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Abstract: Lentil plants (Lens culineris) variety Giza No. 9 were grown in pots. The foliage of plants were
sprayed twice at (70 and 80 days from sowing with kinetin solutions of (10, 20 and 40 mg/l) and the control
plantswere sprayed with distilled water. Kinetin treatments decreased stem plantheight, however they induced
significant increase in the number of leaves, branches, shoot dry weight and number of produced flowers per
plant. Meanwhile, all treatment decreased the percentage of abscised flowersand increased number and weight
of pods and seeds per plant. Endogenous IAA, gibberellins, cytokinins (Z,ZR) increased during flowering and
at abscission time, however, ABA decreased by all applied concentrations of kinetin.
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INTRODUCTION

The yield of lentil plant is greatly influenced by the
magnitudeofflower abscission. Abscission offlowersand
youngpods are predominantly controlled by endogenous
hormonal balance[1-4]. Cytokinins have been shown to
participate in the regulation of numerous aspects of plant
development including initiation of buds, flowering,
abscission and yield[5-7].

The present investigation was carried out to explore
the possible use of kinetin for diminishing flower
abscission and improving yield.

MATERIALS AND METHODS

Plant material and growth conditions : Pot experiment
was conducted to study the effect of kinetin on growth,
flowering,flowerabscission and yield of lentil. Moreover,
the effect of such growth regulators on the levels of
endogenous IAA, abscisic acid (ABA), gibberellins and
cytokininswere estimated at floweringstage and at flower
abscission time.

The experiment was carried out at the experimental
greenhouse of NRC., Dokki, Cairo on November. Lentil
seeds,variety Giza No. 9, were obtained fromthe Legume
Research Section, AgriculturalResearch Centre,Ministry
of Agriculture. The seeds were selected and twentyseeds,
were sown in each pot. The seedlings were thinned to the
tenmost uniform plants ineach pot after fifteendays from
sowing. Other agricultural processes were performed
according to normal practice. The plants were sprayed
twice by distilled water control, 10, 20 and 40 mg/l of
kinetin. The first spray was applied ten day before
flowering as guided by the indicator plants. The second
spray was ten days later, i.e. 70 and 80 days after
sowing.

The data was statistically analysed according to
Snedecor and Cochran[8].

Chemical analysis: For determination of total
carbohydrate, phenol sulphuric acid method was used
according to Dubois et al.,[9]. Protein extraction was
carried according to Anderson and Beardal[10] and
estimated by the Microkjeldahl method[11].

Endogenous hormone contents: For determination of
endogenous IAA, ABA, GA3 and cytokinins, two samples
were taken the first at the flowering stage 90 days after
sowing and the second at the time of flower abscission,
105 days after sowing. Fresh shoots except flower were
frozen in liquid nitrogen immediately after sampling.
Endogenous IAA, ABA, GA3 and cytokinins were
determined using High Performance Liquid
Chromatography (HPLC). Extraction and purification
was performed according to Jensen and Junttila[12],
Terry et al.[13] Potts et al.[ 14], Izuma et al. [15] for IAA,
ABA, GA3 and cytokinins (Zeatin, Z, Zeatin Ribosoid,
ZR, Zeatin glucoside Zg) respectively. Analysis of
samples by HPLC for IAA, ABA and cytokinins was
carried out on a Perkin Elmer unit, Series, (2) fitted with
UV detector delivery system and analytical C18 reversed
phase column. The solvent program was linear gradient
(1%-99%) methanol in 1% acetic acid, the rate of the
program (2% min-1) at a flow rate 0.8 ml min-1.

Gibberellins were determined by the bioassay of
lettucehypocotyls in purified extracts chromatography[16].

RESULTS AND DISCUSSIONS

Growth and flowering : Foliar application of kinetin led
tosignificant increase in number of branches and leavesas
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Table 1: Effect of kinetin on growth characters of lentil plants.
Characters At flowering stage At abscission time
Kinetin ---------------------------------------------------------- ---------------------------------------------------------------------
concentrations Plant height No. branches No. leaves Plant dry Plant height No. branches No. leaves/ Plant dry
(mg/l) (cm) /plant /plant wt. (g) (cm) /plant plant wt. (g)
Control 27.5 2.8 47 1.48 32.7 3.3 55.3 1.67
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 mg/l 23.1 6 72 2.42 28.6 7.4 79.8 2.76
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 mg/l 23.1 6.9 93.3 2.9 29.1 8.4 101.2 3.33
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
40 mg/l 21.6 8.1 90 2.95 26.5 9.4 99.5 3.38
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D. at 0.05 2.92 1.06 7.39 0.23 N.S 1.52 6.66 0.47

Table 2: Effect of kinetin on lentil plant flowering.
Accumulated Accumulated
number of number

Concentration flowers of flower Percentage
of kinetin produced abscission of flower
(mg/l) per plant from plant abscission
Control 131.17 52.83 40.28
10 168.00 53.33 31.17
20 184.00 60.00 32.26
40 201.00 64.00 31.89
L.S.D. at 5% 6.74 0.61

well as dry weight of lentil plant shoots per plant at
floweringand abscission time comparedto control. Onthe
other hand, kinetin treatments decreased significantly
plant height at flowering stage (Table 1).

