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Abstract: The growth response of tef (Eragrostis Tef (Zucc.) Trotter) to foliar spray of paclobutrazol was
investigated under sub-humid and hot tropical conditions of eastern Ethiopia. At both |ocations, pacl obutrazol
was gpplied at tillering, jointing or panicle emergence stage at ratesof 0, 1, 2, and 3 kg ai. per ha. Theresults
of the field trials demonstrated that pad obutrazol treatment increased leaf chlorophyll a and b content, reduced the
rate of leaf transpiration, and increased photasynthetic efficiency that has a direct effect on the productivity of the
tef crop. Padobutrazol trestment had reduced plant height and total leaf area there by reduced excessive
vegetative growth and |odging percentage. Pad obutrazol treatment resulted in increased number of fertile tillers,
number of fertile florets per spike, and thousand seed mass there by increasing tef grain yield. It isreasonable to
point out that pad obutrazal is a potential plant growth regulator for use as a height-shortening anti-lodging agent
in tef with subsequent grain yield benefits. Application of 1 kga.i. paclobutrazol per hectare seemsto be optimum
rate and the appropriate stage of appli cation appeared to be between tillering and jointing.
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1. Introduction

Tef (Eragrostis tef (Zucc.) Trotter) is a C, tropical
cereal (Seyfu, 1997). Ethiopia is the center of origin
and diversity (Vavilov, 1951). It is cultivated as a
major cereal representing about 20% (2 x 10° mt) of the
gross cereal production (CSA, 1997). Tef production in
Ethiopia is characterized by low productivity and the
national average yield is about 8.5 quintals per hectare
(CSA, 1997). Lodging is one of the bottleneck
problems accountable for such low yield. The problem
is more serious in areas subjected to high rainfall and
strong winds, particularly under growing conditions
favorable for its growth and yield. Seyfu (1983)
reported that 17 to 23% yield reduction of improved tef
varieties is due to natural lodging. In lodged crop, light
utilization is insufficient which results in poor grain
filling and reduced yield (Davis and Curry, 1991).
Furthermore, lodging reduces the efficiency of manual
and mechanical harvesting operations.

Paclobutrazol [(2R, 3R+2S, 3S)-1-(4-chloro-phenyl)
4,4-dimethyl-2-(1,2,4-triazol-1-yl)-pentan-3-ol] (PBZ)
is a broad spectrum Gibberelin (GA) biosynthesis
inhibitor that bel ongs to triazole plant growth regulator
group (Davis and Curry, 1991). The primary mode of
action of PBZ is inhibition of GA hiosynthesis by
interfering with the ent-kaurene oxidase, which
catalyzes the sequential oxidations from ent-kaurene to
ent-kaurenoic acid (Rademacher, 1997). One of the
most important uses of plant growth retardants islodging
control and widdy used in whest, rice, rye and barley
(Davis and Curry, 1991). Properly timed applications of
PBZ have been reported to reduce lodging and increase
yidd in several agronomic crops including ryegrass

(Young et al., 1996), rice (Street et al., 1986) and whest
(Froggatt et al., 1982).

Under Ethiopian conditions, plant growth regulators as
means of controlling lodging problem have not been
used. However, greenhouse and fidd experiments were
undertaken to invedtigate the efficacy of 2-chloroethyl
trimethylammonium chloride (CCC) to reduce lodging
problem and promisng results have been observed
(Kifle, 1985). Smilarly, Kebebew (1991) reported that
PBZ is an effective plant growth regulator to control
lodging and improve yidd in tef. The response of plants
to the growth regulators depends on species, cultivar,
dose, method and time of application (Davis and Curry,
1991). In this paper, the results of the effect of different
rates and time of PBZ application on growth, net
photosynthesis, rate of transpiration, lodging, and yield
and yield components of tef grown under sub-humid and
hat tropical conditions of eastern Ethiopia are presented.

