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Abstract

This paper describes the use of late nirogen on autumn sown wheat (o increase grain protein levels, The dala are
based on a series of experiments carried out st the Ravensdown Seadown farm, South Canterbury in the late 19805
and early 19905, While late nitrogen can incresse grain projein, the degree to which nitrogen is partiioned between
prain yield and protein depends on the yield. mitrogen previously applied to the crop, the erop history or residual
nitrogen, the cultivar of wheat grown, and the ate of pittogen applied, The timing of the late nitrogen is less critical,
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Introduction

The quality of New Zealand milling wheat became s
important as groin yield once New Zealand moved 1o o
more open market policy in 1987 and had o compete
with high quality imported wheat from Australia. Local
mills now offer premivms or impose penaldes based on
quality criteria such as cultivar, grain protein, thousand
prain weight, falling number and % screenings. To be
successiul, wheat prowers must obtain high yields of
high quality grain, Irrigation is now mere crifical as are
improved management practices such as timely plant
protection, correct coltivar sclecton, pregise sowing
dites, and seeding rates. However fertiliser, in particular
extrn and dmely nirogen application, remains o major
tactor for lifting gran protein levels. 1t is accepted that
there s a good relationship between grain protein and
baking attributes, particularly wp to 2% protein.
Although protein may nol reflect all desirable baking
attributes it 15 still seen as the most convenienl messure
of quality as it can be assessed quickly by near infra-red
reflectance {NIR) at the weigh brdge.

This paper describes data from a series of trials that
demonstrate how nitrogen affeces grain quality and how
these are the basis of our exisiing grower recom-
mendations. A messure of their success is seen in the
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way prain protein levels contipue to rise, caused by the
changes in the way growers produce high milling quality
wheat, We were able to assess a cross section of the
growers' response through the amnual Ravensdown/-
United Wheatgrowers milling wheat competition.

Materials and Methods

The trials were carred out at the Ravensdown
Seadown Farm in South Canterbury, The soils were
Lismore stony silt loam, related o the yellow grey earth
series, classified as Orthic Brown seils in the New
Zealand Classificatdon system of Hewitt {1992). Most
trial data presented concern autumn sown crops. All
trials were spray imigated as necessary, in more recent
years being monitored by Hydro Services Ltd., and
appropriate plant protection practices used, including
where necessary a plant growth regulator.

All reatments were replicaced ot least four tmes in o
randomised block design. Header harvested yields were
measured ond grain nitrogen assessed by the kjeldahl
method and converted to grain protein (5.7

More specific details of the ov, Kotare and other
wheat tials are given clsewhens (Craighead and
Burpess, 1989; Craighead, 1995; Ravensdown Ferliliser
Co-op, [995),
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Results and Discussion

Tmpact of timing and rates of nitrogen on yield and
quality

Much of the work on raising wheat quality as
measured by grain protein is centred on applying late
nitrogen to milling wheat crops, Less emphasis is placed
om the overall nitrogen statos regoired (o grow the crop,
Tn 1986/87 & (rial on a nitrogen deficient site using
milling wheat cv, Kotare looked al the overall response
o nitrogen oo wheat vield and baking guality, In this
trial mitrogen was applied al planting, tillering, sterm
extension and pre-booting and all combinations of these.
Three sets of data were chosen from this work to
demonstrate some of the important factors relating o
grain protein,

Response of grain yield and profein (o increasing rates
af nifregen. On a highly responsive site when the
nirogen application rate was gradually increased, grain
yield initially increased rapidly (Fig. 1) due to improved
vegetaive growth leading to incressed survival of
existing tillers and hence increased car numbers,  The
grain protein actually declined at this stage as the prionity
was [ maintain vegetstive growth,  As nitrogen rale
increased more nitrogen was available o prolong upake
o7 translocation to the grain and therefore grain nitrogen

increased.  The relative yield increase slowed due to
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Figure §. Response to n applied ut Feekes GS5 on
wheat ¢v. Kotare in 1986/87
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competition between tillers for light and water, so
progressively more nitrogen was available to the prain
and the rate of protein accumulation increased. If
nitrogen tates were further increased, protein may have
declined due to excessive competiion for assimilates or
through lodging of the crop (Martin ef ol 1989). When
the main effects were isolated in this thal (Table 1)
nitrogen applied at any growth stage increased bodh—
grain vield and protein,

