is 
important in using a growth regulator such as Pix to manage regrowth following 
hail damage. Where weather conditions encourage moderate to vigorous early 
regrowth, an early application of Pix near first flower on regrowth has been found 
to be advantageous in pegging back vegetative growth and encouraging early fruit 
set. A later application at last square date provides extra control on vegetative 
growth where conditions have remained conducive to late growth. If weather or crop 
conditions are not conducive to good regrowth, by leaving the crop to regrow at its 
own pace and then pulling up the vegetative growth of the crop at last square date 
with the use of a growth regulator has been found to produce the greatest yield 
recovery. These same later applications produced the most delayed cotton. If part 
of the recovered yield is compromised, an early application of Pix (single or spi It 
application) will increase earliness and may be the more economic decision when 
taking into account discounts for low lint quality which may be imposed with late 
maturing cotton. 
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Figure 6.4: OPTIONS FOLLOWING MID-SEASON HAIL DAMAGE TO 
COTTON 
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6.4: Managing Late Season Hail Damage in Cotton 

In surveys prior to initiating this work, major questions raised by growers in regard to 
damage in the later part of the season included:-

I. 
2. 

3. 

At what date in the growing season is regrowing the crop past being an option? 
How do I decide whether to pull out immediately and rescue open or mature 
bolls or can I risk trying to mature the late and immature undamaged bolls? 
What are the options for quick defoliation and picking? 

Growers are very familiar with the use of the term 'last effective flower date', from which 
date onwards in the average season a flower set as a boll will not mature before the first frost. 
If regrowth following a hail strike is to contribute to lint yield then the crop needs to initiate 
new vegetative growth and then initiate squares to flower before the last flower date. 

In hail damage simulation work, there was found to be an average delay of 450 GDDs 
recorded following a hail strike before the appearance of new squares on regrowth ie. up to 
30 days. If this is added to the average period of 20 days required by a square to develop to a 
flower, then a hail strike occurring approximately 50 days prior to the last effective flower 
date will not produce regrowth which will contribute to lint yield. 

Lighl ro moderate hail damage with optimum weather conditions post damage may see earlier 
initiation of squares on regrowth and hence, push the last effective regrowth date back 
towards last square date. But some factors act to bring the last effective regrowth date 
forward further. The physiology of the cotton plant dictates that the fruit load of bolls acts as 
a stronger sink for assimilates than new vegetative growth, hence, where damage occurs at a 
mature growth stage and a portion of the bol 1 load remains, the crop will mature this fruit 
before initiating new vegetative, this effectively delays the initiation of new squares brings 
forward the date for no effective regrowth. 

Growers may argue exceptions to the last effective regrowth dates calculated in this work. In 
a year which is longer than the average growing season, effective regrowth can be achieved 
and case studies have been collated to support the fact. But in the average season this is not 
possible and in the three years of case studies covered in the work the last effective regrowth 
dates have been supported. The dates for each production area correspond approximately to 
the dates at which the average crop in a district is reaching cut out and therefore has the 
major proportion of its boll load set. Dryland and irrigated crops struck by hail on this date or 
later produced no effective regrowth to contribute to lint yield and hence these dates would 
be considered cut off dates for attempting to regrow crops. 

The second question relates to the proportion of the bol 1 load remaining after the hai 1 damage 
that the grower aims to pick. Of course, the grower would aim to pick the maximum number 
of bolls whatever the stage of maturity the crop is at. With damage at or near cut -out a 
proportion of the bolls remaining would be immature and the mature bolls present may have 
avoided damage or suffered bruising. The proportion of mature bolls increases as the hail 
strike occurs at progressively later dates up to a fully mature and open crop. While a yield 
loss is incurred in not waiting for immature bolls to mature, risks are involved in chasing the 
immature bolls and costs involved in taking the crop through to maturity. 
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Table 6.1: fi N Estimated Date or ii Effective Rce:rowt 1 0 I F II owm~ H ·1D a1 amae:e 
Region Last Effective Last Effective Delay to Squaring Estimated Date for 

Flower Square Following Hail Nil Effective 
Damage Regrowth 

Following 
Damae:c 

(Limited by (20 Days prior to Average 450 GDDs 
Frost) Last Effective (or 30 Days@ 21oc 

Flower) max. Temp.) 

Namoi 4-Mar 12-Feb 30 Days 13-Jan 

Gwydir 7-Mar 15-f-eb 30 Days 16-Jan 

Macquarie 19-Feb 30-Jan 30 Days 31-Dec 

Lockyer 22-Mar 2-Mar 30 Days 31-Jan 

Darling Downs 6-Mar 14-Feb 30 Days 15-Jan 

St. George 15-Mar 23-Feb 30 Days 24-Jan 

Theodore 23-Mar 3-Mar 30 Days I-Feb 

Bilocla 23-Mar 3-Mar JO Days I-Feb 

Emerald 6-Apr 17-Mar 30 Days 15-Feb 

Mc lntyrc 13-Mar 21-Feb JO Days 22-Jan 

Bourke 15-Mar 23-Feh JO Days 24-Jan 

M ungindi 15-Mar 23-Feb JO Days 24-Jan 

Walgett 7-Mar 15-Feb 30 Days 16-Jan 

Boggabri I-Mar 9-Feb 30 Days JO-Jan 

Brccza 19-Fcb 30-Jan 30 Days 3 I-Dec 

Following damage at this late stage, if regrowth is not going to contribute to lint yield, any 
vegetative growth that occurs can potentially make the crop attractive to insects and 
contribute to defoliation and picking problems. /\ major factor increasing losses following 
late season damage is adverse weather conditions whether rain or even high humidity which 
encourages development of any boll bruise into boll rot. 

In the dryland situation, the initiation of regrowth occurs after a rainfall event therefore there 
is little control over the initiation of vegetative regrowth. Following the hail strike the crop 
will mature the remaining bolls on the remaining soil moisture reserves. As in an undamaged 
crop, if insufficient moisture is available part of the top crop will not mature and will be 
aborted or small pinched immature bolls will result. Production costs will still be incurred as 
in an undamaged crop to protect late fruit although the crop with less fresh foliage and young 
fruit is usually less attractive to insects. 

further rainfall events will provide moisture to mature more of the boll load in both hai 1 
damaged and undamaged crops. But the same rainfall events will initiate new vegetative 
growth in hail damaged cotton which will make the crops attractive to insects necessitating 
late application of insecticides. With sufficient time and good growing conditions, the 
vegetative growth may require controlling with growth regulators and the new leaf material 
will require full defoliation programs (2-3 applications) as opposed to where little regrowth is 
recorded and the canopy has been thinned by hail, a reduced program is often required. 
Hence overall production costs are increased by the rain events. 
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Lint yield has been reduced by the loss of fruit in the original hail strike. Yield losses 
attributed to hail are now only increased by loss of damaged bolls to boll rot or due to picking 
problems. Maturity of the crop is not delayed by late hail and in some instances where the top 
crop is removed by the hail, maturity is advanced. 

On the other hand, lint quality will be affected by the number of immature bolls picked. 
Hence, if a growers chooses to chase late bolls following hail, time and conditions must 
allow bolls to fully mature if low micronaire problems are to be avoided. Low lint quality is 
therefore a belated loss due to hail. In dryland crops the same problem exists for undamaged 
crops where moisture is limiting causing abortion of the top crop. 

Under irrigation, following hail damage in the late season, similar problems exist but growers 
also have the advantage of being able to water the crop to mature any immature bolls 
remaining. But in watering the crop, it predisposes the crop to the same vegetative regrowth 
as can occur with rain events in dryland cotton and hence the similar increased production 
costs per bale of cotton. To this can be added the costs of the irrigation. With a tradiLionally 
more vegetative crop than in the dryland situation, following hail, although defoliated to 
some degree, significant leaf material may remain and so with rain and/or high humidity is 
maintained within the canopy and the boll rot problem is made dramatically worse. Large 
numbers of bolls assessed as being partly lost to hail bruising now become totally unpickable. 

Hence, the decision nc:eds to be made as 10 what proportion of the immature boll load a 
grower wishes to chase to counteract possiblt: increases in production costs, further lint yield 
los:>es due to boll ror and losses in lint quality. 
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Figure 6.5: OPTIONS FOLLOWING LATE SEASON HAIL DAMAGE 
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6.5: Other Factors in the Management of Hail Damaged Cotton 

A commonly raised question in regard to the management of hail damaged cotton is whether 
one cotton variety will recover better from hail damage than another? 

Previous work comparing the regrowth of cotton varieties following simulated hail damage 
suggests that as long as two varieties are allowed to go through to their natural maturity then 
the only difference in lint yield at a given site will be the difference in yield potential 
between the varieties normally observed at that site. The key fact being that the varieties arc 
allowed to go through to their natural maturity. Season conditions, disease and crop 
management may prevent one variety reaching its full yield potential and hence, a yield 
advantage is observed in the other variety. 

After hail damage, the season is reduced and the time available to replace lost yield is 
reduced. The management strategies described in this work attempt Lo manipulale the growth 
pattern of a crop to ma:ximise the fruit set in the limited time available and mature the crop 
before the season end. An inherent ability to set fruit more rapidly could emphasise gains 
made with these strategies. A variety which lends itself to recover more quickly from hai I 
damage should it not only initiate fruit rapidly following damage but also square at a high 
rate lo make maximum use orrhe season remaining. 

In terms of responses to hail damage or recovery from hail damage, it is obvious that varieties 
of longer season length displaying longer periods to initiation of squaring and lower squaring 
rates would be slower to initiate fruit following hail damage. This may not be a disadvantage 
in longer season areas but would be detrimental to recovery of yield potential in moderate 
and shorter season areas, or where management options available will not allow a varlet~ to 
grow out to its full potential (cg. where water allocations are low). Where earlier and more 
rapid fruit set· occurs foll0\-1.' ing damage an increased yield response could be expected under 
such conditions. 

Th is is illustrated at the long season site, where Si okra 1-4, DP90 and S icala V2 were the 
earliest varieties to reach first square and were only surpassed by CS 189+ and the new line 
Exp 97 in high squaring rates. The combination of earliness to first square and high squaring 
rate in these three varieties have produced advanced maturity compared to other varieties. 
This did not translate to higher lint yield at this site as the longer season varieties were on!) 
slightly later in reaching first square and have moderate squaring rates and fruited over a 
longer period and with the longer season available reached a higher final lint yield. 

At the short season site, CS8S, Siokra 1-4 and Siokra S324 were well advanced in date to 
initial opening (I 0% open bol Js ). Where CS8S and Si okra S324 have conspicuously earlier 
dates to firsl square, Siokra 1-4 displays a high squaring rate than all other varieties and these 
characteristics combine to produce earlier maturity. Hence, planting the short season varieties 
in the short season area would increase the chances of recovering a proportion of lost yield 
should a crop be damaged by hail. 

