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Changes in seed yield and quality resulting from lodging in Italian ryegrass
crop
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ABSTRACT

Rainfall accompanied with winds favour lodging of Italian ryegrass (Lolium multiflorum Lam.). Thus, the main objective
was to determine the changes in seed yield and quality resulting from lodging of Italian ryegrass crop grown under various
nitrogen (N) fertilization rates. Nitrogen fertilization consistently increased lodging score and seed moisture content at
harvest. The onset of considerable lodging (>50%) was observed before crop heading at the highest N fertilization, while
delayed lodging occurred at lower N fertilization rates. Seed yield decreased at the highest N rate. In spite of increased
lodging score, the 1000-seed weight tended to increase with higher N fertilization rates, which was not found for seed
germination.

Keywords: 1000-seed weight, moisture content, nitrogen, seed germination

SAZETAK

Vremenske nepogode (kiSe pracene vjetrom) redovito dovode do polijeganja sjemenskog usjeva talijanskog ljulja
(Lolium multiflorum Lam.). Stoga je glavni cilj istraZivanja bio utvrditi promjene u prinosu i kvaliteti sjemena uzrokovane
polijeganjem usjeva talijanskog ljulja uzgojenog na razli¢itom intenzitetu gnojidbe dusikom (N). Vise doze N gnojidbe
konzistentno su povecale polijeganje usjeva i sadrZaj vode u sjemenu u Zetvi. Osjetno polijeganje (> 50%) utvrdeno je veé
pocetkom klasanja pri najvisoj dozi gnojidbe, dok je slican intenzitet polijeganja na nizim razinama N gnojidbe opaZen u
kasnim fenofazama usjeva. Posljedi¢no je u parcelama gdje je primijenjena najveca doza N gnojidbe doslo do smanjenja
prinosa sjemena. Unato¢ povec¢anom polijeganju usjeva, primjena visih doza N gnojidbe je rezultirala u pove¢anoj masa
1000 sjemenki, a sto nije utjecalo na klijavost sjemena.

Kljucne rijeci: masa 1000 sjemenki, sadrZaj vode, dusik, klijavost sjemena
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INTRODUCTION

Inability to retain seed until the time of harvest is one
of the undesirable features of Italian ryegrass crop grown
for seed production and therefore, it is generally direct
combined at higher moisture content than perennial
ryegrass (Lolium perenne L). Direct combining is not
usually advisable at seed moisture concentrations above
40%. However, Roberts (1971) stated that seed crop of
tetraploid Italian ryegrass may be successfully combined
directly starting at around 45% seed moisture content
as long as combine drum speeds are adjusted correctly.
The effect of N fertilization on the seed production of
perennial ryegrass is well documented (e.g. Griffith et
al. 1997), whereas information for Italian ryegrass crop
is scarce. Rolston et al. (2012) reported that in two field
trials in New Zealand, seed yields were greater than 3500
kg/ha under N fertilization rate of 180 kg/ha for Italian
ryegrass crop. Increasing N fertilization increases growth
and prolongation of stems that are more inclinable to
lodging and Griffith (2000) found that lodging reduced
seed vyield in perennial ryegrass crop. Furthermore,
lodging combined with favourable weather conditions
supports the growth of new vegetative tillers, which
may lead to difficulties in harvesting. Previous research
indicated that the application of plant growth regulator
(PGR) has great potential of improving ltalian ryegrass
seed yields. On-farm experimentation carried out by
Rolston et al. (2012) showed that after applying PGR seed
yields increased by 29 to 64% compared to untreated
control. The seed yield response was associated with
stem shortening, and reduction in lodging, resulting in
more saleable seeds per unit area and increased number
of saleable seeds produced from the number of florets
counted post anthesis. The main objective was to
determine the changes in seed yield and quality resulting
from lodging of Italian ryegrass crop grown under various
N fertilization.

MATERIALS AND METHODS

A two-factorial experiment (nitrogen fertilization
and PGR application) was conducted in biannual Italian

ryegras crop for seed during one growing season at the
Maksimir experimental field. The PGR Moddus 250 EC
was sprayed during shooting (ZCK 21-23, Zadoks et al.
1974) at the rate of 1.0 L/ha and compared to unsprayed
plots. The spray volume used in the PGR application was
200 I/ha. Nitrogen fertilization was applied at the total
rates of 60, 120 and 180 kg/ha. Granular N fertilization,
as calcium ammonium nitrate (27% N) was top broadcast
in split applications. Plots were free of weeds, diseases

and pests throughout experimentation.

