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A Study of Nitrogen Use in a Browntop (Agrostis capillaris L.) Seed Crop

Q. F. Jin', J. S. Rowarth*?> W. R. Scott! and J. R. Sedcole’

ABSTRACT

In cropping soils nitrogen (N) is generally the most limiting nutrient. This study was conducted to determine
e effect of N in a browntop (Agrostis capillaris L.) seed crop. Browntop cv. Grasslands Sefton, grown on a
emuka silt loam, was given one of four rates of spring nitrogen (0, 60, 120 or 240 kg ha N). Increasing N
decreased heads m? but increased seed yield by producing more nodes per head and seeds per node. Nitrogen
“application increased dry matter production. Herbage N percentage was increased by N but decreased with time.
erbage N at stem elongation had a significant effect on seed yield (R* = 49%). Nitrogen fertilizer increased
ousand seed weight, germination, and seedling weight. Nitrogen recovery efficiency (NRE) was greatest at 120

production, herbage N concentration (%).

INTRODUCTION

Browntop (Agrostis capillaris 1..) is a common
onstituent of New Zealand pastures (Brown, 1971;
orkili and Rumball, 1980) and an important turf grass
or golf greens, home lawns and parks throughout the
orld (Rumball and Robinson, 1982; Smith and Cattani,
993). There has recently been an increase in demand
or browntop seed for amenity use in New Zealand and
verseas (B.R.Guy, Wrightsons Seeds, pers. comm.).

In cropping soils, nitrogen (N) is generally the most
limiting matrient (Rowarth, Archie and Baird, 1993). Itis
“also the most difficuit to correct, as it is mobile within the
‘s0il and plant. In an attempt to achieve high seed yields,
seed growers are using increasing amounts of nitrogenous
fertilizer; this is causing concern amongst those socially
-responsible for land and water use (Griffith, Alderman,
“and Streeter, 1994). Efficiency of use of N is achieved by
matching N availability with crop needs throughout the
growing season (Baethgen and Alley, 1989}, by applying
: regular small doses of fertilizer (Wallace, 1994). However,
 although there has been considerable research on crop N

requirements in some grasses, particularly ryegrass
(Rowarth and Archie, 1994) there has been limited
research on the N requirements for browntop (Rowarth,
Clifford, Archie and Guy, 1993).

Common practice in the Netherlands and Oregon
is to apply around 100 kg ha® N to browntop in spring
(Corkill and Rumball, 1980; Youngberg, 1980); in New
Zealand, 60 kg ha* has been traditional but rates have
increased to 120 kg ha* in mature stands (Guy, Archie
and Rowarth, 1990). Following research on timing of N
in browntop Brown and Archie (1986) concluded that N
applied to a vegelative crop (early spring) was wasted,
but that late spring N would achieve increased seed yield.
However the highest seed yields (209 - 437 kg ha*; hand
harvested) in both years of the experiment were low,and
were achieved with the latest application of N {28th
October 1981; 15th November 1982). In arate of N trial

! Department of Plant Science, Lincoln University
2 AgResearch Lincoln, PO Box 60, Lincoln, Canterbury

hat N; at 240 kg ha* N NRE was only 50%, which conld have implications for leaching losses.
Additional index words: browntop, Agrosfis capillaris L., nitrogen, seed yield components, dry matter

in browntop Brown and Archie (1986) investigated four
rates of N fertilizer (0, 20, 40 or 80 kg ha*) applied in
early spring (15th September). No response was seen in
seed yield, probably because the crop was still vegetative
and N fertilizer rates were relatively low. Hence there
are no conclusive reported datz on the effect of N fertilizer
on seed yield in browntop; this has been identified as an
information gap in management of browntop seed crops
(Rowarth et al., 1993).

Our objective was therefore to investigate the
relationship between fertilizer N and seed yield, seed
quality and N recovery efficiency in browntop.

MATERIALS AND METHODS

Browntop cv. Grasslands Sefton was sown in
March 1991 at 2.2 kg ha? at a 30 cm row spacing mto a
Temuka silt loam. A field experiment was established in
1993, using four rates of spring N (0, 60, 120, or 240 kg
ha') applied as calcium ammonium nitrate (N = 27%) in
a randomised complete block with four replicates. The
N totals were achieved by three applications at monthly
intervals (Table 1). Plot size was 20 m?*. Quick test soil
analysis results on 30 July 1992 were P30, K 22, 8 6, pH
3.7.

