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Increases in wheat production due to breeding may be reaching

a plateau. The application of N-fertilizer beyond optimum levels

leads to lodging and to an increase in tiller death. The use of

plant growth regulators (retardants) may be an answer for future

increases in production.

Experiments were conducted in 1983 and 1984 to apply growth

retardant paclobutrazol to reduce lodging under heavy rates of

nitrogen, to determine if such an approach could reduce tiller mor-

tality, partition more dry matter to the seed, and increase yield

and yield components of the semi-dwarf winter wheat variety Yamhill.

The application of paclobutrazol significantly reduced lodging

promoted by nitrogen fertilizer. The reduction in lodging did not

affect yield in part because lodging occurred late at the hard dough

stage of development.

The application of paclobutrazol at floral initiation actually

increased tiller death by promoting the formation of late tillers

that died before reaching maturity. Investigation of applying

paclobutrazol at earlier stages of development of wheat is suggested.



Paclobutrazol application reduced the total dry matter produc-

tion by decreasing dry matter accumulation in the stem. Dry matter

lost from stems was not apparently relocated in the ear. Ear dry

weight remained the same following the application of paclobutrazol.

Nitrogen application in these tests seemed to reduce the capa-

city of the ear to accept carbohydrate by decreasing the number of

florets per spikelet. It also decreased seed weight in 1983 and

grain yield in 1983 and 1984. An increase in L.A.I. (leaf area

index) may have increased mutual shading with negative effects on

tiller development.

Paclobutrazol application decreased grain yield and harvest

index by decreasing seed weight and by reducing the number of grains

per ear in 1984. The decrease in seed weight was attributed to com-

petition from non-surviving tillers and to the reduction in L.A.D.

(leaf area duration) due to stripe rust incidence.

Further work is needed to evaluate possible paclobutrazol x N

interaction on a variety of wheat susceptible to lodging. Different

locations and more effective control of diseases would be required

for such studies. Application of paclobutrazol at different stages

of growth should be investigated. Also, an investigation of paclo-

butrazol interference with nitrogen uptake and utilization is

suggested.
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EFFECTS OF GROWTH RETARDANT AND NITROGEN LEVEL ON GROWTH,
DEVELOPMENT AND YIELD OF YAMHILL WHEAT

INTRODUCTION

Wheat is the most important food crop in the world and its in-

creased production is important in meeting the food demands of the

future. In the past, the increase in production has been achieved

mainly through breeding for semi-dwarf varieties (Walcott and

Laing, 1976) and by the use of nitrogen fertilizer (Lidgate, 1981).

Today the increase in production due to breeding may be reaching

a plateau, and the application of N fertilizer beyond optimum

levels leads to lodging (Hebblethwaite and Ivins, 1977; Hampton et

al., 1983) and to increased tiller death.

New technological avenues are needed for future increases in

production. The use of plant growth retardants in cereals, namely

paclobutrazol, may be one of these avenues. Paclobutrazol, like

N

CHOH

I CkCH3,3

chlormequat (CCC), works against the production of endogenous

gibberellins by inhibiting sterol biosynthesis; the elongation of

the stem is delayed; shorter, thicker, and more strengthened culms

are formed that resist lodging (Froggatt, Thomas and Batch, 1981).

The crop canopy is more open, allowing better light penetration for
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possible reduction of competition among tillers and within the ear.

The vegetative sink (stem) is reduced for possible partition of

more assimilate to the seed.

Experiments were conducted in two different years with the

objective of *lying paclobutrazol on wheat to reduce lodging

under normal and heavy rates of N fertilizer, and to determine if

dry matter partitioning is affected,if tiller mortality is reduced,

and if seed yield is increased.



3

LITERATURE REVIEW

Wheat has three main phases in its life cycle with regard to

yield: the vegetative, reproductive, and grain-filling stages.

During the vegetative phase, tillers are produced and leaf and root

growth occur. In the reproductive phase (floral initiation to

anthesis), the number of kernels are determined. In the third or

grain-filling stage, seed weight is determined.

I. Tillering and Tiller Mortality

During the growth and development of wheat plants, as in other

cereals, a number of lateral buds are formed in the axils of the

lower leaves of the main stem (Kirby and Faris, 1972). Depending

upon the environment, these buds may grow and form leafy lateral

branches or tillers.

The study of Kirby and Faris (1972) revealed three stages in

the development of barley tillers. The first, tiller bud initiation,

is little affected by the environment (Evans, Wardlaw and Williams,

1964). The second comprises tiller bud growth and emergence from

the subtending leaf sheath; tiller bud growth is promoted by nut-

rients and endogenous cytokinin; tiller emergence out of the leaf

sheath is controlled by levels of endogenous auxin and gibberellin

(Kirby and Faris, 1972; Sharif and Dale, 1980). The final stage,

tiller survival, is the stage where environmental factors (tempera-

ture, light, photoperiod, nutrients, and water status) determine

whether the tiller dies or survives to bear ears.

Studies of the life history of several grasses have revealed a
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consistent and significant mortality in tiller populations (Thorne,

1962; Mathews and Weslake, 1969; Kirby and Faris, 1972; Hill and

Watkin, 1975; Bernard, 1976). A ryegrass seed crop may lose up to

60% of the tillers produced (Hebblethwaite, 1977). In a study

carried out on winter wheat, Bremner (1977) found that 38% of the

tillers formed before March 8 and 88% of those formed after March 8

died.

The proportion of tillers that die varies greatly with genotype

and is markedly influenced by the tiller's age and size, nutrient,

light, and water status, and by plant populations. Thorne

(1962) studied tiller mortality in two varieties of barley, Proctor

and Plumage Archer. He found a greater proportion of tiller death

in Plumage Archer than in Proctor. Ong (1978) provided experimental

evidence that tiller death can be induced on a vegetative ryegrass

plant by subjecting the whole plant to either nutrient stress, low

light intensity (shading) or both, and that the dead tillers were

the smallest and often, but not always, the youngest on the plant.

The older tillers on the plant are larger sinks than the younger

tillers. Therefore, they compete more aggressively for available

nutrients, water, and light.