The differences in date to first square and maturity measured in these trials were not large 
when looking at a commercial situation but when combined with agronomic management 
strategies increased fruiting rates and earliness to maturity may contribute to increased 
recovery within the reduced growing season following hail damage. In the future, new 
varieties may display shorter square period and faster squaring rates than those in produclion 
today and may be more useful in regard to recovery from hail damage. 
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6.5: Improvements in Loss Assessment 

As previously discussed, the reason for canying out this work was that current insurance 
policies are seen to be inadequate in some respects in failing to cover the grower for the true 
cost of hail damage to a crop. This forces many growers to carry on with hail damaged crops 
to attempt to recover costs or some level of profit. Current loss assessment methods involve 
assessment of loss at the time of the damage. It has been suggested that a more equitable 
insurance scheme would involve end-of-season loss assessment where a grower could be 
reimbursed for any yield loss incurred and also the extra costs involved in bringing a hail 
damaged crop through to maturity. An estimate of the original yield potential of the crop 
would be required in any such scheme and one means of obtaining this estimate is by use of 
crop computer yield models. 

Crop yield simulation models have been developed in the cotton industry which ma) assist in 
predicting the potential yield of a cotton crop prior to any damage by hail. Crop data has been 
collated on the yield response of cotton damaged by hail at various stages of crop growth. 
This data was used to evaluate the C.S.l.R.O. OZCOT cotton yield simulation model for its 
ability to predict crop yield for hail damaged and undamaged cotton. 

OZCOT did not simulate the yield of hai I damaged crops as well as it simulated intact crops. 
However the model has the potential to predict the yield Joss caused by hail damage more 
accurately. There are a number of options that could be explored in future work to improve 
the ability of OZCOT to predict the yield loss caused by hail damage. Such modifications 
would make the model extremely useful for loss adjustment purposes. In particular, hail 
damage causes severe damage to the branching structure of the p I ant. The branching 
structure of the crop is not explicitly modelled in OZCOT. The modification of the model to 
be sensitive to hail damage would require data collation on some aspects of the dynamics of 
the branching structure of the cotton plant. 

Several groups or researchers are currently carrying out work related to modelling the growth 
of the cotton plant, ie. virtual modelling at CTPM, Victor Sadras at ACRI studying response 
to terminal damage by pests, and Steve Milroy, Mike Bange and Brian Hearn at ACRI 
developing OZCOT/CERCOT. Interest has been shown by these groups in modifying the 
model to take into account hail damage should the cotton or insurance industry indicate the 
importance of such a move. 

0 

0 
D 

a 
a 
a 

oD 
0 

0 

D 



D 
0 
0 

D 
u 

u 
0 
0 
0 

188 

6.6: Concluding Remarks 

From this study of hail damaged crops, it has become quite obvious that there is no magic 
formula for regrowing hail damaged cotton. The management of each field hit by hail will 
vary depending on the severity and type of damage, the growth stage at the time of damage, 
where the crop is grown (ie. season available) and the finance and other resources available 
to the grower. The success of any management strategy employed will be at the mercy of 
weather conditions following the damage as this is the major factor determining the rate and 
degree of any regrowth. 

Recovery from hail damage is not a case of good luck but good management. In defining 
recovery from hail damage we should not be looking at yield recovery. It should be more 
important to look at reducing the financial loss. 

There is a limit to the amount of cotton that can be grown and matured within a season. Part 
of a set yield is lost in a hai I strike, then following the strike there is a limited amount of time 
available to replace the lost yield and mature it before the season end. As a grower attempts 
to regrow a crop following damage, it is important to be realistic and identify the amount of 
cotton that can be realistically regrown and matured following the hail strike and the risk and 
costs involved. 
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APPENDIX 1.1: 

Estimating Yield Depletion with Delayed Planting or Early Season 
Hail Damage in Cotton 

Regression Analyses 

MINITAB Statistical Software (Version 9) was used for the regression analyses carried out in this 
exercise. 

Site: EMERALD 

Regression Analysis 

MTS > Name c lO = 'JD2' 
MTB > Let 'JD2' = 'JD'* 'JD' 
MTB > Name c l I = 'FITS!' cl2 ='RES! l' clJ = 'COEF I' 
MTB >Regress 'Yield4' 2 'JD' 'JD2'; 
SUBC> Fits 'FI TS I'; 
SUBC> Residuals 'RESI l '; 
SUBC> Coefficients 'COEFI '. 
* NOTE * JO is high ly corre lated wilh other predictor variables 
*NOTE* J D2 is highly correlated with other pred ictor variables 

The regression equation is 
Yield4 = -3646 + 42. l JD - 0.0747 JD2 

Predictor Coef Stdev t-ratio p 
Constant -3646.2 996.8 3.66 0.022 

JD 42.096 6.582 6.40 0.003 
JD2 -0.07469 0.01078 -6.93 0.002 

s = 22.23 R-sq = 98. 1% R-sq(adj) = 97. 1% 

Analysis of Variance 

SOURCE DF SS MS F p 
Regression 2 99447 49724 100.62 0 .000 
Error 4 1977 494 
Total 6 101424 

SOURCE DF SEQ SS 
JD 75722 
JD2 23725 
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Site: BILOELA 

Regression Analysis 

MTB >Name clO = 'JD2' 
MTB > Let 'JD2' = 'JD'* 'JD' 
MTB >Name cl I = 'FITSI' cl2 = 'COEFI' 
MTB > Regress 'Yield4' 2 'JO' 'JD2'; 
SUBC> Fits 'FITS I'; 
SUBC> Coefficients 'COEF I'. 
*NOTE* JO is highly correlated with other predictor variables 
* NOTE * 102 is highly correlated with other predictor variables 

The regression equation is 
Yield4 = - 8836 + 77.5 JD - 0.136 JD2 

Predictor Coef Stdev t-ratio p 
Constant -8836 1568 -5.63 0.005 
JD 77.52 10.36 7.49 0.002 
102 -0.13598 0.01696 -8.02 0.001 

s == 34.98 R-sq = 98.2% R-sq(adj) = 97.3% 

Analysis of Variance 

SOURCE DF SS MS F p 
Regression 2 264244 132122 107.99 0.000 
EITor 4 4894 1223 
Total 6 269138 

SOURCE OF SEQ SS 
JD 185608 
102 78636 
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Site: DALBY 

Regression Analysis - Dalby 

MTB > Name c I 0 = 'JD2' 
MTB > Let '102' = 'JD'* 'JD' 
MTB > Name c l I = 'FITS ! ' c l2 = 'COEF I' 
MTB > Regress 'Yie!d4' 2 'JO' 'JD2'; 
SUBC> Fits 'FITS I'; 
SUBC> Coefficients 'COEF l '. 
* NOTE * JD is highly correlated with other predictor variables 
* NOTE * JD2 is highly correlated with other predictor variables 

The regression equation is 
Yield4 = - 10670 + 90.9 JD - 0.164 JD2 

Predictor Coef Stdev t-ratio p 
Constant -10670 1201 -8.89 0.001 
JD 90.865 7.927 I 1.46 0.000 
JD2 -0.16381 0.01298 -12.62 0.000 

s = 26.77 R-sq = 99.5% R-sq(adj) = 99.3% 

Analysis of Variance 

SOURCE OF SS MS F p 
Regression 2 63 1488 315744 440.44 0.000 
Error 4 2868 7 17 
Total 6 634356 

SOURCE OF SEQ SS 
JD I s 17371 
102 I 114117 
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Site: ST. GEORGE 

Regression Analvsis - St. George 

MTB >Name clO = 'JD2' 
MTB > Let 'JD2' = 'JD'* 'JD' 
MTB >Name cl I= 'FITSI' cl2 = 'COEFI' 
MTB > Regress 'Yield4' 2 'JD' 'JD2'; 
SUBC> Fits 'FITS I'; 
SUBC> Coefficients 'COEF I'. 
*NOTE* JD is highly correlated with other predictor variables 
• NOTE* JD2 is highly correlated with other predictor variables 

The reg1·cssion equation is 
Yield4 = - 6339 + 60.5 JD - 0.107 JD2 

Predictor Coef Stdev t-ratio p 
Constant -6339 1506 -4.21 0.014 
JD 60.540 9.941 6.09 0.004 
102 -0.10665 0.01628 -6.55 0.003 

s = 33.58 R-sq =97.5% R-sq(adj) = 96.3% 

Analysis of Variance 

SOURCE OF SS MS F p 
Regression 2 176724 88362 78.37 0.001 
Error 4 4510 1127 
Total 6 181234 

SOURCE DF SEQ SS 
JD 128359 
102 48365 



0 
.--



D 

0 

D 

LI 

] 

193 

Site: GOONDIWINDI 

Regression Analysis - Goondiwindi 

MTB > Name cl 0 = 'JD2' 
MTB > Let '102' = 'JD'* 'JO' 
MTB > Name c I I = 'FITS I' c 12 = 'COEF l ' 
MTB >Regress 'Yield4' 2 'JD' 'JD2'; 
SUBC> Fits 'FITS I'; 
SUBC> Coefficients 'COEFI '. 
* NOT£ * JD is highly correlated with other predictor variables 
*NOTE* JD2 is highly correlated with other predictor variables 

The regression equation is 
Yield4 = - 11480 + 96.4 J D - 0.170 JD2 

Predictor Coef Stdev t-ratio p 
Constant - 11480 I 144 -10.03 0.001 
JO 96.4 13 7.556 12.76 0.000 
102 -O. l 7023 0.01237 -13.76 0.000 

s = 25.52 R-sq - 99.4% R-sq(adj) = 99.2% 

Analysis of Variance 

SOURCE DF SS MS F p 
Regression 1 470639 235319 361.35 0.000 
Error 4 2605 651 
Total 6 473243 

SOURCE OF SEQ SS 
JO 347412 
JD2 123226 
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Site: MOREE 

Regression Analysis - Moree 

MTB > Name c I 0 = 'JD2' 
MTS > Let 'JD2' = 'JD'* 'JD' 
MTS> Name cl I= 'FITS!' cl2 = 'COEFI' 
MTB >Regress 'Yield4' 2 'JD' '102'; 
SUBC> Fits 'FITS!'; 
SUBC> Coefficients 'COEF I'. 
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* NOTE* JD is highly correlated with other predictor variables 
*NOTE* JD2 is highly correlated with other predictor variables 

The regression equation is 
Yield4 =- 12510 + l03 JD - 0.181 JD2 

Predictor Coef Stdev t-ratio p 
Constant -12509.6 80 I. I -15.62 0.000 
JD 102.741 5.289 19.42 0.000 
102 -0.180926 0.008663 -20.89 0.000 

s= 17.86 R-sq = 99.7% R-sq(adj) = 99.6% 

Analysis of Variance 

SOURCE Dr- SS MS r- p 
Regression 2 505351 252675 791.75 0.000 
Error 4 1277 319 
Total 6 506628 

SOURCE DF SEQ SS 
JD 366149 
102 139202 
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Site: MYALL VALE 

Regression Analysis - Mya ll Vale 

MTB >Name clO = 'JD2' 
MTB > Let 'JD2' = 'JD'* 'JD' 
MTB >Name cl I ='FITS I' c l2 = 'COEFI' 
MTB > Regress 'Yield4' 2 'JD' 'JD2'; 
SUBC> J7its 'J7ITS I'; 
SUBC> Coefficients 'COEF I'. 
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*NOTE"' JD is highly correlated with other predictor variables 
* NOTE • JD2 is highly correlated with other predictor variables 