2. Materialsand Methods

2.1. Experimental Site

The experiment was established at two locations, namdy,
Haramaya and Dire Dawa, both stuated in the semi-arid
and arid tropical bdt of eastern Ethiopia, during the 2003
cropping season. Haramaya is located at 42° 3E, 9° 26'N,
at an altitude of 1980 m.a.sl, and characterized as having
sub-humid type of climate with average annua rainfall of
about 790 mm with a variation between 575 mm and
1017 mm. The mean annual temperature of Alemaya is
about 17 °C with mean minimum and maximum
temperatures of 3.8 °C and 25 °C, respectively. During
the study period, the mean maximum temperature was 26
°C and minimum temperature of 11.4 °C. During the
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growing period a total of 177 mm precipitation was
received and supplementary irrigation was applied. Mean
sunshine hours were 9.7 per day, along with a relative
humidity of 41%. The soil on which the experiment was
conducted is a well-drained deep aluvia soil with 1.38
organic carbon, 0.14% nitrogen, 1.19 mg 100g™ available
phosphorus, 470 ppm total potassum, and pH of 7.2.
Dire Dawa is characterized by hot tropical dimate and
located at 41°50.4' E, 09° 36' N, a an dtitude of 1176
m.a.sl. During the growing period the total precipitation
was 230 mm and supplemental irrigation was applied.
The mean monthly minimum and maximum
temperatures were 18 °C and 31 °C, respectively. The
mean relative humidity was 50% with its variation from
20% to 81%. The soil of the experimental Steisa well-
drained deep cday loam with 2.36% organic matter,
1.36% organic carbon, 0.12% total nitrogen, 14.15 ppm
phosphorus, 1.08 meg100gm™ exchangeable potassium,
0.533 mmhoscm™ dectrical conductivity and apH of 8.6.

2.2 Variety Used

The variety used was DZ-01-196. According to Hailu et
al. (1995) it hasfairly loose type of panicle with branches
arranged multilaterally. Depending on the growing
condition plant height ranges from 50-117 cm, the
average being 82 cm. It isrdatively late maturing variety
that matures within 80-113 days after planting depending
on the growing conditions. Due to its tallness, under
favorable growing conditionsit is found to be susceptible
tolodging.

2.3. Experimental Design and Plant Culture
At both locations, treatments were laid down in two
factor factorial experiments arranged in randomized
complete block design replicated threetimes. Plots (2 m?)
were divided into 5 rows with inter-row spacing of 20
cm. Seeds were broadcasted within each row at arate of
4.4 g pot™ (22 kg ha®). After uniform emergence plants
were thinned to intrarow spacing of 5 cm to maintain
approximately 100 plants per plot. Phosphorus was
applied during planting at arate of 125 kg ha'in the form
of DAP, and &fter thinning nitrogen was applied
(topdressing) at arate of 100 kg ha in the form of Urea.
After good edtablishment, the main sem of five
randomly sdlected plants from each of the three central
rows were tagged and relevant data measurements were
done on these sdected plants. All the required cultural
practices were applied as per the recommendations of

Seyfu (1987).

2.4, Treatments

At three digtinct growth stages plants were treated with
PBZ at ratesof 0, 1, 2 and 3 kg ai. PBZ ha' asa foliar
application using Cultar formulation (250 g a.i. PBZ per
I, Zeneca Agrochemicds SA (PTY.) LTD., South
Africa). A given PBZ concentration was diluted in
ditilled water (50 ml plot™) and the agueous solution
was applied uniformly to each plant as fine foliar spray
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using an atomizer. The contral plants were trested with
digtilled water of equal volume.

2.5. Stage of Applications
The falowing three growth stages were sdected on the
basis of growth stagesidentified by Kebebew (1991).

1. Tillering: Thirty days after planting and the
plants had an average of four developed leaves
on themain stem.

2. Jointing: Forty-five days after planting. The
plants had developed about five leaves on the
main sem and the second node on the main
culm of the plant was detectable.

3. Panicle emergence: Fifty-three days after
planting: The plants had developed the
maximum leaves (6 or more) on the main sem
and the emergence of the tips of the panicle
through the flag |eaf sheath was manifested.

At Dire Dawa, due to higher growing temperature plants
grew faster and reached the application stages earlier than
the plants grown at Haramaya where there was rdatively
cool westher. Hence, the appli cation stages were adjusted
accordingly.

2.6. Data Recor ded

Two weeks after the application of the last treatment
gomatal conductance, rate of transpiration and
photosynthesis were measured using a portable LCA4
photosynthesis sysem (ADC Bio Scientific Ltd., UK)
and leaf chlorophyll content was determined. The
measurements were made on three randomly selected
tagged plants on the middle portion of the flag leaf. A
crude chlorophyll extract was made using 80% acetone
from leaf tissue taken from the mid portion of the flag
leaf. Spectrophatometer (Pharmacia LKB, Ultrospec I11)
readings were taken a 663 and 645 nm and the
concentration of chlorophyll a and b were assessed using
the specific absorption coefficients given by Mac Kinney
(1941).

