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"plants speak to men but only
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'PREFACE

Several seasons trials at Lincoln College have helped proVide a
greater understanding of how the yield components of autumn sown wheat
are determined (Dougherty et al. 1974, 1975, 1978, 1979, Scott et al. 1973,
1977); Notwithstanding the importance of yield, when wheat is destined
for bread making in New Zealand a defined level of flour quality must be
attained (Hullet, 1964). Previously this aspect had not been Studiéd for
wheat growing on moisture retentive soils. Simi]af]y, monitoring plant
water uptake from these soils had not been examined. fhe research
reported in this thesis aims to estab]iéh more information specific to

the points mentioned above.

Chapter 1 dea]s.with éhanges in yield and yield components that

occur when different treatments are imposed during the growing period.

Chapter 2 studies the effects caused by the different agronomic

treatments on the various parameters of flour quality.
Chapter 3 monitors the pattern of subsoil water uptake}

These three chapters are not intimately dependent on each other so
they have been written as separate and entire units to keep all relevant
information together. Chapter 4 is the overall concluding discussion

encompassing all work reported in this Thesis./

!



CHAPTER 1

CHANGES IN WHEAT COMPONENTS OF YIELD AS
INFLUENCED BY VARIOUS AGRONOMIC TREATMENTS

1.1 INTRODUCTION

Wheat yield can vary due to many differént causes and in-each case
these are expressed through the harvest yie]d components. To help inter-

pret yield component relationships, patterns of growth should be analysed.

This chapter describes the trial and examines changes in the yield
and yield components that occur when different treatments are imposed

during the growing period.

1.2 REVIEW OF LITERATURE

In wheat (Triticum aestivum L.) yield is a function of the number
and ﬁeight of grains per unit area. The four b]ant paraﬁeters controlling
Ayie]d are ears per unit area, spike]ets per ear, grains per spikelet and
grain weight and this is also the order in which the components are
~initiated. However, their final determination can occuf in 6ver1apping,
sequence and this allows the opportunity for component compensatidn (Evans
& Wardlaw 1976) since a much greater capacity is laid down-than is
ultimately used. The scope for such compensation usualjy decreases with
ontogeny (Rawson & Bremner 1976). Since yield components are determined
at different times they can be differentially affected by variations in

the environment (Rasmusson & Cannell 1970).

Harvest ear numbers per unit area are derived from tiller numbers'
which reach their maximum around the end of the vegetative growth phase.
In standard wheat cultivars, double ridges and spikelet development
commences during the elongation of the shoot apex which is the start of the

rebroductive phase (Bonnett 1966). The maximum spikelet number is fixed



by the formation -of the apical or terminal spikelet but, before this
occurs, within spikelet differentiafion of those earliest formed spikelets
has already started (Fisher 1973); Not all 1nftjated florets continue
growth (Langer &'Hanif 1973) and undergo fe}tiiisation which is the
start of the grain filling procesQ. Grain.fi1ling was described by Jenner
& Rathjen (1972) as being mainly dependent on the rate and duration of dry
matter, or starch accumu]aiion. Over all these physio]ogibal stages of
plant growth tﬁe two main controlling environmental parameters are photo- |
period_and the gross seasonal change in temperature (Thorne 1973).
Besides these, large morphological variations can be induced by altering
agronomic managementvarhb]es such as nitrogen, water supply and plant

density. Often the resultant yield will be changed as well.

Although N hay be no more éssentia] than other elements required for
plant growth, it is consumed in Targer amounts than any other element
(Viets 1965). It is often the most limiting nutrient and one that may
influence all the yield components. Khalifa (1973) found that fertilizer
N generally influenced those yield components being determined during the
time of its application. Provided>N is supplied before stem e]ongatidn
andinfiorescenéeinitiation there will usually be an increase in the number
of tillers produced per plant (Jewiss 1972, Batey 1976). Even without N
it is known that autumn sown wheat can initiate mofe tillers than the plant

can maintain (Dougherty & Langer 1974). Consequently ear numbers at
‘harvest are determined by tiller survival, rather than tiller production,
and this phase occurs during stem elongation (Langer 1979, Clements et al.
1974).. It involves inter and intra-tiller competition, there being an
inverse relationship between final ear number per p]ant'and plant density
(Puckridge & Donald 1967, Willey & Holliday 1971). The main stem (the
oldest) normally provides fhe greatest contribution to yield (Rawson, 1971)

while the primary tillers contribution to yield and order of



survival follows their patterh of succession (Bunting & Drennan 1966,

Fraser 1978).

On a world scale, fluctuations in the amount.of soil water available
during crop growth is the single most important factor reétricting crop
yield. Water deficits have a limiting influence on yield (Begg & Turner
1976) énd supplying watéf to alleviate them may promote extra production.
The amount of reduction or increase will depend on the degree, duration and
Stage of cfop development. As with N, the plant water status is u]timate]y
reflected through the yield components so that those physiological processes
.being determined during the times of shortages or additions are the most
likely to be affected (Wilson 1974). With autumn-sown wheat in the
Lincoln enVironment, the ear]yti]]ering stages are not influenced by
irrigation on moderately water retentive soils (Scott et az. 1973) and it
is only from early September that evapotranspirat{on starts depleting soil
water (Walker 1956). Sa]tér & Goode (1967) and Drewitt (1974) acknowledge
.that if one irrigation is to be used then it should be applied at theltime
of booting. Here the effect is twofold; it promotes better grain set per
ear (Fischef 1973)'and it aids tiller survival. ‘Gkain‘Weight responée can
be variable and it has been shown to increase (Drewitt 1974) or decrease
»(Dougherty & Langer 1974) with irrigation.

The sowing rate for wheat {n South Canterburvaas determined at
between 100 and 200 kg ha-l'(McLeod 1960) as this range produced no
significant difference in yield. Scott et al. (1973) found that as the sow-
ihg rate increased from 50 to 150 kg ha'l‘the number of ears at harvest did
also, while Spike1ets‘pek ear and grain number per spikelet declined. Mean

grain weight was heaviest at the 100 kg ha'1 rate as was the grain yield.



1.3 MATERIALS AND METHODS

DESIGN:  The experiment'consisted of a3 x2x2x?2 factorial with 2

replicates of each treatment. The 2 x 2 X 2.1ntéraction with 1 degree of
freedom waé compTete]y confounded so that each block comprised 12 p]ots i.e.
the experiment was arranged in 4 blocks with one replicate in the first

two blocks and the other in the next two blocks. The four treatments and

their levels were as follows:

Early Nitrogen EO None
El 45 kg ha”}
E2 90 kg ha t
Late Nitrogen | LO None
L 45 kg ha”}
Irrigation 10 None
I1 Irrigated
Sowing Rate S0 250 viable seeds m2
s1 500 viable seeds m™2

LOCATION AND HISTORY: The site was on the Lincoln Coi]ege Henley Research
farm and previous ground cover was a fair stand of six year old lucerne. In
early autumn this was skim rotary hoed, ploughed and top worked to produce

the seedbed.

SOIL TYPE: The trial site was mapped as a Templeton silt loam complex by
Cox et a1. (1971) and a detailed analysis of this soil was undertaken by

Hart (1978). Evidence indicates that the soil was derived from flood

. alluvial sedimentation of the Waimakariri river system and this may have been

further complicated by contemporary aeolian depdsition. There was a contrast

of textural properties between the relatively fine sandy to silt loam in the



30 - 50 cm depth, to the lensoid sandy, silty and clay deposition in the

Tower profile region.

SOWING: Planting took place on 16 June 1977. Kopara seed treated with

an organomurcuric fungicide was drilled using a modified Duncan 700 Séed- :
Tiner having 10 coulters at 15 cm spacing. This was calibrated éccording

to the manual with the final sowing rates being adjusted for viability and
.seed weight factors. Sowing depth was around 3 cm and the final plot size
was 1.5 m wide by 50 m long. Between each plot was a buffer plot to_]imit'
the influence of‘]ateral movement of irrigation water or nitrogen. Drilling
250 viable seeds m2 represented apprOximéte]y 100 kg ha'l, the normal sow-
ing rate for this area (Scott et al. 1973). Kopara.i§ an autumn standard

height New Zealand bred cu1tivér and has been described by Copp & Cawley (1974

FERTILISATION: A basal application of superphosphate equivalent to 250

kg ha_1 was drilled with the seed at sowing. N as ammonium sulphate (21% N)
was ‘hand broadcast (0, 45, 90 kg ha;l) at the start of tillering and during

- early stem elongation (0, 45 kg ha'l) on 23 August and 2 November respectively.
The rates of N applied in August were established by Dougherty & Othman

(pers. comm.) using the soil N analysis and predictive‘procedures of Ludecke

(1974).

- JRRIGATION: Irrigated p]ots‘were reticuTated with a microtube trickle
system gravity fed from a header tank elevated 3.0 m above ground level.
There were three main lines (inside diameter 13 mm) ruhning 1engtﬁwise
through each plot and off each at 30 cm intervals on alternating sides were
25 cm long microtubes (inside diameter 0.05 mm) delivering 0.7 % hr'1 )

1.88 & m2 _;.

r
hr No attempt was made to exclude rainfall from all plots.
Irrigation was first used on 29 November which was 3 days before mid-

anthesis. A second was given 14 days later, the amounts applied each



irrigation being 73 and 47 mm'respective1y.

WEED, PEST AND INSECT CONTROL: The trial was aerially sprayed on °
2 September to control leaf blotch (septoria tritici) with a mixture of
Benomyl (320 g a.i. ha'l) plus Mancozeb (1280 g a.i. ha-l) and mineral

1).

spraying oil (0.5% v v~ As a preventative precaution a repeat of the

above fungicides plus Bandamine (2.5 1-a.i. ha-l) for broadleaf weed control

was applied on 23 September. ThroughoUt the rest of the growing season

the crop was noticeably disease, pest and weedrfree.

MEASUREMENTS:  Establishment population was determined three weeks after

- sowing when ten random 0.1 m2 quadrats were counted per plot.

The first destructive plant harvest was on 27 September and there-
after at fortnightly intervals until 3 January. On each occasion only
those p16ts having had their treatments applied were sampled and this was

achieved by digging the plant material from a 0.1 m2

quadrat and removing
it to the laboratory for analysis. Measurements recorded were the number
of plants, ti11ers and the leaf and stem fraction dryweights (after drying
at 75°C to constant weight). Before drying, a random subsamp]erof ten
plants was used to meaéure leaf area on a planimeter ana this was converted,
on a dry weight basis, to Leaf Area Index (LAI). Tiller numbers relate to
. those emerged from their subtending leaf sheath and maintaining at least
half their leaf photosynthetically functional. Stem, peduncle, ear
elongation and flag leaf aréa duration were reéﬁrded by sampling five main
stems from each plot at regular intervals. Samples were taken as required
to determine double ridges, ear emergence and anthesis. Dissected main-
stems were used.to define double ridge stage which is completed by the

formation of the terminal spikelet. Anthesis was judged as the first

appearance of extruded anthers on 10% of the total plot ears.



At harvest (25 January) 10 separate random 0.1 m?

quadrats per plot
were cut at ground level. Average height and ear number were determfned |
then the ears were severed.at the node beneath the basal spikelet so the
heads and straw of each plot could be pooled. Sterile and fertile spike-
lets were counted from auréndom subsample of 20 ears per plot before thresh-
ing. After 1000 grain weights were obtained, grain number ber spikelet

was calculated by_dividihg grains m~2 by spikelets m 2, Grain and straw
yfe]ds were expressed at 14% moisture content. A11 samples taken dﬁring

the wheat growing period were confined to the same half of each plot as the

other half was used to determine combine harvester yields. Harvest Index (HI)

refers to the grain weight : grain plus straw weight ratio.

The wheat quality tests are outlined in Section 2.3 and the soil

water measurements in Section 3.3.

1.4 RESULTS

The population esfabiishment counts were similar to the averaged
| plant numbers obtained from the 8 destructive harvests carried out during
the trial. HoWever the resultant populations wefe around 10% Tower than
those originally desired, with the Tow and high rates béing 223 and 445
p]ants-m'2 respectively (S.E. = 11.4). | |

The trial treatment application dates and the important physiological
periods encompassing yield component derivation and determination are

recorded in Fig. 1.1.

PLANT MORPHOLOGICAL CHANGES: Morphological plant height changes were
recorded during the stem elongation period (Figs. 1.1, 1.2). Higher rates
of early N did not alter final peduncle length but increased stem and ear
length (Table 1.2). Late N had no effect on any of these measurements even
though it was app]ied during the period of stem and-ear elongation and
before peduncle growth. The higher seeding density increased stem length

extension while reducingrjt for ear length with-the peduncle length being



[ DA S R D SR A D Y R NN SUUN TN 1 AN MUNSNNY NUNNNN SN N SN DU AN B S N B
‘l4‘ 21 28 4 11 18 25 2 9 16 23 30 6. 13 20 27 4 11 18 25 1 8 15 22 29

AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER JANUARY
1° Tiller Initiation Tiller Death-

Double Ridge Stem Elongation

Floret Growth

Spikelet Formation - Ear Emergence Grain Filling
Ear Growth Anthesis
_ IRRIGATION
EARLY N ’ LATE N ' 1 2

t A

Fig. 1.1: Time scale for the recorded plant physiological events and the trial treatments.
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Table 1.1
Ears
m—2
Early Nitrogen
E0O 480
El 53% L
E2 611
Late Nitrogen
' L0 542
L1 542
Irrigation
I0 531 NS
549
Sowing Rate
: SO 493
S1 591
S.E. ". 45
C.V. % 8.3
Significant None
interactions
' NS =
L =

Spikeliets
per ear

18.1
18.7 L
18.9

18.6
18.5

NS

18.4 s
18.7

18.8 4,
18.3

0.50
2.7

None

P> 0.05

Grain
no. per
spikelet

2.13
2.06 L
1.97

2.13

2.02 4
2.09

2.19 44
1.93

C.11

. 5.3

ExS **

Linear response P < 0.01

Grain no

per ear

38.5
38.6 NS
37.3

36.9 .4
39.4

37.3 4u
39.0

81.1 4
35.2

1.95
5.1

ExS **

*%

Grain yield components at harvest for all main treatments.

Grain wt.

(mg)

38.9
37.8 L
36.0

37.7

NS
37.4

37.3 4
37.8

38.0 L4
37.1

. 2.6
None

P < 0.05
P < 0.01

Grain yier
per ear

(9)

1.50
1.46 L
1.34

1.39 4,
1.48

1.48

1.56 44
1.30

0.08
5.4

ExS **

Grain
yield
(gm-2)

706
775 L
819

744
789

728 44

. 809

763
770

69
9.0

NS

None

oL
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unaffected (Table 1.2).

Table 1.2 Final stem; peduncle and ear lengths (a1l in cm) as

influenced by the applied treatments.