Herbage was sampled fortmightly from an area of
0.18m2 per plot from September to January using
mechanical shears. After dissection into green or dead
material, herbage was dried overnight at 65°C and
weighed. The green material was analyzed monthly by
AgResearch Invermay Soil Fertility Service for total N
(Kjeldahl; Basson, 1976). Herbage N uptake was
measured above ground level. Four replicates each of
ten tillers were sanpled formightly from each N treatment
from April to January to monitor apex length,
development and height.

Seed was hand harvested (from 0.36 m?® per plot)
on 23rd February 1994. Seed yield components were
recorded from 20 heads and fertile tillers weighed. Seed
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Table 1. Time of application and rate of fertilizer N used in the experiment

Application date Nitrogen kg ha’

Sept 8 {vegetative) 0 20 40 80
Oct 9 (vegetative) 0 20 40 80
Nov 11 (reproductive!) 0 20 40 80
Total N applied 0 60 120 240

NB: ! Formation of lemma primordia.

was hand threshed and machine dressed with an air-screen
cleaner. Seed was then separated with a Buro seed cleaner
at 30 mm aperture for one mimute into heavy seed (first -
seed) and light seed (second - seed). The first-seed
{(quality seed) was recorded as seed yield. Seed was also
analyzed by AgResearch Invermay Soil Fertility Service
for total N. Seed germination (ISTA, 1993) was
determined on 100 seeds per treatment. Fresh and dry
weights of germinated seedlings were measured at the
interim stage to test for seed vigour (Schwass and Allo,
1973).

Minitab Version 9.0 was used for statistical
analyses [analysis of variance (ANOVA), multiple range
tests, and regression analyses]. Genstat Version 5.1 was
used for multivariate statistical analyses [principal
components analysis (PCA), canonical correlation
analysts (CCA), and canonical variate analysis (CVA)]
based on the standardized data.

Nitrogen recovery efficiency was defined as the
ratio of additional N-uptake (kg ha?! N} in response to N
fertilizer application, to the arnount of fertilizer N applied
(kg ha' N) and calculated as follows:

NRE = (N uptake for trearment X - N uptake for
treatment zero) / treatment X * 100.

RESULTS

Seed yield increased significantly (P < 0.001) as
N fertilizer application rate increased (Table 2). This
relationship was linear: SY =44.9+0.187 N, R?=49.4%.
The increase in yield resulted mainly from a significant

increase in yield per head (Table 2), which more than
compensated for a significant reduction in heads m™? with
increasing N (Table 2). Thousand-seed weight (TSW) also
increased significantly (P < 0.01) with increasing rates of
N (Table 2), as did the seed head length, internode length,
and dry weight per fertile tiller (P < 0.01) (Table 3).
However harvest index was only increased at the highest
N rate (Table 3).

Examination of apex development in browntop
showed that a sharp increase in apex length occurred
early December (Fig. 1), when florets were inifiating; apex
lengths at 240 kg ha' N were four times greater than at 0
kg ha' N by mid December. Apex height above ground
was less than 10 mm before August (Fig. 1) and started to
rise iIn October. A sharp increase in apex height occurred
in early January (Fig. 1), after floret initiation had finished.

Dry matter (DM) yield increased with time, which
corresponded to increasing amounts of N being applied.
Herbage N concentration (%) was significantly increased
by N at all sampling dates, although N percentage
decreased with time (Fig. 2}. Maximum N-uptake by
browntop was reached earlier at higher N rates (120 and
240 kg ha' N) than at the lower rate (60 kg ha* N) or the
control treatment (Fig. 3). Stands receiving the low rate
of N (60 kg ha™ N) or no N (the control) absorbed only a
small amount of N and did not achieve maximum uptake
until harvest (Fig. 3).

The relationship between herbage N% at each stage
and seed yield was examined using regression analysis
{Table 4). Herbage N% was linearly correlated (P< 0.01)
with seed yield at all samplings, although the highest
correlation occurred in December (Fig. 4).

Table 2.  Effect of N fertilizer application on seed yield and yield components

Nitrogen Seed yield Heads Seed yield Nodes! Seeds per Seeds per TSW?