Much of the tiller death occurs during the reproductive stage

and is due to the failure of the more favorably placed tillers to

support other tillers (Ong and Marshall, 1978), because favorably

placed tillers are mobilizing more assimilate into the ear

(Moslisch, 1938). However, Krizek et al. (1966) conducted experi-

ments where flowers, fruits, or buds were removed from the
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favorably placed tillers and this did not prevent senescence in the

less favorably placed tillers, indicating that mobilization of

nutrients into the fruit was not the prime cause of senescence.

Laude et al. (1967) studied tiller senescence in two near isogenic

barley cultivars segregating for male sterility. They concluded that

extensive tiller senescence occurred between jointing and awn emer-

gence in both varieties, and was not attributable to mobilization of

assimilate to the fruit. They also suggested that the triggering

mechanism for senescence was operative at the initial stages of floral

development, before mechanical debudding was feasible.

Tillers that die constitute a significant wastage of light and

nutrients since only a small portion of the material in the dead

tiller is redistributed to the rest of the plant (Jones and Kirby,

1977; Kirby and Jones, 1977). Also, when tillers destined to die

develop, they increase the rate of the crop canopy transpiration and

thereby waste water. They also compete with other tillers for assimi-

late, thus reducing the size, potential yield, and sometimes final

yield of the surviving tillers.

The significance of tiller mortality in cereals has prompted

scientists to investigate the possibility of its control. Breeders

have speculated that breeding for varieties in which a high propor-

tion of the tillers produced by the plant bear a productive ear will

lead to higher yields (Donald, 1968). This hypothesis seems to be

experimentally well supported. Kirby (1973 a,b) used a uniculm

mutant of barley in an experiment which resulted in the mutant having

greater leaf growth and final leaf size than the mutant parent.
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Abnormal ear development made it impossible to analyze ear growth

and final ear size. Crop physiologists are now investigating the

possibility of using anti-giberellin growth retardants to modify the

crop canopy for better light penetration and to reduce tiller compe-

tition, hoping to increase the number of ear-bearing tillers

(Koranteng and Mathews, 1982; Bokhari and Youngner, 1971; Chilcote

et al., 1982; Bruisma, 1982).

II. Lodging

Pinthus (1973) defined lodging as " . . . the state of perma-

nent displacement of the stems from their upright position."

Lodging affects the anatomy, the morphology, the physiology,

and the yield of the crop plant. Lodging reduces the cross-sectional

area of the vascular bundles which in turn disturbs the movement of

photosynthates from the leaves to the roots to maintain their func-

tion. Lodging also decreases the absorption of mineral nutrients

and water by the root (Hofstra, 1969). Moroever, lodging disturbs

leaf display which results in increased shading. As a consequence,

the efficiency of photosynthesis is decreased, which in turn de-

creases the kernel weight and increases the number of unfilled

grains. Lodging limits pollination and fertilization and, thereby,

the number of seeds per unit area.

Chandler (1969) reported a yield decrease in rice due to

lodging. Lodging reduced seed yield in tall varieties of soybean

(Green et al., 1977; Hoggard et al., 1978). In cereals, lodging

causes important yield losses. Mulder (1954) demonstrated a yield
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reduction of 8-22% in barley and 22-44% in spring wheat, and 15-69%

in oats, in a comparison of yields of lodged vs unlodged plants.

Pendleton (1954) studied lodging in oats by mechanically supporting

oats and then artificially lodging them at different times and

different severity. He found that yield losses increased with

lodging severity and with increase in days before lodging occurrence

after anthesis. Weibel and Pendleton (1964) studied the effect of

lodging on winter wheat. They found that lodging at anthesis re-

duced yield by 31%, at milk stage yield was reduced by 25%, at soft

dough it was reduced 20%, and by 12% at hard dough. Yield reductions

were due to reduced test weight and kernel weight. Pumphrey and

Ruenthaler (1983) reported that lodged soft white wheat had grains

that weighed less, produced less flour per kernel, and produced flour

with less desirable milling and baking quality.

Plant height is the predominant factor affecting lodging resis-

tance. Genetically tall varieties are more susceptible to lodging

than short ones. The introduction of dwarf genes into rice and

wheat varieties has increased resistance to lodging (Walcott and

Laing, 1976), and the yielding ability of these crops has increased

conspicuously. Walcott and Laing (1976) showed that with or without

lodging control, the grain yield of a dwarf cultivar of wheat was

greater than that of a tall cultivar. Dense populations increase

the length of internodes and, consequently, increase lodging

(Hoggard et al., 1978). For instance, the stems of maize planted

too densely will elongate rapidly; but, their rate of dry matter

accumulation will be less, so they will be light and small in dia-

meter and will be more susceptible to lodging.
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Conditions favorable for growth and development of the crop

evoke lodging (Pinthus, 1973). Tall, weak-stemmed varieties of rice

lodged earlier and severely at higher rates of nitrogen application

(Chandler, 1969). Nitrogen application above recommended rates in-

creased lodging in perennial ryegrass (Hebblethwaite and Ivins,

1977; Nordestgaard, 1980).

Lodging is a consistent and substantial problem in wheat and

barley, and all the grasses, and can be improved by the use of

plant growth retardants (Mclaren, 1982). In the early 1950's, the

results from the use of the first of a series of growth retardants

were reported (Marth et al., 1953). Since that time, several addi-

tional chemicals have been found which possess one property in

common, that of inhibiting plant growth by suppressing subapical

meristematic activity, thereby reducing stem elongation. The

earliest growth retardants were either unreliable in their activity

or too expensive for practical use. Ancymidol, chlormequat, cerone,

and now paclobutrazol are compounds that shorten and strenghten the

culm and are effective in controlling lodging in grasses (Tolbert,

1960; Humphries, 1968; Wright and Hebblethwaite, 1979; Froggatt

et al., 1981; Batch, 1981; Woolley, 1981; Herbert, 1982).

III. Dry Matter Partitioning

Partitioning involves the release of assimilates from leaves

or storage tissues (sources), loading into the sieve tubes, and

translocation to the growing parts and/or storage parts (sinks),

where unloading takes place. The translocation in the phloem is
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unlikely to limit assimilate movement (Christy and Ferrier, 1973;

Crafts and Crip, 1971; Rand and Cook, 1978). The direction of the

dry matter movement must be under the control of the endogenous hor-

mones, the source strength or, more often, the sink strength and its

proximity to a source (Zeevaart et al., 1979).