Stem Peduncle . Ear
(cm) (cm) (cm)
Early Nitrogen | ' _
' E0 51.7 - 31.1 _ 8.3
El 57.0 Q 30.1 NS 8.7 q
E2 56.9 29.1 ° 8.7
Late throgen . : , _ 7
LO 55.5 29.9 8.6
. NS NS NS
L1 - 54.9 29.6 8.5
Sowing Rate
' SO 53.3 29.4 © 9.0
k% - Ns . *k
S1 : 57.1 30.2 8.2
S.E. 2.3 1.5 0.2
C.V. % 4.2 5.0 2.8

There were no significant interactions.

Non significant P> 0.05

NS =

q = Quadratic response P < 0.05
Q = Quadratic response P < 0.01
* = P < (.05
** = P < 0,01

In all sequential harvests of biomasslthe two éar]iest applied
treatments, sowing rate and early N, clearly produced the most differences
in plant growth. The middle early N treatment will be 6mitted since it
was consistently intermediate between the other.two. As the ear]y N and
sowing rate treatments produced some interactions (Table 1.1), the E x S

interactions were used forAFigs. 1.3 to 1.7. Early N raised tiller numbers
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(Fig. 1.3), biomass and LAI (Figs. 1.5, 1.6, 1.7). There was only one
exception’and that was the 1ow-sowing rate where, in the absence of early

N, tiller dry weight at maturity was highest (Fig. 1.4)..

The Sowing.rate treatment was rei]ected in the morphdiogicai
parameters when they are studied on a per plant basis because of the
variance in plant populations. For example, dry matter per plant at the
low seeding rate irrespective of N level, tended to be dbout twice that of
the higher density (Fig. 1.5). On a per unit area basis however, the
sowing rate difference was not nearly so marked as can be seen by the bio-

2

mass m'z, tillers m © and LAI (Figs. 1.6, 1.3, 1.7).

Late N and irrigation was applied at later stages of plant growth.
No significant effect was observed by the Tate N until the Tast sampling
(3 January) when it extended LAI (Fig. 1.7)1 Similarly, by that date the -
only effect irrigation had was to cause an inerease in dry weight per

tiller and extend leaf area duration (Table 1.3, Fig. 2.1, Table 1.7).

The harvest biomass data are presented in Table 1.3. With increasing
rates of ear]y'N, straw and grain plus straw yields were significantly
boosted. HI declined however, as the increases in grain were less than
those obtained with the straw. Using late N or jrrigation significantly
increased HI. In the case of lTate N, straw and grain plus straw yields
were unaltered while with irrigation both these parameters were significantly
increased. At the high sowing rate, more straw was produced for the same

\

level of grain per unit area so that the HI was lower (Table 1.1, 1.3).

HARVEST YIELD COMPONENTS: Harvest yield demonstrated a significant

lTinear increase to additional rates of early N (Table 1.1) while Tlate N and
irrigation also raised the finei level. Despife'the large difference in

plant popuiations the final yields from both treatments were not significantly

/

different.
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Table 1.3 Straw, grain-and straw and harvest index for all main

o

treatments at harvest.

Straw "~ Grain and HI

(gm~2) straw (gm %) - (%)
Early Nitrogen . :
E0 730 1436 49.2
E1l g6 L . 1621 L 47.8 L
E2 933 1752 46.7
Late Nitrogen | |
LO , 833 B 1576 ©47.3
_ NS NS *k
L1 840 1629 48.5
Irrigation _
10 ‘ 809 1533 47.3
: * %k *k
11 864 1672 | 48.5
Sowing Rate . |
S0 812 1574 48.6
* NS ) ) k%
| 's1 " 861 1632 47.3
S.E. o 75 140 .0
C.V. % ' 9.0 8.8 2.1

There were no significant interactions.

NS = Non significant P > 0.05
L = Linear response P < 0.01
* = P < 0.05

*¥* = P <0.01

Increasing rates of early N caused the initiation of more tillers
(Fig. 1.3) with the result that significantly more survived at harvest
(Table 1.1). More sp%ke]ets'per ear were produced, although the extra
spikelets preseht were sterile (Table 1.4). There was also a significant
linear decline in grain number per spikelet and mean grain weight (Table

1.1).
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Table 1.4 Sterile, fertile and total spikelet numbers per ear at

- harvest.
Sterile Fertile - Total
spikelets. spikelets ~ spikelets
per ear per ear per ear
Early Nitrogen .
EO- 1.79 : 16.29 18.05
E1 2.08 L - 16.66 NS - 18.73 L
E2 2.23 16.69 18.92
Late Nitrogen
' ' L0 2.08 : 16.55 18.62
NS - NS NS
L1 1.99 16.55 18.51
Irrigation ‘
10 . 2.07 16.39 18.43
' NS NS NS
11 2.00 16.71 18.70
Sowing Rate 7
SO 1.92 ' 16.94 18.85
* *% *%k
S1 2.15 - 16.15 18.28
S.E. : 0.34 0.55 0.50
cV. % 5.6 3.3 2.7
Significant : ) *
interactions EXS None. None
NS = P > 0.05.
L = Linear response P < 0.01
* = P <0.05
** = P < 0.01

Late N was used after the completion of maximum tiller production
and spikelet formation (Fig. 1.1). Neither of sthese two components were
influenced by this treatment (Table 1.1) even though the tiller mortality

phase had not ended. Floret growth was occurring when the late N was
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applied and a significant increase was obtained in harvest grain numbers

per spikelet (Table 1.1).

Irrigation commenced just prior to anthesis and égain two weeks
later. At the time of the initial application, near the end of tiller
mortality and floret growth, there was no visual evidence of plant water
stress such as flaccidity or rolling of leaves. Irrigation had no effect
on eaf populations at harvest or spikelet number per ear but it did increase

grain number per spikelet and grain weight (Table 1.1).

The sowing rate difference was the only treatment applied at »
planting. At the high density, harvest ear population was significantly
-increased while the other three yield components all had significant

decreases compared to the lower sowing rate treatment.

Significant interactions from tables presented in this Chapter are

detailed in Appendix 1.

1.5 DISCUSSION

A high level of yield was maintained over all treatments with the

grand mean being 7.7 t ha™}

or more than twice the national average (Anon.
1976). The main objective was achieved insofar than many yield component
significant differences were induced through the treatments used.. When
studying the harvest results (Table 1.1) a high degree of p1astiéity can
be observed between the agronomic treatments and the harvest yield compon-
ents, although final yield may not necessarily have been quantitatively
altered. Yield component compensation is a feature of wheat crops

(Dougherty et al. 1974, 1975, Scott et al. 1973, 1977) and this phenomenon

will be analysed further, together with the changes in yield.

Development of each yield component commenced at a different stage

of plant growth but due to variation in their duration and cessation, over-
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'1apping phases occurred (Fig; 1.1). Although tillering was initiated
first, the number of spikelets is determined before final éar populations
are established. Final ear and floret numbers were largely detérmined

at anthesis. In all cases, except grain weight, there was an excess
initiation of cpmponents compared to their final harvest number. This was
illustrated clearly for tiller number in Fig. 1.3. With spikelet number
per ear itis expressed through the number of sterile spike1et§ (Table 1.4).
No record of the o§er - initiation of floret numbers per spikelet Was made,
but Langer & Hanif (1973)-havé verified its occurrence. Thus these three
components all rely more on survival once initiated rafher than initiated
_-numbers per se. While grain numbers can vary, the only change each grain
can undergo is in its éccumu]ation of dry weight. Yield dependé on the
weight of the number of grains pér unit area, this being a function of all
preceding inter and iﬁtra—p1ant competition. Grafius & Thomas (1971)
termed any buffering occurring between yield components as a sequential
strategy of the plant in the deployment of Timiting resources. They
believed it td be largely environmentally controlled through the determin-
ation of the initial component of the series. In this trial, ear number
sighificant]y dominated the harvest components of yie]d (Table 1.5) and
this has been found in similar trials (Dougherty et a1. 1974, 1979). ‘
Further evidence to support this is éhown in Table 1.1 for the sowing rate
treatment, where the high density reduced spikelets per ear before the

harvest ear number itself was finalised.

Individual analysis of the influence of these agronomic treatments
supports the generally held view on yield component compensation. By
applying early N at the start of tillering, the earliest derived tillers
would have received most benefit. These would be the mainstem, tiller one

and sometimes tiller two and these are the best ones to promote since they
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have the highest survival rate andheaviestyie]d.(Fraser 1978). Tiller
death occurred from late October to late November and mortality rates were
not significantly different for the 3 early N rates, averaging 64% (S.E. = 1.1)
which is in agreement, although considerably moYe.than Scétt et al. (1973).
Therefore early applications of N ensured a greater number survived and
“these also had more spikelets (Table 1.4). Since successive higher order
tillers contain fewer 5p1ke1ets per ear, the N effect must have carried on
through the double ridge stage notwithstanding that the extra spikelets
produced were all sterile. N probably raised the potential spikelet number
by‘increasing'theinception rate of leaf primordia on the elongating shoot
apex (Rawson & Bremner 1976) and while the maximum number is signified by
the formation of the términa] spikelet, whéther they will be fertile or
sterile is determined during the phase of ear growth. Sterile spikelets
occur whén all florets withih the spikelet fail to develop and these are
mainly confined to the basal spikelets probably because of incomplete
morphological development (Langer & Dougherty 1976).. As floret development
coincides with the period of tiller mortality (Fig. 1.1), increasing rates
of N may cause dec]ining grain set per spikelet due to the excessive
promotion of vegetative sinks to the detriment of reproduct1ve ones
(Dougherty et ai1. 1975). N should not have been limiting hence it is 11ke1y
that the mechanism causing reduced grain set operated by inducing a carbo-
“hydrate deficiency (Dougherty et a1. 1974, 197?); this also being evident.
in the grain weights (Tables 1.1, 2.2). Batey (1976) referred to the
inverse relationship between increasing early N rates and declining grain
weights as being a common one. Fischer et ail. (1977) simply stated that
tﬁis result is due to a dilution - like effect insofar that more grains per'
unit area receive less aﬁsimi]ate at grain fill%ing. Again between the

mainstem, tiller one and tiller two, large differences are known to occur
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in grain set and grain weight.(Fraser & Dougherty 1978). In this
experiment, grain set per spikelet Was the second most important yield

component (Table 1.6).
Table 1.5 Correlation matrix for harvest components of yield.

~ Component ‘ 1 2 - 3 4

2

1 Ears m 1.00

2 Spikelets ear’l  40.07 NS 1.00

3 Grains spike]et'1 -0.59 **  +0.08 NS 1.00

4  Grain weight -0.70 f* -0.16 NS +0.41 ** 1.00

5 Grain yield +0.66 ** +0.37 ** +0.14 NS -0.33 *
NS = P >0.05
* = P <0.05, r=0.28
*%- = P < 0.01, r = 0.37

Table 1.6 | Stepwise multiple regression for the harvest components

of yield.

. L S.E. of .9

Variable Coefficient coefficient Cumulative r

(Constant -2068.6)

Ears m 2 1.45 1 0.05 - 44
Grains spikelet™! 333.52 15.67 86
Spikelets ear ! 33.42 . 3.66 91
Grain weight 19.89 2.43 97

Sowing rate produced a' large difference in tiller numbers both before
) )
and after the mortality period (Fig. 1.3). Assuming no losses from plant

establishment, then the harvest low and high sowing rate would have comprised
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on average 2.21 and 1.33 ears‘per p]ént. Ti]]er-mortality rates were
significant]y different with the percentages between peak initiation and
harvest numbers being 56 and 63 (S.E;¥= 1.86) for the low and high treat-
ment respectively. This indicates that ti11ers'in the high density treat-
ment succumbed after more inter and intra - plant competition and it is
known that mechanisms contro]]ing't111e; senescence can begin before any
viéua] confirmation is seen (Williams & Langer 1975). Since the first
determined yield component, total spikelets per ear (Table 1.4), was reduced
af the high sowing rate, intense competition must have been occurring at
that period or before. Except for ear number at'harvest, all other yield
. components were beset by Timiting plant resources at the high sowing
density (Tabie 1.1). From Table 2.2, it appears that'protein and carbo-

hydrate were both restricted at times during grain development.

Late N, applied after double ridges were completed, did not alter
ear.numbervper unit area or spikelets per ear (Table 1;1). When applying N
- at the start of tiller mortality, Dougherty et ai. (1979) found harvest
ear numbers were s}ight]y raise& and Towered for plant populations above
and below 375 per m’2 respectively. Lower popu]atibns were used in,this»
trial but there was no plant biomass response at all (Table 1.2, 1.3).
Tfming of the late N may influence this result, as in this trial the 1ate N
' was applied at least one third of the way through tiller mortaTity (Fig. 1.1)
whereas Dougherty et al. (1979) applied it before any visual dec]ine in
tiller numbers occurred. Since increased N was available, the lack of

response sUpports MacDowall (1973) who considered tiller survival was
regulated by carbohydrate distribution. Although ti]jer numbers were
declining during this period (Fig. 1.3), the overall vegetative carbohydrate
~demand was increasing since dry matter accumulation per tiller, per plant,

and per unit area (Figs. 1.4, 1.5 and 1.6 respectively) was steadily rising.
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Supplying late N increased gfain numbers per spikelet as this component -
waé the developing sink at the time'of its application and this response
is in agreement with Langer & Liew (1973). Gréin_number per ear increased
because of more grains per spikelet but grafn Wéight was not influenced.

Thus no carryover effect into individual grain weight accumulation was

‘evident even though on 3 January the late N fertilised treatment had

significantly more LAI to support extra grain filling. In fact more
assimilate waé translocated, as more grains were filled to the same
capacity. |

Irrigation wés applied just before antheéis and was too late to
influence spikelets per ear or ear number but it did significantly
increase grain numbers.per spikelet (Table 1.1), presumably by promoting
a number of the later developing florets to achieve fertilisation and
subsequent grain growth (Langer & Hanif 1973). Fisher (1973) showed
that even minor degrees of p]ano water stress pr1or to anthesis could
cause large reductions in grain numbers per spikelet while having no
appreciable effect on photov§ynthetic area. This result is associated

with cell growth since it is particularly sensitive to even slight degrees

.of plant water stress (Hsiao 1973). When irrigation was used, 75% of

the plant available water in the 25 - 100 cm root zone had been removed
{Fig. 3.3), culm growth had just peaked (Fig. 1.2) and LAI was declining
(Fig. 1.7) but final floret development would have been proceeding

rapidly (Langer & Hanif 1973). Grain weight responded to irrigation and
this would largely be due to longer leaf area duration (Table 1.7),
especially for the flag leaf (Fig. 2.1), the main leaf supplier of
assimilate to the grain (Yoshida 1972). Irrigation, through extending

leaf area duration, was résponéib]e for the inc;eased dry weight per tiller
(Table 1.7) due to the extra grain and straw accumulation, which was

élso recorded as a higher HI for this treatment (Table 1.3).
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Table 1.7 The effects of no irrigation (I0).and irrigation (I1) on

LAI and dry weight per tiller for the last three biomass

harvests.
e 20/12/77 3/1/78
LAI | |
10 | 2.69 . 1.63 0.02
_ NS : **k *k
I 2.9 | 2.66 0.43
S.E. 0.11 0,13 0.03
X _ | .
| C.V.% 19 30 69
Dry Weight per Tiller (g) | |
0 - 2.80 , 3.09 3.32
' , NS *% *
n | 2.9 3.30 3,49
S.E. 0.03 0.0 0.06
X o |
C.V.% 6 | 6 ‘ 8
NS =  non significant; p>0.05
* = P<0.05
** = P<0.01

dCv. % high due to some of the treatments having zero value

in the yield analysis of thisrtria1 (Table 1.1) component compen-
sation was very evident for sowing‘rate and early N, the éwo earliest
- applied treatments. Each resulted in an increase in one or more compon-~-
ents but some of this benefit was lost through a decline in other
components. The late N ahd irrigation treatments were imposed at a later
stage and each caused component increases withbut reducing other coimpon-
ents. In all cases, except sowing density, the applied treatment
increased yié]d,with the heaviest rate of early N giving the largest
response. This yield was due to the early N producing a higher final
ear population even though it was broadcast five months before harvest.