Crop lodging severity was assessed visually and
scored as a percentage of plot lodged where O is not
lodged (plants are fully upright) and 100% is most severe
lodging (plants are lying flat on the ground). Lodging was
observed daily until harvest. The crop was harvested by
direct combining when seed moisture content reached
approximately 40-45%. Mature grain was harvested
with a small plot combine with drum speed and concave
settings to simulate commercial farm practice. After
harvest, samples were taken for determination of seed
moisture content for harvested seed. The harvested seed
yield was dried at room temperature for several weeks,
and then cleaned of impurities to determine clean seed
weight (yield), which is expressed with 14% moisture
content. Thousand seeds weight was determined by
twice counting 200 seeds and weighed. Germination
was determined approximately 90 days after harvest in
accordance with the ISTA Rules (ISTA, 2008) by placing
100 seeds to imbibe on a moist germination paper. After
a chilling treatment for five days at 5°C, the seeds were
germinated at 20°C. The final seedling count was made
after 14 days.

Field trial was arranged in a split-plot design with
four replicates. Data were analysed using Mixed Model
procedures (SAS Institute, 1997). Analysis of variance
was computed with crop management (with or without
PGR application) and N fertilization considered fixed.
Means separation was calculated using the LSD values if
the F-test was significant at P < 0.05.

JOURNAL

Central European Agriculture
ISSN 1332-9049

52


https://doi.org/10.5513/JCEA01/21.1.2748

Short communication

DOI: /10.5513/JCEAQ1/21.1.2748

Svecnjak et al.: Changes in seed yield and quality resulting from lodging in Italian ryegrass...

RESULTS AND DISCUSSION

The crop was harvested within the optimum window
for seed moisture content, which averaged 44.6%. Seed
moisture content consistently increased with higher N
fertilization (Figure 1) and the highest seed moisture
content was measured at the highest N rate in both
untreated plots and plots treated with PGR. A seed
moisture concentration of approximately 40% is quoted
by Silberstein et al. (2005) as suitable for cutting Italian
ryegrass for later picking up by combine when seed
moisture drops to about 12%. Plants treated with PGR
had higher seed moisture content than the untreated
crop at all fertilization levels (Figure 1).

Seed yields ranged from 1251 kg/ha for the unsprayed
plots at the highest N rate to 2373 kg/ha for the sprayed
plots at the N rate of 120 kg/ha. Seed yield averaged 1371
kg/ha in the unsprayed plots at the basal N fertilization
of 60 kg/ha. The application of N fertilization rate of
120 kg/ha in unsprayed plots produced higher yields
that averaged 1631 kg/ha despite an associate increase
in lodging (Figure 1). In Serbia, maximum seed yield
(1095 kg/ha) of the Italian ryegrass crop was produced
at relatively low N fertilization of 50 kg/ha (Simi¢ et
al.,, 2012). In Belgium (Vleugels et al. 2017), seed yields
averaged over years increased between 0, 60 and 90 kg
N /ha, but no differences were found between 90, 120
and 150 kg N/ha.

In comparison to the N rate of 120 kg/ha, the highest
N fertilization brought about significant yield reduction
by a 26% in the unsprayed plots. This yield reduction in
the unsprayed plots at the highest N rate was attributed
to severe (Figure 1) and early occurring lodging. The onset
of lodging in the both sprayed and unsprayed crops was
observed in early May (data not shown). However, at the
highest N rate of 180 kg N/ha considerable crop lodging
(>50%) was observed on 13 May in the unsprayed plots
and on 18 May in crop sprayed with PGR. At the N rate
of 120 kg/ha, the unsprayed crop also lodged >50% on
13 May, but similar lodging rate was not observed before
12 June in the crop treated with PGR; thus, the onset of
considerable lodging was delayed for more than 4 weeks
following PGR application. Seed vyield responses to
lodging in grass crops are sometimes difficult to interpret
because lodging may often occur on several occasions
with varying degree of severity during growing season.
Moreover, the effects of lodging depend on the growth
stage of the crop at the time of lodging, and on subsequent
weather conditions. Following couple of rainy days with
strong winds, the onset of lodging in our experiment was
also just before heading, when plots fertilized with 180
kg N/ha completely lodged (97.3%). This early-season
lodging resulted in shading and it was suggested that the
physiological explanation of lodging effects on yield lie in
its effects on crop growth rate because less-favourable
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Figure 1. Seed moisture content (left) and lodging intensity (right) of Italian ryegrass as affected by nitrogen and plant growth

regulator (PGR) applications
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distribution of light reduce post-lodging crop growth
rate. For example, the decrease in final total dry weight
resulting from lodging was found on wheat (Triticum
aestivum L.) by Fisher and Stapler (1987) with these
reductions being equal to or more than the reductions
in grain yield. Similarly to responses in unsprayed plots,
seed yields improved with N rate of 120 kg/ha in the
plots sprayed with PGR, and then slightly reduced at the
highest N fertilization. Consequently, plots treated with
PGR produced larger seed vyields than the unsprayed
plots at all fertilization levels (data not shown).