The regression equation is 
Yleld4 = - 13469 + I09 JO - 0.192 JD2 

Predictor Coef Stdev 
Constant -13469.1 484.l 
JD 108.971 3.197 
JD2 -0.192138 0.005236 

s = 10.80 R-sq = 99 .9% R-sq(adj) "'99.9% 

Analysis of Variance 

SOURCE OF SS MS F 
Regression 2 584052 292026 2505.29 
Enor 4 466 117 
Total 6 584518 

SOURCE DF SEQ SS 
JD 427063 
JD2 156989 

1-ratio p 
-27.82 0.000 
34.09 0.000 
-36.70 0.000 

p 
0.000 
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Site: BREEZA 

Regression Analysis - Breeza 

MTB > Name c 10 = 'JD2' 
MTB >Lee 'JD2' =='JD'* 'JD' 
MTB >Name cl I = 'FITSI' cl2 = 'COEFI' 
MTB >Regress 'Yield4' 2 'JD' 'J02'; 
SUBC> Fits 'FITS I'; 
SUBC> Coefficients 'COEFl'. 
*NOTE* JD is highly correlated with other predictor variables 
* NOTE * JD2 is highly correlated with other predictor variables 

The regression equation is 
Yield4 = - 1403 + 25.0 JD - 0.0512 JD2 

Predictor Coef Stdev t-ratio p 
Constanc -1403 2394 -0.59 0.589 
JD 25.04 15.81 1.58 0.188 
102 -0.05121 0.02589 -1.98 0.119 

s :;; 53.40 R-sq "'95.7% R-sq(adj) = 93.5% 

Analysis of Variance 

SOURCE DF SS MS F p 
Regression 2 253492 126746 44.45 0.002 
Error 4 11405 2851 
Total 6 264897 

SOURCE OF SEQ SS 
JD 242339 
JD2 11153 
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Site: W ALGETT 

Regression Analysis - Walgett 

MTB >Name clO = '102' 
MTB > Let 'JD2' ='JD'* 'JD' 
MTB >Name cl I = 'FITSI' cl2 = 'COEFI' 
MTB > Regress 'Yield4' 2 'JD' 'JD2'; 
SUBC> Fits 'FITS I'; 
SU BC> Coefficients 'COEF I'. 
*NOTE* JD is highly correlated with other predictor variables 
*NOTE* 102 is highly correlated with other predictor variables 

The regression equation is 
Yicld4 = - 9924 + 85.0 JD - 0.149 JD2 

Predictor Coef Stdev -ratio p 
Constant -9924 1802 -5.51 0.005 
JD 85.05 11.90 7.15 0.002 
JD2 -0.14909 0.01949 -7.65 0.002 

s = 40.19 R-sq = 98.0% R-sq(adj) = 97.0% 

Analysis of Variance 

SOURCE DF SS MS F p 
Regression 2 313756 156878 97.14 0.000 
Error 4 6460 1615 
Total 6 320216 

SOURCE DF SEQ SS 
JD 219232 
JD2 94524 
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Site: BOURKE 

Regression Analysis - Bourke 

MTB >Name clO = 'JD2' 
MTB > Let 'JD2' = 'JD'* 'JD' 
MTB >Name cl l ='FITS\' c l2 = 'COEFI' 
MTB > Regress 'Yield4' 2 'JD' 'JD2'; 
SUBC> Fits 'FITS I'; 
SUBC> Coefficients 'COEF l '. 
* NOTE * JD is highly correlated with other predictor variables 
*NOTE* J02 is highly correlated with other predictor variables 

T he regression equation is 
Yield4 =- 7480 + 68.2 JD- 0.120 JD2 

Predictor Coef Stdev r-ratio p 
Constant -7480 1616 -4.63 0.010 
JD 68.23 10.67 6.39 0.003 
102 -0. ! 1992 0.01747 -6.86 0.002 

s = 36.04 R-sq = 97.6% R-sq(adj) = 96.4% 

Analysis of Variance 

SOURCE OF SS MS F p 
Regression 2 213995 106998 82.40 0.001 
Error 4 5194 1299 
Total 6 219189 

SOURCE OF SEQ SS 
JD 152840 
102 6l l55 
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Site: TRANGIE 

Regression Analysis - Trangle 

MTB >Name clO = 'JD2' 
MTB > Let 'JD2' = 'JD'* 'JD' 
MTB >Name c l I = 'FfTSI' cl2 = 'COEFI' 
MTB > Regress 'Y ie ld4' 2 'JD' 'JD2'; 
SUBC> Fits 'FITS I'; 
SUBC> Coefficients 'COEF l '. 
* NOTE * JD is highly correlated with other predictor variables 
* NOTE * 102 is highly correlated with other predictor variables 

The regression equation is 
Yield4 • - 17890 + 135 JD - 0.235 J02 

Predictor Coef Stdev t-ratio p 
Constant - 17890.0 840.2 -21 .29 0.000 
JD 135.332 5.548 24.39 0.000 
JD2 -0.235201 0.009086 -25.89 0.000 

s = 18.74 R-sq "'99.8% R-sq(adj)::..: 99.7% 

Analysis of Variance 

SOURCE OF SS MS F p 
Regression 2 652706 326353 929.54 0.000 
En-or 4 1404 351 
Total 6 654111 

SOURCE DF SEQ SS 
JD 417460 
JD2 235246 
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Site: HILLSTON 

Regression Analysis - Hillston 

MTB >Name clO = 'JD2' 
MTB >Let 'JD2' ='JD'* 'JD' 
MTB >Name cl I= 'FITSI' cl2 = 'COEFI' 
MTB > Regress 'Yield4' 2 'JD' 'JD2'; 
SUBC> Fits 'FITS I'; 
SUBC> Coefficients 'COEF I'. 
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*NOTE* 
*NOTE* 

JD is highly correlated with other predictor variables 
J02 is highly correlated with other predictor variables 

The regression equation is 
Yield4 = - 17765 + 135 JD - 0.236 JD2 

Predictor Coef Stdev t-ratio 
Constant -17764.9 517.0 -34.36 
JD 135.222 3.414 39.61 
JD2 -0.235672 0.005591 -42.15 

s = 11.53 R-sq =99.9% R-sq{adj) = 99.9% 

Analysis of Variance 

SOURCE OF SS MS F p 
Regression 2 695453 347727 615.76 0.000 
Error 4 532 , , ... 

..).) 

Total 6 695985 

SOURCE OF SEQ SS 
JD 459264 
JD2 236189 

p 
0.000 
0.000 
0.000 
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Appendix 2.1: Climatic Data 1993/94 - 1995/96 

Appendix 2.1.1: 

Climatic Data for Myall Vale Weather Station -26 Year Average 

Rain Evaporation Average Average Radiation Average Average Total Accumulated 
(mm) (mm) Daily Daily (Langley) Soil Relative Growing Growing 

Maximum Minimum Temperature Humidity Day Day 
Temperature Temperature (OC) (%) Degrees Degrees 

(OC) (OC) 

Oct 51.4 6.7 25.9 12 493 17.6 57 223 223 
Nov 57.S 8.9 29.S IS.I 570 21.3 53 308 531 
Dec 54.7 10.5 32.2 17.8 605 24.4 54 403 934 
Jan 103.9 9.5 32.5 19.2 590 25.6 60 430 1364 
Feb 56.6 8.7 32.5 19.3 547 25.5 63 390 1754 

Mar 50.2 7.6 30.l 16.8 484 23.2 62 355 2109 
Apr 28.7 5.6 26.4 12.2 380 18.8 63 228 2337 
May 43.5 3.6 21.2 7.9 278 14.1 70 142 2479 

Total/mean 446.S 61.1 28.79 15.04 3947 21.31 60.25 2479 2479 
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Appendix Table 2.1.2: 

Climatic Data for Myall Vale Weather Station 1993/94 

Rain Evaporation Average Average Radiation Average Average Total Accumulated 
(mm) (mm) Daily Daily (Langley) Soil Relative Growing Growing 

Maximum Minimum Temperature Humidity Day Day 
Temperature Temperature 

(OC) (OC) 
(OC) (%) Degrees Degrees 

Oct 73.8 6.1 24.9 11.7 477 16.6 61 219 219 

Nov 33.3 9.1 30.3 14.8 597 20 51 315 534 

Dec 76.5 9.3 30.7 16.8 585 21.3 49 370 904 

Jan 7.2 11.3 35.6 19.l 664 21.6 46 477 1381 

Feb 122.l 7.3 30.8 19.2 447 22.2 67 364 1745 

Mar 56.I 4.8 27.3 14.3 461 19.8 64 281 2026 
Apr 6 3.4 27.3 10.9 395 15.5 58 240 2266 
May 0 1.5 23.2 5.5 315 9.3 54 176 2442 

Total/mean 375 52.8 28.76 14.04 3941 18.29 56.25 2442 2442 
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Appendix Table 2.1.3: 

Climatic Data for Myall Vale Weather Station 1994/95 

Rain Average Average Radiation Average Total Accumulated 
(mm) Daily Daily (Langley) Soil Growing Growing 

Maximum Minimum Temperature Day Day 
Temperature Temperature (OC) Degrees Degrees 

(OC) (OC) 

Oct 34.5 28.0 11.4 273 16.4 273 273 

Nov 48.0 30.3 16.3 345 19.6 3.l5 618 

Dec 18.4 34.l 19.3 456 22.1 456 1074 

.Jan 264.0 29.9 19.0 386 22.4 386 1461 

Feb 2:n. 30.2 18.3 342 22.5 342 1803 

Mar 2.7 31.0 15.2 349 20.0 .349 2152 

Apr 1.5 25.3 9.4 205 14.2 205 2357 

May 76.5 21.4 10.6 139 139 2497 

Total/mean 467.8 28.8 14.9 117049 30.0 2497 2497 

Appendix Table 2. l.4: 

Climatic Data for Myall Vale Weather Station 1995/96 

Rain Evaporation Average Average Average I Total Accumulated 
(mm) (mm) Daily Daily Soil , Growing Growing 

Maximum Minim um Temperature! l)ay Day 
Temperature Temperature (oq I Degrees Degrees 

(OC) (OC) 

Oct 57 152 26.7 12.8 16.6 239 239 

Nov , ,'J 
~- 157 29.8 16.3 19.5 330 570 

Dec 72 187 30.3 16.2 21.3 349 918 

Jan 424 167 30.8 19.0 23. I 399 1317 

Feb 24 170 30.J 16.6 22.0 330 1646 

Mar 72 165 30.0 15.0 18.6 32.6 1972 
Apr 5 116 25.9 9.4 14.0 168 2140 

May 65 190 24.2 11.5 14.8 32.6 2466 

Total/mean 851 1303 28.5 14.6 18.7 2466 2466 
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Appendix Table 2.1.5 

Climatic Data for Emerald DPI Weather Station 1994/95 
Rain Evaporation Average Average Total 
(mm) (mm) Daily Daily Growing 

Maximum Minimum Day 
Tempera tu re Temperature Degrees 

(OC) (OC) 