At that time, the mainstem and tiller one would be éhe main sink utilizing
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the N, largely to boost their own size. Decline in other components
caused by this treatment was probably due to their rate of grthh not
being maintained throughout subsequent development presﬁmab]y due to
rising levels of intra and inter-plant competition. The result that ear
population at harvest was the most important component in this experiment
is similar to that found 1ﬁ previous field trials at Lincoln on moisture
retentive soils (Dougherty et 51.1974, 1979)...Ih these situations,
future research needsrto be directed at the possibi]fty of securing high
harvest ear populations while 1mprov1n§ grain set per spike]ef, the
second most important component (Table 1.6) and the one moét affected

" during the period of rapid growth prior to ear emergence (Dougherty

et al. 1975, Scott et al. 1975).
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CHAPTER 2 o

THE EFFECT OF DIFFERENT AGRONOMIC TREATMENTS ON
THE FLOUR QUALITY OF KOPARA WHEAT

2.1 INTRODUCTION

- New Zealand is the only country in the Wor]d to test bake samples
from its eﬁtike national wheat crop and previous wheat cultivar releases
have generally shown good breadmaking qua11ty (Meredith 1970a). In the
- 1977 national harvest (Anon. 1977) Kopara represented 34% of the total
wheat area grown and had a very good bulk fermentation baking score
average of 37.0. However, comparatively Tittle is known about the quality
aspects for high yielding wheat crops grown on moisture retentive soils.
This Chapter deals with the effect of different agronomic treatments on

the various parameters of flour quality.

2.2 . REVIEW OF LITERATURE

Before.the final grain weight is determined, several interacting
physiological processes are'invo1ved. Not all operate Qithin the grain-
filling period although the most important probably do. Thorne (1965)
conclusively established that most of the grain carbohydrate resulted from‘
post-anthesis photosynthesis. Bingham (1971) related grain yields to the
- photosynthetic capacity of the crop at flowering, the duration of that
photosynthetic area and on the ability of the grain to storg the potential
supply of assimilate.  Throughout the period of grain growth, uptake of
grain nitrogen is linear (Dalling et al. 1976) as is dry weight accumulation

(Meredith & Jenkins 1976). There can be a certain amount of elasticity

between growth rate and duration of grain filling (Sofield et a1. 1977)
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with the carbohydrate and protein fractions of the wheat kernel differing

in their pattern of depoéition with time. From the data of Jennings &

Morton (1963) it can be calculated that in the last half of endosperm

growth protein content is doubled while carbohydrate volume is trebled.

Wheat flour quality cannot be defined without correlation to its
end use. In New Zealand, about 60% of wheat flour is made into bread

(Cawley 1967), so quality is usually specified in relation to this context.

The primary factors in determining the baking quality of wheat flour

are prbtein quantity and quality (Stewart 1976, Pratt 1971) and also the

degree of structural damage that occurs during milling. The quantitative

expression of crude protein is related to total organic nitrogen in the
flour, whereas quality evaluations relate specifically to physicochemical

characteristics of the gluten - forming component. The mixture of proteins

~called gluten make up about 80% of the total flour protein content so it is

both the quantity and quality of gluten that is the most important part of
wheat flour (Cawley 1967). By using chemical and rheological measurements,
the prediction relating to the flours' end performance is enhanced as the

latter assessment allows a texture judgement of the baked 1oaf which éan Tead

~to the detection of faults concealed by the former assay. In New Zealand,

quality of the protein is especially important in cases such as sprout
(Meredith 1967) and bug (Meredith 1970b) damage, where often protein
quantity is Unchanged but the qua]ity is drast{cally Towered rendering the
flour useless for baking purposes. According to Scott et a1. (1957)
maximum protein quality is obtained prior to %u]] ripeness when the grain
is around 40% moisture content. Loaves baked from developing grains by

Finney & Yamazaki (1967) 24 days before they wete ripe but containing 11.5%

protein, failed to rise yet nine days later maximum Toaf volume was achieved.
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It would, therefore, appear that.the gluten fraction of the protein was
synfhesised during the mid to three;quarter phase of grain growth. After
the half way stage of grain filling there is re]atively Tittle change in
total protein content and the gluten transformation is assumed to arise
from increases in the molecular size and comb]exity of the proteins

(Pomeranz 1971).

Since the 1n1tiatidn of»testing all wheat lines By the Wheat Research
Instifute for the milling industry, baking score has gradually been adopted
as the_criteria of quality. Mitchell (1977)'considers itkis the ultimate
standard, while not being infallible, ageinst which other analytical
procedures are judged. Several factors have contributed to the reliance on
fest—baking. When performed under standard conditions it is the only |
method that brings together 511 espects of baking quality into one test
(Tipples 1979). To try and obtain the same information from a multiplicity
of tests would take far more work and time. Thekefore a]though the Wheat
Research Institite carries out six tests on each line, attention is mainly
focused on the outcome of two only, loaf vo1ume and crumb texture which are

combined to give the total score index.

Under the o1d system of the bulk fermentation test (Anon. 1956), the
final baking score was the aégregate of the points alloted for the Toaf
volume (maximum 28), texture (14) and flour co]our.(8). As a rule, those
wheats scoring 30 or more were suitable for miT]ing and subsequent.baking,
while those attaining less than 30 were destined to be feed wheats (Cawley
1967). With the introduction of the mechanical deugh development (MDD)
process, total score (Toaf volume plus crumb texture) will rep]aee the role
of baking score. A new cut-off value will need,to be determined as a
different scale of marking is used. This has tentatively been set at 15

(Cawley pers. comm.).
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. Wheat quality is complex and even with a moderate-to-high genetic
control its level cannot be fixed due to the strohg environmental influence
(Schmidt 1974). Protein quantity can fluctuate with yield although the

qualitative composition is much less affected (Bushuk_& Wrigley 1974).

When studying agronomic factors affecting baking quality, Wright
(1969) and Malcolm (1977) established that the nature of the preceeding
crop had a major influence on the baking score;- Wheat following pasture had
higher scores than when it succeeded other crops. Johnson et ai. (1973)
with autumn, and Kolderup (1974) with spring'sown varieties, héve raised
grain N contents with increasing rates of N broadcast during ti]lering in
.early spring. In a similar trial McNeal et al. (1971) correlated the
increésing grain protein percentages to higher loaf volume and crumb texture
scores. . The grain protein coﬁtenf can -also be greatly affected by the
availability of N during ear emergence and flowering (Stewart 1976).
Terman et al. (1969) noticed that the later N was applied towards anthesis,
the smaller the effect on biomass growth but the greater the increase in
the grain protein content. On light soils at w1nchmore using autumn-sown
wheat, Drewitt (1967, 1974) repbrted that irrigation during the reproductive
phase reduced grain protein and the flour baking quality. In some cases |
lower quality varieties were abated to below miiling standard. Six seeding
rates were used by Pendleton & Duncan (1960) with four autumn san wheats
differing in morphological characteristics. In the three years the trial

lasted, there was no seeding rate - grain protein interaction.

When comparing the results obtained from different researchers it is
noticeable that some relate to nitrogen content and some to protein
content. Also some data are based on the whole grain and some on its flour

sample only. Nitrogen contents are readily changed to protein levels by a
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standard conversion (Kjeldahl nitrogen x 5.7) while Bushuk & Wrigley (1974)
and McNeal et a1. (1971) coné]uded that the protein content of the whole
grain sample is generally afound 1% higher than that of its‘flour. This 1is
due to the protein content being slightly higher in the germ; bran and

outer endosperm layers which are largely removed in the milling process.

2.3 MATERIAL AND METHODS

- The trial was outlined in detail in Section 1.3. A1l grain samp]es.
(1 kg) forwarded to the Wheat'Researchklnstitute for ana]ysfs were taken
from the combine harvested portion of the p]éts. These were randomly sampled
“from the final bulk plot yield. In the calculation. of the flour quantity
components and carbohydrate to protein ratio (Table 2:2) flour fat content

was assumed to be negligible. and was omitted (Inglett & Anderson 1974).

The breadmaking procedure used for the test bake was the MDD process
(Cawley 1974) and the whole operation is rigidly standardised to facilitate
comparisons between the flours used (Cawley 1977, 1979, Mitchell 1976,
'Dougherty et al. 1981). The Wheat Research Institute routinely carries out -

six tests on each wheat sample and these are described below.

"Flour extraction is defined as the percentage of flour derived from
milling a known weight of wheat. The mill used was a Brabender Quadramat

‘Junior with the sample size of wheat being 250 g.

Flour protein percentage was derived from a Technician InfraAlyzer
using the infrared reflection principle calibrated against a series of known

Kjeldahl determined standards.

Flour water absorption is the quantity of water required to yield a
dough of predetermined consistency. A flour sample of 125 g (at 14%
moisture content) was mixed with water and the derived results are in

percentages of water used.
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Loaf volume is based on the specific loaf volume (ml g_l) according
to the formula: |

(Specific loaf volume - 3) x 10 . -

 In practice the score is read directly from the volume displaced in a

suitably calibrated box filled with rape seed.

Crumb texture 13 assessed visually from thé test bake loaves on a

poor to good (0 - 14) scale.

Dough work input requirement is empirically determined during the

-mixing process on equipment designed at the Wheat Research Institute. Work

input is calibrated against time, the optimum value is measured in units of

‘Watt-hours kg'l, usually referred to as counts.

A total score figure is also reported on the Institute recording
sheets, this being the COmbination of the Toaf volume plus crumb texture

indices.

2.4 RESULTS

A11 agronomic treatments returned good (greater than 15) total scores.

Irrigation lowered and late N raised the total score value (Table 2.1) but

these results reflect alterations only to loaf volume since crumb texture
was indifferent to all treatments. Only two other cases of significant
differences were recorded; high sowing density reduced flour extraction,
while the use of late N produced flour with a higher protein content. For
all flour quality parameters early N caused no significant main effect

differences.

Combine mean grain weight (Table 2.1) displayed the same trends as
those of the cut quadrat grain weights (Table f.l). In all cases the
combine mean grain weights were slightly higher probably due to smaller sized

grains being screened out during the harvesting process.



Table 2.1
Flour
Extraction
(%)
Early Nitrogen
EO 67.8
El 67.8 NS
E2 68.2
Late Nitrogen
Lo 67.9 NS
L1 68.0
Irrigation
' I0 68.1 NS
I1 67.8
Sowing Rate
SO . 68.5 4k
s1 67.4 ‘
S.E. : 1.10
C.V. % 1.6

Flour
protein

10

10.
10.

10.

10.
10.

10.
10.

0.

4

There were no significant interactions.

(%)

02
23 NS
33

c92 sk
46

15
23

NS

20 ys
18

42
.

Flour
water Loaf
absorption  volume
(%)
59.6 12.38
60.1 NS 11.88 NS
59.4 -+ 12.32
59.4 NS 11.62
60.1 12.75
59.7 NS 12.79 %
59.8 11.58
60.1 NS 12.50 NS
59.4 11.88
1.52 1.34
2.5 11.0
NS = P> 0.05
* = P < 0.05

Flour quality parameters, loaf characteristics and grain weight of Kopara.

NS

%k

NS -

Crumb Total
texture score
7.25 19.63
7.06 NS 18.94
7.13 19.44
7.21 NS 18.83
7.08 19.83
7.17 NS 19.96
7.13 - 18.71
7.08 NS 19.58
7.21 .19.08
0.49 1.32
6.8 6.8

L =

**

Dough

requ
(C

work
irements
ounts)

.69

6.41 NS
6.37

6.36

NS

6.62

6.34 ns
6.64

6.39 ys

6.59

0.
12.

Tinear response

P < 0.01

78

P < 0.01

Grain
weight
(mg)

39.
38.
37.

L
—

38.
38.

-

37.
38.5

o)
*

38.
37.

o0 o,
*

.2.5

NS

S¢
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2.5 DISCUSSION

Grain weight was ihe least influential component in the yield
analysis detailed in Chapter 1 (Tab]e,i.ﬁ) and this affect d]so appTies
for most of the grain flour quality characteristics (Section 2.4).  Flour
water absorption, crumb texture and workvinput were not altered by any of
the treatments (Table 2.1). From the milling and bakfng viewpoint, a
wheat flour exhibiﬁing a high degree of constancy over a wide range of

agronomic treatments is most desirable.

‘As referred to earlier (Section 2.3) total score is the main guide

- used for flour quality. In this experiment crumb texture displayed remark-

ab]estabi]ifyover all treatments (Table 2.1) so the total score results
parallel those of loaf volume. Hence loaf Vo]ume was the real indicator of
flour quality and this is largely dependent on the quantitative amount of

flour protein (Table 2.3). These two parameters will be discussed together.

The relationship between flour protein content and the resultant
baked loaf volume was extensively studied by Finney & Barmore (1948).

Within a single variety protein content was the major factor accounting for

variation in Toaf volume. For various wheats with a flour protein range of

8 - 18% the baking score response was linear and positive. Each cultivar
produced a characteristic slope so that the vertical distance between

gradients at any protein percentage value reflected genetic variation in

~ protein quality. The data relates to crops grown on the Great Plains of

U.S.A. where yields are lower and the period of grain-filling shorter by
comparison with the Lincoln environment. By judging on protein cohtent per
sé the simple relationship of Finney & Barmore (1948) ignores what is
happening to the carbohydrate or the carbohydra%e to protein ratio. At

given grain protein percentage levels these can vary widely. For example,
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under Australian conditions Williams (1966) noticed with later planted
wheat, total grain yield and mean g}ain weight declined but'grain protein
percent increased. These results were due to ﬁhe_mid—summer heat causing
premature senescence of the photosynthetic area: As the grain was |
incompletely filled there was a converging ratio of starch to protein which
was reflected as an increase in grain protein percent. Conversely Drewitt
& Rickard (1973) and Drewitt (1974) at Winchmore had significantly
1ncreésed y1e1ds with irrigation largely due to ihcreased grain weights buf

grainnitrogen, flour protein percentages andabaking quaTity all declined.

