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ABSTRACT

A field trial with four red clover cultivars (‘K-39’, 'K-17’, ‘Una’ and ‘Viola’) was conducted on a leached vertisol acid in reaction (pH zo0
4.8) to assess the effect of foliar treatment with phosphorus and potassium on seed yield and seed yield components. A single foliar
application of phosphorus and potassium (Ps:K31) was made at the intensive growth stage during the second growth in the second
year of cultivation. Seed yield and seed yield components were analyzed from the second growth in the second year of the experiment.
Foliar treatment with phosphorus and potassium had a significant positive effect on seed yield and yield components in some red
clover cultivars in some years. The most positive effect was recorded in ‘K-17’ and Viola'. The different effects of foliar-applied
mineral fertilizers on the tested cultivars were the result of their phenotypic differences. Foliar treatment gave the best performance
in 2011, when the climatic conditions were the most favorable for red clover growth and development. In general, the seed yield of
red clover cultivars increased by 105 kg ha'! under foliar fertilization. The positive effect of the foliar treatment with phosphorus and
potassium was attributed to the need for these elements in many plant processes. The results showed that the foliar application of
mineral fertilizers in red clover seed production on acid soils can be an acceptable practice under conditions favoring high yields.

Keywords: phosphorus, potassium, foliar spray, red clover, seed yield.

H3BO/J

MMosbcku orsef ca yeTupu coprte upBeHe jgatenuHe K-39, K-17, YHa u Buosia je mocTaB/beH Ha 3€MJbULITY THUIIA JIeCUBUpPaHa
CMOHMLA, Kucese peakiuje (pHuzo 4.8) ca uu/beM ja ce opeAr yTHULAj PposMjapHUX TpeTMaHa $ocPopoM M KaJUjyMOM Ha
IPUHOC U KOMIIOHEHTe NpuHoca ceMeHa. PosnjapHa npuMeHa pocdopa 1 kanujyma (Ps2Kza) je usBpiueHa y ¢pasy HHTEH3UBHOT
pacTa TOKOM Apyror mopacTa y ApYyroj roAUHU IPOU3BOJe. Y NMepuojy OJ LBeTama /[0 XeTBe Cy aHa/lM3HMpaHe HajBaxKHUje
KOMIIOHEeHTe NMpHHOca U npuHoc cemeHa. PosmjapHa npuMeHa ¢ocdopa U KaaMjyMma je MMasa 3HayajaH NMO3UTHBAH YTHLAj Ha
MPUHOC CeMeHa M KOMIIOHeHTe NPMHOCAa CeMeHa I0je/IMHUX COPTH LipBeHe JeTeJIMHe Yy N0jeIUHUM roJuHaMa. HajnosutusHuju
yTHULQ]j je 3a6sexeH koJ copTH K-37 u Buosa. Paznuuut ytunaj ¢osvjapHo NpUMemeHUX MUHEPaJHHUX XPaHUBA Ha COpTe je
pe3yJITaT BbUXOBUX GEHOTHIICKUX pasyinka. PosiMjapHU TpeTMaH MUHEpPaJIHUM XpaHUBHMA je ao Haj6osbe pe3ysarate y 2011.
TOAWHHU, KaZla Cy KJIMMAaTCKH YCJIOBM 3a ycleBakbe LPBeHe JieTeslMHe GMJIM HajlmoBO/bHUjU. ['eHepaaHO mocMaTpaHO, HPHUHOC
ceMeHa COPTH LipBeHe AieTesMHe je moBehaH noj ytunajem ¢osnjapHe npuxpaHe 3a 105 kg hal. [losutusan ytunaj ¢oaujapHor
TpeTMaHa $ocPopoM U Ka/lHjyMOM ce TNPHUIHCYje HEONMXOAHOCTH OBHX eJeMeHaTa y MHOTHUM IpollecuMa y 6u/bLu. Pesyatatu
yKasyjy fa doJsivjapHa IpYMMeHa MHUHepaJHUX XpaHUBa y CEMEHCKOj IPOU3BOAY LipBeHe AeTesHe Ha KUCeJUM 3eM/bULITHMA
Mo>Ke 6UTH IpUXBaT/bUBa Mepa y yCJI0BUMa KaJja cy 06e36eheHu U ocTa/M yC/I0BY 3a IOCTU3ae BUCOKUX IPUHOCA.