Sept 0 237 29.5 12.5 283 
Oct 30 251 ~., ~ 

J-.J 16.7 375 
Nov 15 329 35.0 18.8 448 
Dec 12 300 35. I 20.6 476 
Jan 84 276 34.9 21.8 491 
Feb 149 182 32.7 20.6 410 
Mar 6 231 35.3 20.8 465 
Apr 40 196 30.7 16.2 345 

Total/mean 336 2002 33.2 18.5 3293 

Appendix Table 2.1.6 

Climatic Data for Dalby DPI Weather Station 1994/95 

Rain Evaporation Average Average Total 
(mm) (mm) Da ily Daily Growing 

Ma ximum Minimum Day 
Temperature Temperature Degrees 

(uC) (OC) 

Oct 23 194 27 .?. 10.2 109 
Nov 12 167 31.4 15.0 304 
Dec 33 177 32.4 16.4 378 
Jan 152 161 30.8 17.5 376 
Feb 71 119 29.0 18.0 322 
Mar 31 144 31.0 15.3 334 
Apr 6 102 26.9 9.1 88 
May 39 62 22.7 9.8 106 

Total/mean 366 l 126 28 .9 13.9 2018 

Accumulated 
Growing 

Day 
Degrees 

283 
667 
11 15 
1606 
21 lS 
2529 
3010 
3355 

3293 

Accumulated 
Gr·owing 

Day 
Ocg rccs 

109 
413 
791 

1166 
1488 
1823 
1911 
20 18 
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Appendix Table 2.1. 7 

Climatic Data for Trangie Research Station Weather Station 1994/95 

Average Average Total Accumulated Accumulated 
Daily Daily Growing Growing Growing Day 

Maximum Minimum Day Day Degrees 
Temperature Temperature Degrees Degrees (33 year 

(OC) (OC) mean) 
Oct 26.1 10.6 235 235 189 

Nov 28.7 14.6 304 539 273 
Dec 34.4 19.0 460 999 377 
Jan 29.2 18.8 373 1373 415 

Feb 30.7 17.1 334 1706 350 
Mar 28.3 13.7 303 2009 302 
Apr 18.4 7.6 

Total/mean 27.1 13.3 2009 2009 1905 
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Appendix 2.2: Agronomic Calendars for Hail Trials 
(1993/94 - 1995/96) 

APPENDIX 2.2: 

SITE: 

TRIAL : 

VARIETY: 
PLANTING DATE: 
PLANTING RA TE: 

FElfflLISERS: 

CROP HISTORIES 

"Arundal" Dalby (Field 4) l 994195 

Pix Growth Regulator Trial 

Coloured Cotton 
12- I 3/10/94 
14 kg/ha(JO Plants/m) 

DATE TYPE 
Au2-94 I. Anhvrous Ammonia 
29-30/ I l/94 2. Urea 
12/01/95 3. Urea+ SF90 

4. 

Refer Chapter 2 (2.4) 

RATE (per ha) 
140 units 
60 units 
12 + 5 kl?. (Foliar) 

~ HERBICIDES: 12-13/10/94 1. Stomo + Cotoeard 4.5 + 5.5 litres (50% band) 
2. 
3. 
4. 

GROWTH REGULA TORS: 1-15-/0_2_19_5 _ _.,1-1-· +-IP-ix_· ----- - ----+--+-11-·o_i_itr_e_s ____ --1 

INSECTICIDES: 12110/94 1. Temik 3 kQ 

25111/94 2. Endosulfan EC 2. l litres 
5112/94 3. Endosulfan EC 2.1 litres 
11/12/94 4. Endosulfan UL V 3.0 litres 

Do 
15/12/94 5. Endosulfan + Larvin 3.0 + 1.0 litres 
23/12/94 6. Decis + Larvin 3.5 + 0.65 litres 
4101195 7. Decis + Larvin 3.5 + 0.65 litres 
12101/95 8. Decis + Larvin 3.5 + 0.60 litres 
2610 1195 9. Oecis + Larvin 3.5 + 0.60 litres 
5102195 10. Oecis + Lannate 3.5 + 1.0 litres 
13102195 11 Decis + Lannate 3 .5 + 1.0 litres 

12. 

D DEFOLIATION: 30/04/95 I. Dropp + DC-Tron + Prep 10011. + 1.5 + 1.0 litres 
2. 
3. 

IRRIGATION DATES: 

PICKING OATES: I 1. 124/05/95 

NOTES: 
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Appendix 2.2: Continued 

APPENDIX 2.2: 

SIT£: 

TRIAL: 

VARIETY: 
PLANTING DA TE: 
PLANTING RATE: 

FERTILISERS: 

llERBICIDES: 

Gn.OWTH REGULA TORS: 

INSECTICIDES: 

DEFOLIATION: 

IRRIGATION DA TES: 

PICKING DATES: 

NOTES: 

CROP HISTORIES 

"Abbey Green" Narrabri (Field 7) 1994195 

Pix Growth Regulator Trial 

Sicala VI 
14/10194 
30 plants seeds permetre 

DA.TE TYPE 
15/09/94 1. Urea (2round ri2) 
27/11/94 2. Ocean Fish Foliar 
11/01195 3. Ocean Fish Foliar 
15101195 4. Urea (air) 
16101195 5. Ocean Fish Foliar+ Zinc 

2/10/94 1. Cotov,ard 
14/10/09 2. Cotogard + Gcsagard 
26/01195 3. Gesag:ard 

4. 

12/02/95 l. Pix 
4/03/95 2. Pix 

3. 
4. 

14/I0/94 I. Temik 
27/11/94 2. Endosulfan + Dioel 
20/12/94 3. Karate ULV + Larvin +DC-Tron 
1/01/95 4. Bulldock + Larvin +DC-Tron 
24/01/95 5. Thiodan UL V + Larvin + DC· Tron 
7102195 6. Larvin + Ro1wr + Primmabutf + 

Synertrol 
12/02/95 7. Curacron + Svnertrol 
21/02/95 8. Bulldock + Larvin +DC-Tron 
4/03/95 9. Curacron + Svnenrol + Primmabuff 
16/03/95 10. Curacron + Primmabuff + Svnertrol 
27/03/95 11. Cruacron + Primmabuff ·t- Svnenrol 

23/04/95 I. Harvadc + DC-Tron + Preo 
8105195 2. Prep+ DC-Tron 
8/05/95 3. Harvade +DC-Tron+ Prep 

I. 1419194 (Pre·waterin2) 5. 
2. 16110/94 (Flushin$!.) 6. 
3. 26/12/94 7. 

4. Rain 2/1/95 8. 

I 1. 12915196 

I H•ilSoikc 211/95 
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Refer Chapter 2 (2.4) 

RA TE (oer ha) 
280 ke. 
1.0 litres 
1.0 litre 
86 kE! 
1.0 li1re + 0. 750 k!! 

2.0 Hires 
2.0 + 1.0 lilres 
3.0 litres 

0.5 litres 
0.35 litrcs 

5 kg 
2.0 litres 
3.25 + 1.0 + 0.75 litres 
2.5 + 1.0 + 1.5 litres 
3.1 + 1.0 + 0.9 litres 
2.5 + 0.5 + 0.2 + 0.5 litres 

2.0 + 0.5 litres 
2.7 + 1.0 + 1.3 litres 
I. 7 + 0.25 + 0.25 litres 
1.75 + 0.25 + 0.25 litres 
2.0 + 0.25 + 0.25 litres 

0.35 + 2.00 +0.3 litres 
2.5 + 2.0 litres 
0.35 + 0.50 + 2.00 litres 

24/02/95 
10/03/95 
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Appendix 2.2: Continued 

APPENDIX 2.2: CROP HISTORIES 

SITE: Lot 159 Will's Rd. Emerald 

TRIAL: Pix Growth Regulator Trial 

VARIETY: CS50 
PLANTING DA TE: 28/10/94 into moisture 
PLANTING RATE: 

TE TYPE DA 
FERTILISERS: Aug-94 I. Urea+ P +K+S 

18-21112/94 2. Anhydrous Ammonia (Water run) 

HERBICIDES: 

GROWTH 
lrnCULATORS: 

INSECTICIDES: 

DEFOLIATION: 

IRRIGATION 
DATES: 

PICKING OATES: 

3. 
4. 

IU 
I. 
2. 
3. 
4. 
s. 
6. 
7. 
8. 
9. 
10. 
11 
12. 

IU 
1. 24/9/94 Prc-waterin~ 
2. 20-25/11194 
3. 8/12/94 
4. 18-21/12/94 

I 1. 121/03/95 = 

Refer Chapter 2 (2.4) 

RATE ( [per h a) 
180 + 40 + 40 + 10 kg 
50 units 

11 

11 

I I 
5. 27-J 1/12/94 
6. 
7. 
8. 

NOTES: Hail damage 18/12/94 whilst irrigating and applying anhydrous. 
Limited water saw crop cut off before full maturity of late set bolls. 
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Appendix 2.2: Continued 

APPENDIX 2.2: 

SITE: 

TRIAL: 

VARIETY: 
PLANTING DA TE: 
PLANTING RA TE: 

FERTILISERS: 

HERBICIDES: 

CROP HISTORIES 

"Kimberley" Warren (Field 21) 1994195 

Pix Growth Regulator Trial 

cs 50 
23/ I 0/94 Replant 
9.5 plants per metre 

DATE TYP E 
8109194 1. Anhydrous Ammonia 
20/12/94 2. Anhydrous Ammonia 

3. 
4. 

10/09/94 I. Treflan + Diuron 
23/10194 2. Stomp + Cotogard 
3101195 3. Diuron 

4. 

Refer Chapter 2 (2.4) 

R "E Al (per ha) 
53 kg 
60 kg 

2.0 + 2.0 litres 
3.0 + 4.0 litres 
3.0 litres 

GROWTH REGULA TORS:,1-J-l/_0_11_9_5 _1-11-: +IP-ix----------+---+-10-.6-lit-re_s ____ ~ 

INSECTIClDES: 23110194 I. Temik 3 kg 
1/12/94 2. Endosulfan EC 2.1 litres 
4/12/94 3. Endosulfan EC 2.1 litres 
17112/94 4. Endosulfan UL V 2.0 litres 
20112/94 5. Larvin 2.0 Litres 
lO/Ol/95 6. Dominex ULV + Methomyl 2.5 + 0.5 litres 
31101/95 7. Karate + Parathion 0.42 + 2.0 litres 
10102/95 8. Larvin +DC-Tron 2.0 + 3.0 litres 
16/02/95 9. Curacron + Methomvl 2.0 + 1.0 litres 
27/02/95 IO. Dominex + Comite 0.5 + 2.5 litres 
18/03/95 11 Curacron UL V 4.0 litres 

12. 

DEFOLIATION: 6104195 1. Harvade + Catapult 0.35 + 0.5 litres 
14/04/95 2. Salt I g litres 
20/04/95 3. Salt 20 litres 

IRRIGATION DAT£S: I. 29/8/94 Pre-watering 5. 11102/95 
2. 12112194 6. 28/02/95 I 
3. 1101195 7. 14/03/95 
4. 20/01/95 8. I 

PICKING DA TES: I 1. I 10/05/95 

NOTES: Hail damage 211195. 
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Appendix 2.2: Continued 

APPENDIX 2.2: CROP HISTORIES Refer Chapter 2 (2.4) 

SITE: "Carnavon" Mullaley (Field 3) 1994/95 

TRIAL: Pix Growth Regulator Trial 

VARIETY: cs 189+ 
PLANTING l)A TE: I I - 1411 0194 
PLANTING RA TE: I 0-11 Plants per metre 

DATE TYPE RATE (per ba) 

FERTILISERS: Jul-94 1. Anhydrous Ammonia 160 k!!lha N 
2. 
3. 
4. 