Photoperiod and light intensity greatly affect the source

strength (Ho, 1976); the temperature does so to a much lesser ex-

tent (Wilson, 1972). Temperature strongly affects the sink strength

(Walker and Ho, 1977). The effect of irradiation on sink strength

is not significant (Swanson and Hoddinott, 1978).

The portion of dry matter which is distributed to the grain

is of great importance for agricultural productivity. The grain

(sink) represents the economic product in wheat and similar cereals.

After anthesis, when the grain formation has initiated, all dry

matter in excess of what is required for the maintenance of an

efficient photosynthetic structure should be diverted to the

economic product. Wang (1980) reported that, in wheat, CO2 fixed

after anthesis provides 90-95% of the carbohydrates in the grain.

Austin et al. (1977) studied the partitioning of assimilates from the

vegetative organs to the grains in winter wheat using carbon-14

labeling. They found that only 14.3% of the products of photosyn-

thesis over the period May 21-June 20 were relocated to the grains.

This relocation amounted to an average of 7% of the final grain

weight. During the 18 days following anthesis on June 20, photo-

synthesis contributed 48% of the final grain dry weight. Practi-

cally all the dry matter of the grain is produced by the green part



10

of the shoot above the flag leaf node (Stoy, 1965; Wardlaw, 1968;

Evans, 1973). Using l'C-labeled assimilates, Stoy (1963) proved

that some grain carbohydrates are derived from photosynthates formed

prior to anthesis and stored in the stem. Stored photosynthates

supply 2.7-12.2% of the final grain (Rawson and Evans, 1971).

Krenzer and Moss ( 1975) exposed wheat plants to carbon dioxide en-

riched atmosphere from floral initiation to anthesis. The grain

yield increased. The increase was attributed in part to remobili-

zation of stem reserves to the seed.

Plant breeders have developed semi-dwarf wheat plants which are

less susceptible to lodging and have a greater harvest index, and

seem to partition more dry matter to the seeds than the tall

varieties. Rawson and Evans (1971) applied l'C on wheat just before

anthesis and demonstrated that about half of the l'C-labeled photo-

synthate fixed was in the stem. Only a small portion of that

assimilate was remobilized to the ear. Walcott and Laing (1976)

found that under favorable growth conditions, a dwarf cultivar of

wheat used more stem reserves during grain-filling than did a tall

cultivar. A higher percentage of the 2.7-12.2% stored photosynthates

go to final grain in the dwarf varieties (Rawson and Evans, 1971).

Since dwarf varieties depend more on stem assimilates during the

grain-filling period than tall ones, it could be concluded that

shortening the internodes may free assimilates for additional floret

differentiation or grain-filling.

Growth retardant compounds have allowed crop physiologists to

create semi-dwarf or dwarf cereal plants similar to those accomplished



11

by breeders and geneticists. The lower lodging tendency of these

short stature plants has resulted in substantial increases in wheat

yield in Europe and in ryegrass yields in Oregon (Chilcote et al.,

1982). Moreover, an increase in yield not accounted for by control

of lodging has been reported from use of growth retardants (Humphries,

1968; Batch, 1981) and could be attributed to remobilization of stem

reserves to the ear.

IV. Yield and Yield Components

The economic yield of cereal may be understood better if the

grain yield is broken down into yield components. The potential

grain yield is equal to the number of tillers per unit area x number

of spikelets per ear x number of florets per spikelet x seed weight.

The final grain yield is equal to the number of fertile tillers or

ears per unit area x number of fertile florets (seed) per ear x seed

weight. In order to increase grain yield, one or more of the compo-

nents of the final yield must be increased. Very often, the increase

in one component leads to the decrease in another component, resulting

in final yield remaining constant. The phenomenon is known as yield

component compensation.

Field and plot experiments, over many years, on the effects of

nitrogen on yield in wheat have produced conflicting results, de-

pending mainly on soil, climate, genotype, and time and rd. of

fertilizer application. Nitrogen applied earlier as top dressings

tend to increase tiller production, whereas nitrogen applied later

tends to increase the number of ears per unit area (Batch, 1981).

Under a controlled environment, the supply of nitrogen increased
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the number of spikelets and the number of grains per spikelet

(Berveridge, Jarvis and Ridgman, 1965; Holmes, 1978; Langer and

Liew, 1973; Whing Wiri and Kemp, 1980). Individual grain weight

responded less to nitrogen than grain number. It could be con-

cluded that nitrogen supply mainly increases the number of sites

or the capacity of the ear to accept carbohydrate.

The growth retardants chlormequat (CCC) and paclobutrazol

(PP 333) have been used on cereals and their effects on yield and

yield components have been reported.

Batch (1981) obtained an increase of 15-18% in wheat yield

when chlormequat and paclobutrazol were applied in the conditions

favoring lodging. In the absence of lodging, the yield increase was

only 3-5%. An increased yield of wheat from CCC treatment has been

reported by several workers (Barret et al., 1966; Humphries et al.,

1965; El-Damaty et al., 1965; Tolbert, 1960). In field experiments,

winter rye sprayed with CCC + ethephon and winter wheat sprayed

with CCC + DCIB produced grain yield increasesof 10% and 25%,

respectively (Hilifner and Kan, 1982). In those cases, it was

suggested that there was some yield benefit from improved source

and sink effect, in addition to benefits from the control of

lodging. Hofner and Kuhn (1982) also reported that winter barley,

spring barley, and spring rye produce higher grain yields if treated

with plant growth retardants. The studies of Humphries (1965) and

Tolbert (1960) have shown increased tillering of wheat from CCC

applications. Also, CCC application on barley increased the number

of spikes per unit area (Bokhari and Youngner, 1971). H6fner et al.
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(1980) applied CCC + ancymidol on potted spring wheat and obtained

an increase in the number of ear-bearing culms. They concluded that

the application of CCC and ancymidol reduced the apical dominance of

the main tiller, giving opportunity for more tillers to grow and

develop ears. Holmes (1973) reported an increase in the number of

grains per ear of semi-dwarf wheat following the application of CCC.

