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The Effect of Chlormequat Chloride Application 
on Seed Yield in Perennial Ryegrass (Lolium perenne L.)1 

J.G. Hampton2 

ABSTRACT 

Although growth retardants such as paclobutrazol and 
flurprimidol can substantially increase seed yield in peren
nial ryegrass (Lolium perenne L.), none are currently avail
able for commercial use in New Zealand. Experiments in 
1984 and 1985 examined the effects of the widely used cereal 
growth retardant chlormequat chloride on seed yield of L. 
perenne cv. Grasslands Nui. 

Chlormequat chloride applied at spikelet initiation at a 
rate of 3.0 kg a.i. ha·t increased seed yield from 55 to 74 g m·2 

in 1984, and from 94 to 135 g m·2 in 1985. In comparison, 
paclobutrazol applied at the same time at 1.0 kg a.i. ha·t 
increased seed yield to 113 g m·2 in 1984 and 146 g m·2 in 
1985. Chlormequat chloride did not alter stem length or 
prevent lodging, and seed yield increases appeared to be 
associated with better tiller survival, in contrast to paclobu
trazol which increased tiller production. 

The physiological reasons for the increase in seed yield 
following chlormequat chloride application are not known 
and require investigation. However the yield responses re
corded in 1984 and 1985 were economically viable, and with 
the non-availability of more effective growth retardants for 
L. perenne, the use of chlormequat chloride as an aid to seed 

· production could,be recommended. 

Additional index words: seed production, growth retar
dants, paclobutrazol, lodging, tiller survival. 

INTRODUCTION 

Lodging of grass seed crops is one of the major factors 
limiting seed yield (Hebblethwaite et al., 1978), and the use of 
growth retardants to control lodging, particularly in the per
ennial rye grass (Lolium perenne L.) seed crop, has been under 
investigation for over 10 years (Hampton and Hebblethwaite, 
1985a). Significant seed yield increases resulting from growth 
retardant application have been reported for perennial rye
grass, three successful products being ancymidol (Wright and 
Hebblethwaite, 1979), paclobutrazol (Hebblethwaite et al., 
1982; Hampton and Hebblethwaite, 1985a) and flurprimidol 
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(Hampton and Hebblethwaite, 1985b). However, either be
cause of cost, or concern about soil residual properties, they 
have not been released for commercial use in New Zealand. 

The growth regulator chlormequat chloride, which reduces 
plant height in many plant species (Hofner and Kuhn, 1982) 
has reduced lodging in grass seed crops, particularly Dactyl is 
glomerata L. (Bochniarz et a!., 1983), Phleum pratense L. 
(Stoddart, 1965; Maiko and Hrynecwicz, 1983; Mikhaili
chenko and Sycheva, 1983), Bromus inermis Leysser (Bochni
arz eta!., 1983) and B. willdenowii Kunth (Hampton, unpub 
data). Hebblethwaite and Burbidge (1976) reported that 
chlormequat chloride had little effect on fertile tiller length or 
lodging in L. perenne, although seed yield was increased by 
about 20% in two trials when the chemical was applied at 
spikelet initiation. They concluded that the yield response was 
not large or consistent enough to justify further research, 
particularly as in a third trial, no seed yield increase was 
recorded. 

In 1983, in an unreplicated trial, the seed yield of perennial 
ryegrass cv. GrasslandsNui was increased from 1443 to 1607 
kg ha- 1 following chlormequat chloride application at 
spikelet initiation (Hampton et a!., 1985). Because of the 
non-availability of more successful growth retardants, the 
effects of chlormequat chloride application on seed yield in L. 
perenne were further investigated in 1984 and 1985. 

MATERIALS AND METHODS 

The experiments were carried out at Plamerston North, 
New Zealand on a Tokomaru silt loam soil. Certified 1st 
generation seed of perennial rye grass cv. Grasslands Nui was 
sown by cone seeder in autumn 1984 at 15 kg ha- 1 in 15 em 
row widths. No seedbed fertilizer was applied. Details of 
experimental management are given in Table 1. The 1985 
trial was carried out on plots at the same site established in 
1984 and used in that year for a fungicide trial (Hampton, 
1986). After harvest in 1984, stubble was removed and plots 
were cut to 7.5 em during the autumn and winter as required. 