Early ropdressing of nitrogen (G52 or G55) increased
yield throupgh increased ear numbers; hence protein
increases must have been a result of later remobilisation
of nitrogen from upper leaves and the stem {Scott e al,
1992). Mitrogen at GSE did have some influence on ear
numbers and yield when nitrogen was not apphied af
G52, however the GSE nitrogen had a greater impact oo
priin protein. Stevenson and Daly (1991} also found
early M reduced the response (o late N, When ths
individual effects on yield and protein are examined, e
benefit of using nitrogen at GS2 or GSY increased asths —
amount of N applied at G55 was increased. Mantin eral,
(1992} found prain vield and protein increased wilh
increasing nitrogen imrespective of when the W owis
applied, but within a cultivar, vield was inversely refated

Table 1. Effect of timing and rates of N on yield and
guality of wheat cv, Kotare,

Timing N applied Yield Girain profem—
{Feekes scale') kefha tfha G

Planting 0 5.62 944
23 333 9.63
LSD,qns 011 0.21
Gs2? ] 532 9.34
40 6,14 .73
L3Dpamm 011 .21
55 4] 4.60 B.33
40 5.62 BT
EO 6,23 9.83
120 6.46 10.99
LSDy 05 025 (.30
G5R 0 554 016
40 502 Q.90
L5 ons 011 .21

38

"Large 1954, “GS = growth stage
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to- geain protein., The degree to which late N owill mise
gramn nitrogen will depend on the base ferility, whether
from earlier fetiliser N applied, (Fig. 2) or that derived
from mineralised sodl M, the amouni depending on the
soil type anel its previous ceop history (Table 23

While Fig, 2 clearly showed nitrogen was partitioned
between yield and grain protein, management praclices
alse have an impact (Table 2). Following a history of
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Figure 2, Response in yicld and protein® of wheat cv.
Keotare to an extra 40kg of Iate N, {* base
yicld and protein 4.94t, 8.3%; 5.82t, 8.7%;
6.22t, 2.80%; 6.60t, 10.85% respectively.)

Table 2, The effect of crop history and management
an grain yield and protein 9% on the
autumn sown wheats cv. Batten, Domino
and Maonad, (resulls are the mean of two N

treatments, 183 and 229kpN/ha).

barley and annual grass, weeds were more dominant,
particularly annual grasses, and it needed o threshold of
nitrogen before the crop could utilise enough nitrogen to
compete against the weeds, Disease carryover was also
an issue following barley. Other workers have gquoted
focality, cultivar and season as influencing grwin quality
{Douglas, 987 Stevenson, 1987; Martin er al, 19589
Millner er ed,, 1994}, in part due (o crop history and soil
type and in part meismre and temperatare differences
{Martin er al 1989, Salinger er al 1993}, and disease
{Daly and Dyson, 1987; Martin er ol 1989),

Work at Seadown using different cultivars has shown
varigble responses to late N generally those bred for
high yield have a relatively lower protein. However
when the same amount of nitrogen is applied late, they
penerally give a higher protein response/kpl applicd
than those cultdvars bred for high protein, although their
fial protein level s usoally sl lower than cultivars
with a higher initial protein,

Timing of late witrogen for quality,  All imings of late
nitrogen significantly mised grain protein level but there
was no significant difference belween any of thess
tirings (Table 33, There was a suggestion of decreasing
yield the later topdressing was left, presumably becanse
the plant had already started remobilising nitrogen from
its upper leaves and stem to the grain,  This has been
noted in other trials at Seadown, Smith er af. ([985)
suggested B0% of & heading M application was taken up
and retained by the head, indicating a preference for

Teable }. Timing of #0ke of Iate N on wheat cv.
Monad, 199394

Yield Grainprotein  “Growh stage Grain yield Girain protein
Previous serson’s history (t'ha) (%) {Feckes) vha s
1. Peas - reasonable ™ fertilivy, 104 112 Contral o.06 171
good sirticture. Gs7 5.83 12.51
2. barley - poor N fertility, disease, 4.1 12.7 688 575 1226
Weed burdan Gse 8.85 12.24
3. annual grass - low M fertifity, 6.3 114 Gs10 B.6d 12.36
Brss Weads G510.5 56 12.54
4. fallowfswedes - reasonable N 10.7 11.5 J =
fertility ﬁﬂ,m - .60 o 0.43
LSD,qes 12 0.8 treatments received 24 Tkp/ ha of inital 3
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fertiliser N rather than that from remobilization. Wark
by us and others (Stevenson and Daly 1991) showed that
applying the qualiy N slightly earlier than car emerg-
epce can imcrease grain vield,  Archer {1988) found
nitrogen at early stem extension, flag leal emergence or
milky ripe stage pave similar responses (0.5-007%) in
grain prodein when 40KgMN/ha was applied. Tillering N
did not increase protein and later N owas less likely to
give a yield increase. Hence optimum tming will vary
according to when previous W applications were applied
and the fertility corryover {crop history) ss previously
mentioned. We would recommend {eriliser nitrogen in
a solid form be applied by GS9 and cerainly no later
than ear emergence.