HERBICIDES: S~p-94 I. Tridan 3.2 li1rcs 
Oct-94 2. Cotol!ard 3.5 litres (50% Band) 
Oct·94 3. Roundup CT 1.0 litres 

4. 

GROWTH REGULA TORS:r :='0=2=/9=5===:11=• :l'=ix==================:==:l=60=0=m=l=========~-ll. 
INSECTICmES: 11-14/I0/94 l. Temik 3 kg 

18111194 2. Endosulfan + Rogor 400 2.1 + 0.5 litres (50% band) 
13/12/94 3. Endosulfan + Larvin 2.1 + 0.5 litres (50% Band 
9/01195 4. Larvin 1.0 litres 
10/02195 s. Curacron 
20/02195 6. Endosulfan + Condor 2.1 litres 
25/02/95 7. Curacron 
10103/95 8. Larvin +DC-Tron+ Ro1?.or 
26/03/95 9. Parathion 2.0 litres 

IO. 
11 
12. 

DEFOLIATION: I "'05195 I~ l'"E I 12.S Ii.., 

IRRIGATION DA TES: 11.1•·b~ry 
ll I 

!: :folxM•~h 

PICKING DATES: I 1. l1ut-9s 12. 

NOTES: 
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Appendix 2.2: Continued 

APPENDIX 2.2: 

SITE: 

TRIAL: 

VARIETY: 
PLANTING DATE: 
PLANTING RATE: 

FERTILlSERS: 

HERBICIDES: 

CROP HISTORIES 

"Wild Willows" Wee Waa (Field l I) 1994/95 

Pix Growth Regularor Trial 

cs 189+ 
I 0/ l J/94 
14 planrs per metre 

DATE TYPE 
10/09/94 1. Anhydrous Ammonia 
3/12194 2. Zinc + Iron + Urea 

3. 
4. 

3110/94 l. Treflan + Cotoran 
10110/94 2. Coto ran 

3. 
4. 

Refer Chapter 2 (2.4) 

RATE (per ha) 
160 kg N 
0.75 + 0.75 litres + 2kg 

2.5 + 2.5 litres 
3.0 litres 

GROWTH REGULA TORS:I f-1-6/-02-/-95--+1
3
-::--11f-P-ix---- ------+-- lf--0-.8-li-tr-es--- - ---i 

INSECTICIDES: 10/10/94 I. Thime1 3 kg 
3/\2/94 2. Endosulfnn 3.0 litres 
31112/94 3. Endosulfan + Larvin 3.0 + 0.5 litres 
3 111 2/94 4. Larvin 0.5 litres 
21/01195 5. Karate !· PBO 3.0 + 0.4 litres 
8102195 6. Karate ·~ Curacron 3.0 + 2.0 litres 
18/02/95 7. Karate + Curac:ron 3.0 + 2.0 litres 
1103195 8. Karate + Curacron 3.0 + 2.0 litres 
12103195 9. Karate + Curacron 3.0 + 2.0 litres 
27/03/95 10. Karate + Roger 0.36 + 0.5 litres 

11 
12. 

DEFOLIA TlON: 15/05/95 I. Salt + Harvade + Prep 20 + 0.3 + 0.5 li tres 
24/05/95 2. Sall 20 litres 

3. 

IRRIGATION DA TES: 1. 2/12/94 5. I 0103195 
2. 24/12/94 6. 24/03/95 
3. 10/02195 7. 12104195 
4. 24/02195 8. 

PICKING DATES: It. It 5/06195 (Rain delayed) 

NOTES: No1e rain and wet weather following hail damage on 2/l/95 
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Appendix 2.2: Continued 

APPENDIX 2.2: CROP HISTORIES Refer Chapter 2 (2.4) 

SITE: Auscott Narrabri (Field 22) 1995/96 

TRIAL: Growth Regulator Trial 

VARIETY: Sicala V2 
PLANTING ))ATE: 111I0/95 into moisture 
PLANTING RATE: 10.6 plants per metre or 13.9 kg/ha 

DATE TYPE RATE (per ha) 
FERTILISERS: May-94 I. Urea 30 units 

Jul-95 2. Urea 30 units 
Nov-95 3. Urea 30 units 

4. 

HERBICIDES: 23/08/95 I. Tretlan + Diurex 2.89 litres+ 0.96 kg 
11110195 2. Cotoran + Diurex 4.0 litres + 0.5 kg 

3. (50% band) 
4. 

GROWTH REGULATOH8' 1~-t--t-1u - -1--t-11 -----i 

lNSEC ff CIDES: 

DEFOLIAT ION: 

IRRIGATION DATES: 

PICKING DATES: 

NOTES: 

29/ 12/95 t. Thiodan + BT + DC-Tron 3.0 + 0.5 + 1.5 li tres 
19/01196 2. Curacron ULV 3.5 li tres 
24101196 3. Larvin + Dipel + DC-Tron 3.8 + 0.75 + 0.5 litres 
29/01/96 4. Decis + PBO 3.5 + 0.34 litres 
3/02/96 5. Decis + Comite 2. 7 + 2.5 litres 
18/02/96 6. Larvin + Comite + Dipcl 2.5 + 2.4 + 0.5 litres 
1/03/96 7. Larvin + Delfi n+ DC-Tron 2.0 + 0.5 + 2.5 litres 
8103196 8. Decis + Parathion 3.8 + 2.4 litres 
14/03/96 9. Parathion + Dipel + DC-Tron 2. 5 + 0.5 litres 

10. 
ti 
12. 

21/04/96 1. Dropp ULV +DC-Tron 0.35 + 2.5 litres 
26104196 2. Drooo ULV +DC-Tron 0.26 + 2.0 litres 

3. 

2. 5/03/96 IU 
I 1. I 1015196 (Rain delayed) 12. 

Applied Nitrogen equals 144 units available to the plant as 
with skip row planting, 62.5% of area is planted. 

Rain 561 mm from November to February. 
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Appendix 2.2: Continued 

APPENDIX 2.2: 

SITE: 

TRIAL: 

VARIETY: 
PLANTING DATE: 
PLANTING RATE: 

FElHILISERS: 

H £ RJJ IC!DES: 

CROP HISTORIES 

"Coolabah" Field I Merah North 

Growth Regulator Trial 

cs so 
8110/95 
12 plants per metre 

DATE TYPE 
24/0S/95 I. Urea 

2. 
3. 
4. 

20109195 1. Treflan 
23109195 2. Diuron 

4/10/95 3. Cotoran 
4. 

Refer Chapter 2 (2.4) 

RATE (per ha) 
100 units 

2.8 litres 
2.0 litres 
2.0 litres 

C ROWTll RECUl.A TORS' 11---21_0_21_96-llf-~-·: +-IP-ix_· - ---------+-+-l'-o_o_m_1 _ ____ --l 

INSECTICIDES: 4/10195 I. Lorsban 1.0 litres 
17/l l/95 2. Endosulfan UL V 2.0 litres 
2/12/95 3. Endosulfan UL V 3.0 litres 

15112195 4. Talsrar 0.80 litres 
31/12/95 5. Karate+ Larvin 3.5 + 0.5 li tres 
16101196 6. Larvin + Ro.gor 2.0 + 0.5 litres 
25/01/96 7. Curacron 3.5 litres 
3/02/96 8. Karate+ Comite 0.42 + 2.5 litres 

14/02/96 9. Larvin + Rogor 2.0 + 0. 5 litres 
23/02/96 10. Larvin + Ro,Ror 2.0 + 0.5 litres 

4/03/96 11 Comite + Karate 2.5 + 0.42 litres 
28/03/96 12. Larvin + Regor 2.0 + 0.5 litres 

DEfOLIATION: 18/03/96 I. Dropp Ultra + Prep 0.20 + 2.5 litres 
I l/04/96 2. Dropp Ultra 0.30 litres 

3. 

IRRIGATION DA TES: l. 8/10/96 (waterin_g up) 5. 
2. 21112/95 6. 
3. 20/02196 7. 
4. 11/03196 8. 

PICKlNG DATES: I 1. I 20105/96 12. 

NOTES: 
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Appendix 2.2: Continued 

APPENDIX 2.2: 

SIT£: 

TRIAL: 

VARl£.TY: 
PLANTING OATli: 
PLANTING RATE: 

FERTILISERS: 

HF,RBIClf>F:S: 

CROP HISTORIES 

"Wiilawood" Merah North (Field 9) 1995/96 

Pix Growth Regulator Trial 

Sicala V2 
18/10/95 
16 Plants per metre into mois1ure 

0 TE A TY PE . 
30107195 }. Anhvdrous Ammonia 
19/01196 2. Nitram 

3. 
4. 

28/08/95 I. Tritluralin 
28/09/95 2. Diuron 

3. 
4. 

Refer Chapter 2 (2.4) 

R 1'£ A • (per ha) 
120 Units 
SO units 

2.8 litres 
3.0 litres 

GROWTH REG U LATORS: I ~7-/0_3_/9-6--li.;,..l.;...· 4-IP-ix----------+---+1-l.-O-li1-re_s _ ___ _ 

INSECTICIDES: 111 2195 I. Endosulfan UL V 3.0 litres 
18112195 2. Talstar 0.8 1 litres 
6101196 3. Bulldock ULV 2.5 li tres 
26/01/96 4. Curacron UL V 3.5 li tres 
21102/96 s. Larvin + Ro!!.or 2.0 + 0.5 litres 
2/03/96 6. Larvin '.!.O litres 
12/03/96 7. Comite + Karare ·•· Rogor 2.5 + 0.4 + 0.5 litres 
26103196 8. Talstar + Rogor 0.8 + 0.5 litres 

9. 
10. 
11. 
12. 

DEFOLIATION: 16/05/96 I. Drooo Ultra 0.35 litres 
29/05/96 2. Salt + Rcglonc 16 + 1.0 litres 

3. 

IRRIGATION DATES: I. 22112195 s. 
2. !Plus 5 waterings 6. 
3. 7. 
4. 8. 

rlCK!N G DATES: J 1. I 
NOTES: 
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Appendix 2.2: Continued 

APPENDIX 2.2: 

SITE: 

TRIAL: 

VARIETY: 
PLANTING DA TE: 
PLANTING RATE: 

FERTILISERS: 

0 
HERB!Cm£S: 

u GROWTH REG ULATORS: 

INSECTICIDES: 

DEFOLIATION: 

IRRIGATION DATES: 

PICKING DATES: 

D NOTES: 

0 

CROP HISTORIES 

Leitch's Block (C. S. l. R. 0 . Trial Blocks) 1993/94 

Pix Growth Regulator and Nitrogen trial 

Siokra L23 
8/10/93 
IS kg/ha 

DATE 
23/08/93 

TYPE 
1. Anhydrous Ammonia I 

3112193 2. Urea side dressed on trial treatments 
3. I 
4. I 

8110/93 I. Cotoran + Stomp + Round-Up 
2. 
3. 
4. 