‘Calculating from the data of Drewitt & Rickard (1973) the extra weight in

the grain was mainly carbohydrate leading to a higher carbohydrate to protein
ratio. In the'present experiment, the brotein and carbohydrate contents of
the flour and the carbohydrafe to protein ratio were analysed (Table 2.2)
to see if either formed a C]oser'relationship with flour protein or loaf
volume (Table 2.1). Essentia]]y no evidence was-fqund to support this

hypothesis and the carbohydrate to protéin ratio gave similar results to

“that of flour protein percentage. Thus for all treatments except

irrigation the relationship stated by Finney & Barmore (1948) holds true.

Irrigation effects were non—sjgnificant for all three tests (Table 2.2)
indicating the basis for its poorer loaf volumes (Table 2.1) must be -
qualitative rather than directly related to the measured}flour constituents.
However, this is contradictory to the crumb texture assessments of this
treatment (Table 2.1) which indicate no chahge. The fact that irrigation

reduced loaf volume without appearing to alter f]ouf protéin percent or the

-baked loaf crumb texture is unexplainable from the data presented.

The crumb texture scores (Table 2.1) indjcate no detectable change
was induced into the composition of flour protein for any treatment even if

the total protein content was altered. Qualitative protein synthesis occurs
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- mainly after mid grain-filling (Finney & Yamazaki 1967) and from just
prior to that time an obvious difference in flag leaf area éOccurred between
- the irrigated treatment plots (Fig. 2.1). From mid-anthesis (2 December)

to grain maturity (14% moisture content on 13 January) was a period of 42 days.

Table 2.2 Weight of flour protein and carbohydrate and the carbohydrate

-to protein ratio per grain.

Protein . Carbohydrate Carbohydrate :
(mg) » (mg) - protein ratio
Early Nitrogen _
EO 6.64 59.68 9.01
El 6.65 NS 58.38 L © 8.80 NS
E2 - 6.53 56.70 8.71
Late_Nitrogén
’ Lo 6.46 58.68 9.1
*% N S X *%
L1 6.75 57.82 8.57
Irrigation _
10 6.55 - 57.97 8.88
NS NS NS
I1 6.66 57.82 8.80
Sowing Rate ) , ,
SO ' 6.71 59.09 8.82
* *% N S
S1 6.50 57.41 8.85
S.E. ' 0.31 . 1.78 ©0.43
C.V. % 4.6 3.1 4.8

There were no significant interactions.

NS = P> 0.05 .

L = Tlinear response P < 0.01
= P <0.05

kk =

. P< 0.01_
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The‘flag leaf is usually the méin leaf source of grain-filling assimilate
(Thorne 1973). Those p1otsreceiviﬁgirrigatioﬁ had greater leaf area
duration and also higher mean grain weights and'tptal grain yield (Table
1.1). Therefore although irrigation induced'plént mokpho]ogical differ-
ences, the crumb texture results 1ndicéte that no significant changes
occurred in protein composition. This is.also substantiated from the
stability of the irrigation parameters of Table 2.2. With the late N
application, the carbohydrate to protein ratio decreased because of the
increased flour protein at stable levels of carbohydrate'(Tables 2.1, 2.2).
Although this led to an increased loaf volume (Table 2.1) crumb texture was
not changed. Increasing rates of early N reduced mean grain weights

(Table 2.1) due to less carbohydrate (Table 2.2) but the carbohydrate to
protein rafio was unaltered. As expected the corresponding cfumb texture
values were not significantly different (Table 2.1) and the same applies

for the sowing rate treatment.

Crumb texture is a subjective visual assessment so its reliability

-is Targely dependent on the expertise of the examiner (Mitchell 1977).

In this trial 73% of the samples réceived the same value with 6% and 21%
‘being minus or plus one respectively. This narrow range was obtained even
though a 0 - 14 scale was uéed. These results for crumb texture (Table 2.1)
indicate that either Kopara wheat has‘a very stable protein composition with
varying agronomic treatments and resultant grain yields or that the visual
examinations conducted on the samples were hot sufficiently accurate

enough to discriminate texture differences. 'To solve this latter question,

further evaluations would need to be completed but unfortunately no duplicate

samples were available toallowa rerun with a different examiner.
. .

The agronomic treatments will be dealt with in the order they appear

| e e
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on Table 2.1 The early N application produced no significant effects on
quality. This was contrary to expecied (Wright 1969) since the crop
followed lucerne and received N fertiliser at early tillering which gave
large yield increases (Table 1.2). Johnson ét ;1. (1973) under drought-
conditions in Nebraska, found N broadcast quring early tillering caﬁsed
large increases in grain N. On the light soils at Winchmore, Drewitt (1974)
concluded yield responses to N were closely linked to the availability of
watef. They oﬁ]y occurred in the presence of adeqhate moisture and where
the plant requirement for N was greater than that supp]iéd by soil mineral-
isation; Terman et al. (1969) reports that With adequate water the first
effect of applied N is to increase total yield and only if it is absorbed
by the plant in excess of its vegetative needs will an increase arise in
the protein content of.the-foiiagé and possibly the grain. Throughout the _
very wet winter and spring (Tab]é'3.5) a considerable amount of nitrate
leaching probably occurred (Ludecke & Tham 1971) partially negating the
Tucerne N ferti]iéy reserve. N soil tésts in early August (Section 1.3)
were in general agreement with this. The overall effect of the wet season

could have beenvthattheanticipated surplus of soil and fertiliser N did not

eventuate, so the grain protein Tevels were not raised due to increasing

rates of early N fertiliser causing the yield to increase (Table 1.2), with
no evidence of a yield plateau being reached. This result is in accordance

with Terman et al. (1969) since soil water did not appear limiting at any

time. Schlehuber & Tucker (1967) concluded that on soils limited in'N,

often moderate rates of N applications raised;yieids while no Change is

noticed in their grain protein percentages.

The late N and -irrigation results have already been discussed.

Dougherty et al. (1981) found that N applied during the reproductive phase
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caused the grain Nlevels to rise producing a similar response in the total
score and its components. Austin et al. (1977) showed that 'N administered
during this period has a more direct route-into the developing grain with

around 70% of the plant N being present‘in the grain at maturity.

The brecise reasoh why f]our_extraction was Tower in the high sowing
‘rate was difficult to determine. In- general heavier grain weights should
return higher flour yields (She]ienberger & Ward 1967). Milling is basic-
a]ly»a physical process and with smé]]er grains it is harder to separate the
endosperm from the rest of the grain (Finney & Yamazaki 1967). However
lighter grain weights are recorded in the'ear]y N treatment (Table 2.1) and
no milling difference was observed. Also, bdth the'equy N and the sowing
rate treétments had significant differences in their amounts'of carbohydrate
per grain (Table 2.2) but only thé sowing rate treatment had a significant
flour extraction difference. Besides grain weight, grain shape can be
important as it is posible to have short plump or long narrow'grains of
‘equivalent weight. Because of this, Bayles (1976) concluded that Tight-
weight grain does not necessarily always produce lower flour yields. These
physical grain characteristics were not ascertained in this trial. The
exact reason for the lower extraction‘rate was not pinpointed although it is
known that the minature mills used by the Wheat Research Institute are
incapab1e‘of the refined settings obtained with commercial equipment. In
practice, skiiful machine adjustment would help eliminate this sowing rate

discrepancy (Shellenberger & Ward 1967).

A11 but one of the flour quality parameters had a poor correlation
with grain weight (Table 2.3). The exception, flour protein percent, had a
significantly inverse relationship. Thus any agronomic management practice

that increases grain weight would tend to have a hegative effect on grain



Table 2.3 Simple correlation matrix for all the Wheat Research Institute flour quality parameters,

mean grain weight and grain combine yield per hectare.

1 2 3 4 5 - 6 7 8 9

1 Flour
Extraction 1.00
2 Flour
‘Protein 0.14 NS . 1.00

-3 - Flour water

Absorption 0.27 NS 0.26 NS  1.00

4 Loaf
Volume 0.09 NS 0.42 ** 0.25 NS 1.00
5 - Crumb |
Texture -0.17 NS -0.33 * -0.46 ** -0.31 * 1.00
6 Total ' '
Score 0.04 NS 0.34 =* 0.11 NS 0.95 ** .0,01 NS 1.00
7 Counts -0.32 * 0.07 NS -0.20 NS - 0.05 NS -0.05 NS 0.04 NS 1.00
8 Grain . S
Weight -0.22 NS -0.36 ** -0.02 NS -0.26 NS 0.27 NS ‘ -0.18 NS 0.10 NS 1.00
9 Combine ' .
Yield -0.27 NS _ 0.22 NS 0.17 NS -0.08 NS -0.11. NS -0.12 NS 0.03 NS =~0.40 ** 1.00
NS = P> 0.05 . .
* = P <0.05, r=0.28
*% = P < 0.01, r=20.36

e
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protein levels which may in turn lead to lower baking scores. This was

the case when Drewitt (1967) used dirrigation on a light soi{ type and

found with increasing grain weights there were accompanying reduétions in
grain N and baking volume. Only irrigation 1ifted mean grain weight in

this experiment and while not reducing flour protein content, it did
significant]y lower baked loaf volume (Table 2.1). That a similar response
should be recorded on the more moisture retentive soil used suggests that

it may be better not to irrigate if a high baking score is critical. As
there was no late N by irrigation interactfon, the use of the former to try
and counteract the Tatter would not be successful. A moré positiye.approach
would be to direct attention away from grain size, the Teast responsive
yield component (Table 1;6), and try to'rqise grain yields without lowering
flour baking qualities.. This could be achieved by having a yield comprising
of an increased number of smaller sized grains but each having proportionally
‘more flour protein (Table 2.3). To accomplish this the most éffective

treatment to consider would be a Tate application of N.
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'CHAPTER 3

THE PATTERN OF SUBSOIL WATER USE IN
AUTUMN SOWN KOPARA" WHEAT

~3.1 . INTRODUCTION

In the early 1950's the first satisfactory results were obtained
from using the neutron moderation technique to measure soil water content
(Gardner & Kirkham 1952). After several years of further research,
simple and reliable neutron - scattering'moisturé devices were being

cbmhercia]]y manufactured (McHenry 1963).

Pfevious wheat érops ét Linco]n have been monitored for soil water
by gravimetric methods. Due to the physical limitations of this proced-
ure only the top'ZO cm soil layer has been regularly sampled (Dougherty
et-al. 1974, Scott et al. 1973, 1977) but with a neutron probe subsoil
moisture levels can be readily calculated. This chapter relates thé

- pattern of subsoil water use to the period of greatest crop growth.

3.2 REVIEW OF LITERATURE

Use of the neutron probe has several advantages over standard
gravimetric methods (Stewart & Taylor 1957, Cope & Trickett 1965, Noble
1973). The most 1mportaht is that once an access tube is located there
is no further disruption of the soil. Therefore soil Water content is
determined in situ on an undisturbed soil volume and without interference
to the cover vegetation. Repeated readings can be taken from the same
site over a period of time, with several different depths being sampled
on each occasion. Accurate results are obtained quickiy and'easily with

a minimum of physical effort.
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The fundamental underlying property of neutron moisture probes
is that they detect therma] or slow neutrons. Their radioective source
emits fast neutrons which lose energy in elastic collisions with soil
-matter nuclei, particularly hydrogen. Two phenomena peculiar to hydrogen
allow this to operate efficiently. Firstly, due to its low atomic weight,
it_is'many times more effective than-any other element in thermalising
fast neutrons. Secondly, essentially all the hydrogen in mineral soils
is within the water molecule (Gardner & Kirkham 1952). This makes it
possible to correlate the backscattering of the moderated neutrons to the
soi1,water content as the number sensed-by the detector tube per unit time
is proportional to the .amount of. hydrogen present; By using a ereamplifier

" these are counted and.tota11ed on a ratemeter.

During the operation, the probe's effect1ve center of measurement
must be known and equated to the depth being tested The zone of influence
should also be calculated as this delineates the sphere of soil monitored
by the probe. Its centre is at the radioactive source and, in effect,

" this zone operates as an inverse function of the soil water content.
Provided the detector lies within the sphere of influence there should be
a linear response between captured moderated neutrons and soil water
content (van Bavel et a1. 1956). In soils with abrupt changes in water
content a source of error can arise as the probes resolution is not

precise enough to detect these differences (Leng & French 1967).

For modern probes, the relationship between soil water content
.and the standard probe counts should be linear with the regression Tine
intercepting the ordinate at the origin (Long & French 1967, Hajdukovic
et al. 1967, Rawls & Asmussen 1973). If the probe is to be used close

to the surface, a separate calibration must be made as the measured
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value under-estimates the true value due to neutrons escaping. from the
soil mass without detection (Stewart & Taylor 1957). Simd]ar]y high
organic matter situations may require specia] treatment due to the
presence of hydrogen not held in the water molecule. The chemical
composition of the soil (Gardner & Kirkham 1952) can also have an effect
updn.fhe thermalising of the fast neutrons. On diverse soil types in
Hawaii, Shirazi & Isobe (1976) found.significant differences between the
regressidn line gradients relating counts and soil water content although
McHenry & Gi11 (1967) report that in practice this is rare. Working with
- 11 different soils, Rawls & Asmuésen (1973) concluded that calibration

- was independent of soil type and depth and this refnforces the operating

“principles of Gardner & Kirkham (1952) and van. Bavel et a1. (1956).

‘Plant water uptake re]ates closely to root distribution hence root
spread, density and depth are important in defining the rooting volume
(Wiersum 1966). Water absorption is controlled by the plant rate of water
loss, the extent.and efficiency of the root system, the soil water
" potential, and hydraulic conductivity of the soil (Kramer 1969). 'Water
passes through the plant mainly by passive processes caused by transpir-
ational Tosses (Begg & Turner 1976, E11is 1976). In moist soil, Kramer
(1959) considered that the transpiration rate was controlied by plant
factors such as leaf area and structure; extent of stomatal opening, and
by such environmental factors as humidity, temperature, solar radiation
and wind. More than 95% of the water than enters the noots is lost in
‘this form (Chapman & Carter 1976). As water vapour is given off,
gradients of water potential are generated in the plant causing more water

from the soil to be absorbed by the roots.

There are large variations in root distribution and soil water
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extraction between plant species. Within the single genus Triticum , Hurd
,(1968) noticed differences between cultivars but this was not confirmed by .
Lupton et a1. (1974). Besides the p]ant's’genetic potential, many soil

chemical and phjsica] conditions influence root distribution and, hence,

-s0il water extraction. The main factors are aeration, pH, nutrition,

moisture status-and soil structure (E11is 1976, Wiersma 1959). The

mechanical resistance that roots encounter is strongly related to soil

density and texture, while texture also affects the amount of water avail-

able for root utilization (Eavis & Payne 1969). In mature plants, 75 per-

cent of the roots can be in the top 25 cm of soil (Lupton et al. 1974).

Halevy (1969) considered that the advantages of the neutron probe

'have not been exploited enough in crop - water utilization studies. This

in part is verified by the lack of related scientific published reports.
Those that are documented cover a wide range of crops and environments, for
example: Long & French (1967) with grasses and barley, Danfors & Gustafsson

(1967) with potatoes, Draycott (1973) with sugarbeet and Watt (1977) with

" pasture sward.

3.3 MATERIALS AND METHODS

The experiment was outlined in detail in Section 1.3.