Days to panicle emergence refersto the number of days
eapsed from planting to the date when 50% of the plants
depicted the emergence of thetips of the panicle. Days to
maturity was recorded when 50% of the plants within a
plot change the entire plant color from green to light
yellow. Lodging index was determined using the degree
of lodging on 0-5 scal e according to Caldicott and Nuttall
(1979), where 0 value is fully upright (90 °) and 5 equals
to fully lodged.

FPant height is the length of the main shoot from the
base of the main shoat to the apex of its panicle. Panicle
length isthe length of the panicle of the main shoot from
the baseto itstip. Culm length isthelength from the base
of the main shoot culm to the base of the panice
Internode length refersto the average node length of each
of the main shoot culm nodes. Hag leaf length and width
refer to the length and the width at the broadest point of
the flag leaf blade at maturity. Total leaf area is the total
leaf surface area of a plant and measured with a portable
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Cl-202 leaf area meer (CID Inc, Vancouver,
Washington date, USA). Total biomass refers to dry
mass of the crop (above ground and root dry mass) dried
at 72 °C to a constant mass.Number of floretsis the total
count of grain bearing florets per spiklet. Grain yidd per
plant is air-dried grain mass harvested from individual
plant. Thousand-kernd weight is mass of 1000 tef grains.

2.7. Satigical Analyss

The analyses of variance were carried out usng MSTAT-
C datidical software (MSTAT-C, 1991). Combined
analysis of variance showed significant trestments by site
interactions and hence, for all of the parameters

Response of Tef to Paclobutrazol

consdered, the data of the two experiments were
presented separately. Means were compared using Least
Significant Differences (LSD) test at 5% probability
leve. Correations between parameters were computed
where applicable.

3. Reaults

3.1. Haramaya

Significant interactions between stage and rate of PBZ
application were observed with respect to plant height
and culm length, panicle and flag | eaf length and leaf area
of tef grown at Haramaya ( Table 1)

Table 1. The interaction effect of stage and rate of PBZ application on plant height and culm length, panicle and flag

leaf length, and leaf area of tef grown at Haramaya

PBZ application \ Height (cm) Length (cm) Leaf area
Stage Rate (kg Crop Stem Panicle Flagleaf  (cm?)
ai.PBZ ha?)
Tillering 0 (control) 97.4a 48.1a 49.3a 28.9a 380a
1 56.2de 17.8cd 38.4d 12.8de 247de
2 49.5e 17.2cd 32.3e 9.0¢f 231e
3 49.2¢f 15.6d 33.6e 8.2f 223e
Jointing 0 (control) 98.7a 49.3a 49.4a 28.5a 371a
1 64.1c 22.4c 41.7cd 15.2cd 290bc
2 57.3de 17.9cd 39.3cd 13.1de 287bc
3 53.8¢f 18.9cd 34.9e 12.1def 262cd
Panicle 0 (control) 99.9a 49.1a 50.8a 28.1a 377a
emergence
1 82.5b 37.4b 45.1b 20.4b 296b
2 62.4cd 19.7cd 42.7bc 19.2bc 276bc
3 59.3cd 18.5cd 40.8bc 19.1bc 266bc
SEM 1.62 154 0.85 111 7.70

SEM: Sand error of the mean

Means within the same column sharing the same letters are not significantly different at P<0.05

At al stages of application, PBZ sgnificantly reduced
plant height with no significant difference between the
moderate and higher rates. Irrepective of the
concentration of PBZ applied, it reduced culm length by
about 65% and 60% during early tillering and jointing
sage, respectively. On the other hand, applying 1 kg a.i.
PBZ ha’ reduced culm length by about 24% while
applying 2 or 3 kg ai. PBZ ha* brought about 61% culm
length reduction when applied during panicle emergence.
PBZ treatment reduced flag leaf length by about 65%,
53%, and 30% when applied at tillering, jointing and

panicle emergence, repectivdy. Panicle length was
reduced by about 29%, 22%, and 15% in response to
PBZ treatment at tillering, jointing and panicle
emergence, respectively. Although not consistent PBZ
reduced total leaf areairrespective of the sage and rate of
application.