20/01/94 I. Pix on trial treatment areas 
22/02/94 2. Pix on trial treatment areas 

3. 
4. 

l/02194 1. Helix 
22/02/94 2. Dipel 
26/02/94 3. Curacron + Helix 
4/03/94 4. Curacron 

s. 
6. 
7. 
8. 
9. 
10. 
11 
12. 

I. 4101/94 s. 
2. 20/01/94 6. 
3. 5/02/94 7. 
4. 8. 

I 1. l61os/94 12. 

Hail Damage 2111 l/93. 
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Refer Chapter 2 (2.5) 

RATE ( h ) ,per 3 

180 kg N 
50 units 

2.0 + 3 .4 i· 1.0 litres 

2.5 litres 
3.0 li tres 
1.5 + 2.0 litres 
2.0 litres 

I 
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Appendix 2.2: Continued 

APPENDIX 2.2: 

SITE: 

TRIAL: 

VARI ETY: 
PLANTING DATE: 
PLANTING RATE: 

FERT ILISE RS: 

HERBICIDES: 

GROWTH REGULA To n s: 

INSECTI ClDES: 

DEFO LIATlON: 

IRRIGATION DATES: 

PICKING DATES: 

NOT ES: 

CROP HISTORIES 

"Myall Vale" Narrabri (Field 2 1) 1993/94 

Pix Growth Regulator and Nitrogen Trial 

cs 189 
28/09/93 

DATE 
Aug-94 
3112/93 

28/09/93 

22/01/94 
22/02/94 

TYPE 
1. Anhydrous Ammonia 
2. Urea applied to trial treatments 
3. 
4. 

I. Fluorometron + Stomp 
2 . 
3. 
4. 

1. Pix applied to crial treatments 
2. Pix appl ied to tr ial treatments 
3. 
4. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

8. 
9. 
10. 
11 
12. 

1. 2/12193 
2. 23112/93 
3. 1101194 
4. 14/01/94 

I 1. l26/04!94 

Hail storm 2 1/11/93 . 

21 6 

Rerer Chapter 2 (2.5) 

RA TE (per ba) 
157 units 
50 units 

4.2 + 3.0 li tres 
(40% band) 

s. 27/0 1/94 
6. 11/02/94 I 
7. 
8. I 

12. 
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Appendix 2.2: Continued 

SITE: 

TRIAL: 

VARIETY: 
PLANTING DATE: 
PLANTING RA TE: 

FERTILISERS: 

HERBICIDES: 

GROWTH 
nECULATORS: 

INSECTICIDES: 

DEFOLIATION: 

IRRIGATION 
DATES: 

PICKING DATES: 

NOTES: 

Auscott Narrabri (Field 5) 1995/96 

I. Response of Hail Damaged Cotton to Foliar Fertiliser 
2. Response of Hail Damage Cotton to Nitrogen and Foliar Zinc 

DTE A 
May-94 
Jul-95 
Dec-95 

22/09/95 
11/10/95 

18112/95 
8101196 
24/01/96 
29/01/96 
15/02/96 
26/02/96 
4/03/96 
12/03/96 
2/04/96 

13/04/96 

Seo-96 

1. 
2. 
3. 
4. 

1. 

2. 
3. 
4. 

I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11 
12. 

I. 
2. 
3. 

I. 
2. 
3. 
4. 

Sicala V2 
1211011995 
13-14 kg/ha 

TYPE 
Nitrogen as Urea 
Nitrogen as Urea 
Nitrogen as Urea 

Trcflan + Diurex 
Cotoran ·t· Diurex 

Thiodan UL V +BT+ DC· Tron 
Talstar+ BT 
Larvin + Dccis + Dipcl 
Decis + PBO 

Decis + Comite 
Decis +Delfin+ DC-Tron 
Larvin +Delfin+ DC-Tron 
Decis +Delfin+ DC-Tron 
Rogor (edge spray) 

Drooo + Preo 
Prep 

Pre-watering 
12102/96 
3/03/96 

5. 
6. 
7. 
8. 

1 i. t2s-2815t96 12. 

561 mm rain from Nov-Feb. (See rainfall records). 

RATE ( h) .Der a 
30 units 
30 units 
40 units 

2.9 litres+ 0.94 kg 
3.97 litres ·!- 0.5 k_g 
(50% band) 

3.0 + 0.5 + 1.5 litres 
0.8 + 0.5 litres 
I .0 + 3.5 + 0.5 litres 
3.5 + 0.34 litres 
0.7 + 2.5 litres 
3.5 + 0.5 + 1.0 litres 
2.0 + 0.5 + 2.5 litres 
3.5 + 0.5 + 1.0 litres 
0.3 litres 

3.S + 2.0 litres 
2.5 litres 
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Appendix 2.2: Continued 

APPENDIX 2.2: 

SITE: 

TRIAL: 

VARIETY: 
PLANTING DATE: 
PLANTING RATE: 

FERTILISERS: 

HERBICID ES: 

GROWTH REGULATORS: 

INSECTICIDES: 

DEFOLIATION: 

lRRIGA TION DATES: 

PICK ING DATES: 

NOT£S: 

CROP HISTORIES 

Australian Cotton Research Institute (Field 82) 1994/95 

Pix Growth Regulator and Nitrogen Trial 

Sicala V2 
10110/94 
I 5 seeds per metre 

DATE TYPE 
5108194 I. Anhydrous Ammonia 
16/12/94 2. Urea (to Treatment areas only) 

3. 
4. 

23/09/94 1. Stomo 
10/10/94 2. Cotoran 

3. 
4. 

24/01/95 I. Pix (to appropriate treatments only) 
16/02/95 2. Pix (to appropriate rreatments only) 

3. I 
4. I 

17/12194 I. Endosulfan + Rogor 
23/12/94 2. Tai star 
14/0 1/95 3. Larvin 
22/0 1/95 4. Talstar 
10/02/95 5. Curacron UL V 
24/02195 6. Larvin + Ro_gor 
5/03/95 7. Curacron UL V 

8. 
9. 
10. 
II 
12. 

Refer Chapter 2 (2.5) 

RATE (per ha) 
100 units 
50 units 

3.0 litres 
3.0 litres 

2.2 + 0.5 litres 
0.8 litres 
2.5 litres 
0.8 litres 
4.0 litres 
2.5 + 0.5 litres 
4.0 litres 

8/04/95 I. Dropp +Prep+ DC-Tron+ Harvade I 00 g + 1.3 + 2.0 + 0.3 litr 
2. I. 
3. I 

I. 29/9/94 Pre-watering s. 1103/95 
2. 20/12/94 6. 16/03195 
3. 12/01195 7. 
4. 13/02/95 8. 

12. 

Hail Damage Simulation 13/12/94. 
Pix and side dressed Urea were applied only to the treatments as per 
the trial plan. 

I 
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Appendix 2.2: Continued 

APPENDIX 2.2: 

SITE: 

TRIAL: 

VARIETY: 
!'LANTING DATE: 
PLANTING RA TE: 

F'ERTrLISERS: 

HERBICIDES: 

CROP HISTORIES 

Auscott Narrabri (Field 10) 1993/94 

Pix Growth Regulator and Nitrogen Trial 

Sicala VI 
1411011993 into moisture 
12.8 kg/ha 

D TE A TYPE 
24/08/93 1. Anhydrous Ammonia 
27/08/93 2. Urea flown on 
27/08/93 3. Urea flown on 

4. 

27108/93 I. Treflan + Diurcx 
14110/93 2. Cotoran 

4. 

Refer Chapter 2 (2.5) 

TE RA (per ha) 
JOO kgN/ha 
30 ke./ha 
30 kg/ha 

3.21 litres + 1.0 kg 

3.38 litres 

GROWTH RF.GULATORS:l1----lj-: 1------+-1--11------1 
~ INSECTIC:lDES: 13/12/93 1. Endosulfan UL V 3.0 litres 

27/12/93 2. Larvin L V + Dipel LS 0. 75 + 1.5 litres 

Do 
J 
D 

D 

D 

J 

DEFOLIATION: 

IRRIGATION DATES: 

PICKING DA TES: 

NOTES: 

31/12/93 3. Endosulfan ULV + Curacron + Dipel 1.5 + 3.51 + 1.5 litres 
17/01194 4. Curacron UL V 3.5 litres 
31/01194 s. Decis UL V + Divel LS 3.5 + 1.0 litres 
18/02/94 6. Curacron UL V 3.5 litres/ha 
24/02/94 7. Helix ULV 2.5 litres 
23/03/94 8. Dipel LS + Parathion 1.5 + 2.0 litres 

9. 
10. 
11 

12. 

11/04/94 1. Drooo + DC· Tron 0.1 k.e: + 2.0 litres 
15/04/94 2. Lea.fox 14 litres 
26/04/94 J. Leafex 14 lirres 

l. 22/12/93 5. 
2. 9/01/94 6. I 
3. 21/01/94 7. 
4. 5/02/94 8. I 

I 1. I 2105194 12. 
Hail Damage Simulated at R9.9 growth stage on 21/1/94. 
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Appendix 2.3: Product Labels 

Pix® 

CAUTION 
KEEP OUT OF REACH OF CHILDREN 

READ SAFETY DIRECTIONS BEFORE OPENING OR USING 

Plant Growth Regulator 
ACTIVE CONSTITUENT: 38 g/l mepiquat present as the chloride 

For the management of fruiting and 
vegetative growth in cotton . 

-------·-··----·-··· --
/JR A cflmp:my nf flnrchst ~nd $chfri" 
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Appendix 2.3: Product Labels (continued) 

Pix• 
- --- --- - - - - ---- -····--- - - - - ---

GENERAl INSTRUCTIONS 

MODE Of ACTION 
Pix is a foliar applied plant regulator wlllch modifies tho cotton plant 
by regulating 11.s growth pattern and behaviour. Pix may produce one 
or more of the foll owing ef!ecls ln conon. darker I eat colour, reduction 
of lnternodal lenglh. more open canopy, better boll retention, earlier 
maturity. Some of lhese effects may favourably Influence the yield 
potentW of tlla cotton plant 

) ucATION 
Pix as a crop management tool is besl applied as split • application 
'Mulliple low Rates· rather than a single applicalion. First spray should 
be applied early (early squaring} and repealed as suggested in lhe 
Directions for Use Table. 

APPLICATION METHOD 
May be applied by air or ground Bes! results can be obtained with 
total spray ·1olumes of at least 50 Ul1a tor aerial application and 150· 
200 L/ha !Qr applicatlon by ground rig 

MIXING 
Pix has an aqueous base and mixes readily with water. Add the required 
amount of Pix to the partly tilled spray tank and agitate to give even 
mixing. 

COMPATIBILITY 
Pix has been found to be compatible with the followlng Insecticides: 
Endosullan. Permethrin. Oeltamethrin. Fenvalerate. Methomyl. Care 
should be taken that there Is no con11ict in application techniques 
between Pix and the insecticide when applying products together. Do 
not tank·mlx with loliar lertllizers as the benefits lrom such mixes 
have not been estabtished. 

lODGING 
)der strong winds Pix·treated cotton that has set bolls packed lightly 

together 3gafost the stem may be more susceptible to lodging. 