The soil water was monitored at weekly intervals using a neutron

moisture meter. Only 24 access tubes were available, so the late nitrogen

~ treatments were omitted. Aluminium alloy tubes were sealed at the bottom

-end, being 1.25 m in length and having an outside and inside diameter of

44.5 and 44.3 mm respectively. They were inserted during late August after:
carefully removing by hand auger a column of soil the exact dimensions of
the tube. Their position was randomly sited on the longitudinal midline

within each plot. Throughout the placement process raised platforms were

<
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used to stand on so the wheat and soil was minimally disturbed.

From 15 September onwards, six half minute readings were taken at
each access tube; two standards and one atjeach of the depths 25, 50, 75
and 100 cm. The standards are used to eliminate errors arising from drift
in the efficiency of the measuring system since in all calculations of
thé c&unt ratios, the standard readings are used as the divisor (Appendix
2). The time taken for all readings on each 6ccasion was around 2.5 hours.,
Readings ﬁresented here were from 6 October onwards. Before this date |
heavy rainfall in September (Table 3.5) caused water volumes to rise in
. many of the profiles indicating water quantities possibly in excess of
field capacity. It was only from 6 October that the majority of partial
profile vo]umes (25 - 50, 50 ".75’ 75 - 100 cm) recorded a water loss. At
this stage all partial profi]es would have been neér to field capacity.
No attempt was maae to.distingufsh or measure doanard drainage which was
assumed to'be small in relation to the transpirational use (Hillel 1972).
- Similarly, the top 25 cm of soil was not monitored due to the difficulty
- of distinguishing between water loss by soil evaporation and plant trans-

piration.

The depth moisture gauge used was Model 1257 from Troxler
Electronic Laboratories, North Carolina, U.S.A. The probe (Model 105 A)

‘was a 10BF3 detector tube that had mounted at the bottom end a radioactive -

source of Americum 241

: Befy]]ium rated at 100 millicuries. The probes
effective centre of measurement was the geometric midpoint of its Tithium
énriched boron trifluoride gas detector tube. As there was 10 cm between
the detector center and the source, the zone of measurement would be less
than the zone of influence since only 90-95% of the neutron interactions

are detected. This leads to asymetrical source—det@ctor geometry (Bell
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& McCullogh 1969). However, according to the Troxler Manual (Anon, 1974)
~ the zone of measurement for this moée] was a sphere of radius 23 cm at
30 volume percent moisture and 29 cm at half that value. The centre of
the sphere influences the measurement much ﬁoré than the outside as thé
thermalrneutron density. is greatest near-the neutron‘sourcé (Long & French

1967). The Troxler scaler - ratemeter used was Model 2651.

Long & French (1967) recommend that the neutron ﬁrobe should be
field calibrated even though a factory standard is usda]]y supp]ied.' A
method similar to Rawls & Asmussen (1973).was followed for this purpose.
During the installation process, 10 cm soil cores were taken at the depths
30 - 40, 60 - 70, 90 - 100 cm.and were determined for soil water content,
'by oven drying at 105°C.t0 a.constant dry weight. 1mmediate1y following
. the access tube placement the corresponding depth neutron probe test counts
were taken. The'éamp]ed.gavimetric soil wafer contents were converted to
a volumetric basis by using bulk density figures from Hart (1978). These
figures re]éted to the same trial site and the mean of his 12 determinations
were used for each depth. The final regression line was fitted by the
least squares method, using.the probe standard counts as the ordinate and
‘the volumetric soil water contents as the abscissa. A’featﬁre of this
probe(Anon. 1974) was that its linear regression line passed through the
origin and this characteristic was used to providé the range necessary to

formulate the relationship. The calculated linear regression coefficient

was b = +3,06 (S.E.b 0.22). In the program analysis the slope was

assigned the value b = +3.00 compared to the factory standard b = +2.18.

A Fortran IV computef program was written to convert the neutron
probe readings into millimeters of water. Thi was achieved by integrating
the spline function joining consecutive probe depth readings. From this

program printout, total water content within the three partial (25 - 50,
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50 - 75, 75 - 100 cm) and total (25 - 100 cm) prbfi]e zones, was ca]cu]ated;'
Weekly water consumption was obtained by subtraction of voTumes pf
successive weeks. ﬁata»fromvlﬁ consecutive weeks were used starting from
when the wheat was at.the double ridge stage (6 October) and finishing
three - quarters of the way through grain-filling (5 January). A more
thorough description of this program is given in Appendix 2 along with a

sample printout.

3.4 RESULTS

Towards. the end of the. vegetative growth in early October, all plots
were near to field capacity in subsoil water status. From then until the
" first.irrigation (29 November), only one significant difference in water
use occured (Table 3.1) andlthisvwas for the 3 November reading, where in
the 25 - 50 cm profile the highest rate of early N removed more water

(Table 3.1).

Table 3.1: Water extraction (mm) for the 25 - 50 cm’profi1e in the

early nitrogen treatment for the period 28 October to 3

November.
Nitrogen Tlevel mm
EO 4,78 b B
El 6.38 ~ab AB
E2 7.72 a A
S.E. =~ 0.55
X .
C.v. % 25

The Tower and upper case letters refer to Duncan's mu]tipTe range test
for P = 0.05 and P = 0.01 respectively. Values followed by the same

letter are not significantly different.
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Once the irrigation commenced it caused many significant differences in
water status as summarised in Tables 3.2 and 3.3. The firét readings
following irrigation (1 and 15 December) had significantly more Water_
entering the profiles (Table 3.3; with the éxception of the 75 -~ 100 cm
profile on 1 Decembér). A11 other significant differences related to
irrigation (except 50 - 75 and 75 - 100 cm profiles on 8 December) were
due.fo the irrigated treatment having more water extracted (Table 3.3).
Throughout the experiment, sowing rate caused no significant differences
in water extraction, but the early N treatment did on 3 Noyember and the

1, 8, 15, 22 and 29 December (Tables 3.2, 3.3).

‘ Since irrigation had the most main effect differences, weekly results
were analysed according.to the irrigation standard order. 'Fig. 3.1 is
the average weekly consumption of water for all non-irrigated treatments
(12 plots).- Betwéen'the three partial profiles, differences in the rate
of water consumption varied over time. The trend was for the shal]dw
(25 - 50 cm) zone to initially display the greatest volume removed. Then,
as that level declined, the middle (50 - 75 cm) zone replaced it as the
main water supply source. Correspondingly as it declined, the deepest
(75 - 100 cm) zone became the most important layer. This zone, in common
with the other two, declined in water use after anthesis (Fig. 3.1).
Weekly data from Fig. 3.1 was converted in Fig. 3.2 to the average
cumu]étive total for each measured profile zone. When reqdings were
terminated in early January, the middle zone had supplied arbund 2.6 mm
more water than the other two which had both lost approximately 36.3 mm
of water. The cumulative and average weekly water consumption for the
total (25 - 100 cm) monitored soil profile is shown in Fig. 3.3‘and'Fig.
3.5 respectively. Weekly rainfall totals throughout the soil water

monitoring period are shown in Fig. 3.4 and the Lincoln Co]]ége Metrological
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Table 3.2:  Weekly water extraction summary for all profile zones and

the total profile as affected by the applied treatments.

Profile zones (cm) N Total
26 -5 50 - 75 75 -100 25 - 100
- 13 Qctober NS NS NS ' NS
20 October NS NS NS NS
27 October'. NS NS NS " NS
3 November Exx NS NS NS
10 November NS NS NS NS
17 November lNS : NS. ' NS NS
'24 November NS NS CONS NS
1 December Ix* : , I* E*, I* [**
8 December E*, T I** R NS
15 December I+ T+ Erk, Tk O Iw
22 December E¥, I** NS NS NS
29 December - Ex, I** NS . NS I**
5 January [** I** [** [**

Significant Interactions: (detailed in Appendix 3)
8 December, 50 - “75 cm profile: S x I*
E

15 December, 75 - 100 cm profile: X I*¥*, E x S**

\

22 December, 25

50 cm  profile: E x I*

29 December, 25 50 cm  profile: E x I**, S x I*
29 December, 50 - 75 cm profile: S x I*

29 December, 25

100 cm  profile: S x I*

NS Non significant P > 0.05
* P <0.05
** P < 0.01



Table 3.3:

Date

1 December

8 December

15 December '

22 December

29 December-

5 January

Detailed treatment by profile depth significant

from the Table 3.2 summary.

Profile-
depth (cm)
25 - 50
50 - 75
75 - 100
75 - 100
25 - 100
25 - 50
25 - 50
50 - 75
75 - 100
25 - . 50
50 - 75
75 - 100
75 - 100
25 - 100
25 - 50
25 - 50
25 - 50
25 - 50
25 - 100
25 - 50
50 - 75
75 - 100
25 - 100

10
10
I0
EO
I0

10
EO
10
I0

I0

10

10
EO
10

10
EO

10
EO

10
10

10
10
10

1

[{]

{]

n 1t

n n ]

3.25
4.79
5.54
4.65
13.58

2.22
4.25
3.62
4.07

0.10
1.22

2.48 .

-3.54

3.81

0.92
3.31

0.75
1.47
3.75

0.13
0.91
1.63
2.67

Treatment

11 = -19.23
1= -5.19
11 = 3.08
El = 5.68
11 = -21.34
11= 6.39
El = 5.72
1= 1.74

I1= 1.26
11 = -12.34
I1 = -8.61
11 = -3.83
El= 1.04
11 = -24.78
1= 7.38
El= 5.74
11 = 3.48
El1= 2.28
1= 7.80
1= 4.74
I1 = 3.88
I1= 3.0
11 = 11.70

E2

E2

E2

E2

E2-

2.59

2.94

0.48

3.40

2.60

* CV% could not be calculated due to the mean being negative.

O O O O w

o o O N O O O =

54

differences

SE~

1.80
1.37
0.58
71

o

.55
.68
.35
.59

.23
91
.46
.57
.04

.52
.63

.19
.23
0.82

o

0.32

0.34
0.27
10.65

.40

Cv%

47
47

45
45
45
77

43
43
31
31

- 49

46
49
39

31
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Fig. 3.1: Average weekly uptake of water (mm) for all non-
irrigated plots for the three (25-50,50-75,75-100cm) soil
profiles. :
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Fig. 3.2: Average cummulative weekly uptake of water (mm)
for all non-irrigated plots for the three (25-50,50-75,
75-100cm) soil profiles.



57

s T TETIITIL]]

120
100
80

60 7]

WATER UPTAKE (mm)

20 7

' v l T l T I T l T l ‘ T '
13/10 27/10 1l0/11 24/11 8/12 22/12 5/1
Fig. 3.3: Average total cummulative weekly uptake of water

(mm) for all non-irrigated plots for the total (25-100cm)
soil profile.
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Fig.3.4: Total weekly rainfall (mm) from 6 October till
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College Metrological Station from 6 October till 5 January.
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Station raised pan evaporation totals are shown in Fig. 3.6.

3.5 DISCUSSION

A feature of these results were the high coefficients of variafion
obtained during the analysis of variance. These arose from large
differences being recorded between plots with the same treatment. Even
when the irrigated treatment had not been abp]ied and these plots were
uséa as an extra two replications, this did not alleviate the.prob1em.

An example of this type of analysis (6 treatments x 4 replications) is

shown in Table 3.4.

. Table 3.4: The effect of early nitrogen and sowing rate on water uptake
' - (mm) for the 4 - 10 November in the three partial and total
profile when using the non-imposed irrigation treatments as
two extra replications (i.e.: 6 treatments x 4 replications).

Profile depth (cm): -

TotaT
25 - 50 50 - 75 75 - 100 25 - 100
: mm mm mm ©omm

Early Nitrogen : '

EO 3.40 4.01 3.57 10.98

El 4.80 NS 4,23 NS 2.52 NS 11.55 NS

E2 4,08 3.67 1.60 9.35
Sowing Rate

SO 3.76 NS 3.48 NS 2.14 NS 9.38 NS

S1 - 4.42 4.46 ) 2.99 11.87
S.E. 2.16 1.51 1.83 . 3.39
C.V. % - 53 38 66 - 32

There were no significant interactions.

NS = non significant
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Thfs variation was attributed to the textural complexity of the soil and
its resultant effect on water holding capacity (Anon. 1968, Hart 1978).
Variability was generally greater within individual profile zones than

over the whole profile total. This indicates that the plant water
extraction pattern was an integrated function of the whole rooting depth
rather than being dominated by specific arbitrarily determined soil profile

zongs.

Soil water storage is largely dependent on the annual depletion and
recharge cycle (Walker 1956). Rainfall data over the. winter months of
this trial was 50% higher than the long term average (Anon. 1973, Table
-x3.5) and neutron probe readings in late September showed that all subsoil

profiles had reached or exceeded field capacity (Section 3.3).

Table 3.5:- Linco]n.College monthly rainfall data (mm) for the trial.

1941 - 1970 averag 1977
. S : mm
May 76 74
June- » 58 72
July. 58 137
August ~ 56 | 52
September 46 | 104
| Iota]ll 208 430
October s 21
November 53 29
December 58 ' 49

Total - 159 | 99
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Plant water demand would not be high before the end of the double ridge
growth phase as 1ittle biomass is produced (Fig. 1.3) and soil, air
temperatures and solar radfation levels are also still relatively low
at this time. A1l these conditions would favour root development near

the soil surface rather than subsoil penetration (Evans 1973).

' fIt was throughout the reproductive phase when biomass accumuTation
was~accelerating that the monitored profiles showed water dep]efion occur-
ring.fastér than natural recharge. Reicosky et ail. (1972) noticed that as
the dry matter production increased so djd the demand for water, and root
. and shoot growth were found by Lupton et a1. (1974) to be highly
correlated over this phase. Throughout this period less rainfall was
recorded (Tab]e 3.5), wﬁen compared to the long term average. In unsat-
urated soil conditions, plant wafer extraction depends mainly on continued
root growth fnto unexploited moisture reserves of the soil profile (Pearson
1966). Initially the shallowest measured zone was the largest supplier
. while the deepest provided least but by grainfilling the situation wés
reversed (Fig. 3.1). This pattern of soil water utilization is in agree-
ment with the findings of Hurd & Spratt (1975). As water is removed from
the uppermost layer, the gradient in water potential between soil and
root decreases and hydraulic conductivity of the soil declines reducing
the water flux. As the level of water in the surface diminishes, a
gradual change in extraction pattern occurs to;the deeper_]ayers, with
higher water potentials and hydraulic conductivifies. Each profile trend
'was very similar in the rate of cumulative water absorption (Fig. 3.2)
with the shallowest attaining any given level of water usage first,
followed by the middle profile and then the deepest. This held true until
8 December, after which water removal from the 25 - 50 cm prdfi]e notice-

ably declined (Fig. 3.2).
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- Following the use of irrigation the water extraction pattern in

the three profile zones was markedly changed. Whereas non-irrigated plots

were removing more water from the deepest profile zone, the irrigated

plots had their greatest loss from the shallowest profile (Fig. 3.7).

This trend continued on for three wéeks, until testing stopped, and would

be due to the irrigation raising water potential gradients more in the

su(féce profiles than the deeper ones (Table 3.6).