(kg ha') (g m?) m? per head per head node head (mg)
(mg)

0 44.9C3 5020A 8.9C 9.8C 13.4C 131D 68.3D

60 585BC 4150AB 13.8C 10.3B 18.0BC 185C 76.2C

120 63.88 3280BC 194B 10.7A 22.5B 233B 83.5B

240 90.5A 2600C 34.8A 10.8A 3.2A 380A 91.5A

SEM 6.4 205.8 26 0.2 32 36.0 15

i The node of the culm of the seed head according to Langer (1990)

2 Thousand-seed weight

g Means followed by the same capital leiter within a column are not significantly different at P < 0.01 according to Duncan's multiple

range test. Discrepancies between seed yield as reported in column one and seed yield calculated from yield compenents are due to

sample size.




VOLUME 14, 1956

Table 3. Effect of rate of N fertilizer application on ether agronomic characteristics of seed
heads.
Nitrogen Seed head Internode’ Dry weight per harvest index
kg ha® length length fertile tiller (%)
(mm) (mm) (mg)
0 149 D? 152D 252D 38b
60 175 C 17.1 BC 339 C 395
120 194 AB 78.2 AB 443 B 39b
240 207 A 193 A 481 A 51a
SEM 30 0.4 12 0.3
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Fig.1 Effect of N fertilizer application on apex length
(a) and height (b) of browntop.

Principal components are a series of independent
-linear combinations of the variables (Jeffers, 1967). The
- first such linear combination, the first principal component,
“accounts for the maxirmum proportion of the total variance;
the second component accounts for the maximum
" proportion of the remaining variance, and so on (Pearce,
1969). We followed Pearce’s (1969) use of these for
biological interpretation. The first five components were
" chosen on the basis of a Seree test of the associated latent
roots. The remaining roots accounted for little variation
- Individually. Principal components analysis (PCA) showed
that the first component had the highest positive weighting
on head length, dry weight per fertile tiller, absolute
~herbage N uptake in December, herbage N% in December

The distance between two adjacent nodes of the culm of the seed head according to Langer (1990).
Means followed by the same capital letter within a column are not significantly different at P < 0.01; means followed by the same
lower case letter within a column are not significantly different at P < 0.05 according to Duncan’s multiple range test.
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Fig. 2 Effect of N fertilizer application on herbage
N concentration { %) of browntop.

and November (Tzble 5). Nitrogen uptake in November
and October, herbage N% in January and DM yield in
December were also given high positive weighting by the
first component (Table 5).

Canonical correlation is calculated from a linear
combination of the first set of variables and a linear
combination of the second set of variables (known as the
canonical variate), chosen so the correlation is the largest
possible {(Digby and Kempton, 1989). Canonical
correlation analysis (CCA) showed that N uptake in
December had the highest correlation with canonical
correlation 1 (r = 0.908), immediately followed by herbage
N% in November (r = 0.828%) and herbage N% in
December (r = 0.818) (Table §). Among the response
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Fig. 3 Effect of N fertilizer application on nitrogen
uptake by browntop.

variables, the highest correlation was between head length
and canonical correlation 1 (r = 0.970), followed by dry
weight per fertile tiller (r = 0.899) and internode length (r
= 0.718) (Table 6). In canonical correlation 2, the
dominant predictor was N% in December and the response
was seed yield m? (Table 6). Examination of the original
comelation matrix for the predictor variables showed that
there were high correlations among December N%,
January N%, October N%, November N%, December N
uptake and December DM yield (Table 7). Plotting
canonical variates of the four N treatment (Fig. 5) showed
that they were clearly separated without any overlap.

Nitrogen recovery efficiency (NRE) averaged for
the whole season was highest at 120 kg ha! N and lowest
at 240 kg ha! N (Table 8). Maximum NRE was apparent
in October for the 60 and 120 kg ha' N treatment, (Table
8) when grass growth was rapid. Although NRE declined
with increasing fertilizer, the quantity of seed increased,
and economic returns were still apparent at the highest
1ate (Table 9).

Seed quality components (seed N content (%),
germination (%}, seed weight, and seedling weight) were
also significantly increased by N fertilizer (Table 10).