PROTECTION OF WILDLIFE, FISH. CRUSTACEANS AND 
ENVIRONMENT 
Do not c.onlaminate dams, watervr.iys or drains with Pix or used containers. 

STORAGE AND DISPOSAL 
Slore in the closed, origlnal container In a dry, well-ventilated area, 
as cool as possible. Do not store for pro1onged periods in direct 
sunlight. Triple rinse containers before dfsposal. Adtl rinslngs to tank 
mix or dispose of rlnsate In a disposal pit. This pit must be away from 
aquatic areas and In a suitable area specifically marked and set up tor 
the purposa. Oo not dispose o! undiluted chemicals on·slte. Destroy 
empty containers by breaking, crushino or puncturing them. Dispose 
ot the containers at a local authority landfill that does not burn its 
reluse. II there is no local authority landllll readily avaUable In your 
area. bury the con tainers at a depth ol 500 mm or more at a licensed/ 
approved disposal site. In some States wastes can only be burled at a 
licensed landfill. Do not burn empty containers or product. 

SAFETY DIRECTIONS 
Avoid cor.lacl with eyes and skin. Wash hands alter use. 

FIRST AID 
II poisoning occurs, contact a doctor or the Poisons Information Centre. 

MATERIAL SAFETY DATA SHEET 
Acfditional information is listed in lhc Material Salety Oala Sheet 
avai lable lrom Hoechst Sche1lng AgrEvo Pty. ltd. 

I l'l 

CONDITIONS OF SALE 
AO condllions and warranties rights and remedies Implied by law or 
arising In contract or tort wtielher due to the negligence of BASF 
Australia Ltd. 01 otherwise are hereby expressly excluded so far as 
the same may legally be done provided however that any rights or the 
Buyer pursuant lo non excludable conditions of warranties of the Trade 
Practices Act 1974 or any relevant legislallon of any State are exprnssly 
preserved bul the liability of BASF Australia lid. or any Intermediate 
Seller pursuanl thereto shall l>e limfled II so permitted by lha said 
legislal!on 10 lhe replacement of the goods or the supply o! equivalent 
goods and all liability for indirect or consequential loss or damage or 
whatsoever nature Is expressly excluded. This product musl be used 
or applied slriclly in accordance with the Jnsrrucllons appeartno hereon. 
This product is sold solely for use in Auslralia and must not be exported 
without prior wrillen consent of BASF Australia Limited. 

NRA Approval No. 4 t 65114 721 

® Pix is a Registered Trademark of and ls produced by BASF 

DIRECTIONS FOR USE (For Us& In Old, NSW only) 

RESTRAINTS 
00 NOT apply to crops tha! have restricted growth due to drought 
st ress. waterlogging, nutrien t dellclency, poor soil structure or any 
other cause as this can result in a yield decrease. 

DO NOT apply 11 adequate lnsect and mite pest cohtrol and supply of 
water and nutrients later in the crop is In doubt, or ii "stresslno" ls a 
normal management practice. If severe drought conditions occur alter 
Pix application, Pix results can be unsatisfactory and/or yield decreases 
can occur. 

DO NOT apply Pix ii rainlall is expected wilhin 8 hours of appllcaUon 
as eHecliveness of Pix may be reduced. 

00 NOT apply lo new commercial varieties of cotton before checking 
with the mafl1Jlacturer. 

DIRECTIONS FOR USE TABLE: 

CROP PURPOSE APPUCATIOK CRITICAL COMMENTS 
RATE 

CO TI ON To regulate Splll •ppllc1Uon/ Mulllple low 
!rullinoand Rain. 
Vege1.11ivs Apply no more 111.ln 1.5 l In total, 
growlh spread over 2 to 3 application 

!Imes as suoaesled below: 

250 10 600 1st spray at: early squarlno • 
mUha squares the si ze ol match heads. 

250 to 600 ?nd spray al approxlmalely: 
mlJlia Isl flower 

250 lo 600 3rd spray al approxlmalaly: 
mlJha 14 days {2 weeks) later 

Control of 750 ml to Sll!Qlo 1pplle1Uon: 
excess I Uha Apply al 1st nower. Use this rate 
orowlh where crop grawth Is excesslw. 

NOT TO BE USED FOR ANY PURPOSE, OR IN ANY 
MANNER, CONTRARY TO THIS LABEL UNLESS 
AUTHORISED UNDER APPROPRIATE LEGISLATION. 
WITHHOLDING PERIOD: 
00 NOT APPLY LATER THAN 4 WEEKS BEFORE HARVEST. 

22 1 
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DIRECTIONS FOR USE: 
.AGITATE CONTENTS WELL 

BEFORE DIWTION 
SUITABLE FOR APPLICATION BY· 
Boom spray. trickle, sprinkler under lree 1el or aerial 

APPLICATION RATES: 
RATE 

CROP PEA Ha COMMENTS 

Tun 20 LI 200ml per 100m' 
Horllcul\ur•I \\o 2 Lt Cc<er 11\e loliage tho•ou9hly. 

allowing a small 1mount of 
run o!I 

F1u11 l1ees llo 3 LI 
-· 

Nurse ry 1 to2 Lt Oo not api>ly d1J11n9 heat 
Plants or the day. belore rain o r 

11119a1ron 

Broad Acre H02 L\ Ralio 10 wallr 
-Collon & In the range 

Grains l:S0-1:100 minimum 

Ra110 10 water - in lhe range - 1:50-1:100 
-aerial application - use maximum 

practical wa1er rates. 

NOTE: 'This product's ettectiveness mcreased when 
applied in conjunction with Supa Humus. 

NOTE: The a ges tes of a out 
be used as a guide only. Each !armer's climatic condillons 
and soil types w~I necessitate corrections lo maximise 
yields. Where possible, II is recommended thal regular leal 
{sap) lesls arv conduC1ed to determine adual plant nutnent 
avallability during each growing cycle. Soil 111sls at least 
once a ye11r are essen1ial. 

SOLE MANUFACT.lJREAS; 
AGAICHEM MANUFACTURING INOUSTRIES-PTY. LTD. 

PHOffE (07) 808 2464 "FAK: (OT) 808 4701 . 
51 RANOAU.."STAEET, SLACKS CREEK, Ot.O. 4127 

P.O. BOX 342, SPAINGWOOO. OLO. -4127 

HIGH ANALYSIS TRACE ELEMENT 
LIQUID IN A READILY AVAILABLE FORM 

C T NT 
~AIN 

0 TH 
MATURITY OF CROPS 

--:;itogeiher we._Grow· 
.. . ' . , _.Naturally" 

TRIPLE 
7 

:('(.:'; · , , An·· alys'-·1s· .. . ·. 
•: ,.;.•.:-:. . . . . - - ' . . -..:.· , ... 

NITROGEN (N) 

IRON (Fe) 
ZINC (Zn) 
COPPER (Cu) 
SULPHUR (S) 

Water: 
Total Solids: 

Biuret Maximum: 

as Urea 

as Ferrous Sulpflate 
as Zinc Sulphate 
as Copper Sulphate 
as Sulphate 

50.0% w.v. 
83.0% w.v. 
0.22% w.v. 

W.V. o/o 
7.0 

7.0 
7.0 
0.5 
7 5 

TRIPLE 7 is compatible with a wide range of 
commonly used spray chemicals. When mixing with 
other chemicals. always mix a small quantity and 
observe precipitation (fall out) in mixture If 
precipitation occurs, 00 NOT proceed wi th 
application. Should precipitaHon occur when mixed 
with N.P.K. lertil izer·s - use SUPA LINK as ~r 
labelled instructions. 

aigia, ha ndltn9 , m 1&l1'\9 

..,_,_. be tort . dVrl"9 
• a~ rtw P1rlou•'\.ance1 

_ _ .,..._ .. Ol"'fU''" l~"'-, .... "'91"'"' 
1UCh SA04'694. mu 11'\9. a pOlle• llOn. Ot UM ...... be .CC~ed unoet ..,, 
01cumst 1ncet wna&toeYel . • Ni ~ a..uumn ... reaoonst()tWV IOI 
vse ol the .,.,.,uc:l 

3 Thew e.on6•l~S e:an nol be modtf~d. v•fll9d or 1111raf'\t'ed oy ou• at•" 
~f!l:fllbUfOn Ot letU ler1.. w~nef or not11he\' M)~M Ot &Ul lt"lft 1f\e • 

t lora oo. Nnd'h1"'9. m1-.:1n<g Of use ol lhe QOOdi. • nd kle"'°' pe1.on11r-11111 
t>e, enhta.d 10 tne ben•f •l ol O a use 2' 

• MAXl .. VM Ll'IBILITY. L•O()olfty 1S lomn9d to,~,,,.,,, 0( la ully OOoO• 
on1y 

NETT 
CONTENTS 5 Litre 25 Litre 200 Litre 1000 Litre 

N 
Iv 
t..J 
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Appendix 2.4: Lint Quality Measurement 

Lint quality of samples was determined by the C. S. I. R. 0. Cotton laboratory at the 
Australian Cotton Research Institute, Narrabri. Results are produced by two high volume 
instruments (H. V. l.); a Shirley Development Ltd Fineness Maturity Tester (FMT3) and a 
Spin lab (Zellweger Uster) high volume instrument. 

The Shirley Development Ltd Fineness Maturity Tester (FMT3) works on the double airflow 
method. A t present, cotton is universally tested for micronaire but not for the indi vidua l 
components o f micro naire - fineness and maturity. Hence, there is no premiu m for desirable 
fi ne and mature cotton. Rather there is a penalty for low micronaire cotton (below 3.5) even 
though in some cases it may be fine but still mature. A monetary penalty is also imposed on 
cotton reading over 5.0, on the assumption that it is too coarse. Wide adoption of the FMT 
could correct these anomal ies, but the market trendsetter, the U. S. A., shows re luctance to 
routinely use the instrument. Precision of the fineness and maturity readings from the Shirley 
FMT is relati vely poor. The C. S. I. R. 0. carries out two tests on each sample which are 
averaged . 

l. Mat urity Ratio (Mat) 

This is an estimate of ce ll wa ll thickness to fibre diameter and is the Br itish form of 
expression of maturi ty. Spinners using faster machinery prefer finer cotton if it is also 
n1ature. Maturity is environmentally controlled and can be lowered by any factor causing an 
impediment to growth. 

Principle of operation - Sample is blended to open, c lean and randomise fibres. Readings of 
pressure drop across the sample of known mass are taken at two different compressions ( lo\\' 
compression and high air-flow followed by high compression and low a ir-flow). The high 
compression causes an increase in fibre surface area and the difference between the air 
permeabiliti es at the two different compressions is related to maturity. 

Units of measure: Ratio ( l .O is theoretical full potential but readings commonly go higher). 
Scale of Value: 

< 0.70 
0.70 - 0.80 
0.81 - 0.95 
> 0.95 

2. Percent Mature Fibres (PM) 

Immature 
Below average 
Average 
Above average 

The American form of expression and is directly converted from maturity ratio readings. 