Table 3.6:

1 December

15 December

a

C.V. % could not be calculated due to the mean

*

*%

Mean water volumes (mm) being removed or added for the
week tested following the two irrigations, for the non-
irrigated (I0) and irrigated (I1) treatment means in

25 - 50

mm
10 3.2
*k
11 . -19.2
S.E.- 1.80 .
_ X
C.V. % - @
10 0.1
*%
1 -12.3
S.E. 1.23
C.V. % -

P < 0.05
P <0.01

the three partial and total soil profiles.

, ' Tota1
75 - 100 25 - 100
mm - mm
5.5 13.5
* * %
3.1 =213
0.58 3.40
47 -
2.5 - 3.8
*%k . *%
-3.8 -24.7
0.46 2.04

being negative.
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non-irrigated (I0) and irrigated (Il) treatment means
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for the last three weeks monitored. ’
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Summation of the water extrqcted each week from the three partial
profiles (Fig. 3.1) givés the total weekly profi]e of wate} utilization
(Fig. 3.5). The average total weekly uptakg increased until 3 November,
fell slightly for the next two weeks, and then rose again for the follow-
ing two. The first decline could be explained by higher rainfall and
Tower pan evaporation (Figs. 3.4, 3.5, 3.6) placing a temporarily decreased
dependence on subsoil watér. Previous research with aufumn sown wheat at
Lincoln (Scott et a1. 1973) has indicated that by early December the top-
soi] 25 cm could be near to wilting point. This 1ayér would include the
plants oldest and most suberised roots. -Reicosky et al. (1972) demonstrated
that these roots could still absorb water if it was readily available whi]e.
Kramer (1933) showed tHat p]ants.cbuld even take up water through dead
root systems. Thus following rain, the roots in the top 25 cm soil layer
absorbed and utilized some of if,rreplacing and conserving water obtained

from the deeper subsurface zones. The importance and volumes of water

‘supplied from the topsoil layer to the wheat was not determined. Besides

the roots using water from the top 25 cm soil layer, evidence is available

to show that winter wheat roots can extract water from as deep as 2.4 m

“(Kmoch et a1. 1957). The second decline in the amount of water removed

each week from the total profile happened just after anthesis but it
cannot be explained in the same way, as it coincided with a period of
high pan evaporation and no rainfall (Figs. 3.4, 3.5, 3.6). This
reduction in water uptake was probably re]afed,to the cessation of root

growth known to occur at that time (Hurd 1968, Connor 1975).

The quantities of water removed throughout the recorded period

were calculated in Table 3.7. ' D)
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Table 3.7: Total water removal (mm) from the three individual and

total profi]e zones between 6 October and 5 January.
Profile (cm) _ Total
25 - 50 50 -75 - 75 - 100 25 - 100

Start (mm) 72.67 72.41  73.80 218.88
Finish (mm) 36.35 33.49 36.80 106.64
Difference (mm) © 36.32 38.92 37.00  112.24
%d;ter used 50.0 53.7 50.1 51.3

A11 profiles lost around 50% of their tofa] water. This was about the
expected maximum since the neutron probe‘measures total soil water which
includes capillary and hygkoscopic water (Gardner 1975, Buckmanb& Brady .
1969). In normal situations only capillary or plant available soil water
can be used and this portion generally amounts to about ha]f the combined
total (Dagg 1967, Buckman & Brady 1969). Theoretically, Table 3.7
indicates that approximately all the plant available soil water. was
removed from the measured profile deﬁths. This demonstrates the importance
of root penetration into deeper soil 1ayer$ for the purpose of extracting
water, eépécia]]y when considering that in the last month monitored, the
“shallowest to deepest profiles -had a total of 1.9, 6.2 and 9.9 mm of

water removed respectively (Fig. 3.2).

It isbobvious that further 1mprovementsicou1d be made to obtain
~more information from this type ofrstudy. Lohger access tubes are
essential to encompass the plants comp]ete rooting depth. An attempt
should be made to estimate water removal in the.top 0 - 257cm soil profile
~even though considerable problems would be encountered (Painter 1977).
But the most important requires finding anothey site ff small, but reai,
differences caused by the_treatments are to be detected. Ideally the soil
-used should have a uhiformrprofi1e S0 the soil physical parameters do not

vary with depth or between Sampling sites.
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CHAPTER 4
4 GENERAL DISCUSSION

In each of the preceding chapters, the discussion has concentrated
on the results obtéined from that part of the experiment. This was done
for ease of writing‘the'Thesis and it does not infer that they are indépen-
dent in the agronomic sense. The aim of this section is to unite the
individual chapter studies together.

Four different treatments,.sowing rate, early N, late N and
irrigation, were imposed on autumn sown wheat in an attempt to oBtaiL&as
much variation as possible in the yield components. Previous trials,
including Fraser (1978) and Doughekty et al. (1979), have been cafried out
on the same Templeton silt -Toam soil and their results for components of
yield have been similar in that small differences between treatments have
often reached a statistical level of significance. Orjginally the informa-
tion collected with the neutron probe (Chapter 3) was going to be related
to the agronomic treatments but lack of statistically significant differences
prevented this (TabTe.3.2, 3.3). Before anthesis, only one significant
difference was detected in the volume of water removed within a monitored
profile zone (Table 3.2) and this was due to the high fate of early N
causing more water to be lost from the 25 - 50cm depth at the start of
November (Table 3.1). At that stage of‘pIant development, early tiller
death and stem elongation, no corresponding increase was recorded in biomass
m_2 or LAI although significant differences were deteé%ed before and after
that date (Figs. 1.6, 1.7). Thus soil water removal as monitored by
individﬁal profile zones did not, in general, form a consistent relationship

to the plant biomass m'z'or LAI increases caused by the early N. This was
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contrary to expected since Kmoch .et al.(1957) found early N fertilisation
in winter wheat increased root weights and subsoil moisture utilization
while Rosenburg #1974) related faster Fates of soil water depletion to
rising LAI's. The poor relationship between soil water and plant bBiomass
or LAI data arose as all individual plot results showed considerable
variation and this.was attributed to the soil not being uniform over the
site. This was noticed while inserting the neutron probe tubes and as the
soil properties a&tered within the measured profiles it is likely that soil
variability influenced the wéter holding capacities (Anon. 1968, Hart 1976),
plant root penetration (Evans 1973), and rate of water removal (E11is 1976).
The testing apparatus could not be faulted since repeated readinés ot tHe |
same plots were in close agreément, but errors could have arisen from not
having the measurements encompassfng the complete rooting depth. In a
stddy such as this, the soil properties must be consistent over the rboting
depth if meaningful results are to be obtained for water uptake and then be
correlated to biomass growth parameters.l |

A measurement was made of the severity in water stress that
developed between some of the treatments, using the flag leaf as the plant
indicator. Kramer (1969) considered plant turgidity the most important
aspect in plant-water relations because of its intrinsic involvement in the
physiological processesicontrolling growth quantity and quality, and that
plant watef potential was the single most useful parameter characterising
water stress. ‘It has been widely used and accepted‘(S1av1k 1974), and the
method used in this experiment is outlined in Appendix 4. Figure 4.1 shows
the difference in flag leaf water potentials between the nil and high early
N treatment on.the 19 November. From 0630 hours on, the high N plots were
significantly lower, a trend that continued until 0500 hours the next

morning. Recordings on the 23 and 25 November followed a similar pattern
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Fig. 4.1: Flag leaf water potentials as affected by
early N for the nil rate of late N, non-irrigated, low
sowing rate treatment means for the 19 November.
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for the main part of the day but throughout late November, no difference in
water uptake from the monitoréd soil zones was noticed between treatments
(Table 3.2). Soi) moisture availability is not the only factor controlling
the plant water status and plant water deficits can arise when transpiration
losses exceed the rate of root absorption (Kramer 1959). The high rate of
early N produced significant1y more leaf area (Fig. 1.7) and this could
lead to higher advective and insolation transpiration losses therebx
intensifying p]anf water stress (Dougherty 1973). During the time period
over which the leaf water potential measurements were taken, ear emergencé
was proceedihg (Fig. 1.1) and this plant stage is known to be sensitive to
water stress, being characterised by a reduction in graih numbers pe= spike-
let when water shortagesAoccur (Fischer 1973, Table 1.1). Scott et al.
(1973) also commented that high LAi's in November may Tlimit the subp]y of -
assimilate to_the developing ear. In an extreme example which caused a 30%
yield depression mainly due to poor grain set, Dougherty & Langer (1974)
attributed the pfimary_cause to-pre—anthésis plant deficiencies of carbo-
hydrate. In this experiment there Was a significant 1nvérse correlation
between ears m'2 and grains per spikelet (Table 1.5), therefore,as ear
numbers were raised by early N (Fig. 1.3), LAI was also (Fig. 1.7), resulting
in lower grain set per spikelet and Tighter grain weights (Tables 1.1, 1.5).
If larger LAI's predispose higher plant water deficits, thére is likely to
be Tess water avaiiab]e for plant processes which wou]d'eventually limit
photosynthesis resulting in less carbohydrate available for plant utiliza-
tion (Boyer & McPherson 1975), especia]]y'for the rapidly developing pre-
anthesis ear (Hsiao 1973). |
Irrigatjbn.was used for the first time-at anthesis since no visual
symptomé of p]aﬁt,water stress occurred earlier to warrant bringing its

application forward. The aim of applying this treatment at flowering was to.
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affect érain size and gréin flour dua]ity, as irrigation can significantly
alter these parameters (Drewitt & Rickard 1971, 1973). After each 1rriga-.
tion, except the days immediately following when water was still entering
the\monitbred profiles, all differences caused by this treatment were due
to having more of the added water removed (Tables 3.2, 3.3). For the.week
ending the 5 January, about two-thirds of the way through grainfilling, all
irrigated profile depthé had significantly more water extracted from them,
Only two of the measured plant biomass parameters, LAI and dry weight per
tiller, responded to irrigation (Table 1.7) and the latter is reflected iﬁ
the yield components as an.increase in grain number per Spikelet, grain
weight, and straw weight (Tables 1.1, 1.3). Plant water potentié]s 1y
determined on the flag leaves were significantly raised (i.e. less negative)‘
by the application of water (Fig. 4.2) and a similar pattern of response
was recorded on the 5, 12 and 18 December as well. In all cases, the
differences occupied the majority of the day with the irrigated plots
regularly around -2 bars more than the nén-irrigated ones, being approxi-
mately -22 and -24 bars respective]y.; If these two figures are taken as
representing stomatal closure, then the 2 bars difference could reflect
accelerated aging brought on by less plant available water (Frank et al. |
1973). It is erroneous to assume that plant growth is only affected by
large soil water déficits (Hsiao 1973), hence irrigation helping to alleviate
any deficit would correspondingly uphold a more active leaf aréa (Fig. 2.1,
Table 1.7) and therefore a greater assimilate supp]y'to the plants.
Brocklehurst (1977) correlated gfain weight to the number of
endosperm cells, which are determined in the first two weeks after fertilisa-
tion, but he concluded that grain weight was determined mainly by differences
in the éupp]y of assimilate to the developing grains, which in turn

reqgulates the size of gréin,sjnk to match the amount of assimilate available.
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Grain weight showed a significant response to irrigation but of ﬁhe flour
qud]ity parameters only loaf volume was altered (Table 2.1). The grain
ﬁrotein to carbohydrate ratio remained the same (Table 2.2) indicating that
with increasing grain Weighté, the proportions of grain assimilate accumula-
tion were unchanged even though irrigatioh induced én obvious difference in
flag leaf area duration (Fig. 2.7). As most grain carbohydrate is derived
from f]ag leaf photosynthesis (Patrick 1971, Yoshida 1972), if may have
been anticipated fhat-the grain protein to carbohydrate ratio would decline
-resulting in poorer f]our'quality (Drewitt & Rickard 1973). However the
balanced uptake of grain ﬁrotein may have been due to the strong positive
correlation that exists at maturity between straw weight and the N in the
grain plus straw (Austin et a1. 1977). Irrigation, by reducing the amount
of in vivo dry matter that heeds to be mobilised (Fig. 2.1, Table 1.7)
thereby maintains photosynthetic activity which provides the energy for
continued N uptake. It is suggested that heavier tillers (Table 1.7), and
more straw (Table 1.3) produced by irrigatjon, together with delaying leaf
senescence (Fig. 2.1, Table 1.7), could haVe maintained the N to carbo-
hydrate reiationship in the developing grain.

There was no point in trying to calculate how much extra soil
wafer the irrigated plots removed, compared to the non-irrigated ones, as
this would depend onitoo mahy assumptions and estimations. However the
120mm»of water put on (Chapfer 1.3) resulted in an 11% improvement in yield
(fab]e 1.1). Using the same soil type with éutumn sown Kopara wheat
irrigated to field capacity on the 7 November and 8 December, Wilson (1974a)
obtained a 9% 1ift in yield. The Templeton silt Toam soil was described by
Cox et a1.(1971) as being prone to drying out in drought summers,.but,as
_previous]y.mentioned, 1arge soil moisture deficits are not required to

initiate yield limitations. In the non-irrigated plots, nearly all the
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plant available water was removed from the 75-100cm soil profile depth
(Table'3.7) demonstrating tﬁat root penetration clearly went deeper. After
the very wet winter (Table 3.5), the subsoil below 100cm could have been at
saturétion capacity and this.wou1d be a ready source of water for deep root
exploitation (Scott et al. 1977), even though the last three months of the
year were drier than normal (Table 3.5). Another function of deep root
penetkation would be the absorption of any leached N since aufumn sown
wheat can easily %ake-N up from as deep as 150cm (Daigger & Sander 1976).