DISCUSSION

In this experiment, the highest seed vield (hand-
harvested) was 900 kg ha'. Allowing for a 22% loss for
machine harvesting (Brown and Archie, 1986) this is
equivalent to a machine-harvested yield of 700 kg ha?,
This yield was three times that previously reported (Brown
and Archie, 1986), probably reflecting the difference in
the timing and amount of N fertilizer applied; whereas
Brown and Archie (1986) applied 80 kg ha! in September,
i this experiment, N fertilizer was applied throughout
the season. This split application method is important, as
early N (September) increased dry matter production and
presumably photosynthetic area; the increased vegetative
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growth built up a foundation for reproductive growth later
in the season. This, in tum, increased N uptake efficiency
for later N applications {October and November).
Consequently, more photoassimilate was available for
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Tab[e 4.  Regression analysis of herbage N concentration (N%) and seed yield of browntop (SY)

Regression equation SE (b) R2 P-level

§Y=46.3 + 34.3 OctN% 6.7 0.36 0.01
§Y= -4.9+28.4NovN% 59 0.36 0.01
SY= -6.4+38.1 DecN% 6.3 0.49 0.01

-8.2+42.1 JanN% 6.3 0.48 0.01

Correlation coefficients between five principal components and measured variables

Principal Components

C1 C2 C3 C4 C5
0.718 0.072 0.336 0.163 -0.114
0.855 0.028 0.363 -0.040 0.029
0.871 -0.189 0.173 -0.006 -0.106
0.741 -0.176 0.188 -0.428 -0.008
0.576 0.387 -0.648 0.072 -0.044
0.666 0.597 -0.144 -0.003 0.170
0.739 0.377 0.132 -0.092 -0.034
0.599 0.221 0.349 0.181 -0.083 |
0.636 0.088 0.281 0.174 -0.486 :
Oct N uptake 0.742 0.300 -0.526 0.124 0.084
Nov N uptake 0.780 0.468 0.017 -0.034 0.183 '
“Dec N uptake 0.904 0.137 0.174 -0.092 -0.084
.- Jan N uptake 0431 -0.221 -0.604 -0.010 -0.380
No. heads m* -0.635 0.352 0.156 0.182 -0.602
DW fertile tiller* 0.904 -0.165 -0.047 0.097 0.126
Seed yield head! 0.704 -0.597 -0.063 -0.175 0.043
No. seeds node? 0.690 -0.640 -0.065 -0.080 0.056
Internode length 0.725 -0.158 0.005 0.598 0.236
- Head length 0.934 0.043 -0.033 0.187 0.132 -
-+ No. nodes head™! 0.575 0.342 -0.055 -0.611 -0.142
Harvest index % 0426 -0.629 -0.217 0.047 -0.313

Table 6. Canonical correlation analysis of browntop experimental data

: Canonical variables 1 2 3 4 ]

© Canonical correlation 0.917 0.785 0.730 0.424
- “Correlations between canonical variates and original variables:

0.739%** 0.210 -0.134 0.085

0.828%** 0.207 0.097 0.98
0.818%** 0.469%* 0.031 0.041
(.69 %%+ 0.315 0.613%** 0.083
Oct N uptake 0.809*** -0.186 -0.112 -0.081
Nov N uptake 0.809*** -0.303 0.051 0.345
Dec N uptake 0.908*** 0.182 0.120 0229
'j 0.804**= -0.156 0.090 0.244

- Responses:;

 Internode length 0.718%** 0.208 -0.403 0.077
- Head length 0.97¢%+#% 0.028 -0.092 -0.049
DW fertile tiller* 0.899%** 0.169 -0.002 0.308
- Seed yield head* 0.574 0.570%* 0.172 0.226
= No. heads m? -0.559 -0.081 -0.389 -0.304
No. seeds node 0.553 0.605%* 0.086 0.245
< Seed yield m? 0.588 0.7 1455+ -0.152 0.143

= NB: Probability levels: ¥¥¥* P < 0.0001; ¥*% P < 0.001; %% P < 0.01; * P < 0.05. Significant level of the correlation varied with degree of
Treedom (df); at df=46, if r >= 0278, the confidence level P < 0.05; if r >= 0355, P < 0.0); if r >= 0437, P < 0.001 according to Snedecor
and Cochran (1980}.
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Table 7. Correlation submatrix for predictor variables used in the canonical correlation analysis
Dec N% 1.000
Jan N% 0.782 1.000
Oct N% 0.532 0.374 1.060
NovN% 0.612 0.635 0.655 1.600
Dec N uptake 0.803 0.723 0.593 0.750 1.000
Dec DM vield 0481 0.491 0.538 0.689 0.897 1.000
Dec N% Jan N% Oct N% NovN% Dec Nuptake Dec DM yield

NB.  Significance level of the correlation varied with degrees of freedom (df); at df=46, if r>=0.278, the confidence level p<0.05, if
r>0.355, p<0.01; if r>=0437, P<0.001 according to Snedecor and Cochran (1980).