Unit of measure: Percentage (N.B.: 
Scale of Value: 

< 60 
60 - 70 
71 - 83 
> 83 

87% = 1.0 mat. ratio). 

Immature 
Below average 
Average 
Above average 
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3. Fineness (F) 

Not a direct measurement but a linear density estimate of fibre perimeter. Directly related to 
maturity ratio readings. fineness is genetically influenced to a great degree. 

Unit of Measure: millitex (milligrams per metre). 
Scale of Measure: 

> 155 
155 - 165 
166 - 180 
181 - 190 
> 190 

Very fine 
Fine 
Average 
Coarse 
Very Coarse 

Prior to testing, a beard of fibres held randomly along their in a fibrocomb is manually 
prepared in an instrument called a fibreblender. This "beard" is then combed to straighten and 
parallel the fibres and brushed lo remove crimp. In the latest model of the instrument, the 
beard is formed automatical ly, rather than manually. Commercially, two tests are done on 
each sample and the resu lts meaned, however for greater accuracy C. S. I. R. 0 . do three. 

4. Length (Len) 

Of the two optional levels of expression, we currently use the upper hal f mean length 
(UHML) which is the mean length of the longest 50% of fibres in the beard. This gives a 
figure very close to the classcrs visually assessed staple length and slightly longer than the 
2.5% span length used by the C. S. I. R. 0. until 1993. Precision is good and is much more 
accurate than the classers' subjective assessment. Mean length (ie. mean of al l fibres) is also 
assessed lo determine length uniformity. 

Princip le of Operation: Mass of the beard is determined optically by meas uring light 
absorption. Dens ity readings are converted by software into a fibrogram from which length 
values are extracted. 

Unit of Measure: 
Scale of Value: 

Inches 

< 1.00 
1.00 - l.! 4 
1. 15 - 1.29 
> 1.29 

5. Length Uniformity Index (UI) 

Very Short 
Medium 
Long 
Extra Long 

Fibre length distribution is important. An excess of short fibres requires the yarn to be given 
greater twist resulting in a harsh feel and a slowing of the spinning operation. Measurement 
has relatively low precision, partly because fibres under 4 mm are not measured. For the 
same reason it is not a good indicator of short (below 13 mm) fibre content. 

Determination: Simply a ratio of mean length (ML) over upper half mean length (UHML). 

Unit of Measure: Percent. 
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< 75 
75 - 78 
79 - 82 
83 - 85 
> 85 
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Very low 
Low 
Average 
High (and desirable) 
Very high (and desirable) 

Prior to 1993, the C. S. I. R.0. used Uniformity Ratio (50% span length over 2.5% span 
length). Its scale of values was: 

< 4 1 Very low 
4 1 - 43 Low 
44 - 46 Average 
47 - 48 High 
> 48 Very high 

6. Strength or Tenacity (grams/tex) 

Fibre strength has become increas ingly important as faster spinning methods produce weaker 
yarn. The fi brocomb ho ld ing the beard is moved automat ically into the instrument a second 
time following the length test. (In the latest Spinlab model, two tests are perfo rmed in one 
pass). Clamps used to secure the beard prior to breaking are spaced 3 .2 mm ( l /8 inch) apa1i, 
ie. 3.2 mm gauge. Original strength testing instru ments (Stelometer and Pressley) used zero 
gauge but readings d id not relate as well with yarn strength. The level of expression the C. S. 
I. R. 0. use is called HVI strength and these readings are slightly lower than the optional 
Pressley level (used by the C. S. I. R. 0 . unti l 1993) and this in turn is 25% higher than the 
other optional level - Stelometer. (Conversion - Stelometer to Pressley = x 1.26, Stelometer to 
HVI == x I .25) . Readings have a relatively low precision and are strongly infl uenced by 
moisture content. 

Principle of operation: After clamps are positioned over the beard, the break is made using a 
stop motor, mass is calculated from the micronaire reading and break force is translated by 
microprocessor into engineering units. Final readings is linear density. 

Unit of measure: 
Scale of Measure: 

3.2 mm gauge 
Stelometer 
(gms/tex) 

< 19 
19 - 2 ! 
22 - 24 
25 - 27 
> 27 

Grams per tex (Tex = I OOOm of fibre) at H. V. I. level. 

3.2 gauge 0 mm gauge 
HVI (&Pressley) Pressley 
(gms/tex) (p.s. i.) 

< 24 < 77,000 Very Low 
24 - 26 77 - 83,000 Low 
27 - 30 84 - 90,000 Average 
31 - 34 91 - 97,000 High 
> 34 > 97,000 Very High 
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7. Elongation or extension (EL). 

Measured in the strength operation. The reading is the distance the fibres extend before 
breaking and is expressed as a percentage of fibre length. It is important in high speed 
processing and in determining fabric properties. The test has a relatively low precision and is 
not able to be routinely calibrated. 

Unit of Measure: Percent of fibre length 
Scale of Measure: 

< 5.0 
5.0 - 5.8 
5.9 - 6.7 
6.8 - 7.6 
> 7.6 

Very Low 
Low 
Average 
High 
Very High 

8. Micronairc (micrograms per inch) 

A measure produced in the first cycle (low compression, high air tlow) of Shirley FMT, 
although the test can also be done on the Spinlab instrument. Micronaire is a linear density 
express ion of fineness and maturity weighted roughly two th irds towards maturity. The 
reading is of limited value without knowledge of the components. Readings are highly 
repeatable. Two tests per sample are carried out on each sample. 

Principle of Operation: Surface area is assessed by forcing a metered air stream through a 
known mass of fibre in a chamber of known volume and recording the pressure differential. 

Unit of measure: Micrograms per inch. 
Scale of Yalu~ : 

3.5 to 5.0 accepted without penalty. 3 .2 - 3.8 is optimum for rotor spinning and 2.7 to 3.2 is 
optimum for friction and air-jet spinning provided the fibre is known to be mature. 
Realistically, though, readings below 3.5 are not consistently achievable from conventional 
upland cotton varieties without a deterioration in maturity . 



0 0 
,.., 1 -



0 
D 

0 
0 
u 

[} 

D 

J 

0 

0 

227 

APPENDIX 4. 1: 

Fruiting Pattern Trials - Crop Histories and Trial Designs 

T rial: 
T r ial Site: 

Trial Oesi}!n: 
Rep I 
I 
2 
3 
4 
5 
6 
7 
8 
9 

Rep 2 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Rep 3 
1 
2 
3 
4 
5 
6 
7 
8 

9 

Rep4 
I 
2 
3 
4 
5 
6 
7 

8 
9 

Cotton Seed Distributors Ltd. Cotton Variety Trial 
"Togo Station " Narrabri (Field 44) 1994/95 

Siokra 1-4 Pla ntine: Date: 
DP90 61 l0/94 watered up 
Siokra L23 
CS50 Plantinii: Rate: 
CS8S 15 kg/ha 
CSl89+ 
Sicala V2 Varieties: 9 
Siokra V15 Replicates: 4 
Exp 6 l 3 Rows/re p: 12 

Cropping History: 
CS I 89+ Fallow after wheat 
Siokra L23 
CS8S Herbicide Pro2ram: 
Sicala V2 2.81 l/ha Treflan pre plane 
DP90 2 I/ha Cotogard pre plant 
Siokrn l-4 I I/ha Cotogard post plant 
Exp 613 1.5 I/ha diuron post plant 
CS50 Fertiliser Program: 
Siokra V 15 120 un its N as NH3 pre plant 

Additio nal Comm ents: 
Sicala V2 3 kg/ha Thimet 
CS8S 
Siokra L23 
CS50 
Exp 613 
DP90 
Siokra 1-4 
CS189+ 
Siokra VI5 

Exo 613 
CS50 
Siokra L23 
CS8S 
Siokra 1-4 
CS l89+ 
Sicala V2 

DP90 
Siokra Vl5 

--

---·---
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APPENDIX 4.1: continued 

Fruiting Pattern Trials - Crop Histories and Trial Designs 

Trial: 
Trial Site: 

Tria l Desi!:!n: 
Rep I 
1 

2 
.., 
.) 

4 
5 
6 
7 

Rep2 
1 
:?. 

3 
4 

5 
6 
7 

Rep 3 
l 
2 
3 
4 
5 
6 
7 

Rep4 

I 
2 
3 
4 
5 
6 
7 

Cotton Seed Distributors Ltd. Cotton Variety Trial 
" Nandewar" Boggabr i (Field 2) 1994/95 

Siokra 1-4 Plantin!? Da te: 
CS8S 81l0/94 into moisture 
Siokra S324 
Sicala V2 Plantinl! Ra te: 
Siokra Y l5 13 kg/ha 
Exp 613 
Exp 523 Varieties: 7 

Replicates: 4 
Rows/reo: 16 

Siokra V 15 
Siokra S324 Croo oin11 H istorv: 
l?.xp 613 Fallow after barlev 
CS8S 
Sicala V2 Herbicide Pro2ram: 
Exp 523 3 I/ha Trenan pre plant 
Siokra 1-4 3 I/ha Cotogard pre plant 

3 I/ha Cotogard 30% band at plant. 

Exp 523 Fertiliser Pro2ram: 
Sicala Y2 125 uni ts N as NH3 ore l) lanl 

Siokra l -4 
Exp 613 Additional Commen ts: 
Siokra S324 5 kg/ha Thimet 
Siokra VIS 
CS8S 

Siokra S324 
csss 
Exp 523 
Siokra l-4 
Exp 6 13 
Sicala V2 
Siokra Yl5 
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APPENDIX 4.1: continued 

Fruiting Pattern Trials - Crop Histories and Trial Designs 

Trial: 
Trial Site: 

Trial Design: 
Rep I 

l 
2 
3 
4 

5 
6 
7 

8 
9 

Rep 2 
1 
2 

3 
4 
5 
6 
7 
8 
9 

Rep 3 

I 
2 
' .) 
4 
5 
6 
7 
8 
9 

Rep 4 

I 
2 
~ 
.) 

4 
5 
6 
7 
8 
9 

Cotton Seed Distributors Ltd. Cotton Variety Trial 
11 Coolabah" Merah North (Field 4B) 1994/95 

Siokra 1-4 Plantine: Date: 

DP90 4/10/94 into moisture 

Siokra L23 
CS50 Plantine Rate: 
CSl89+ 15 seeds/m 
Sicala V2 
Siokra V IS Varieties: 9 
Exp 613 Replicates: 4 

Exp 97 Rows/reo: 8 & 16 

Cronnin!! Historv: 

CS189+ Fallow after wheat 

Siokra Vl5 
DP90 Herbicide Progra m: 

Sicala V2 3 l/ha Stomp post olant 
Exp 97 3 I/ha Cotogard post plant 

Siokra 1-4 
CS50 
Exp 613 Fertiliser Pro!:!:ram: 
Siokra L23 120 units N as urea ore olanr 

15 units P + 15 units S Iha ore olant 
Additional Comments: 

CS50 
CSl89+ 
Siokra 1-4 
Sicata V2 
DP90 
Siokra V 15 
Exp 613 
Siokra L23 
Exp 97 

CS!89+ 
Siokra Vl5 
CS50 
Sicala V2 
Exp 613 
Siokra L23 
Exp 97 

DP90 
Siokra l-4 
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