Hiifner and K6hn (1982) applied CCC + ancymidol on spring wheat plants

grown in plots and found an increase in the number of fertile spike-

lets and grain per ear; the final increase in grain number per ear

was related to the number of fertile spikelets and to more higher

order grains within spikelets. It was suggested that perhaps the

growth retardant lowers the competing action of different sinks and

leads to a more synchronized growth rate for different spikelets

within the ear and different florets within the spikelets. CCC appli-

cation with or without ancymidol resulted in a lower mean grain

weight of wheat grains (HOfner and Kan, 1982; Humphries, Welbank

and Witts, 1965). According to Bingham (1967) and HOfner, Feucht

and Bruckner (1980), the increase in the number of grains per ear of

wheat leads to the decrease in the mean grain weights due to the

phenomenon of yield components compensation. Wifner and Kiihn (1982)

studied nitrogen x growth retardants effect on spring wheat in the

pot. The results over several years showed no effect of CCC +

ancymidol on grain yield in low nitrogen fertilization trials. How-

ever, increased nitrogen supply resulted in higher grain yield when

CCC + ancymidol was applied. The mean grain weight was not affected.

The increase in grain yield was due to the number of ears per plot.
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There was a positive correlation between nitrogen supply and grain

yield in all trials. Most of the studies conducted on cereals

indicate that high nitrogen supply may be necessary in order to

improve grain yields by application of growth retardants.
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MATERIALS AND METHODS

Experiments were conducted in 1982-83 and 1983-84 at the Hyslop

Field Laboratory, Corvallis, on soil fallowed for two years. The

plant material used was Oregon certified seeds of a semi-dwarf winter

wheat called Yamhill. Two nitrogen rates, 168 and 280 kg per hec-

tare, were used by applying commercial urea (CO(NH2)2): 46-0-0-8 in

1983, and 40-0-0-8 in 1984. Three growth regulator rates, 0, 100,

and 200 grams per hectare active ingredient were used. This growth

regulator was a growth retardant called paclobutrazol.

A factorial experiment was conducted in a split plot arrangement

with six replications in 1982-83 and four replications in 1983-84.

In each replication, nitrogen was the main plot and growth retardant

was the subplot. Each subplot was 12m long by 4.5m wide in 1982-83,

and 8m long by 3m wide in 1983-84.

A portion of the two-year-fallowed field was plowed in

August 1982. In September 1982, the area was cultivated, harrowed

and rolled. The Yamhill seeds were sown at a depth of 2 inches and

at a seeding rate of 108 kg per hectare on October 14, 1982. The row

spacing was 7 inches. On October 20, 1982, 34 kg N per hectare was

applied as starter nitrogen. The rest of the nitrogen was split-

applied at the tillering and jointing stages of development in the

spring of 1983, as indicated in Table 1. A calibrated hand-driven

sprayer was used to distribute N fertilizer over plots.
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Table 1. Rates of split-applied N (kg/ha) at the selected
growth stages of Yamhill wheat in 1982-83 and
1983-84.

Total rate
(kg/ha) Fall emergence

Spring
Tillering Jointing

168 34 56 78

280 34 112 134

The growth retardant paclobutrazol was applied in water on

March 12, 1983, at the floral initiation stage, using a calibrated

backpack sprayer. Floral initiation was determined by microscopic

dissection of the apices of 10 tillers selected at random from each

subplot. Plots were sprayed when 7 out of 10 tillers were

at floral initiation. Plot harvest was carried out at approximately

12% seed moisture content with a small plot harvester.

The other portion of the fallowed field was plowed in August

1983. In September 1983, the area was cultivated, harrowed and

rolled. The Yamhill seeds were sown at a depth of 2 inches and at

a seeding rate of 110 kg per hectare on October 10, 1983. The row

spacing was 7 inches. Nitrogen rates and growth stages at applica-

tion were the same as in the previous year. Paclobutrazol rates

and growth stage at application were the same as in the previous

year. A small plot harvester was also used the second year to har-

vest Yamhill seeds at about 12% moisture content.

Moisture was adequately supplied to the wheat stand throughout

the cycle by sprinkler irrigation and rainfall. Weeds were
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effectively controlled by a preplant application of Karmex (diuron) at

1.6 kg per hectare active ingredient. Parasitic infestations were

noticed during the season. Parasitic diseases included two fungi,

septoria leaf blotch and stripe rust. In 1983, the incidence of

stripe rust was very severe at grain-filling, and the leaf area dura-

tion (LAD) was reduced on all the plots. In 1984, the infestations

were partially reduced by applying Bravo 500 at a rate of 3.57 liters

per hectare. Bravo 500 has little growth regulating properties.

Sampling and collection of data was done four times during the

growing cycle: at the end of tillering (stage 30), at late stem

elongation (stage 37), at anthesis (stage 68), and at maturity

(stage 92). These stages were defined according to Zadok's decimal

code for the growth stages of cereals (Tottman and Makepeace).

Sampling consisted of harvesting all tillers on one randomly selected

0.1m2 on specially designated areas of each plot. Counts were made

for total tillers and fertile tillers in the 0.1m2 sample. The

sample was taken to the laboratory where the dry weight of stems,

leaves, and heads was taken at each sampling date. At maturity,

the internode length, the stem diameter, and the leaf area and number

of spikelets per spike were measured on 10 spikes selected at random

from the 0.1m2 sample. Number of florets per spikelet was also

determined by counting the number of florets per spikelet in spike-

lets taken from the top, intermediate, and bottom locations of the

spike in each of the 10 randomly selected spikes. Florets per

spikelet was the mean number of florets per spikelet from all
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locations (top, intermediate, and bottom). At harvest, 1000 seeds

were collected from each treatment and weighed to determine 1000

seed weight. Tillers of 10 plants in each plot were tagged during

tillering according to their age. At each sampling stage, the

number of tillers from the 10 plants were counted and subtracted

from the count at the end of the tillering stage to determine the

number of tillers that died up to that stage. Before maturity

(Zadok's 92) was reached, a dead tiller was defined as any tiller

that had lost its greenness. After maturity, dead tillers were

defined as any tiller that did not bear a head (spike) or that bore

heads without seeds. Other data collection included tiller height

and lodging score. Tiller height was measured from the soil level to

the top of the shoot apex. Lodging was scored in severity and per-

centage. Lodging severity consisted of visually rating the leaning

of the lodged portion of the plot using the scale 1 to 5 (Diagram 1).