The growth retardants chlormequat chloride and paclobu
trazol were applied at spikelet initiation (Hebb1ethwaite and 
Burbidge, 1976; Hampton and Hebblethwaite, 1985a) each 
year (Table 1): paclobutrazol at 1.0 kg a.i. in 250 I water ha- 1 

in 1984 and 1985; chlormequat chloride at 3.0 kg a.i. in 250 I 
water ha- 1 in 1984, and 1.5, 3.0 and 4.5 kg a.i. (2, 4, 6 I 
product) all in 250 I water ha- 1 in 1985. A randomized 
complete block design with 4 replicates of each treatment 
was used. 

Crop apical development stages were determined by 
microscopic dissection of tiller apices at frequent intervals 
(Hampton and Hebblethwaite, 1985a), while ear emergence 
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and anthesis were recorded by observation. Growth analysis 
and lodging assessments were carried out at regular intervals; 
techniques used for data accumulation have been previously 
described (Hampton and Hebblethwaite, 1985a). Yield poten
tial at anthesis was determined by randomly sampling 30 
fertile tillers per plot and recording the number of spikelets, 
and florets per basal, an intermediate and the penultimate 
spikelet counted (Hampton, 1986). 

When seed moisture content (SMC) reached 42% in each 
year plots were swathed and harvested (Table 1) by a single 
pass of a 1.5 m cut combine along 10m of each plot. Seed was 
then air dried to 13% SMC, cleaned and weighed. Yield 
results are· expressed at 0% SMC. Germination, purity and 
thousand seed weight (TSW) were determined using interna
tional rules for seed testing (IST A, 1985). 

RESULTS 

Seed yield and yield components. Both chlormequat chlo
ride and paclobutrazol significantly (P < 0.05 or 0.01) 
increased seed yield in both years (Table 2). In 1984 the 
paclobutrazol response was greater (P < 0.05) than that of 
chlormequat chloride, but in 1985 seed yields between 
growth retardants, or between chlormequat chloride applica
tion rates, did not differ. Paclobutrazol increased seed yield by 
increasing the number of fertile tillers (P < 0.05) and the 
number of seeds per spikelet (P < 0.05) in both years, 
although in 1984 seed weight was significantly (P < 0.05) 
reduced (Table 2). In 1985 chlonuequat chloride increased (P 
< 0.05) the number of fertile tillers at the 3.0 and 4.5 kg a.i. 
application rate, and increased (P < 0.05) the number of seeds 
per spikelet at the 1.5 kg a.i. application rate. The 1984 yield 
increase was associated with small but non-significant in
creases in fertile tiller number and the number of seeds per 
spikelet. Chlormequat chloride application did not change 
thousand seed weight in either year (Table 2). 

Seed yield potential. Seed yield potential did not differ 
between treatments in 1984 as there were no significant 
differences in either the number of fertile tillers, spikelets per 
tiller or the number of florets per spikelet at anthesis (Table 
3). In 1985, paclobutrazol increased (P < 0.05) fertile tiller 
number at anthesis. 

Stem length and lodging. Paclobutrazol significantly (P < 
0.0 1) reduced stem length in both years but chlormequat 
chloride did not. Lodging began shortly after ear emergence 
in untreated plants and was severe by anthesis (Table 3). 
Chlormequat chloride did not reduce lodging and by harvest 
both untreated and chlormeql!at chloride treated plots were 
completely lodged. Paclobutrazol significantly (P < 0.01) 
reduced the degree of lodging in both years. 

Tille ring and dry matter accumulation. Tiller production 
was stimulated by paclobutrazol in both years, with both 
fertile and vegetative tiller numbers being increased (P<O.O 1) 
at anthesis (Tables 3 and 4)~ Chlormequat chloride increased 
the number of vegetative tillers at anthesis in 1985 only. 
Vegetative tiller numbers at final harvest differed between the 
two years (Table 4) - in 1984, growth retardant treatments 
reduced (P<0.05) the number, while in 1985 the same treat
ments increased them, although only the paclobutrazol dif
ference was significant (P<0.05). 

While both growth retardants increased fertile tiller num
bers at harvest (Table 2), only paclobutrazol increased fertile 
tiller production (Table 4). Increased fertile tiller numbers 
following chlormequat chloride application resulted from 
better fertile tiller survival, particularly in 1985 (Table 4). 