Both dage and concentration of PBZ trestment
sgnificantly influenced mean node length, leaf stomatal
conductance, rate of transpiration, net photosynthesis,
total biomass, number of fertile florets, grain yidd, and
thousand seed mass tef grown a Haramaya(Table?)
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Table 2. The effect of stage and rate of PBZ application on mean node length, |eaf stomatal conductance (gs), rate of
transpiration (T), net photosynthesis (P,), total biomass, number of fertile floret, grain yield per plant, thousand seed
mass (TSM), and lodging percentage of tef grown at Haramaya

Main effect Node g T P, Total No. Grain TSM Lodging
length  (molm?s?) (molm?s?®) (umolm?s™) biomass fertile yield (g) (mg) (%)
(cm) floret

Tillering 6.8b 0.090 1.97b 3.02c 16.2c  456.9b 6.6a 338.3a 51.41c

Jointing 7.9a 0.11b 1.99%b 2.25b 17.0b 541.6a 6.7a 341.7a 56.27b

Panicle 8.6a 0.19% 2.66a 3.49 183a 5186a 6.3b 329.8b 60.02a

emerg.

SEM 0.32 0.001 0.01 0.005 0.18 13.6 0.07 1.97 1.07

0 (control) 12.2a 0.15a 2.57a 2.81d 20.6a  467.7c 5.9¢c 323.0c 89.31a

1kgPBZ 7.0b 0.13ab 2.23b 3.29c 16.80 517.6b 6.6b 335.4b 48.40b

2kgPBZ 5.9b 0.12ab 2.12c 3.38b 16.1c 521.7a 6.8a 343.1ab  44.80c

3kgPBZ 5.8b 0.11b 1.91d 3.54a 15.2d  515.8ab 6.7ab 344.9a 41.20d

SEM 0.37 0.001 0.01 0.006 0.20 158 0.08 2.27

SEM: Sand error of the mean

Means within the same column (with in the same main effect) sharing the same letters are not significantly different

(P<0.05)

Applying PBZ a early tiller development significantly
reduced node length than applying during early joint and
panicde emergence Regardless of the rate, PBZ
application reduced mean node length by about 50% as
compared to the check.

Early and mid application of PBZ significantly reduced
somatal conductance and reduced rate of leaf
trangpiration than late application. Means pooled over
dage of application showed that regardless of the
concentration, applied PBZ reduced <omata
conductance by 21%. PBZ sgnificantly reduced rate of
leaf transpiration and there was a tendency of reducing
the rate with increasng concentration. Stage of
application remarkably influenced leaf net photosynthesis
in such a way that late trested plants exhibited an
increased rate followed by mid and early treatment.
Application of 1 kg ai. PBZ ha® increased rate of net
photosynthesis by 17%, 2 kg by 20% and 3 kg by 26%
over the contral.

With respect to total biomass production PBZ had
srong reduction effect when applied during early tiller
devdopment followed by jointing and panicle

emergence. Applying 1, 2, and 3 kg ai. PBZ ha resulted
in approximatdy 18%, 22%, and 26% biomass reduction
respectively, as compared to the control. PBZ increased
number of fertile floret per plants when applied at early
jointing (542) and panicle emergence (519) in contrast to
early tiller devdopment (457). PBZ trestment brought
about 11% fertile florets increment over the contral.
Applying PBZ during early tillering and jointing stage
gave higher grain yidd than late application. PBZ
application at arate of 1 kg ai. ha® increased grain yield
by about 12% while applying 2 or 3 kg gave 14.4%
advantage as compared to the contral. Similarly, the two
early PBZ applications showed higher thousands seed
mass than the late treatment. As compared to the contral,
application of 1 kg ai. PBZ ha increased thousand seed
mass by about 4% while treatment with 2 or 3 kg PBZ
increased by about 7%.

PBZ concentration sgnificantly influenced days to
panicle emergence and maturity, flag tef width, leaf
chlorophyll content, number of fertile and total tillers of
tef grown in a sub-humid growing condition.(Table 3)

Table 3. The effect of PBZ concentration on days to panicle emergence and maturity, flag leaf width, leaf
chlorophyll a and chlorophyll b content, number of fertile, unfertile and total tillers of tef grown at Haramaya

Rate(kgai. Daysto Daysto Flag | eaf Chlorophyll content Tiller number
PBZ ha’) panice  maturity width (mm) (mg g*FW)

emerg. a b Fertile  Unfertile  Tota
0 (control) 54.2b 100.8b 64.6a 1.30b 0.32b 8.2b 2.4a 10.5b
1 65.3a 107.4a 61.7b 1.50a 0.41a 12.7a 2.2a 14.9a
2 64.4a 108.1a 61.0b 1.57a 0.46a 13.2a 2.9a 16.12a
3 64.0a 108.9a 60.4b 1.53a 0.40a 12.5a 2.6a 15.11a
SEM 0.91 0.74 0.52 0.05 0.24 0.31 0.18 0.32