No significant'fesponse was found between yield and any of fhe
measured flour quality pafameters (Table 2.3) although under English
condftions, it is normal to find an inverse relationship between yié]d and
grain protein (Lupton & Pushman 1975). A positive trend was present in
this experiment which may have'helped stabilise the flour quality components,
as this would infer N was not limited for grain protein deve]opment.'
Similarly, no significént interactions were present for any of the qqé]ity
results (Table 2.1) indicating that the agronomic treatments had Tittle
direct influence on the grain - flour qua]ity relationships irrespective of
treatment effects on grain weights. In his comprehensive review of New~ -
Zealand wheat N responses Wright (1969) calculated that 94% of the trials
gave an improvement in baking score when N was applied, but no substantial
yield improvements were noticed at high baking scores. Only moderate]y’}
high baking scores could bevclaimed from Table 2.1, while yield response to
éér]y N was large (Table 1.1). These results support the general North
American response when increasing rates of early N are used in the presence
of adequate éoi] water. In general, there is a yield improvement and the
protein effect is minimal until the grain }esponse reaches its maximum
.(Johnson et al.]975).‘ Late N raised flour protein percent (Table 2.1),

otherwise all treatments did not influence this parameter which is the
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single most important qua1ity component (Finney & Yamaéaki 1967).

| Results presented in Table 1.1 by the various treatments indicate -
that there was considerable room for manipulation within each yield component.
Although the reaction of each yield component to each agronomic treatment
could be Tooked at in isolation from the'rest, it is desirable to try and
determine these responses as part of the overall crop development, since
compoﬁent compensation is a regular and intimate part of-yie]d'determination
(Evans & Wardlaw {976). In crop plants, the relationship of final component
'size being positively correlated to those earliest initiated or with the
.1ongest period of deve]opﬁent, has been noticed before. With wheat, for -
example, tiller survival follows an hierarchial order with later formed
tillers senescing first, while the mainstem or oldest tiller consistently
~ carries greatest proportions of yié]d (Clements et a1. 1974, Power & Alessi.
1978, Fraser & Dougherty 1978). Scott et al. 1975 demonstrated a signifi-
cant and positive relationship between spikelet dr& weight at the earJy boot
stage and final grain set. Failure of upper order florets to set grain was
attributed by Langer & Hanif (1973) to thefr later initiation of develop-
ment and thus less total growth between conception and fertilisation. fKirby
(1974) showed that grain size was positively correlated to the time of -
floret initiation while Brocklehurst (1977) found grain weight was dependent
on the rate of dry matter aécumulation wﬁich is governed by the number of
endospérm cells formed durihg the first two weeks after ferti]isatfon.
This highlights fhe importance of determining the timing of physio]ogical
events (Fig. 1.1) as for all these parameters, treatments increasing
initial size may directly result in more yield provided subsequent components
are not disadvantaged too severely. When studying developmental piasticity,
Adams (1967) referred to it as being synonymous to component compensation,

and in this experiment, the yield components can be closely related to
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treatment effects applied during early development. N fertiliser broadéast
at the comméﬁcement of ti]]éring raised harvest ear numbers, Tate N used
midway through f]qret growth improved grain set per spikelet and irrigation
at anthesis resulted in heavier grains (Table 1.1, Fig. 1.1). Decline of
lTater formed components was most noticeable after treatments were used to
promote earlier ones and the best example of this was sowing density, where
the high'rate produced more ears but all succeeding component§ were reduced
(Table 1.1). The reduction of subseqﬁent components does not occur .
haphazardly but also follows an integrated pattern which is interdependent
on their development (Adahs 1967) and in the case of sowing rate, incréased ,
spike population was completely offset by lower production per ear so
harvest yield was unaffected. The above results between components strictly
relate only to this experiment; but the principles involved have a~far wider
app]ication.

In practical terms, the most important treatment of this experi-
ment was early N.application as it significantly raised yield through-
supporting a higher harvest ear popu]ationldespite large reductions in some
of the within-ear components (Table 1.71). Harvest ear number was the moét
influential yield component (Table 1.5, 1.6) and this‘has been found before_
- on the soils around Lincoln (Dougherty et al. 1974, 1975, 1979). Adequate
soil water is necessary for'early N fertf]iser to sustain high yields, as
Drewitt & Rickard (1973) achieved no yield response to early N on a Tight
soil type at Winchmore, due to the increased ear number being counteracted‘r
by a grain set énd gréin weight reduction. On the Templeton sﬁlt Toam,
within any measured subsdi] profile zone the cummulative soil water upta%e
fol]dwed a sigmoid curve pattern (Figs. 3.2, 3.3). When studied on a weekly
basis, many significant differences resulted between the arbitrary &efined

orofile zones (Fig. 3.1), and the weekly seasonal pattern of water removal
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between the measured profiles would be related to their water potential
differences (Kramer 1969). Despite large variations in yield. (Table 1.1)
and subsoil water uptake (Table 3.2) induced by the treatments used in this

experiment, flour quality characteristics were relatively stable (Table 2.1).
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Appendix 1:

a)

b)

From Table 1.1:

Grain number per spikelet ExS**

" EO
El
E2

EO
E1
E2

SO

2.39

2.16
2.02

- Grain number per ear

SO

43.8

41.0
38.6

Grain yield per ear (g)

EO
El
E2

From Table 1.4:

S0
1.72
1.57

1.40

ExS**

- ExS**

Sterile spikelets per ear ExS*

EO
1
B2

S0
1.48 -
2.0

2.24

Interactions from Chapter 1.

S1
1.88
1.97
1.93

S1
33.3
36.3
36.0

S1
1.28

1.34

1.29

S1
2.11
2.13
2.23

S.E.
C.V.

S.E.
C.V.

‘S.E.
C.V.

S.E.
- C.V.

%

%

%
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0.04
5.3

0.69
5.1

0.03
5.4

0.12
5.6
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_ Appendix 2: The computer program written to calculate volumes of soil

water (mm) from the initial neutron probe readings.

In this experimént, the neutron probe readings were taken at weekly
intervals from 7 October uhti] 5 January. For each tube, this involved
two stapdard readings (STD1 and STD2) and one at each of the depths 25, 50,
75 and 100 ch (CM25, CM50, CM75, CM100). This was done for 24 plots, the
readings being formated in co]umné with the p]éts being the rows. This was

termed DATA, and is displayed in the print-out under the heading DATA.

The first subroutine RDC (RAW DATA CONVERSION) converts DATA, the
field absolute count rates, into standardised count rates or the standard

count ratio (CRATIO). This appears in the print-out under CRATIO.

‘The se¢ond subroutine SDC (STANDARD DATA CONVERSION) is used to
convert the CRATIO readings into millimetres of water (MM). This is in the

print-out under MM.

The third subroutine VOLUME, takes the field measured poinf voiumes _
- of watek as determined by MM (from‘subroutine SDC) and integrates between |
them to obtain partial profile volumes (CM25-50, CM50-75, CM75-100) and also
the total profile volume (TOTVOL). This is a quantitative method, in that
the volume of water measured in the field is now defined as millimetres of
water per profile depth, and the results are shown fn the print-out under
VOLUMES. The integrat%on method relies on two parts - firstly obtaining

the curve between all the MM points and secondly calqu]&ting the volume of
water beneath specific portioné of if. The former is achieved by the poly-
nomial intercepts method and the Tatter by the trapezoidal integration
procedure. Also in this subroutine, the files 10 and 11 are written, contain-

ing the calculated profile volumes.
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At the end of the main program, the differences between successive
weeks volume readings are determined by subtraction of the FILE 11 from |
FILE 10. This therefore giVes the change in water status during that week,

~and 1is shown in the print-out under the heading DIFFERENCES.

/

“After subroutine VOLUME in the main program, FILE 12 can be used
to obtain any treatment means'required. By arranging the plots needed onto
a DATA NO bard at the head.of the program, the information requested is taken
off FILE 10 and FILE 11 in the main program before FILE 10 is cleared ready
for its next weeks values. Unfortunately cards need.to be manually changed
~in the main program every time the DATA NO sequence is altered. The
information also shows which plots have been averagéd.and this appears in

the print—but under VOLUME DIFFS and DIFFERENCE DIFFS.
The following pkovides more detail of the Subroutines used:

-SUBROUTINE ONE:  SUBROUTINE RDC (DATA,.CRATIO)

RDC = RAW DATA CONVERSION
The field DATA is converted into the standard count ratibr(CRATIO).

| The formula was: P = K/ SC
where: P = ~Count fatio
K = -Field count rate of measurement (counts minute;l)
SC = ‘Field standard count rate.of measurement (counts’

minute'l).

In this case 0.5 minute field readings with two standard readings
were used therefore: _ |

P = DATA (I,J) *2 / DATA (I,1) + DATA (I,2)

where: - J = 73,6

The resu1ts of this calculation were called CRATIO, and is the

standardised neutron probe data form.
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- SUBROUTINE TWO: SUBROUTINE SDC (CRATIO, MM)

SDC = STANDARD DATA CONVERSION
The subroutine SDC is used to convert the neutron probe standard
- counts (CRATIO) to moisture contents (MM). The regression 1line between

these two was calculated as detailed in Section 3.3 and is given by:

CR = B*X _
| where: CR = Count ratio (CRATIO)
B = 3.0
X =. moisture content in kg 1'1_(MM)

This was rearranged so that MM = (CRATIO) / 3.0 and the array MM was

.calculated.

SUBROUTINE THREE: SUBROUTINE VOLUME (MM,L)
VOLUME = calculates the soil water vo]umes (ﬁm).

MM are the point moisture contents at the depths tested and L is the

counter indicating what weeks DATA is beihg used.

A, B, C and D are the profile depths as listed. The.curvé of the
Tine through thelﬂﬂpoints is calculated according to the algebraic inter-
cept methods aﬁd is represented by the equation TOTMM. Calculation of the
volume integrated beneath'this was carried out by the trapezoidal -method,
in a series of iterations.. This computation is carkied out in kg.]'1 but
the result of VOLS is required in mm em-1 50 a multiplication factor of 10

is used.

Two files are written in this subroutine, although both are actually
operated at the end of the main program. FILE 10 minus FILE 11 gives the
differences (DIFF) between successive weeks volumes as seen in the print-

- out under DIFFERENCES.
The following 9 pages contain the programe written in Fortran, for

the Burroughs 6700 computer, and an example of print-out.
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**:*********************************************
* X %
¥%% THIS PROGRAM IS FFOR CONVERTING NEUTRON %%
*¥% PROBE READINGS INTO SOIL WATER VOLUMES  **%

Xk ¥ * ¥k
:*I IT WAS WRITTEN BY WALLY DALGLIESH 1978 **i

KKK O R OR OROKOK KRR K OR R K 340K Sk KR R KKK KK ok Ok K R OK K K FOR R R K k&

FILE 10=WEEK{,UNIT=DISK,AREA=24,RECORD=4
FILE 11=WEEK2,UNIT=DISK,AREA=24,RECORD=4
FILE 12=AVERAGES,UNIT=DISK,AREA=12,RECORD=8

REAL, MM(24,4)
DIMENSTON éAT 4,6),CRATIO(24,4),S5UM(4) ,ASUM(4),DIFF(4),
* DATA2(24,7),N 4),61 1¢4), bt F204)
SORTING OF THE DATA INTO THE “DATA NO" ORDER
(DATA NO/1L1,26, 17 48,22,37,4, 33 5,25,15,42,
1473992 é ) 2? % ia 112,297
DO 99998 %1
DO 10 1=1,24" . -
READ(5,900)(nAiAzcl,J).J=1,7)
900 FORMAT(8X,I12,5X,2F5,0,5%X,4F5,0)
DO 11 J=1,24
IF(DATA2(I, 1} NE.NO(J)) GO TO 11
DO 12 JJ=1,6 ,
DATA(J,JJ)=DATA2(T,Jd+1)
12 CONTINUE
11 CONTINUE
10 CONTINUE
CALL RDC(DATA,CRATIO)
CALL SDC(CRATIO,MM)
WRITE(6,901) L
DO 13 I=1,24
WRITE(6,902) NOCI), (DATA(I,Jd),J=1,6), (CRATIO(I,J),J=1,4),
2 (MM(T,Jd%,0%1,4)
13 CONTINOE
WRITE(6,903) L,L=~1

CALL VOLUME(MM,L,NO)

IF(L.EQ,1) GO TO 99999
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"DIFFERENCE DIFFS"

& THE

"VOLUME DIFFS"
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-

-

adl -~

< 7]

M - - =3

~ - - - P

<H ~ N < =

~ NNON ir~ [£3)

— N~ 2! ~ ~ @

n s« =U By NN &

N =0 s N [

- = - aSi[r,e - [ae

-~ . < Mmoo H

[ - > et mMJI—OO 0O

~—t ) ~ < OV et O et

~MN < e~ ~ L= LI -

<r[x, -~ Ms ~ s ounn <

alx c— : Cr ~oO [ «E=ONON [

= ’ il s NGO s 2 =

=] i) CE Z5~ SpU .

TSN . - U= 3 wdCw » -

- - () . . = ) s O w o

~s ~ e . <L = OE X< o

< <N > - L= sy ™M

~ = [N LM = = w -

Fr vt . —r~ - ~ Vol o ST L N -

e U (R . “~ s~ O0LOoOO W

a4 A . : >N " SO0 1

0 -~ : ~——t ’ : O 0w Owived =

— ~lx FES b D

2 o SOE SO s 3

)l . . N ot - e a1 O
v N L XoeathEE > M~
. . oo B> ~ &Cs v DU ~
~—ilz, (=, = <L N> wlAlE] s s A
1=t b ——~ O aFAANLEISe o aig .
o N s v owN e T TR o2 (N
N N : : sONes N\NOD AL WOOME
~ -~ . KOO L0 « sis G.
xS Land g (. INEDOIT>0s v I v
~— N <O : —~ NULEC <> v DN -~
—~r ~ N ~Z < < NS Urmdy & s~ oM X
<<t mnD DX — -~ -~ M s F ST N O
-~ —— X 1 ¥ ot > W) WX OONCOO e
—d AEkR <O ] "o sides ON = DWW N~
i il mok wNN ~§~ L 14 & A w eMyY N T SO\
YN Uk i<t . ~oN -~ Ms aXINNEBs LUSTEN o
-~ a T AN v % - —~r lets S NDOs v oS-
—~e T4+ i + L] 2 L 4 IO »ON b » sMS s
XN VIS~ O A 1] o TEHONS SN Q X s o
e M3 Ok B ~ =CD == s IENXNT OO0 | <
TEEZ I~ 2 I aSNEEZ - <D w DM A s T o s
NDIOFA—=IN =C< X -—- o oNIW 2o TEOANDG W s am
L 17BN e ICHC TN e SR U B S M. M~ SO e - i el <L N> NN OONLINH
- L o, < —OoO O Wt OO v OO v SON>GY HNN SN = N
H ~“UHER Ot e e~ CH O\ I 3¢ » wN e wNHT e s
HAARDOO OOXMXTOO X OZEZA0e Moo == v =D SN I 3
== N sex H X .~ Z 5 i =~ o s e s NN XD

el - A S s (3] N
SOy SEds OUOOUHELRIE

L OOILIL I 228 v CLE L

Ze N T N o T TS X

O “ET a0 ~Oxo ~Xa.
OXULOTNE=MOGCOKOOoO
Toeis & inb-de et N EHZ

e v N HAAKG 8 sOAAAE] eI ORI AAAEION SR
= O vt = ) T O = M DO A N (N D D I D v D D

e PR e ZEIER CGHRZ N E 22
O T et (N 8 80— (N o A O = S S N O Il =
NGOk Bt = O b I B O O e e O L B A O OV B
N <<t LibhZde— LLLhZwaX SO0z bbhEZ <<~HESZ
¥ DR HHEEORLbE ~NSCLOE RO -H0 G000

FORMAT CARDS

X o o000 e Q=D o L Q0oL XEEuU wi
- * : i —t MenONen w
w O o< ™~ oo} [eaTe) — oM <t O
L] - ~i ~i —n < (o2 SO O
[e2] [« [+a3e)) gy O
[«)

o



95

FROM THE FIELD OATA TO STANDARD DATA
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DATA

CM50 CM75 cM100

CM25

CM100

CM75

cM25

STD2 CHM25 CM50 CM75 cM100

STD1

PLGT

NN O COOOV=ORO N CNT®
WOISN=MEOTNT MCOMMONCETRhYO
M N OO M O SOV ONT O W
OMNCC O~ LO O COUMNMD O~ ONCOmON-
LI I I I I I R S A N SR R I I N I N B