(Table 1) Kinetin treatments showed that
plants sprayed with all used concentrations of
the growth regulator increased significantly the
accumulated number of flowers produced per plant.
The highest concentration (40 mg/l) induced the
maximum increments which amounted to 153.23% of
control. Meanwhile, the percentage of abscised flowers
decreased using different concentrations of kinetin
(Table 2).

Endogenous hormones:
At flowering stage: The level of endogenous IAA
in treated plants showed marked increase. They
are two fold as control by using 10 mg kinetin and more
than two folds with respect to 20 or 40 mg/l kinetin
treatments. On the other hand, the level of
endogenous ABA was lower in all plants treated with
kinetin. They percentage were 67.22%, 59.27%
and 60.93% of control for plants treated with 10, 20
and 40 mg/l kinetin, respectively. With respect to
gibberellins, kinetin treatments increased their level.
Treatment with 40 mg/l showed the highest level
(Table 3).

Cytokinins revealed obvious increase in treated
plants, Z and ZR levels were higher by all treatments of
kinetin treatment, ZR level showed the marked

increase which amounted to four folds as control by 20
mg/l kinetin treatment. As to Zg the same
concentration (20 mg/l) increased their level about four
folds as control (Table 4).

At flower abscission time: Kinetin treatments increased
the level of IAA, gibberellins, cytokinins meanwhile, the
same treatments decreased ABA. Increase of endogenous
IAA, amounted to three folds as control by 40 mg/l
kinetin treatment. However, the all treatments of kinetin
decreased obviously endogenous ABA during flower
abscission. The level ranged from 20%-17% of control in
treated plants.

Gibberellins showed high level in all treated plants
compared to control level they were about two folds as
control (Table 3).

Endogenous cytokinins showed high level of Z and
ZR by all treatments of kinetin, Z content was about three
fold that of untreated plants. Meanwhile ZR increased
markedly. Their amounts ranged from 9-11 folds as
control. On the other hand Zg decreased by all used
concentration of kinetin. Their level were (33%-42%) of
control (Table 4).

Yield : The results presented in Table 5 indicated
that all used concentrations of kinetin led to
significant increase in all tested parameters of lentil
yield (number and dry weight of pods, number and
dry weight of seeds per plant and seed index).
Maximum increase was recorded by the highest
concentration of kinetin (40 mg/l) which amounted to
138.70% of control with respect to seed dry weight per
plant.

Treatment with kinetin affected the total protein
and carbohydrate of the seeds. The application of 20 and
40 mg/l increased significantly their content. The
increment of protein was 123.25% and 120.71% of
control respectively. Meanwhile, the two treatments
showed that total carbohydrate content was 122.56% and
126.67% of control (Table 5).
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Table 3: Effect of kinetin on endogenous IAA, ABA and GA3 of lentil shoots at flowering and flower abscission (ng/10 g fresh wt.).
Kinetin At flowering stage At flower abscission
concentration --------------------------------------------------------- ----------------------------------------------------------------
(mg/l) IAA ABA GA activity (GA3 equiv.) IAA ABA GA activity (GA3 equiv.)
Control 221 302 131 95 573 61
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 435 203 152 217 115 129
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 544 179 165 288 105 142
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
40 592 184 181 301 96 140

Table 4: Effect of kinetin on endogenous Z, ZR and Zg of lentil shoots at flowering and flower abscission (ng/10 g fresh wt.)
Kinetin At flowering stage At flower abscission
concentration --------------------------------------------------- -----------------------------------------------------------
(mg/l) Z ZR Zg Z ZR Zg
Control 7.0 6.0 2.3 2.3 1.0 9.0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 14.0 17.0 5.9 5.9 10.1 3.0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 16.0 24.0 8.8 8.8 8.8 3.8
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
40 19.0 21.0 6.0 6.0 11.2 3.5