SEM: Sand error of the mean
Means within the same column sharing the same | etters are not significantly different (P<0.05)
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At al rates PBZ trestment ddlayed days required to
panicle emergence and maturity by about 10 and 7 days,
respectively. Irrespective of the rates of application, PBZ
increased |leaf chlorophyll a by 18% and chlorophyll b by
32% as compared to the check. PBZ dgnificantly
increased the number of fertile and total tillers while the
number of unfertile tillers unaffected. Regardless of the
concentration, the number of fertile and total tillers
increased by about 56% and 46%, respectivey, in

Response of Tef to Paclobutrazol

The interaction effect of stage and rate of PBZ
application on plant height and culm, panicle, node and
flag leaf length, of tef grown at Dire Dawais presented
intable4. Both stage and rate of PBZ application
significantly affected total |eaf area, chlorophyll a and
chlorophyll b, ssomatal conductance, rate of
transpiration, net hotosynthesis, total biomass, number
of fertile floret, grain yield, thousand seed mass and
lodging percentile of tef grown under hot tropical

response to PBZ treatment.

3.2. Dire Dawa

climate ( Table5).

Table 4. The interaction effect of stage and rate of PBZ application on plant height and culm length, panicle, node

and flag leaf length, of tef grown at Dire Dawa

PBZ application Height (cm) Length (cm)
Stage Rate (kg ai. PBZ ha) Crop Stem Panicle Node Flag | eaf
Tillering 0 (control) 105.6a 52.8a 52.9a 13.8a 31.8a
1 63.1def 22.5cd 40.6de 7.8cd 14.1de
2 56.2f 21.9cd 34.3f 5.4g 9.9¢f
3 55.9f 20.3d 35.6f 5.29 9.1f
Jointing 0 (control) 106.9a 53.9a 52.9a 13.0a 3l.4a
71.2c 27.1c 44.2cd 7.5d 16.8cd
2 64.1cde  22.6cd 41.5cd 6.8ef 14.5de
3 60.6ef 23.5cd 37.1ef 6.2f 13.3def
Panicle 0 (control) 108.5a 53.9a 54.6a 13.5a 31.0a
emergence
1 90.4b 42.1b 48.3b 10.2b 22.5b
2 69.4cd 24.4cd 45.0bc 8.2c 21.2b
3 66.2cd 23.2cd 43.0cd 7.2de 21.1bc
SEM 183 154 1.02 0.05 121

SEM: Sand error of the mean

Means within the same column sharing the same letters are not significantly different (P<0.05)

Table 5. The effect of stage and rate of PBZ application on leaf area, chlorophyll a, chlorophyll b, stomatal

conductance (gs), rate of transpiration (T), net photosynthesis (P,), total biomass, number of fertile florets, grain

yield, thousand seed mass (TSM), and lodging percentage of tef grown at Dire Dawa

Main effect  Leaf Chlorophyll Os T P, Total No. Grain TSM Lodgin
area (mg g* FW) (mol m?s%)  (mol (umol  biomass fertile  yidd (@) g (%)
(cm?) m?sh) m2sh) floret (@)
a b
Tillering 277.3b 1.44b 0.38b 0.10b 2.01b 3.32c 17.1b 4279b 6.4a 347.5a 53.57c
Jointing 3109a 1.46a 0.38b 0.13b 2.04b 358 17.8b 4985a 6.5a 350.8a 58.47b
Panicle 3l16a 1l46a 0.45a 0.22a 2.73a 383 194a 4743a 6.1b 338.6b 63.22a
emerg.
SEM 5.10 0.001 0.001 0.001 0.02 0.001 0.9 10.9 0.07 2.02 153
O (control) 386.2a 1.31d 0.33c 0.18a 2.63a 310d 21.7a 430.0b 5.8b 331.6¢ 94.18a
lkgPBZ 2851b 152b 0.38 0.15ab 2.28b 36lc 179 4826a 6.4a 344.3b 50.27b
2kgPBZ 2716bc 156a 0.44a 0.14b 2.17c 3.71b 16.9c 483.4a 6.7a 352.4ab 46.55¢c
3kgPBZ 257.1c 1.44c 0.46a 0.13b 1.96d 3.8% 15.9d 4715a 6.5a 354.2a 42.68d
SEM 8.84 0.002 0.001 0.001 0.02 0.01 0.21 12.6 0.08 2.34 1.78