Table 8.  Effect of nitrogen fertilizer application on nitrogen recovery efficiency (NRE %) with time

Nitrogen (kg ha) 60 120 240

Oct 75 88 47

Nov 52 72 56

Dec 64 73 56

Jan 49 42 41

Mean 60 69 50

Table9.  Effect of increasing nitrogen fertilizer application (kg ha' N) on profit! in browntop seed
production

Nitrogen (kg ha) 0 60 120 240

Cost of N ($ ha?) 0 78 156 312

Seed yield (kg ha™) 449 585 638 905

Value of seed ($ ha) 2694 3510 3828 5430

Net profit ($ ha!) 2694 3432 3672 5118

? Assuming that the price of browntop seed is NZ $6 kg, and nitrogen can be appliedfor NZ $1.3 kg'l.

Table 10. Effect of N fertilizer on seed nitrogen content and seed quality parameters.

Nitrogen Seed-N content  Germination TSW Seedling Fresh  Dry Weight!
(kg ha! (%) (%} (mg) Weight! (mg)
(mg)
0 2.7D? 92a 68.3D 488D 56D
60 2.8C 94ab 76.2C 559C 66C
120 3.2B 95ab 84.5B 624B 74B
240 34A 96b 91.5A 723A 84A
SEM 0.1 1.6 1.5 17 2.0
! Recorded at the interim count {14 days}.
2 Means followed by the same capital letter within a column are not significantly different ar P < 0.01: means followed by the same

lower case letter within a column. are not significantly different at P < 0.05 according to Duncan's multiple range ltest.

apical growth (spikelet and floret initiation) and seed
filling. In Brown and Archie’s trial, although the early N
might have increased vegetative growth, N was also
required for reproductive growth. This is supported by
results from the present research, as differences in N
application became apparent at floret initiation, Limited
nutrient supply during floret initiation may limit the

growth of florets, many of which are potential seeds (Ryle,
1963).

Seed yield of browntop responded linearly up to
the highest rate of applied N (240 kg ha'). This rate was
twice as much as has been suggested as optimurn for
ryegrass seed crops (120 kg ha'; Hampton, 1987). At
this optimum rate (120 kg ha” N}, a ryegrass seed crop




‘¢can produce 7.45 t of dry matter with herbage N% of
11.28% in mid November (between head emergence and
- apthesis) (Rowarth, unpubl.). In comparison, results from
' he present trial show that at the same rate of N (120 kg
pat) and a similar biological stage (between head
- emergence and anthesis), about 9.0 t of dry matter at 1.6%
‘herbage N (Fig. 2) was produced. At the top rate of N
- applied (240 kg ha'), about 10.5 t of dry matter at 2.0%
‘herbage N was produced. This suggests that browntop
‘had a higher N uptake efficiency than ryegrass, but as
‘data from only one season are available, further
‘investigation 1s required.
The positive response in seed yield to applied N
occurred mainly through an increase in the number of
‘seeds per head and in TSW, which compensated for a
“decrease in the number of heads m?, This supports the
ggestion (Brown, 1980) that high grass seed yields do
ot necessarily come from high density crops but from
“those containing the largest heads which bear the heaviest
ceds. Similar observations have also been reported for
egrass (Hebblethwaite and Hampton, 1982) and timothy
“(Evans, 1954; Langer, 1939).
: Apex height might be a factor to be considered
when managing sheep-grazing on browntop fields (Scott,
973). However the browntop apex was out of reach of
heep before August, and grazing therefore resulted in
egligible damage to apex growth and development. In
‘Canterbury, farmers could allow sheep to graze their
browntop fields until early winter without fearing any apex
-damage.
: The decline in herbage N% with time is consistent
‘with the pattern in cereals (Scharrer and Mengel, 1960;
‘Batey, 1977) and can be attributed to a dilution effect
- (Mengel and Kirkby, 1982). Despite the decline with time,
there was a strong relationship between herbage N% and
seed yield (R =+0.705). This supports work by Rowarth
etal. (1993), Schoberlein and Wahl (1993}, and Rowarth
‘and Archie (1994; 1995). The correlation of herbage N
concentration with seed yield was higher (R = +0.705)
‘than with dry matter yield at harvest (R = +0.618).
Rowarth ez al. (1993) also found that seed yield was more
ensitive than dry matter yield to change in herbage N%.
is possible that herbage N% may be used as a diagnostic
indicator of plant N status to predict seed yield (Rowarth
‘et al., 1993; Rowarth and Archie, 1994; 1995).
: Multivariate statistical methods have confirmed the
‘points discussed above. Results from PCA indicated that
head length, dry weight per fertile tiller, absolute herbage
‘N uptake in December, herbage N% in December and
November, N uptake in November and October, herbage
' N% in January and DM vield in December were important
variables for understanding browntop seed production
Processes. These are variables for future study (Jeffers,
- 1967). Results from CVA indicated that N fertilizer was
‘@ factor which had a significant effect on multivariant
‘variables, as CVA was able to separate the nitrogen
treatment effect {Chatfield and Collins, 1980; Manly,
1986).
Canonical correlation analysis (CCA) can be
regarded as the most generalised form of correlation
analysis, measuring the relationships between the
Observed values of two sets of variables (Digby and
 Kempton, 1989). Results from CCA showed that the most
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dominant physiological variables were nitrogen uptake in
December and N% in November. The most dominant
agronomic variables in response to N fertilizer were head
length and dry weight per fertile tiller. Furthermore,
although herbage N% in December was the best predictor
of browntop seed yield, herbage N% in October and
November were closely correlated with herbage N% in
December and each other, indicating the possibility of
manipulating N status, i.e. itmight be possible to influence
seed yield by adjusting herbage N% early in the seasonto
ensure opimum herbage N% in December. 1t is apparent
that results from multivariate statistical methods are
biologically meaningful and support the biologist’s
standpoint about the physiological importance of N
{(Rowarth et al., 1993; Rowarth and Archie, 1994; 1995).