Lodging percentage consisted of visually estimating the area lodged

as the percentage of the total plot area.

Data used for analysis of variance in the split plot design

were dry weights (kg/ha), number of tillers per m2, spikelets per

spike, florets per spikelet, 1000 seed weights (gram), grain yield,

H.I., tiller length (cm), and LAI. The least significant difference

(LSD) test was used for comparison of the means. All comparisons

were conducted at the 5% significance level.
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= z

Diagram 1. Scale 1 to 5 of lodging severity:

1 = upright
5 = horizontal
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RESULTS AND DISCUSSION

The summary of the analysis of the variance, mean squares and

grand means of wheat height and lodging in 1983 and 1984 is shown

in Appendix Table 1.

I. Plant Height

As expected, the application of paclobutrazol reduced wheat

height in both years (Table 2). In 1983, the reduction was 23.9%

for 100 g/ha and 31.7% for 200 g/ha of paclobutrazol. In 1984,

the reduction was 14.8% and 19.5% for 100 g and 200 g/ha paclobutra-

zol, respectively. The reduction in plant height promotes the re-

sistance of the plant to lodging. Though this study did not deter-

mine which part of the stem was affected by paclobutrazol, informa-

tion suggests that paclobutrazol affects the lower internodes pri-

marily (Froggatt et al., 1982).

Nitrogen alone or in combination with paclobutrazol had no

significant effect on plant height, though it was expected that

different nitrogen ratios would have different heights.

II. Leaf Area Index (LAI)

Nitrogen treatment alone affected the LAI in both years

(Appendix Table 2). Heavy application of nitrogen (280 kg/ha) in-

creased the LAI in 1983 and 1984 (Table 3). Leaves in the heavy

rate of nitrogen were broader and could have reduced the penetration

of light into the canopy. However, it is suggested that plants
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Table 2. Effects of paclobutrazol on Yamhill wheat mean height,
lodging severity, and lodging percentage in 1983 and
1984.

Paclobutrazol
rates (g/ha)

Plant height (cm) Lodging severity' Lodging percentage2
1983 1984 1983 1984 1983 1984

0 131 129 4.2 1.2 38 19

100 100 110 2.4 1.6 14 7

200 89 104 2.1 1.6 7 2

LSD
.05

5 6 0.4 ns 7 13

S.E. mean 1.75 1.88 0.15 2.24 4.36

C.V. (%) 5.69 4.64 17.33 39.11 134.10

Table 3. Effects of nitrogen on mean leaf area index (LAI) and
harvest index (HI) of Yamhill wheat in 1983 and 1984.

Nitrogen rate
(kg/ha)

LAI HI

1983 1984 1983 1984

168 3.03 5.88 0.22 0.22

280 3.51 7.36 0.17 0.21

LSD
.05

0.41 1.26 0.04 ns

S.E. mean 0.11 0.28 0.01

C.V. (%) 14.52 14.65 23.1

'See page 19.

2Definition, page 18.
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treated with growth retardants may have greener leaves and thus

photosynthesis may have been affected.

III. Lodging

The higher rate of nitrogen (280 kg/ha) increased the score of

lodging severity by 2.6 in 1984, and the lodging percentage by 19.1

in 1984 (Table 4).

The application of paclobutrazol significantly reduced lodging

severity in 1983 and lodging percentage in both 1983 and 1984

(Table 2). The reduction, whether in severity or percentage, was

greater at 280 kg N/ha than at 160 kg N/ha (Table 5). Paclobutrazol

must have reduced lodging by reducing the height of the plant. No

significant difference in stem diameter was found between paclobu-

trazol-treated and non-treated plants. It has been reported that

stems shortened by the application of paclobutrazol have more

strength to resist lodging than tall stems (Walcott and Laing, 1976;

Herbert, 1982). But shorter stem length does not necessarily lead

to increased stem strength (Froggatt et al., 1982).

In this study, an attempt was made in 1983 to measure the culm

strength, but no significant difference was found between paclobutra-

zol-treated and non-treated plants. No measurement of the corn

strength was made the second year. It is important to mention that

lodging occurred late, at hard dough, in 1983 and 1984, and may not

have had a substantial effect on final grain yield (Weibel and

Pendleton, 1964).
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Table 4. Effects of nitrogen on Yamhill wheat mean height,
lodging severity, and lodging percentage in 1983 and
1984.

Nitrogen rates Plant height (cm) Lodging severity Lodging percentage
(kg/ha) 1983 1984 1983 1984 1983 1984

168 107 112 2.8 0.2 10 8

280 107 116 3.0 2.8 29 18

LSD
.05

S.E. mean

C.V. (%)

ns ns ns 1.5 6

0.34 1.78

96.86 38.21

Table 5. Effects of N x paclobutrazol on means of lodging
severity and lodging percentage of Yamhill wheat
in 1983 and 1984.

Lodging Lodging Lodging
severity percentage percentage

Paclobutrazol 1983 1983 1984
rates 168 280 168 280 168 280

(g/ha) (N kg/ha)

0 3.5 b 5.0 b 17 b 60 c 0 37 b

100 2.5 a 2.3 a 9 ab 20 b 0 13 a

200 2.3 a 1.8 a 6 a 8 a 0 4 a

LSD
.05

S.E. mean

C.V. (%)

0.60 9 19

ns

*Means having the same letter in the same column are not significantly
different from each other.
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IV. Tillering and Tiller Mortality

The summary of the analysis of variance, mean squares, and grand

means of the number and percentage of dead tillers in 1983 and 1984

are shown in Appendix Table 3.

The application of nitrogen did not affect the total number of

tillers per plant significantly. This was expected, since the first

application of nitrogen was at late tillering. The promotion of

tillering in wheat is limited when nitrogen is applied at later stages

(Batch, 1981). Paclobutrazol, which was applied at floral initiation

of 7 out of 10 tillers observed at random, significantly increased the

number of tillers per plant in 1984 but not in 1983 (Table 6). Paclo-

butrazol application, however, also significantly increased the number

of dead tillers per plant in1983 and 1984. It could be argued that

those tillers paclobutrazol promoted were too far behind to catch up

in competition with those already at floral initiation, and thus con-

tributed to the number of dead tillers instead. This line of reasoning

may suggest that paclobutrazol should be applied at early stages of

growth to expect beneficial control over tillering, tiller mortality,

and perhaps yield.