Table 5: Effect of kinetin on yield components of lentil plants.
Yield components
Kinetin No. of Pod dry No. of Seed dry Total
concentrations pods/ wt./plant seeds wt. plant Seed Protein carbohydrate
(mg/l) plant (gm) /plant (gm) index (mg/seeds) (mg/g seeds)
Control 45.21 1.39 58.41 1.24 21.23 85.33 555.07
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 mg/l 54.41 1.86 71.91 1.68 23.36 91.41 582.15
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 mg/l 54.93 1.9 70.35 1.69 24.02 105.17 680.32
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
40 mg/l 56.32 1.89 73.98 1.72 23.31 103.01 703.13
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D. at 0.05 5.73 0.15 7.14 0.17 1.62 8.14 16.23

Discussion: Kinetin treatments decreased plant height.
These results are in agreement with those obtained by
Khaliland Mandurah[17] oncowpea and Almugadam[18] on
tomato. Menawhile, the present study showed significant
increase in the number of branches and leaves due to the
different treatments. This confirms the findings of Griga
et al.,[19] and Tomkins and Holl[20]. These results may be
attributed to the high level of endogenous cytokinins
(Z and ZR Table 4). Matthysee and Scott(21) stated that
cytokinins serve as a carrier from the root opex as it
regulates the growth of lateral roots and lateral branches
of the shoots. Kinetin treatments increased the dry weight
of lentil shoots though they decreased stem length, such
increase may be due to increase in number of branches
and leaves[22].

Kinetintreatmentsshowed increase in flowerpotential.
Increase of the number of flowers by cytokinins was
recorded in other plants such as beans and soybean[7,23,24].
Characteristic changes in hormonal profile of treated
plantsclearlyindicated that endogenous cytokinins(Z and

ZR) attained high level. The magnitude of increase is
about 3-4 foldsas control. Results obtained maybe in part
considered on the basis of explanation of Bernier and
Kent[25] that cytokinins are one of the controlling agent of
the flower initiation in Sinapis LD plants. He was able to
show high level of Z and ZR content of xylem and
phloem in induced plants compared to vegetative control.
These findings are in agreement with those obtained in the
present study as all levels of kinetin showed marked
increase in endogenous Z & ZR accompanied by high
number of flowers of lentil plant.

Results obtained byseveral investigators as wellas the
present study emphasis the role of cytokinins in
retardation of abscission process[26,27] with respect to
cowpea and citrus plants, respectively.

Sprayinglentil plants with all used concentrations of
kinetinexerted markedchanges in the levelof endogenous
hormones of the time of flower abscission. IAA, Z, ZR
and gibberellins increased in all treated plants, however,
ABA decreased as compared to control.
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Decrease of flower abscission percentage in treated
plants accompanied with increase in IAA may be
attributed to reduction of sensitivity of plant tissues to
ethylene exerted by high level of endogenous IAA[28].
Moreover, increase of endogenous cytokinins (Z, ZR)
mayact as a delaying senescence factor of flower through
inhibition of ethylene production[4]. Zeatin is the more
activenatural occurring cytokinins and ZR is an important
translocation form[29]. However, zeatin, glucoside is a
storage product and not very effective in delaying the
senescence processes [30,31] Zg decreased in plants treated
with kinetin at abscission time of flowers accompanied
with increase of the active forms (Z & ZR) as
compared to control plants. This result may be
attributed to the lack of the conjugated form Zg
and/or the conversion of the compound to Z and ZR.
The results exhibited revealed low level of
endogenous ABA in treated plants. Many
investigators indicated the significance of the role of
ABA in the promotion of abscission of reproductive
organs[32-35].

The findings of the present study showed an increase
of the endogenous hormones (IAA, Gibberellins and
Cytokinins) accompanied by decrease of ABA level.
These resultsmay havea role in decreasing thepercentage
of flower abscission of lentil plant.

Kinetin treatment increased thenumber and weightof
pod and seeds 40 mg/l kinetin showed the highest
significant response. Such findings may be attributed to
the increase of the number of flowers accompanied with
decrease of the percentage of flower abscission. Increase
of yield of some legumes by cytokinins (Kinetin or BA)
was previously reported by Zhlobak [36] on pea, Salem[37]

on soybean, Khalil and Mandurah[17] on cowpea. The
significant increase of seed weight may be attributed
to the influence of kinetin on source sink relation
in reproductive development by manipulating
photoassimilates production and partitationing[38,39].

Protein and total carbohydrate content of seeds were
increased by kinetin treatments. These results match with
the findings of Tagade et al.[40], Khalil and Mandurah[17].

The study can show that promitive effect on flower
retentioncan followendogenoushormones level. Increase
of growth promoters (IAA, gibberellins, cytokinins)
accompanied with low level of the growth inhibitor
(ABA) has a beneficial effect on flower retention and
subsequently yield of lentil.
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