Several approaches have been suggested to mnprove
nitrogen recovery efficiency (Bock, 1984; Kanneganti and
Klausner, 1994; Baethgen and Alley, 1989; Wallace, 1994).
For example, improvement can be achieved by matching
N availability with crop needs throughout the growing
season (Baethgen and Alley, 1989) or applying small
amounts at each time (Wallace, 1994). However, in this
research, attempts to match N requirement of browntop
by applying N throughout the season did notresult in 100%
efficiency of uptake. Athigh rates (240 kgha N), half of
the applied fertilizer could have been available for a
subsequent crop or for leaching after rainfall or
inappropriate irrigation. At low rates (60 kg ha! N), NRE
was also low (60%). NRE varies with soil properties,
application methods, amounts and time of N applications,
and other management practices (Bock, 1984). In this
experiment, the only variable factor was the amount of N
applied; the latter had amajor effect on NRE. Since NRE
has important implications for the environmental impact
of N fertilizers (Bock, 1984; Kanneganti and Klausner,
1994), results from the present trial suggested that the rate
of 120 kg ha' N may cause minimum environmental
contamination compared with low rates (60 kg ha' N) and
high rates (240 kg ha' N).

Nitrogen application increased TSW. These
findings are in accordance with earlier reports on perennial
ryegrass (Evans, 1959; Ene and Bean, 1975), cocksfoot
and timothy (Evans, 1959). In Canada, MacVicar and
Gibson (1951) reported that rates in excess of 90 kg ha™
N appreciably increased seed weight and the highest rate
of 720 kg ha' N produced the highest seed weight. This
also supports the theory that the variability in seed size
may depend on the intensity of competition for N between
florets and seed heads (Donald, 1954).

Tncreasing N had a positive (but agronomically
insignificant) effect ont permination of the subsequent seed,
and a positive highly significant effect on fresh and dry
seedling weight. This supports the finding by Ene and
Bean (1975) with perennial ryegrass, indicating that
increasing maternal N resulted in an increase in seed
vigour. This relationship is probably governed by the
mobilization of reserve proteins (albumins and globulins)
(Ashecroft and Murray, 1979) and a marked increase in
respiratory activity of the cotyledons or endosperm in the
early stages of germination (Lovato, 1981). Lovato (1981)
indicated that seed vigour may be modified by nutrition
of the ‘mother plant’.
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CONCLUSIONS

High yield and quality of browntop seed can be
achieved by using high rates of nilrogen fertilizer. There
is potential to use herbage N% as a diagnostic indicator
of plant N status, predicting seed vield. However, further
research is required to refine the yield prediction model.
Nitrogen recovery efficiency was greatest at 120 kg ha*
N. Although it appeared to be economic to apply 240 kg
ha of nitrogen, at this high rate of N, nitrogen recovery
efficiency was only 50% which could have implications
for leaching losses and environmental contamination. This
work needs to be expanded to include root recovery and
lysimeter studies, not only with browntop, but also with
other grass seed crops.