In grasses and wheat, paclobutrazol has promoted better light

penetration through the canopy leading to reduced tiller mortality

(Koranteng and Mathews, 1982; Chilcote et al., 1982; Bruisma, 1982).

Unfortunately, the gradient of light penetration into the canopy was

not measured during this experiment because a dependable, reliable

light meter was not available.

Tiller death is considered a wastage (Jones and Kirby, 1977)

and may have contributed to the lack of a positive effect on wheat



Table 6. Effects of paclobutrazol on mean total tillers and on number and percentage of dead tillers
Yamhill wheat in 1983 and 1984.for

Total tillers
per plant

Total tillers
per plant

Dead tillers
per plant

Dead tillers
per plant

Dead tillers
percentage

Dead tillers
percentage

Paclobutrazol 1983 1984 1983 1984 1983 1984

(g/ha)

0 6.0 5.3 1.2 1.8 20.4 22.4

100 6.2 6.5 1.6 2.6 25.6 39.2

200 6.5 6.0 2.0 2.0 29.9 32.7

LSD
.05 ns 0.9 0.7 ns 9.3 13.1

S.E. mean 0.30 0.23 3.16 4.25

C.V. (%) 14.42 27.23 35.29 38.19



26

grain yield on paclobutrazol treated plots.

V. Dry Matter Partitioning

The summary of the analysis of variance, mean squares, and

grand means of wheat total dry weight, leaf dry weight, stem dry

weight, and ear dry weight in 1983 and 1984 is shown in Appendix

Tables 4 and 5, respectively.

Dry matter was measured in grams of dry weight of the shoot

organs (leaves, stem, ear) at various times through maturity. No

dry matter accumulation differences were found in 1984 between

treatments (Appendix Table 5). In 1983, neither nitrogen, nor

nitrogen in combination with paclobutrazol had a significant effect

on dry matter accumulation and distribution. The shoot dry weight

and the stem dry weight were significantly reduced by paclobutrazol

treatments (Table 7), indicating that less dry matter accumulated in

paclobutrazol treated plots, and that the decrease was associated

with lower levels of dry matter in the stems from paclobutrazol

treated plots. No significant time on stage of growth differences

in stem dry matter partitioning was found. There was no significant

change in ear dry weight and leaf dry weight on paclobutrazol

treated and non-treated plots. This lack of difference indicates

that the dry matter lost from the stem was not distributed to the

head. However, the loss in stem dry matter could be considered a

positive effect if the harvest index (HI) is increased on paclobu-

trazol treated plots. The HI response to N and paclobutrazol treat-

ments is discussed along with yield and yield components in the
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Table 7. Effects of paclobutrazol on mean leaf, stem, ear, and
total dry weight (g/m2) of Yamhill wheat in 1983.

Paclobutrazol Leaf

rate (g/ha) dry weight
Stem

dry weight
Ear

dry weight
Total

dry weight

0 238 1111 1063 2412

100 251 892 893 2036

200 241 843 852 1936

LSD
.05

ns 132 ns 333

S.E. mean 44.58 114.51

C.V. (%) 16.23 18.64

Table 8. Effects of nitrogen on mean florets per spikelet,
1000 seed weight, and grain yield of Yamhill wheat
in 1983 and 1984.

Nitrogen
(kg/ha)

Florets

rate per spikelet

1000 seed
weight (grams)

Grain yield
(kg/ha)

1983 1984 1983 1984 1983 1984

168 3.9 3.4 31.0 35.9 4459 6504

280 3.8 3.0 29.4 29.7 3750 5622

LSD
.05

ns 0.3 ns 1.9 129 635.9

S.E. mean 0.06 0.42 35.60 141.31

C.V. (%) 7.40 4.40 3.68 8.07
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following chapter.

VI. Yield and Yield Components

The summary of the analysis of variance, mean squares and

grand means of the yield and yield components of wheat in 1983 and

1984 is given in Appendix Tables 6 and 7.

Neither nitrogen nor paclobutrazol, or their interaction had a

significant influence on fertile tillers per m2 or on the number of

spikelets per ear in 1983 and 1984. Also, there were no significant

treatment differences between top, middle, and bottom florets and

seeds per spikelet in both years. HOfner et al. (1980) and Bokhari

and Youngner (1971), and many other workers were able to increase

the number of fertile tillers in wheat and other cereals by applying

chlormequat (CCC) or other types of growth retardants. However,

different varieties and growing conditions may have affected the

results.

Nitrogen significantly decreased the number of florets per

spikelet in 1984 (Table 8), thereby reducing the capacity of the ear

to accept carbohydrate. The capacity or size of the ear is one

factor that influences the strength of the ear in attracting assimi-

lates. The stronger the sink, the more carbohydrate is directed

towards it (Zeevaort et al., 1979).

Nitrogen decreased grain yield in both 1983 and 1984 (Table 8).

Nitrogen application also decreased 1000 seed weight significantly

in 1984 but not in 1983. The decrease in grain yield was due to the
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decrease in seed weight and seed number (Table 9). Perhaps the

formation of broader leaves under heavy nitrogen application

(Appendix Table 2) led to mutual shading of leaves that resulted in

the reduction in sink size (number of florets), thus influencing

yield.

The application of paclobutrazol significantly influenced the

number of grains per ear in 1984, and 1000 seed weight and grain

yield in 1983 and 1984 (Table 9).

Holmes (1973) reported an increase in the number of grains per

ear for semi-dwarf wheat following the application of CCC. HOfner

and Kiihn (1982) applied CCC + ancymidol on spring wheat plants grown

in pots and found an increase in the number of grains per ear. In

both experiments, they found that the increase in grain number per

ear was related to the increase in the number of fertile spikelets

and to more higher order grains within spikelets. They concluded

that CCC application reduced competition within the ear.