SEM: Sand error of the mean

Means within the same column (with in the same main effect) sharing the same letters are not significantly different

(P<0.05)
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The application of PBZ at early stage (tillering) reduced
total leaf area than applying at jointing and panicle
emergence. Applying 1 kg ai. PBZ ha® reduced total
leaf area by about 26% and 2 or 3 kg PBZ resulted in
32% leaf surface area reduction over the contral.
Moderate and late application increased chlorophyll a
content of the leaf than early application. On the other
hand, late PBZ treatment resulted in higher leaf
chlorophyll b content than early and moderate
application. An increase of 16, 19, and 9% chlorophyll a
content over the control due to the application of 1 kg, 2
kg, and 3 kg ai. PBZ ha®, respectivdy. Similarly,
chlorophyll b content was increased by about 15% in
response to 1 kg ai. PBZ ha® while application of 2 or 3
kg resulted in 36% increment.

Application of PBZ during early tillering and jointing
stage reduced somatal conductance much better than late
application. Conversdy, higher rate of leaf transpiration
was observed during early tillering and jointing than
panicle emergence. Regardless of the concentration, PBZ
treatment decreased leaf somatal conductance by about
22% compared to the control. Concomitantly, application
of 1 kg, 2 kg, and 3 kg a.i. PBZ ha® reduced the rate of
leaf transpiration by about 13%, 17%, and 25% as

East African Journa of Sciences Volume 1 (1) 35-44

compared to the contral. Plants treated during panicle
emergence showed the highest rate of net photosynthesis,
followed by plants trested during early jointing and
tillering stage. PBZ treatment at a rate of 1 kg a.i. ha®
increased net photosynthesis by 17%, 2 kg by 20% and 3
kg by 26% as compared to the contral. Significantly
higher number of fertile florets was recorded on plants
trested during early joint devdopment and panicle
emergence stage than plants treated at the tillering stage.
PBZ treatment increased the number of fertile florets by
about 11% as compared to the control. Plants that
received PBZ treatment during tillering and jointing stage
exhibited higher grain yield than those trested at panicle
emergence. Yield advantage of about 13% over the
control was achieved due to PBZ trestment. Early
application of PBZ dgnificantly reduced lodging
percentage than moderate and last application.
Application of 1kg,2kg,3kg ai PBZ ha® reduced lodging
percentage by about 45%,51% and 55% respectively,
over the contral. Irrespective of the concentration PBZ
treatment extended day to panide emergence and
maturity, and reduced flag leaf width. PBZ increased
number of fertile and total tillers without affecting the
number of unfertiletillers.(Table 6)

Table 6. The effect of PBZ concentration on days to panicle emergence and maturity, flag leaf width, number of

fertile, unfertile and total tillers of tef grown at Dire Dawa

Rate Daysto Daysto Flag leaf Tiller number

(kg a.. panicleemerg.  maturity width (mm) Fertile Unfertile Tota
PBZ ha)

0 (control) 49.3b 91.7b 66.9a 8.4b 3.3a 11.7b
1 57.3a 98.1a 63.9b 13.1a 3.1a 16.2a
2 56.8a 99.4a 63.2b 13.7a 3.8a 17.5a
3 56.8a 100.6a 62.7b 12.9a 3.5a 16.4a
SEM 0.62 0.64 0.53 0.31 0.18 0.31

SEM: Sand error of the mean

Means within the same column sharing the same letters are not significantly different at P<0.05

4. Discussion

PBZ is a potent plant growth regulator and it is required
in relativey low concentration to induce physiological,
anatomical and morphological changesin plants.