Rates of fate N for guality. Grain protein increases with
the rate of lale N as demonstrated for two cultivars in
different seasons (Table 4). Once sufficient nitrogen is
applied (o maximise the yield response, then additional
late nitropen can be translocated directly to the grain
(Seolt er al., 19927,

Table 4. Effect of rate of late N (GS8-9) on grain
protein (%) in autumn sown milling wheat.

™ rate cv, Tancred 199192 Cv, Monad 1993/94
{kgtha)  {prain yield 9.44, earfier (grain vield 8.9, earlier
N applied 148kg/ha) N applied 247kgtha)
0 9.96 11.71
20 1076 12,42
40 10.87 12.24
ik 11.39 1287
L5D0s 0.85 0.65

The responses here are not as linear as those found by
Cooper and Blakeney (1990), Stevenson and Daly
(1991) or Millner er af. (1994}, perhaps hecause their
vields were lower and previous nitrogen inputs wers
applied carlier and at a lower rate.

Late nitrogen — solid or liquid urea?

Although solfd vrea has been compared with liguid
urea and foliar fertilisers on several occasions the resulls
tend to be somewhal variable, Two trials demonstrate
some typical resulis {Table 5} showing that there is little
difference between application forms.  Grain protein
data can alao be misleading, unless yield is also taken
into account (given bers as protein yield). Where slight
yield declines are noted with late N when adequate N
has previcusly been applied to maximise yield, this i
prabably due to reduced grain size, competition for ligh!
in the canopy and lodging. These were centainly issues
with the trial using cv. Monad in 1993/54,

Stevenson and Daly (1991) found 20kgtha of foliar ¥
o5 uren ab ear cmergence [0 be as effective as 40kplhe -
ag solid, while Cooper and Blakeney {19900 have shown
solid ammonium nitrate (40kgMN/Mba) to be more effective
than a similar amount of foliar urea applied at anthesis.
Soil and climatic conditions would influence these
results, Soil moisture content can limit sail N uptake
and in hot, dry conditons with low canopy cover, the
risk of ammonia volatilisation losses from soil applied
ureh can also be high. It appears solid fertiliser is best
for pre anthesis application and foliar best if applications
are post anthesis (Gooding and Davies, 1993).  The
biggesr issue with foliar ures is the risk of burning the
flag leaf and hence risk of premature grain filllng, The

Table 5. Effect of similar rates of solid vs liquid urea on wheat vield and protein.

ev: Tancred 19591/92
fearlier M applied 148ka/ha)

Cv. Monad 1993/94
{earlier M applied 296k )

20kpN Protein Protein yield" S0kgN Frovtein Protein vield
@ GS8§ (95) (kgfhaa) @ (59 (%) {kg/ha)
Nil 9.96 P20 Mil 12.61 1157
Sobid 10.76 1063 Salid 13.11 1157
Ligquid 1103 1053 Liguid 13.44 1154
LSDyqs 1.09 10 0.88 78

'Protein yield = grain yield x % grain protein
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risk is grester in sunny weather conditions. Experience
in Coanterbury supgests single applications should ool
exceed 20-22keN/ha ns 10%N solution, to minimise
burn risk, Tn their review, Gooding and Davies (1993)
suggesied A maximum of 15kgMNfha as foliae wrea,
applied at or after anthesis, Archer (1988) sugpested
25kgN/a tn S00L of water in the UK, while even 106
ored solutions can pose o risk in warmer  Auostralian
conditions {Cooper and Blakeney 19900, Water volumes
ahove 2000Lha are generally impractical, Henee if foliar
applicalions are to be used, they suit crops needing small
top ups to supplement residual carryover of nitrogen
from previous dressings.  These conditions are more
likely to occur with spring rather than aulumn sown
Crops.

Conclusions

Although late applications of nitrogen to wheat have
a significant effect in rasing  grain prolein, the
chiectiveness depends on many factors, These include
the initial paddock fertility, the amount of early nivogen
apphied for yvield and henee the paritioning of nirogen,
the rate of late niwogen, the cultivar of wheat, crop
management and climatic effects. The tming and form
of late nitrogen may be less imporiant,
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