KmyuHe peuu: ypsena demenuna, pocgop, oaujapHo hybperse, Kaaujym, npuHoc cemexa.

1. Introduction limits its the rhizosphere (Raghothama and

An obstacle to to the normal growth and
development of plants of the family Fabaceae is a lack
of available phosphorus (Gitari and Mureithi, 2003;
Okalebo et al., 2009) and potassium (Abel et al.,, 2002;
Mathur et al,, 2006) in the soil.

In Southeast Europe, red clover (Trifolium
pratense L.) seed crops are commonly established on
acidic soils, in which certain macro- and micro-
nutrients are less available to plants. In such soils,
phosphorus can be dominantly adsorbed onto
aluminum and iron oxides and calcium hydroxides.
Also, the slow diffusion of phosphorus in the soil
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Karthikeyan, 2005). Phosphorus fertilizers are mobile
in the form of orthophosphates, but 80% of the
amount of phosphorus fertilizers applied is rapidly
immobilized into other forms. This mostly results in
their accumulation in the soil in forms unavailable to
plants (the so-called “unavailable” phosphorus). Fixed
phosphorus is gradually lost from the soil by leaching
or through surface waters. This leads to the pollution
of the environment, particularly water (Turner et al,,
2002; Jianbo et al,, 2011), especially in European and
American areas intensively fertilized with phosphorus
over long periods of time (Sharpley et al., 2005).
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Potassium is the most widely distributed
inorganic cation in plant cells (Dreyer and Uozumi,
2011), and is required by plants in large amounts (Xu
et al,, 2011). Its concentration is 3-4 times greater in
plants than in the soil; therefore, plants need energy
for its uptake (Dreyer and Uozumi, 2011). Potassium
reserves in the soil are on average mostly large, but
most of the total potassium is unavailable to plants
(Zorb et al., 2014). The amount of available potassium
in the soil ranges from about 2 to 10%. The remaining
90-98% of total potassium is in the form of insoluble
rocks and silicate minerals (Romheld and Kirkby,
2010; Parmar and Sindhu, 2013). The availability of
potassium to plants is highly variable due to complex
dynamic processes, which are strongly affected by the
root-soil interaction (Ashley et al., 2006; Lester et al,,
2010). Drought is a potential constraint to the uptake
of potassium, and can cause deficiency symptoms in
plants. On clayey soils exhibiting high potassium
fixation capacity, fertilization with this nutrient has a
small effect on plants as the large part of potassium is
rapidly bound to clay particles (Brady and Weil,
1999). In the near future, an increase in potassium
fertilizer price is expected (Zorb et al, 2014).
Therefore, focus is being placed on finding alternative
ways to supply potassium to plants (Manning, 2009;
White and Greenwood, 2013). One alternative is foliar
fertilization. Foliar treatment is used for the rapid
elimination of nutrient deficiencies in plants, and is,
therefore, more effective than soil fertilization
(Silberbush, 2002). Foliar feeding of mineral nutrients
is particularly important under unfavorable soil
conditions.

A number of studies have indicated that foliar
treatment with phosphorus (Noack et al, 2011) and
potassium (Lester et al., 2007; Lester et al., 2010; Zorb
et al, 2014) can successfully remove their deficiencies
in various plant species, while protecting the
environment.

The objective of the present study was to analyze
the effect of foliar phosphorus and potassium
treatment on seed yield and yield components of red
clover cultivars grown an acidic soil.

2. Materials and method
Soil properties

A field trial was conducted at the Veterinary
Extension Service in Cacak (43°54'39.06" N,
20°19'10.21" E, 243 m asl) in 2009-2012. The
experiment was established on a leached vertisol (pH
4.8), which contained 3.18% organic matter, 0% CaCOs3,
22.08 mg extractable P 100 g! soil and 30.0 mg K 100
g1 soil. Prior to seeding and in autumn, 45 kg ha1 N, 45
kg hal P20s, and 45 kg ha! K20 were incorporated
into the soil.