Compared with N rate of 120 kg/ha, earlier and more
severe lodging in the unsprayed plots occurring at the
highest N fertilization had no effect on the 1000-seed
weight (Figure 2), which indicated that differences in
seed yields were associated with seed number per unit
area. In wheat crop, Fischer and Stapper (1987) found
that kernel-number reductions were greater with lodging
commencing at or before anthesis, while kernel-weight
reductions were greater with later lodging. This pattern
supports the idea that the reductions in seed number with

in photoassimilate supply. Interestingly, higher lodging
severity brought about by more intensive N fertilization
had no negative effect on seed weights (Figure 1 and 2).
Seed weight increases in lodged perennial ryegrass crop
reported Griffith (2000), which is similar to our findings.

Crop sprayed with PGR produced the highest seed
yield of 2373 kg/ha at the N rate of 120 kg/ha, which
was by 45% larger than the unsprayed crop at the same N
fertilization. This highest yielding crop sprayed with PGR
had relatively high lodging severity at harvest (Figure 1),
but the onset of lodging occurred almost a month later
(on June 7) in comparison to the unsprayed crop at the
same fertilization level. These results suggested that
delayed lodging was the main reason for enhanced yield
in the crop sprayed with PGR. The highest germination
rates were found at the N fertilization of 120 kg/ha,
which averaged 94.0% in the unsprayed crop and 95.5%
in the crop sprayed with PGR (Figure 2). Young lll et al.
(1996) found that seed germination of annual ryegrass in
Oregon ranged from 86 to 97%. Seed germination was
slightly affected by N fertilization and PGR application
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Figure 2. The 1000-seed weight (left) and seed germination (right) of Italian ryegrass as affected by nitrogen and plant growth

regulator (PGR) applications
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CONCLUSIONS

In spite of increased lodging score at harvest, seed
yields and the 1000-seed weight tended to increase with
higher N fertilization rates in crops sprayed with PGR.
In contrast, lodging resulted in decreased seed yield for
the unsprayed crop at the highest N fertilization. Seed
germination could not be related to lodging intensity in
our research.

REFERENCES

Fisher, R. A., Stapper, A. (1987) Lodging effects on high yielding crops
of irrigated semi-dwarf wheat. Field Crops Research, 17, 245-248.
DOI: https://doi.org/10.1016/0378-4290(87)90038-4

Griffith, S. M. (2000) Changes in dry matter, carbohydrate and seed yield
resulting from lodging in three temperate grass species. Annals of
Botany, 85, 675-680.

DOlI: https://doi.org/10.1006/anbo.2000.1125

Griffith, S. M., Alderman, S. C. Streeter, D. J. (1997). Italian ryegrass and
nitrogen fertilization in western Oregon in two contrasting climatic
years. |. Growth and seed yield. Journal of Plant Nutrition, 20, 419-
428. DOI: https://doi.org/10.1080/01904169709365263

ISTA (2008) International rules for seed testing. Zurich, Switzerland:
International Association for Seed Testing.

Roberts, H. M. (1971) Harvesting tetraploid ryegrass for seed. Journal of
the British Grassland Society, 26 (1), 59-62.

DOI: https://doi.org/10.1111/j.1365-2494.1971.tb00634.x

Rolston, M. P., Trethewey, J. A. K., Chynoweth, R. J., McCloy, B. L.
(2012) Italian ryegrass seed yield: trinexapac-ethyl and closing date
interaction. Agronomy New Zealand, 42, 119-127.

SAS Institute (1997) SAS/STAT Software: Changes and Enhancements
through Release 6.12. Cary, NC: SAS Institute Inc.

Silberstein, T. B., Mellbye, M. E., Chastain, T. G., Young, Ill. W. C. (2005)
Response of seed yield to swathing time in annual and perennial
ryegrass. In: 2004 Seed Production Research Report. Oregon State
University, Ext/CrS 124, 27-30.

Simi¢, A., Vuckovi¢, S., Sokolovi¢, D., Stanisavljevi¢, R., Mandic, V.,
Duroni¢, G. (2012) Response of Italian ryegrass seed crop to spring
nitrogen application in the first harvest year. African Journal of
Biotechnology, 11 (26), 6826-6831. [Online] Available at: https:/
www.ajol.info/index.php/ajb/article/view/102097 [Accessed 4
November 2019]

Vleugels, T., Rijckaert, G., Gislum, R. (2017) Seed yield response to N
fertilization and potential of proximal sensing in Italian ryegrass
seed crops. Field Crops Research, 211, 37-47.

DOI: https://doi.org/10.1016/j.fcr.2017.06.018

Young, Il W.C., Chilcote, D.O., Youngberg, HW. (1996) Annual ryegrass
seed yield response to grazing during early stem elongation.
Agronomy Journal, 88 (2), 211-215.

DOI: https:/doi.org/10.2134/agronj1996.00021962008800020015x

Zadoks, J. C., Chang, T. T., Konzak, C. F. (1974) A decimal code for growth
stages of cereals. Weed Research, 14, 415-421.

DOI: https://doi.org/10.1111/j.1365-3180.1974.tb01084.x

JOURNAL

Central European Agriculture
ISSN 1332-9049

55


https://doi.org/10.5513/JCEA01/21.1.2748
http://www.tcpdf.org