ACKNOWLEDGMENTS

This research was supported by grants from the New
Zealand Herbage Seed Subsection of Federated Farmers.
The assistance from Lincoln University Cropping Farm
and Field Service Centre is gratefully acknowledged.

REFERENCES

1. Ashcroft, W.J. and Murray, D.R. 1979. The dual
functions of the cotyledons of Acacia iteaphylla
F. Muell. (Mimosoideae). Australian Journal of
Botany 277: 343-52.

2. Baethgen, WE. and Alley, M.M. 1989. Optimizing
soil and fertilizer nitrogen use by intensively
managed winter wheat. II. Critical levels and
optimum rates of nitrogen fertilizer. Agronomy
Journal 81: 120-125.

3. Basson, W.D. 1976. Laboratory practice. 25,
November, pp. 763-765.

4. Batey, T. 1977. Prediction by leaf analysis of
nitrogen fertilizer required for winter wheat.

Journal of Science and Food Agriculture 28: 275-

278.

5. Bock, B.R. 1984. Efficient use of nitrogen in
cropping systems. In. Nitrogen in Crop Production.
(ed. R.D. Hauck), 273-293, ASA, CSSA, and
SSSA Inc., New York.

6. Brown, K.R. 1971. Changes In a browntop-
perenmial ryegrass-white clover pasture grazed by
sheep from October to March 1966-67. New
Zealand Journal of Agricultural Research 5: 143-
146.

7. Brown, K.R. and Archie, W.J. 1986. Effect of
nirogen application on seed production of
‘Grasslands Egmont’ and ‘Grasslands Sefton’
browntop (Agrostis capillaris). New Zealand
Journal of Experimental Agriculture 14: 257-260,

10.

1.

12.

13.

14.

15.

le.

17.

18.

Chatfield, C. and Collins, A.J. 1980. Introduction
to Multivariate Analysis. Chapman and Hall Lid,
London. 57pp.

Corkill, L. and Rumball, W. 1980. Problems of
amenity grass seed production in New Zealand. In:
Herbage Seed Production, (ed. J.A. Lancashire),
26-30, New Zealand Grassland Association,
Palmerston North. Grasslands Research and
Practice Series No.1.

Digby, P.G.N. and Kempton, R.A. 1989,
Multivariate Analysis of Ecological Communities.
Chapman and Hall, London. 58pp.

Donald, C.M. 1954. Competition among pasture
plants. II. The influence of density on flowering
and seed production in annual pasture plants.
Australian Journal of Agricultural Research 3:
585-597.

Ene, B.N. and Bean, E.W. 1975. Vartations in seed
quality between certified seed lots of perennial
ryegrass, and their relationship to nitrogen supply
and moisture status during seed development.
Journal of the British Grassland Society 30: 195-
199.

Evans, G. 1959. Seed rates of grasses for seed
production. I. Pasture varieties of ryegrass,
cocksfoot, and timothy. Empire Journal of
Experimental Agriculture 27: 291-299.

Evans, T.A. 1954. The effect of nitrogen
application at different dates on the seed yield of
pedigree grasses. Journal of the British Grassland
Society 9(1): 53-60.

Griffith, .M., Alderman, S.C. and Streeter, D.J.
1994. Annual ryegrass N fertilization and growth
astelated to growing degree days in two conirasting
climatic years. In: 1994 Seed Production Research
at Oregon State University, USDA-ARS
Cooperating., pp. 35-38.  Department of Crop
and Scil Science Ext/Crs 102, 4/95.

Guy, BR., Archie, W.J. and Rowarth, J.S. 1990.
Browntop seed production: Past, present and future.
Proceedings of the New Zealand Grassland
Association 52: 87-89.

Hampton, J.G. 1987. Effect of nitrogen rate and
time of application on seed vield in perennial
ryegrass cv Grasslands Nui. New Zealand Journal
of Experimental Agriculture 15: 9-16.

Hebblethwaite, PID. and Hampton., J.G. 1982.
Physiological aspects of seed production in
perennial ryegrasses. In: Breeding High Yielding
Forage Varieties combined with High Seed Yield,
{ed. G. van Boegart), 17-32, Report Fodder Crops
Section Meeting, Eucarpia, Gent, Belgium.