The mogt driking growth response of tef to PBZ
trestment was a reduction in shoot growth. Treated plants
appeared to be short and compact due to the reduction in
internode length and leaf area. Results of sudies on
ceredls indicated that tallness is strongly associated with
endogenous gibberdlin content. Nihonbare, a tall rice
variety has sgnificantly higher gibberdlin content than a
semi dwarf variety, Tongil (Takahashi, 1986). Harada
(1985) reported that incorporation of a dwarfing gene
Dee-geo-woo-gen in rice varieties reduced gibberdlin
biosynthess Moreover, GA trestment increased plant
height and encouraged shoot growth in rice (Hanada,
1964; Jung, 1986; Yim et al., 1997). It is speculated that

reduced gibberdlins biosynthesis in response to PBZ
treatment might have resulted in a reduction in cdl
proliferation that apparently leads to reduction in stem
edongation and leaf expanson. Reduction in the
endogenous gibberdlin leve of wheat was proportional
to the concentration of PBZ trestment, and leaf length
was corrdated linearly to log concentration of GA;
according to Lenton and Hedden (1987). Yim et al.
(1997) reported that PBZ is trandocated primarily
apoplagtically through the xylem to its dte of action
whereit decreasesthe rate of cdl divison and ongation,
ultimately resulting in reduction in vegetative growth.
PBZ treatment effectively reduced plant height in wheeat
(Froggatt et al., 1982), maize (Shanahan and Nidson,
1987), rice (Yim et al., 1997), cool season grasses such
as chewing’s fescue and orchard grass (Young et al.,
1999), and tef (Kebebew, 1991).
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The remarkabl e reduction of lodging in tef due to PBZ
treatment is attributed to reduction in excessve top
growth and plant height. PBZ is more effective in
reducing lodging when applied at tillering stage than
applying during jointing and panicle emergence
Regardless of the concentration, PBZ sprayed at the end
of tillering and early jointing stage significantly reduced
lodging in tef (Kebebew, 1991). Guoping (1997)
observed that about 30% of the untrested wheat plants
lodged while the PBZ treated plants did not. Properly
timed application of PBZ dgnificantly reduced lodging
and improved yidd in Lolium perenne (Hampton and
Hebblethwaite 1985), rice (Streat et al., 1986) and whest
(Forgatta et al., 1982).The leaves of PBZ treated plants
typically exhibited dark green color compared to the
control. Thisis attributed to an increase in chlorophyll a
and b content of the leaves dther as the result of
enhanced chlorophyll synthess and/or the presence of
more chloroplasts per unit leaf area of treated leaves The
observed negative corrdation between total leaf area and
chlorophyll a content (r = - 0.82); total leaf area and
chlorophyll b content (r = - 0.91*) at Dire Dawa indicate
that the reduction in total leaf area in response to PBZ
treatment contributed subgtantially for chlorophyll a and
b increment. Similarly, Yim et al. (1997) reported that
PBZ dgnificantly increased leaf chlorophyll content of
rice seedlings. Khalil (1995) reported the existence of
densdly packed chloroplast per unit lesf area of cerealsin
response to PBZ treatment.

The higher chlorophyll content of the treated |eaves and
ddayed physological maturity may be related to the
influence of PBZ on endogenous cytokinins content. It
has been proposed that PBZ simulates cytokinin
synthes's, which increases chloroplast differentiation and
chlorophyll biosynthess, and prevents chlorophyll
degradation (Hetcher et al., 1982). Investigations on rice
(Izumi et al., 1988), soybean (Grossmann, 1992) and
Dianthus caryophyllus (Sebastian et al., 2002) showed
that exogenous application of gibberdlin biosynthesis
inhibitors increased cytokinin content of the plant tissues.
The PBZ treatments dgnificantly reduced the rate of
trangpiration in tef leaves. This could be dueto the partial
cosure of gomata in response to the treatment as
indicated by the concomitant reduction in stomatal
conductance. It is postulated that the reduction in
somatal conductance in responseto PBZ treatment might
have been mediated through its effect on endogenous
ABA content (Rademacher, 1997) as ABA isinvolved in
regulating the opening and closing of somata (Salisbury
and Ross, 1992). Asare-Boamah (1986) observed
reduction in trangpiration, increased diffusive resstance
and atrangent risesin ABA levd in response to triazole
trestment. Such a response may improve drought
tolerance of the plant to withstand the problem of water
deficit whenever there is shortage. PBZ treatment has
been shown to reduce water loss and improve water use
efficdency in grapevine chrysanthemum, and beetroot
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(Ritchie et al., 1991; Smith et al., 1992, Roberts and
Mathews, 1995).