COCOOCOOCOOCUOOOOOOOOCOCOC

O DOV v NN O~ MUN T VOV ONHN O OO
HA TN MO —HNC O TERC —NNNOWO — D
MECONGENCTMONCNNNC OO ~OCC T
O OO O-MOCO T~ O~ P~ ne~
NN IO N NN ON OV ONON NN ORI DN = NN OV O O
® 2 05 08 0460 0000080008
[olelololalelalolalalel ol ololelolotolalolalela ]

WO F=MOOWNM A OO0 C OO NO N
SN NUNC MO N A OO AT OV i
ANONIN N OMSOIC N MDY O e T 10 OO NP
SHNFOMF S OMNI S F O MM BTN

i =l=lelolololololelelolatol ool alalalololala o]

NOC AN F F NN MO MO NN OND
MO COWN G ON M = O MO = S
@O AN N F RN > (NO VO~ = T O~ <M
O A= O OO TR mot
O (NN OO vt et g et A 7t TN vt vt e et ety v e
® & 5 2 ¥ 0 & 8 0 28O 0 B e s s e
[~lelolelslolslelslolelolololololalolalololelel o]

SO N-OINTORONCE =N T O
MONOF PN OF — O N (N =P~
N F OO vt F N = N = NN N S P O —IUN
Nt QMO C~0MONIC OO CUINO-N
O~ MOV OV OO~ OO O M~ (DI~ O 00 00 Gh 0000 GO A0
L I I R I R Y I I I I I B L R I

COOCOCOO0O0OCCOCCODOOOOOODOOCOO0

CONMOMNNOCLINCMONTOL NGO
O O MO O S OO (N~ 1N OGO O v = N~ <FO
O CONN AT VOO ONA VN N I~ MO0 ™M
PSP ISP 0O S~ P~ P 1~ QO S 06 OGP~ T CC 0~ 0
* 5 6 0 & 8 8 2 a s Tt
COOCOOOCCOOCCOOCODOOCCOCO0O

DONAAMNOF NN ONDONMC O~ P
OGP~ = OUNIN OO0 = M~ (NO N DO
MUNMO—NFFTFROLCNMNFO P A= NN
O S~00 00 PO P PP D= O PP OO P S S S -
L I R I N I L LR I B N I S I I I I
[olelololalolelololelololslolalolofelololololale]

O~ CONOONFINNO S TNNO MM OINOINO
O NEC O ONNING O =MNO MMINMO O <UD
NG~ PN UM O P PO MNMM
M= =N RN~ OO N VUOND 00
O INWC\OOO O N IO NN WNDND WLIN O WA NN
L I R I A I B I B R I R S A A ]
OOCOOCOOO0OoO0OOOOOO0OooOOCOO

L I A N I R I N R I B B A B A A A R
S NN A O N FNO C AN F AN
NN =t N PN O = DO~ D O MLN
—HONN =M OOVINOTCAON DM
O A FNANDOW A A A GRXNO =-1—AOO O
NAHON A OOV N A N SN OO et e CHN OV OV OV N N

L R I I I R B I I I A A N L
NOoO~ANIMTOINCLOMMONNIO—ATMINO
O —HONW — OO A OO — NN N A M e F = P~ N
N> (NOIN O~ OINONOO P TN AOIMR
RO~ TNFNOXXR~C VPR~ T OOWR
Tt v e e et e e e e e o e S N e

L N LR R I B I O B R I I B I I I I A )
COF OO AT OO e+~ O IO O T U
OIS~ A CONOC NG T~ P ONA N =0T NN~
MOVNN =« NINDOC N AN OF - OND-ONH N
7o) el e clepY gl Tod maf e siVot oo oot et e d TS of aul Vo o e o]
ettt e e e A e e e e A e e e e

LI R O R I I I I I I I A A R R
NS MOAC MMM~ OMINCY T O MIN O MNO ™~ (Noo
ORCHOLI O~ NO OGO W = TN
DOYNNM OO F O F NN N = O N
FONTNIONTMOT NN FFTTOMONENT MMM
bl ol ol ol el el ol ol el ol o Rl al ol R et i ettt el o]

L R I R R R e I e I I I I R A AR ]
N AP - A1 N0 MM OO MNMAMIN D~ ONC v=MIW)
NOMOOOMIMIONONMO M -1t (OO0
D @0 =N OCLN O 0N O M IMO BN A (NP OV~
NN M MMM T MMM N O SN TN
NV AN NN OO N N OO N CI N OV ON O N O N

B 6 9 % 0 S S S N YR P E O NNE
N HO ~UO TN —H OO O O NI~ v v v ) v — (O
OO~ ONO T O O NN TS F v PO~ NN v
v~ 00 O O) (0 CO WD (NN H N M M 0 OO = MY
el lnaTae LaataatasTaoTaaTasto sTas Tasdo g hs o bo ot Taghs Yot}
NNV OOV AN OV OO OV NN NN OV O OO O ON NN

HOSONSIMNUNINOIFOANOO-MOCONG
SHONHIEOIM M Nt e M AR sE - N

WEEK 5= 4.

DIFFERENCES

VOLUMES

PLOT

96

OOV~ ONOOVMANMOMN-NC N W et
N ONN— O N —NNCS O NN T T OND—OO 0
NANF XD O~ CIN O O~ T OT NDTNMM
NOOVCNMANOTONMOMOSTHOOITO
® & 8 0 8B 2 8 0 P S s 0SB PSS
MO OUNONC -V O OO NI MIN
et ettt —eirt (Nt v

NN OOCFOF OO NN

FONNNNH = TN T RSO =N O NN

DT OOOORNT X P rC 1~ OO At O OO i~

SUNWONOMAN —INMSN N OMEE e

® 5 0 5 00 06 0 s 08 e "L

NN ONFCNOMOSNHON —NNO O
] ]

OENINN v = CMNT MG - CNMIO N O v
G —HN =MD O SMEONO MO <P 1N~ 00
SOOI INE T T -FONOONOM
O O ONTOXF I MMOOV O NNO]
® 5 606 0 0 8 0 08 st s st

D =HNM ADOCNNNNNM S OO FNMANNO

O = CNMMOC R NN =T OXTNNO AN H~

SNV AMONANMOINT OO 0MNON

NONTONMS O CNMSMEONNT CONCHIND

MO MMNLE OO FO RN A O o~ OWn

I.l'l...t.l.ll..'lll.'.l

OINN MMM <FUNO WO MO~ (NP coo\o <
-

BSOS OO0 O P INM DM~ OOMIN - O~
WO OO T OCFO M OMNCNOM—
NF OSSO ROLOOOUTMMAC < <To
ME S OO Gt TR O DN MONS i
e " 8 8 1 0 P BN SSPEE e LESOGSS
NS MA OO NN O C NO —IN N~
~OOEOCNXL N OVOE®DEDIT PO NN
A (Nt A A v e e et et e v e vt el

N OMNP OO AT O DONOF NS —O
MO@UNMM A OO QOO OO N—O0O
FOVOF-OMI~CONOOCCOFTTMONAHDO—
O~ M OVMN T OV OO MO CAGI' O LUNO
® 0 6 5 0 8 6 5 U 0 8 VOB L E LSS
CMOEOCOINHX I ON—INNOEMW ——=MOG
T~ OO N0 OO OO O F = SO0

O ~NOOMOOVONOOFONMOO I OMOND
P FUEM I O T ONNO NN OO MO NMO
e OMIFONONMAMN O — OO SO0
O OINNE@NMPOMNO M UIN TN O OO0
a8 ® ¢ 0 48 0P B e S DR E e S
SN O P S (N P o w100 O O MO -
ONOA\O OGN O \C OO OB OO T1OWOOOQD

O = OO LNNUNIE NN OOV 0T M~ NN
O N OC A0 v w10 M~ M~ =M PO O HFOUNO N
CONNMPO T OWVNOOD AR~ O =N~
63673095&.369?17094376024
LI TR T D R WA B NN B NN RN I BN BN B LN I B I R R B
(O OMMOANONF IO OO0 ONNIT I~
WD UNO DN DDA N D NN DT WD NN NN

OO MNDDNTONOOMN MO 0O NG
HOIHTIONM M (NP A1 M (Nt



PLOTS

11
17
22

15
14

13
18
12

26
48
37

33 .

25
42
39
30
27
46
40
29

53.9581
59.7068
61.2175
57.7365
57.9428
56,2958
55.5274
53.4083
52.1928
55,5525
54.3530
57.3655

61.7581
64.5161
61,7093
54,0651
65.6141
61.9287
64.6240
61.3302
59.7008
56.08C3
66.5409
65.6899

VOLUME DIFFS
66,8720
63.1173
64.6904
58.4900
67.1386
67,9980
68.6038
66.8174
69,2426
60.0136
72.5522

68,0594

182.5882
187.3402
187.6171
170.2926
160.6955
186.2226
188.7552
181.5559
181.1362
171.6465
193.4461
191.1148

5.,9161
4,.4849

3.6321

5.0427
6.3552
4.6634
7.8603
6.6254
9.9182
28,3330
6.7904
5.8196

DIFFERENCE DIFFS

3.1954 2.3136
3.4135 3.2640
3.5925. 3.6047
4.3112 - 4.8148
2.8566 1.5433
2.6221 1.4378
3.7213 1.1482
3.3800 0.6512
6.8878 2.9687
5.3543 2,2732
2.7926  1.8363
3,0026 1.1441

11,4250
11,1624
10.8293
14,1686
10.7553

8.7233
12.7298
10.6566
19,7747
15.9605

11.4193

9.9662
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PLOTS VOLUME DIFFS ‘ DIFFERENCE DIFFS

11 26 48.8261 58.1550 66.0473 173.0284 5.1320 3.6031 0.8247 9.5597
17 48 56.4026 59.8950 58,1991 174.4967 3.3042 4.6211 4.9182 12.8435
22 37 59.6149 58.2275 61.8856 179.7279 1.6025 3.4818 2.8049 7.8892
4 33 54.1878 49.7109 52,7731 156.6718 . 3.5487 4.3552 . 5.7169 13.6208
5 25 55.6202 62.4792 63.3964 181.4959 2.3226 13,1349 " 3.7422 9.1996
15 42 52.1052 57.3298" 65.3475 174.7825 4.1906 4.5989 2.6505 11.4401
14 39 49.7546 60.5059 66.5054 176.7660 5.7728 4.1181 2,0984 ' 11.9892
2 30 46.4958 56.2615 65.2139 167.9712 6.9125 5.0688 1.6034 13.5847
8 27 46,9356 54.9012 67.5073 169.3441 5.2572 4.7996 1.7353 11,7922
13 46 50,5712 50.7735 58.2038 159.5484 ‘ " 4.9813 5.3069 1.8099 12.0981
18 40 51,8661 64.7920 70,9337 187.5918 . 2.4869 1.7489 1.6186 5.8543
12 29 53,7838 62.8856 66.8139 183.4833 . v v 3.5817 2,8043 1.2455 7.6315
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" PLOTS

11
17
22

15
14

13
18
12

26

48 .

37
33
25
42
39
30
27
46
40
29

44,9314
53,4762
55.6361
49.6813
51.7111
47.4565
47.0390
41.2280
44.3774
45.0562
49,5547
51.3447

54.5795
55.9823
52.4957
45.5427
57.2688
52.2321
57.9588
52.1568
51.6552
45,9541
61.4539
59,9800

VOLUME DIFFS
65,1947
53,4220
57.8380
49.9911
59.5252
61,9317
64.6635
63,4660
65,1930
55.6493
67.5611
64.4592

164.7056
162.8805
165.9698
145,2151
168.5050
161.6202
169.6614
156.8508
161.4257
146.6596
178.5697
175.7840

3.8947
2.9264
3.9788
4.5065
3.9092
4.6488
2.7156
5.2678
2.3582
5.5150

-2.3114

2.4390

DIFFERENCE DIFFS

3.575% 0.8526
3.9127 4.7771
5.7317 4.0476
4.1682 2,7820
5.2104 - 3,8713
5.0978 3.4158
2.5471 1.8419
4.1046 1.7480
3.2460 2.3142
4.8193 2.5545
3.3381 3.3726
2.9056 2.3547

8.3228
11.6162
13,7581
11,4567
12,9909
13,1623

7.1046
11.1204

7.9184

12.8888

9.0221
7.6993

1oL



Appendix 3:

a) From Table 3.2:

Interactions from Chapter 3.

8 December, 50 - 75 cm profile

S0

S1

15 December, .75 - 100 cm profile

E0
E1
E2

EO
E1
E2

10
4.05
3.18

I0
2.04
3,34
2.08

SO
-0.49
0;26
0.05

22 December, 27 - 50 cm profile

EO
El
E2

10
1.20
0.95
0.61

SxI* |

Il
0.77
2.72

ExI**
Il
-9.12
-1.26
-1.12

| ExS**

S1
-6.59
1.88
0.91

ExI*'
11
5.42

10.54
6.20
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0.35
. % 45

oOwm
<m

0.57

0.57 -

m

0.63
. % 43
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29 December,

EO
El
E2

S0
S1

SO
Sl

- S0

S1

25 -

50 -

25 - 100 cm profile

50 c¢m profile
10
0.96
0.87
0.43

10
1.20
0.31

75 cm profile
IO
1.54
0.85

10
4.50
3.00

ExI**

11
1.98
3.69

4.77

SxI*

Il
3.18
3.77

SxI*

Il
1.36
3.37

: SxI*

Il
5.72
9.88

wn

oOwm

E.
%

.E.
. %

.E.
<%

. %
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0.23
31

0.19
31

0.40
78

0.82
49
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Appendix 4: Leaf water potential measurements.

Al flag leaf water potentials were determined using the pfessure
chamber method similar to Dougherty (1973). Plant samples were collected
at 0500 hours and thereafter at 0130 hour intervals until 2130 hours and
again at.0500 houré the next morning to complete the 24 hour period. For
each sample, 6 mainstems were taken from the two treatments being compared,
a total of 24 in all. After severing, the ear-bearing culms were placed
inside a plastic bag from which most of the air was expressed and these
were placed into an ice cooled chilly bin whére they were held until
prebared for the pressure chamber. Immediately before a reading was to be
o taken, tﬁe flag leaf was cuf from the culm at the leaf and sheath jUnction.
Then two perpendicular cuts weré madé,_one on either side and to within-

_ 1.5mm of the midrib, approximately 15mm up from the leaf base, so the
lamina outside the midrib projection could be removed. The exposed leaf
midrib was then placed through the silicon rubber gland of the pressure
chamber 1id, the gland tightened to hold the leaf and the 1id_screwéd onto
the chamber. Nitrogen gas was then released into the chamber at a rate of
0.6 bars _], which is a §1mi1ar rate to that used by others (Slavik 1974).

A11 work was comp]éted on the‘tr1a1 site as the apparatus was
housed in a transportable shed. At each sampling time; collection of the
material took approximaté]y 5 minutes and each subsequent preparation and
reading required around one minute per flag leaf. A1l sampling times refer

to NZST (New Zealand Standard Timé).
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