Total dry matter accumulation of vegetative tillers did not 
differ between treatments in either year, so that vegetative 
tillers were smaller in growth retardant treated plots (Table 
4 ), particularly at an thesis in both years and at final harvest in 
1985. However, in 1985 both growth retardants increased 
(P<0.05) total reproductive DM because leaf, stem and ear 
DM was increased (data not presented). These increases were 
associated solely with increased fertile tiller numbers as leaf 
stem and ear DM per tiller was not increased. ' ' 

Chlormequat chloride tiller numbers and DM accumula
tion did not differ significantly between application rates in 
1985, and therefore tiller data for only one application rate 
have been presented. 

Seed Quality. The germination of seed harvested did not 
differ significantly between treatments in either year. 

DISCUSSION 

In L perenne seed crops, actual yields are substantially less 
than the theoretical potential because of a loss of fertile tillers 
and poor seed site utilization (Hebblethwaite et a!., 1980). 
Prevention oflodging by the use of a growth retardant such as 
paclobutrazol results in an increased seed yie1d through 
increased fertile tiller production and improved seed site utili
zation (Hampton and Hebblethwaite, 1985a; 1985c), because 
of improved photosynthetic capability, and/or alterations in 
the relationships between competing assimilate sinks (Hamp
ton et al, 1985). The application of paclobutrazol at spikelet 
initiation at a rate of 1.0 kg a.i. ha-t increased seed yield from· 
55 to 113 g m-2 (105%) in 1984 and from 94 to 146 g m-2 
(55%) in 1985 by increasing the number of fertile tillers and 
seeds per spikelet at harvest. 

Chlormequat chloride application also increased seed 
yield, by 19 g m-2 (34%) in 1984 and 42 g m-2 (44%) in 1985. 
Hebblethwaite and Burbidge (1976) also reported seed yield 
increases of 21 and 20 g m- 2 or 22% following chlormequat 
chloride application to L. perenne at spikelet initiation. In 
both sets of trials, chlormequat chloride had little effect on 
fertile tiller length and failed to prevent lodging, yet seed yield 
increases were also associated with increased numbers of 
fertile tillers at final harvest and in three out of four years, 
more seeds per spikelet. 

Paclobutrazol is known to reduce apical dominance in L 
perenne and increase tillering. Hampton and Hebblethwaite 
(1985a) demonstrated that increased tiller numbers following 
paclobutrazol application resulted from increased tiller pro
duction, rather than from better tiller survival because the 
crop was not lodged. Chlormequat chloride can increase 
tillering in cereals (Humphries, 1968), but the results reported 
from this trial and by Hebblethwaite and Burbidge (1976) 
suggest that this does not occur in L perenne, and that 
increased fertile tiller numbers at harvest resulted from better 
tiller survival, particularly in 1985. Koranteng and Matthews 
(1980) considered that in spring barley, the main effect of 
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Table 1. Experimental details 

Previous crop 

MAF soil quick test data 1 

p 
K 
pH 

Plot size 

Sowing date 

Herbicide 

Nitrogen 

PGR applied 

Seed harvest 
Swathed 
Thrashed 

1Cornforth and Sinclair (1982) 
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1984 

Barley 

16 
8 
5.4 

12 x 2.4 m 

20 March 

2,4 D-B 3 1 ha-l 
ethofumesate 6 I ha- 1 

70 kg N ha-l applied 19 Sept. 

30 Aug. 

24 Dec. (42% SMC) 
27 Dec. (16% SMC) 

1985 

Perennial ryegrass 

12 
6 
5.4 

12 x 2.4 m 

2,4 D-B 3 I ha-l 

100 kg N ha- 1 applied 3 Sept. 

2 Sept. 

20 Dec. (42% SMC) 
31 Dec. (13% SMC) 

Table 2. Effect of chlormequat chloride and paclobutrazol on seed yield and yield components in perennial ryegrass cv. 
Grasslands Nui, 1984 and 1985. 

Spikelets per Seeds per Thousand seed 
Treatment Rate Seed yield Fertile tillers tiller spikelet weight 

(kg a.i. ha- 1) (g m-2) (m-2) (g) 

1984 

Nil 54.8 891 24.0 1.31 1.946 

Chlormequat 
chloride 3.0 73.7 922 25.0 1.71 1.863 

Paclobutrazol 1.0 112.7 1303 25.3 2.02 1.697 

S.E. diff (6 d.f.) 7.1 132.6 0.59 0.18 0.09 

1985 

Nil 93.8 1216 22.6 2.38 1.432 

Chlormequat 
1.5 122.1 1421 22.7 2.63 1.435 
3.0 135.4 1826 22.3 2.33 1.422 chloride 
4.5 136.4 1785 21.9 2.50 1.393 

Paclobutrazol 1.0 146.1 1801 22.2 2.66 1.369 

S.E.diff(12 d.f.) 10.5 206.8 0.47 0.11 0.13 
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Table 3. The effect of chlormequat chloride and paclobutrazol on fertile tiller length, seed yield potential and lodging 
at anthesis in perennial ryegrass cv. Grasslands Nui. 