Unlike its effect on the rate of transpiration, PBZ
treatment increased photosynthetic efficiency of tef. This
response could be linked with the increase in chlorophyil
concentration. Sink regulation of photosynthesis is a
well-accepted concept, possibly explaining the
coordination of assimilate production and utilization
(Stitt et al.,, 1990). There are contradicting reports
regarding the effects of PBZ on rate of photosynthesis.
Although PBZ treatment increased chlorophyll
concentration, it has little effect on rice photosynthetic
effidency (Yim et al., 1997). On the contrary, an
increased net photosynthesis in response to PBZ
treatment had been reported in soybean rape (Zhou and
Xi, 1993) and potato (Tekalign and Hammes, 20053).

Both a Haramaya and Dire Dawa PBZ trestment
increased the number of total and fertile tillers without
affecting the number of unfertile tillers. This could be
associated with the reduction in endogenous GA levelsin
response to the trestment. Inhibition of tiller production
by exogenous GA treatment has been reported in rice
(Jung, 1986;Yim et al.,1997). PBZ treatment stimulated
tiller initiation inrice (Yim et al., 1997), wheat (Guoping,
1996), and velvet grass (Hamton et al., 1992).

Yield in tef istheresultant of number of fertiletillers,
number of grain per tiller and mass of individual grain.
PBZ treatments increased tef grain yield. This is
ascribed to an increased number of fertile tillers,
number of fertile florets per spiklet, and mass of
individual grain. Similar studies indicated that PBZ
improved seed yield of chewing’s fescue and tall
fescue by increasng the number of spikelets per
panicle and florets per spikelets, which cumulatively
resulted in dgnificant increases in floret sites and the
number of seeds produced per unit area (Young et al.,
1999). Albeke et al. (1983) reported that PBZ applied
either at gpikelet initiation or at floret initiation
increased number of spikelets per panicle and florets
per unit area without affecting number of tillers.
Hampton and Hebbleth-waite (1985) reported that the
beneficial effect of PBZ on perennial ryegrass seed
yield is sometimes attributed to increase in the number
of fertile tillers. PBZ did not increase the number of
fertile tillers in cool season grasses such as chewing’s
fescue, tall fescue and orchard grass (Young et al.,
1999).

At both sites PBZ treatment significantly reduced
total biomass yield. Assimilate partitioning to the
different sinks is controlled by environmentaly
regulated hormonal balances (Almekinders and Struik,
1996). It has been suggested that the inhibition effect
of vegetative growth in response to PBZ treatment
alters the pattern of assimilate allocation and relative
sink strength in favour of grain development. Y oung et
al. (1999) reported that the increase in seed yield of
cool season grass species after PBZ treatment may be
due to the diversion of more assimilates to the seeds at
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the expense of vegetative tiller formation after anthesis.
PBZ increased rye seed yield by reducing stem
elongation that can directly compete with the growing
spike for assimilates (Clemence and Hebblethwaite,
1985). The involvement of GA in regulating the pattern
of assimilate partitioning was suggested by Yim et al.
(1997). PBZ increased the partitioning of assimilatesto
economically important plant parts such as bulbs (De
Resende and De Souza, 2002) and tubers (Tekalign and
Hammes, 2005a).

Starch is the largest proportion in the carbohydrate
fraction of tef grain (Bultosa et al., 2002). An increase
in an individual grain mass (as measured in thousand
seed mass) may be ascribed to enhanced starch
synthesis in response to PBZ treatment. PBZ treatment
increased starch accumulation in the leaves, stems,
crowns and roots of rice seedling while GA; treatment
decreased starch accumulation in the leaves and crowns
of the seedlings (Yim et al., 1997). PBZ treatment
increased root starch content in maize (Baluska et al.,
1993) and root and stem of potato plants (Tekalign and
Hammes, 2005b).

5. Conclusion

Fedtriasat Alemeya and Dire Dawa demonstrated that
PBZ treatment increased leaf chlorophyll content,
reduced the rate of leaf transpiration, and enhanced the
rate of net photosynthesis in tef which have direct effect
on its productivity. The trestment had reduced plant
height and total lesf area that Sgnificantly reduced
excessve vegetative growth and lodging percentage.
PBZ treatment had increased number of fertile tillers,
number of fertile florets per spiklet, and thousand seed
mass there by increased tef grain yield. Itisreasonableto
point out that PBZ is a potential plant growth regulator
for use as a height-shortening anti-lodging agent in tef
with consderable grain yield benefits. Application of 1
kg ai PBZ ha' seems to be an optimum rate and the
appropriate stage of application appeared to be between
tillering and jointing. Since the trials were conducted at
two locations for one season, it is recommended that
these finding must be ascertained by further filed trialsto
reach to coherent recommendeation.
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