In this study, the number of grains per ear was significantly

reduced following the application of paclobutrazol. The reasons for

the reduction are not understood, since paclobutrazol had no effect

on the number of spikelets per spike and the number of florets per

spikelet.

1000 seed weight was reduced following the application of paclo-

butrazol (Table 9). This result is in agreement with those of

HOfner and Kuhn (1982); Humphries, Welbank, and Witts (1965) who re-

ported lower mean grain weight of wheat following the application of
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Table 9. Effects of paclobutrazol on mean grains per ear,
seed weight, and grain yield of Yamhill wheat

and 1984.
1000

in 1983

Paclobutrazol Grains per ear

1000 seed weight
(grams)

Grain yield
(kg/ha)

(g/ha) 1983 1984 1983 1984 1983 1984

0 50 54 32.7 34.6 4503 6584

100 48 44 30.0 32.7 3972 5997

200 48 44 27.9 31.2 3840 5610

LSD
.05

ns 7 1.3 1.5 340 375

S.E. mean 2.30 0.44 0.48 115.32 121.69

C.V. (%) 13.85 7.67 4.14 9.73 5.68

Table 10. Effects of nitrogen and paclobutrazol interaction on
mean harvest index of Yamhill wheat in 1983 and 1984.

Paclobutrazol
(g/ha)

Nitrogen rate (kg/ha)
1983

Nitrogen rate (kg/ha)
1984

168 280 168 280

0 0.22* a 0.16 a 0.24 a 0.24 b

100 0.22 0.18 a 0.20 a 0.20 ab

200 0.23 a 0.18 a 0.23 a 0.18 a

LSD
.05

ns 0.047

S.E. mean 0.016

C.V. (%) 14.4

*Means having the same letter in the same column are not significantly

different from each other.
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CCC and/or ancimidol, but at the same time an increase in the number

of grains per ear. They attributed the reduction in grain weight to

the yield component compensation phenomenon. In this experiment,

the number of grains per ear was reduced as was seed weight and

the argument of the yield component compensation is not acceptable.

However, it was observed that the growth and development of the

treated plants was delayed compared to that of untreated plants

Control plants reached heading, anthesis, and hard dough earlier than

treated ones. The incidence of stripe rust and defoliation occurred

at the same time for both treated and non-treated plants in both

years. For treated plants, however, leaf destruction occurred

between milk and soft dough stages while for control plants it was

at the hard dough stage. Leaf area duration (LAD) was thus reduced

on paclobutrazol treated plots entering seed set and filling com-

pared to untreated plots. The reduction in LAD may have contributed

greatly to the decrease in seed weight of paclobutrazol treated

plots. Also, the competition from non-surviving tillers may have

reduced seed weight, since more such tillers occurred in treated

plots.

The reduction in the number of grains per ear and in seed weight

led to the reduction in final grain yield following the application

of paclobutrazol in 1983 and 1984 (Table 9).

Numerous publications have reported yield increases in cereals

following the application of growth retardants (Batch, 1981; Barret

et al., 1966; Humphries et al., 1965; El-Damaty et al., 1965;
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Tolbert, 1960). The increase has been attributed primarily to the

control of lodging. There have been increases in yield not accounted

for by lodging control, such as a decrease in apical dominance and

reduction in the competition among tillers and within the ear.

Lodging occurred during this experiment, but too late (hard

dough) to have a significant influence on final yield.

The combination of nitrogen and paclobutrazol had a significant

effect on the harvest index (HI) of wheat in 1984 (Table 10). The

HI was decreased on paclobutrazol treated plots due to the decrease

in grain yield. The decrease was greater following the application

of 280 kg/ha of N.

The average HI for 1983 and 1984 was 21%, which is low compared

to more than 40% reported by Williams et al. (1982). Lower HI may

be attributed to the reduction in LAD discussed earlier.
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CONCLUSIONS

The application of heavy rates of nitrogen increased lodging

severity and lodging percentage as expected. Also, nitrogen in-

creased the LAI, causing mutual shading of leaves that could have

affected tiller development and survival. Also, the application of

heavy rates of nitrogen reduced the capacity of the ear to accept

carbohydrate by decreasing the number of florets per spikelet.

Paclobutrazol applied alone reduced the stem length signifi-

cantly and increased the resistance of the stem to lodging. The

reduction in lodging severity and lodging percentage was even greater

when paclobutrazol was applied in combination with heavy rates of

nitrogen. But this reduction in lodging had no effect on final

yield since lodging occurred late in the growth cycle. Paclobutrazol

application increased the number and percentage of dead tillers per

plant. Since paclobutrazol was applied at floral initiation, the

tillers that it promoted were too far behind tillers formed earlier

and contributed to the number of dead tillers instead. Paclobutrazol

should not be applied at floral initiation. Investigation should be

made on the possibility of applying paclobutrazol at earlier stages

of growth.

Paclobutrazol application reduced the quantity of total dry

matter accumulation by reducing the amount of dry matter accumulated

in the stem. The dry matter lost from the stem was not redistributed

to the ear, suggesting that paclobutrazol application does not par-

tition dry matter to the seed. Grain yield and HI were significantly

reduced in the presence of paclobutrazol. The reduction in grain
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yield was due to the reduction in the number of grains per ear and

the 1000 seed weight. The decrease in 1000 seed weight was attributed

to the reduction in LAD of paclobutrazol treated plots following the

severe incidence of stripe rust and to the increase in tiller death.

In order to effectively control stripe rust incidence under heavy

rates of nitrogen application, a fungicide needs to be found that

has no growth regulator effect and is effective in controlling stripe

rust. Bravo was used in 1984 but had limited control over stripe rust.

Because it was not possible to create lodging near anthesis at

the Hyslop Farm location, despite heavy rates of nitrogen applied

and because the incidence of stripe rust added an unwanted variable

to the experiment, further work is needed to investigate paclobutra-

zol x N interactions on a variety of wheat susceptible to lodging.