Spikelets 
Fertile Tiller length per Florets per spikelet Lodging 

Treatment Rate Tillers stem head tiller basal intermediate penultimate score 

(kg a.i. ha-t) (m-2) (em) (em) 

1984 

Nil 1198 55.2 19.8 26.3 7.6 8.4 5.9 9.3 
Chlormequat 
chloride 3.0 1162 54.7 20.6 26.9 8.7 9.2 6.3 9.3 

Paclobutrazol 1.0 1383 27.3 21.0 27.0 8.0 8.2 6.0 3.2 

S.E. diff (6 d.f.) 187.5 3.1 0.74 0.57 0.64 0.51 0.32 0.46 

1985 

Nil 1Q29 53.5 20.5 22.6 7.8 7.9 5.8 8.3 

Chlormequat 
1.5 1369 56.9 22.0 22.9 8.7 8.8 6.4 6.8 
3.0 1015 54.5 20.9 22.8 7.9 7.8 5.8 7.3 

chloride 
4.5 1235 55.0 20.2 22.1 8.6 8.6 5.9 8.0 

Paclobutrazol 1.0 1569 39.9 21.2 22.7 7.6 7.7 6.0 1.8 

S.E. diff ( 12 d.f.) 247.2 4.3 0.86 0.61 0.58 0.53 0.44 0.81 

Table 4. Effect of chlormequat chloride and paclobutrazol on vegetative tiller numbers and size at anthesis and final harvest, 
and fertile tiller maximum number and percentage survival, 1984 and 1985. 

Vegetative tillers Fertile tillers 
Anthesis Final harvest Maximum 1 Fertile 

Tillers Dry weight Tiller Dry weight number tiller 
Treatment Rate m-2 tiller- 1 m-2 tiller- 1 recorded survivaJ2 

(kg a.i. ha- 1) (mg) (mg) (m-2) (%) 

1984 

Nil 2097 101.0 1465 78.4 1274 69.9 
Chlormequat 3.0 2061 94.4 959 64.9 1186 77.7 
chloride 

Paclobutrazol 1.0 3105 70.3 863 80.6 1738 74.8 

S.E. diff (6 d.f.) 241.9 7.3 179.4 8.2 151.8 

1985 

Nil 3591 121.6 1760 101.8 1529 79.5 
Chlormequat 
chloride 3.0 5772 62.3 2061 91.6 2033 89.8 

Paclobutrazol 1.0 5933 73.4 2845 63.4 2354 76.5 

S.E. diff (6 d.f.) 286.3 8.9 206.5 6.9 218.2 

1Maximum fertile tiller numbers were recorded after peak anthesis in both years. 
2fertile tiller numbers at final harvest as a percentage of maximum fertile tillers recorded. 
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chlormequat chloride on tillering was to allow greater survi
val, although Humphries et al, ( 1967) reported that chlorme
quat chloride increased tiller survival only when ears were 
emerging at a period of increasing soil moisture deficit. They 
attributed the benefit of chlormequat chloride to the larger 
root system (Humphries, 1965) which allowed plants to coun
teract the effects of drought on tillers. However, in 1985, 
rainfall for the week before and after peak ear emergence was 
greater than that in 1984, and total monthly rainfall for 
October, November and December was above average for the 
site and did not differ between the two years. Plants were, 
therefore, unlikely to have suffered moisture stress. 

Tiller death and seed abortion are increased by competition 
for light and assimilate supply (Hebblethwaite, et al., 1980). 
Thus, any treatment which reduces stress on the plant, partic
ularly between ear emergence and anthesis (Hampton et al., 
1985) is likely to improve utilization of the crop's yield poten
tial. In cereals, chlormequat chloride has been reported to 
enlarge the root system, retard senescence of lower leaves, 
and allow greater light penetration into a stand (Humphries, 
1968). Chormequat chloride can also produce greater within 
plant uniformity, which Matthews, et al., (1982) suggested 
improved the effective utilization of available resources and 
synchronized tiller growth and development (Koranteng and 
Matthews, 1982). The effects of chlormequat chloride on 
reproductive growth and development in herbage grasses 
require further investigation. 