Weather conditions

Data on mean monthly temperatures and rainfall
were recorded throughout the experiment at a weather
station located near the red clover stand. The mean
annual air temperature in 2010, 2011, 2012 and for the
long-term period (1992-2002) was 12.62C, 12.4 °C,
13.1 °C and 12.0 °C, respectively. Monthly rainfall
(Figure 1.) showed large variations during the growing
season (April-September).
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Figure 1. Monthly rainfall distribution for
experimental years and the 10-year (1992-2002)
average

Experimental design

The experiment involving four red clover cultivars
and two treatments (control, foliar application of
phosphorus and potassium, PK) was laid out in a
randomized block design with four replications and
with a plot size of 5 x 1m. Red clover cultivars ‘K-17’,
‘K-39’ (Institute for Forage Crops, KruSevac, Serbia),
‘Una’ (Institute of Field and Vegetable Crops, Novi Sad,
Serbia) and ‘Viola’ (a Polish variety) were sown at an
inter-row spacing of 20 cm, using 18 kg seeds hal.
Seeding was performed on 3 April 2009, 27 March
2010 and 26 March 2011. The crop received a single
foliar application of PK (as Ps2K34), at a concentration
of 1% and a water rate of 1000 L hal, at the intensive
growth stage during the second growth in the second
year of cultivation. Mechanical weed control was
performed twice in the year of sowing. No irrigation
was employed.

Measurements

Seed yield and yield components were determined
from the second growth in the second year of
cultivation (in 2010, 2011 and 2012). The following
yield components were determined in the field:
number of stems m-2 and number of inflorescences m-2
(by counting within an area of 0.2 m? per plot) and
number of inflorescences per stem (by counting in a
sample of ten randomly selected middle-row stems per
plot) (Oliva et al, 1994). Laboratory work included
determination of the number of flowers per
inflorescence and number of seeds per inflorescence
(in a sample of ten inflorescences per plot), and
thousand seed weight (based on the weight of 5 x 100
seeds extracted from the same sample and pods).
Fertility was calculated and expressed as a percentage
of the total number of flowers and seeds per
inflorescence. The actual seed yield was determined
using yield components (number of inflorescences per
unit area, number of seeds per inflorescence, thousand
seed weight) and converted to seed yield in kg hat
(Oliva et al., 1994).
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Root nodule development and the chlorophyll
content of red clover leaves were determined at
flowering in the second cut during the second crop
year. Five plants were sampled per treatment and per
cultivar for the determination of the total number of
nodules up to a depth of 20 cm. The analysis of the
chlorophyll content was made spectrophotometrically
by the method of Cvijovi¢ and A¢amovi¢ (2000).

The results obtained were subjected to a mixed-
design analysis of variance model (year as a random
effect, cultivars and foliar fertilization as fixed effects)
using SPSS (SPSS 1995). Differences between means
were tested by LSD test. To satisfy the requirement of
normality, the data for number of stems m-2, number of
inflorescences m2, number of flowers per inflorescence
and number of seeds per inflorescence were
transformed prior to the analysis of variance using the
form vx or Vx+1 for number of inflorescences per stem.

3. Results

The foliar application of phosphorus and
potassium significantly increased the number of stems
only in 2011 (year x foliar treatment interaction)
(Table 1.). The positive effect of foliar treatment on the
number of stems was recorded only in the 'K-39’
cultivar (cultivar x foliar treatment interaction). Due to
the effect of the foliar treatment on the number of
stems and number of inflorescences per stem, the foliar
treatment was effective in significantly increasing the
number of inflorescences m2 in all cultivars in 2011
(year x foliar treatment interaction).
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Foliar phosphorus and potassium also led to a
significantly increased number of flowers per
inflorescence in 2010 and 2011. A positive effect of
foliar treatment on the number of flowers per
inflorescence was observed in 'K-17" and 'Viola’ cvs.
whereas a positive effect of the treatment on flower
fertility was observed only in '’K-17’. Identically to the
effect on the number of flowers per inflorescence, the
foliar treatment with phosphorus and potassium
significantly promoted the number of seeds per
inflorescence in ’K-17’ and 'Viola’ and in the 2011.