Application of paclobutrazol at different stages of growth should be

investigated. Also, an investigation of paclobutrazol interference

with nitrogen uptake and utilization is suggested.
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Appendix Table 1. Summary of the analysis of variance and mean squares, and grand means of wheat height
and lodging in 1983 and 1984

Source DF
Plant height

1983
Plant height

1984

Lodging
severity

1983

Lodging
severity

1984
Lodging per-
centage 1983

Lodging per-
centage 1984

N

1983
Error-N

1984

PP 333

NX PP 333

Error PP 333

Grand mean

1983

1984

1

5

3

2

2

12

69.4444

113.776

5634.63**

18.9387

36.9846

106.734

94.0104

17.2959

1380.70**

12.0661

28.1492

114.382

0.694444

0.161111

16.3333**

34.4444**

0.55556

2.91667

4.26667*

2.11111

0.375000

0.541667

0.625000

1.50000

3287.11**

57.4444

3249.00**

1376.44**

60.1556

19.8333

1998.38

203.375

59379.2*

598.625*

152.486

9.20833

N = nitrogen treatment

PP 333 paclobutrazol

* = significant at 5% level

** = significant at 1% level
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Appendix Table 2. Summary of the analysis of variance and mean
squares, and grand mean of wheat leaf area
index (LAI) and harvest index (HI) in 1983
and 1984.

Source DF

LAI HI

1983 1984 1983 1984

N

Error-N
1983

1984

PP 333

NX PP 333

Error PP 333

Grand mean

1983

1984

1

5

3

2

2

20

12

2.1316*

0.225613

1.38421

1.11523

0.537792

3.27111

13.0980*

0.941238

0.639829

1.66084

1.82438

6.61958

0.0200694*

0.0021294

0.0009028

0.0003964

0.0015394

0.199722

0.0018375

0.00219306

0.0045500

0.0018500*

0.0009667

0.216250

N = nitrogen treatment

PP 333 = paclobutrazol

* = significant at 5% level

** = significant at 1% level



Appendix Table 3. Summary of the analysis of variance and mean squares, and grand mean of
number and proportion of dead tillers in 1983 and 1984.

Source DF

Total tillers
per plant

1983

Dead tillers
per plant

1983

% dead
tillers
1983

Total tillers
per plant

1984

Dead tillers
per plant

1984

% dead
tillers
1984

N

1983
Error-N

1984

PP 333

NX PP 333

Error PP 333

Grand mean

1983
1984

1

5

3

2

2

20

12

0.587778

0.313111

0.835278

0.503611

0.381778

6.25556

0.266944

0.345611

1.54333*

0.164444

0.437889

1.60833

25.2171

67.9536

267..176*

47.6534

79.7806

25.31

0.326667

1.49000

2.77625**

0.00541667

0.724167

5.90000

0.220417

0.329306

1.15292

0.0254167

0.585833

2.12917

26.2086

7.83001

570.975*

357.26

144.366

31.4550

N = nitrogen treatment

PP 333 = paclobutrazol

* = significant at 5% level

** = significant at 1% level
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Appendix Table 4. Summary of the analysis of variance and mean
squares, and grand mean of wheat total dry
weight, leaf dry weight, stem dry weight, and
ear dry weight (g/m2) in 1983.

Source DF

Leaf
dry weight

Stem
dry weight

Ear
dry weight

Total
dry weight

N 1 191.823 92243.8 34397.9 253009

Error-N 5 420.114 40771.0 55866.9 172.379

PP 333 2 566.300 244353,0** 150341.0 756911*

N x PP 333 2 3241.95 59141.4 12946.7 106755

Error PP 333 20 1668.28 23844.6 68190.0 157344

Grand mean 243.419 948.675 936.283 2128.38

N = nitrogen treatment

PP 333 = paclobutrazol

* = significant at 5% level

** = significant at 1% level
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Appendix Table 5. Summary of the analysis of variance and mean
squares, and grand mean of Yamhill wheat total
dry weight, leaf dry weight, stem dry weight,
and ear dry weight (g/m2) in 1984.

Source DF

Leaf
dry weight

Stem
dry weight

Ear
dry weight

Total
dry weight

N 1 166.667 21470.4 16537.5 136504

Error-N 3 1227.78 53848.6 7359.72 315637

PP 333 2 8779.17 15782.9 7329.17 166454

N x PP 333 2 10154.2 19804.2 1512.50 228493

Error PP 333 12 6027.78 88150.0 14004.2 194148

Grand mean 294.167 492.083 382.083 2856.6

N = nitrogen treatment

PP 333 = paclobutrazol

* = significant at 5% level

** = significant at 1% level



Appendix Table 6. Summary of the analysis of variance and mean squares, and grand mean of the
yield (kg/ha) and yield components of wheat in 1983.

Source DF
Fertile tillers

per m'
Spikelets
per ear

Florets per
spikelet

Grains
per ear

1000 seed
weight
(g)

'Grain yield
(kg/ha)

N 1 34844.4 4.60818 0.104544 148.028 20.5511 4524960**

Error-N 5 6091.11 0.746624 0.0414711 185.161 7.46816 22817

PP 333 2 608.333 0.240083 0.0322194 23.1111 70.2300** 1478260**

N x PP 333 2 4236.11 0.918169 0.0385194 4.11111 4.85297 507314

Error PP 333 20 7325.56 0.826869 0.0557328 212.711 2.28243 159590

Grand mean 531.667 21.1483 3.81778 49.0278 19.7222 4104.835

N = nitrogen treatment

PP 333 = paclobutrazol

* = significant at 5% level

** = significant at 1% level



Appendix Table 7. Summary of the analysis of variance and mean squares, and grand mean of the
yield (kg/ha) and yield components of wheat in 1984.

Source DF

Fertile tillers
per m 2

Spikelets
per ear

Florets per
spikelet

Grains
per ear

1000 seed
weight
(g)

Grain yield
(kg/ha)

N 1 16016.7 0.375000 0.0330042* 12.1410 231.695** 4668930*

Error-N 3 3898.89 0.486111 0.0565153 24.0166 2.08767 239639

PP 333 2 11754.2 1.54167 0.107304* 276.790* 23.5008** 1921570**

N x PP 333 2 1029.17 1.12500 0.0273042 6.91699 0.495304 44685.2

Error PP 333 12 10891.70 0.944444 0.0324319 42.3996 1.84504 118476

Grand mean 575.833 20.2083 3.21742 47.0133 32.8204 6063.65

N = nitrogen treatment

PP 333 = paclobutrazol

* = significant at 5% level

** = significant at 1% level