Hofner and Kuhn (1982) reported that a mixture of chlor
mequat chloride and ancymidol produced a growth retarding 
effect in cereals which exceeded that obtained by treatment 
with the single components alone. A similar result was 
obtained using low rates of paclobutrazol and chlormequat 
chloride on wheat (S.J. Shearing, personal communication). 
Hampton (1983) investigated the possibility of mixing chlor
mequat chloride and paclobutrazol for use on L. perenne seed 
crops, and although seed yields were not significantly in
creased, the amount of lodging was reduced from that of 
paclobutrazol alone (Table 5). If product cost is a major 
limitatiotl to the registration·,and use of an effective growth 
retardant, then using lower rates of active ingredient in a 
mixture with chlormequat chloride may be justified. 

Table 5. The effect of adding chlormequat chloride to 
paclobutrazol on lodging and seed yield of perennial 
ryegrass cv .. S24 1• 

Treatment 
(kg a.i. ha- 1) Lodging score2 

Chlormequat Final 
Paclobutrazol chloride An thesis harvest 

0.25 + 1.6 6.1 9.4 
0.5 4.8 7.0 
0.5 + 1.6 3.2 5.1 
1.0 1.0 3.0 
1.0 + 1.6 0.8 2.0 

S.E. diff ( 12 d.f.) 0.7 1.4 

1Data from Hampton (1983) 
2Based on a scale of 0 ~ upright, I 0 ~ completely flat 

Seed yield 
(g m-2) 

169.2 
167.0 
184.1 
222.8 
223.2 

11.2 

Seed yield increases obtained from chlormequat chlotide 
application to L. perenne have not usually been large when 
compared with those from retardants which prevent lodging 
(Hampton et al., 1985), but they have been economic. For 
example, in 1985,43 kg seed ha- 1 was required to pay for the 
New Zealand costs of product (41 ha- 1) plus application out of 
the total increase of 416 kg ha-t. The use of such a relatively 
inexpensive and readily available product for perennial rye
grass seed crops could be recommended, even though there 
may be some seasons when seed yield is not increased (Heb
blethwaite and Burbidge, 1976). 
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Effect of Plant Spacing on the Reproductive Development and 
Yield of Seed Onion1 

J,J, Steiner2 

ABSTRACT 

This study was initiated to determine the effects of plant 
spacing on the growth and reproductive development of onion 
(Allium cepa L.) grown for seed by the bulb to seed method. 
Bulbs were spaced 12, 24, 48, and 72 em in single rows on lm 
beds. The resulting plants were observed for number of scapes 
produced per plant, display of umbels in the canopy, reproduc
tive development, seed yield and quality. 

Bulb spacings greater than 12 em produced plants which 
exhibited betwe>Jn 15 and 18% lodging of scapes. This was 
attributed to a wider horizonal.display of the umbels within the 
canopy. The vertical display of umbels within the canopy was 
relatively unaffected by bulb spacing. The time at which the 
umbels emerged from the capsule sheath was delayed as bulb 

1. Contribution no. 870602 of the California Agricultural Technol
ogy Institute, Fresno, California. Receive 4 October 1986. 
2. Associate Professor of Seed Technology, Dept. of Plant Science 
and Mechanized Agriculture, California State University, Fresno, 
CA 93740. 

spa.:ings decreased. Anthesis was also delayed with closer bulb 
spacings. 

The number of scapes produced by each bulb was unaffected 
by plant population. Increasing plant spacing resulted in a 
greater number of scapes per unit of area which increased final 
seed yield. There was no effect of plant population on seed 
quality. 

Additional index words: anthesis, canopy display, lodging, 
quality. 

INTRODUCTION 

An understanding of the fundamental agronomic factors 
which contribute to final seed production of a crop such as 
onion (Allium cepa L.) is necessary in order to maximize yield 
and profit to the grower.lt was established nearly five decades 
ago that seed yield is increased as the planting density is 
increased when producing seed by the bulb to seed method 
(Jones and Emsweller, 1939). This fact has not changed and 
this is reflected in the present recommendations for plant 
spacings which range from 5 to 15 em (Duncan, 1965; Voss, 
1979). However, the methods for harvesting onion seed have 