ISTA, 1993. International rules for seed testing.
Supplement to Seed Science and Technology 21:
74-187.

Jeffers, JN.R. 1967. Two case studies in the
application of principal component analysis.
Applied Statistics 16: 225-236.

Kanneganti, V.R. and Klausner, S.D. 1994,
Nitrogen recovery by Orchardgrass from dairy
manure applied with or without fertilizer nitrogen.
Communications in Soil Science and Plant Analysis
25: 2771-2783.

Langer, RHM. 1959. Growth and nutrition of
. timothy (Phleum pratense L.): V. Growth and
flowering at different levels of nitrogen. Annals of
Applied Biology 44: 740-751.

Langer, R HM. 1990. Pasture Plants. In: Pastures
- their Ecology and Management, (ed. RH.M.
Langer) 39-74, London: Oxford University Press,
London.

Lovato, A. 1981. Germination of seeds. Advances
in Research and Technology of Seeds 6: 86-120.

MacVicar, R M. and Gibson, D.R. 1951, Effects
of sources of nitrogen, rates of application and
methods of application on seed production of
orchardgrass. Scientific Agriculture 31: 399-412.

Manly, B.F.J. 1986. Multivariate Statistical
Methods A Primer. pp. 59-125, Chapman and Hall,
London and New York.

Mengel, K. and Kirkby, E.A. 1982. Principles of
Plant Nutrition. International Potash Institute, Bern,
Switzerland. 687pp.

Pearce, S.C. 1969. Multivariate techniques of use
m biological research. Experimental Agriculture 5:
67-77.

Rowarth, J.8. and Archie, W.J. 1994, The nutrient
needs of small seed crops: a new concept in
optimising seed yields. Proceedings of the
Agronomy Society of New Zealand 24: 87-89.

Rowarth, J.8. and Archie, W.J. 1995. A diagnostic
method for prediction of seed yield in perennial
ryegrass. Proceedings of the 3rd International
Herbage Seed Conference: 64-67.

Rowarth, J.S., Archie, W.J. and Baird, D.B. 1993.
Nitrogen requirements for Italian ryegrass seed
production. In: Plant Nutrition - from Genetic
Engineering to Field Practice. (ed. N.J. Barrow)
513-516, Kluwer Academic Publishers, Dordrecht.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

VOLUME 14, 1995

Rowarth, J.S., Clifford, PTP.,, Archie, W.J. and
Guy, B.R. 1993, Technology transfer and the seed
industry: a success story. New Zealand Journal of
Experimental Agriculture 10 175-177.

Rumball, W. and Robinson, G.S. 1982. ‘Grassiands
Egmont’ amenity browntop (Agrostis capillaris L.).
New Zealand Journal of Experimental Agriculture
10: 175-177.

Ryle, GJ.A. 1963. Swdies in the physiology of
flowering of timothy (Phlewm pratense L.). IV.
Effects of shoot age and nitrogen level on size of
the inflorescence. Annals of Botany 27: 437-479.

Schoberlein, W. and Wahl, H.J. 1993. Efficient
fertilization in grass seed crops with regard to soil
mineral nitrogen content and analysing grass tillers
in spring. Proceedings of the 17th International
Grasslands Congress 1695-1696.

Scharrer, K, and Mengel, K. 1960. On the transient
occurrence of visible magnesium deficiencyin oats.
Agrochimica 4: 3-24.

Schwass, RH. and Allo, A V. 1973, Seed quality
and its control. Food and Fertilizer Technology
Centre, Taiwan, China. 10pp.

Scott, W.R. 1973. Pasture seed production. In:
Pastures and Pasture Plants. (ed. R H.M. Langer),
291-327, AH.& AW. Reed, Wellington.

Smith, S.R., Jr. and Cattani, D.J. 1993. Creeping
bentgrass (Agrostis stoloniferaL.) seed production
in western Canada. Proceedings of the 17th
International Grasslands Congress 1651.

Snedecor, G.W. and Cochran, W.G. 1980.
Statistical Methods (7th ed.). The Iowa University
Press. 175pp.

Wallace, A. 1994. Generalized environmentally
sound rules for use of fertilizers. Communications
in Soil Science and Plant Analysis 25(1&2): T1-
86.

Youngberg, H.-W. 1980. Techniques of seed
production in Oregon. In: Seed Production. (ed.
P.D. Hebblethwaite), 200-213, Butterworths,
London.