The positive effect of the foliar application of
phosphorus and potassium in increasing the number of
inflorescences m=2 and number of seeds per
inflorescence made a significant contribution to seed
yield especially in 2011. A significant increase in
number of inflorescences m2 and number of seeds per
inflorescence under the influence of foliar treatment
was observed in cultivars '’K-17’ and "Viola’.

Regardless of foliar treatment, 'K-17° had a
significantly lower chlorophyll “a“ content compared to
the other cultivars, whereas chlorophyll “b“ content
was significantly greater in 'Una’ than in 'K-17’ (Table
2.). As the result of its lower chlorophyll “a“ content, 'K-
17" had a lower total chlorophyll content. A
significantly higher number of root nodules in the
control was found in '’K-17’ compared to 'Viola’. The
foliar application of phosphorus and potassium did not
have a significant effect on leaf chlorophyll content and
nodule formation in red clover cultivars.



Tomic et al.

Table 1
Seed yield components and seed yield of red clover cultivars as dependent upon foliar treatment with phosphorus and
potassium
SM IS IM FI SI F TSW SY
Foliar @ 311.5b 2.32 713b 73.6b 31.3b 41.2 1.47 297b
treatment (T) PK 330.9a 2.36 772a 78.4a 35.9a 43.7 1.27 402a
Year (Y)
2010 ] 330.3b 1.64 550d 61.1d 30.5¢c 48.8 1.35 220cd
PK 346.2b 1.83 609cd 69.1c 33.0c 479 1.30 271c
2011 @ 333.1b 2.39 799b 92.8b 50.2b 54.1 1.89 549b
PK 382.8a 2.58 989a 100.0a 60.3a 60.1 1.37 820a
2012 @ 270.9c 293 790b 67.0cd 13.3d 20.7 1.16 123d
PK 263.8c 2.67 718bc 66.2cd 14.3d 23.2 1.14 115d
Cultivar (C)
‘K-39’ @ 310.0bc 2.45 746 78.2b 32.2bc 40.0abc 1.34 321b
PK 345.6a 2.37 830 76.7b 33.1bc 42.1abc 1.26 414ab
‘K-17 @ 317.1bc 2.33 736 78.0b 30.5cd 37.0c 1.34 318b
PK 331.7ab 2.51 817 87.1a 42.7a 46.5ab 1.38 521a
‘Una’ ] 330.0ab 242 784 76.2b 37.5ab 48.1a 1.29 384b
PK 331.7ab 2.38 795 77.3b 32.2bc 40.3abc 1.27 353b
‘Viola’ ] 288.8c 2.08 587 62.0c 25.1d 39.7bc 1.91 166¢
PK 305.0bc 2.17 647 72.6b 35.0bc 46ab 1.17 321b
T * ns * * * ns ns *
YxT * ns * * * ns ns *
CxT ns ns ns ns * * ns *
TxYxC ns ns ns ns ns ns ns ns

SM - stems m, IS - inflorescences per stem, IM - inflorescences m2, FI - flowers per inflorescence, SI - seeds per inflorescence, F -
fertility (%), TSW - thousand seed weight (g), SY - seed yield (kg ha1).
Values followed by different small letters within columns are significantly different (P<0.05) according to the LSD test; “Fhiser’s test

significant at P<0.05; ns - non-significant

Table 2

“_

Chlorophyll “a“, chlorophyll “b“ and total chlorophyll “a+b“ contents in leaves of red clover cultivars at flowering and

number of root nodules as affected by foliar treatment

Chlorophyll a Chlorophyll b Chlorophyll a+b Number of root
(mg kg1) (mg kg1) (mg kg1) nodules
Cultivar 'K-39’ 2342a 175.2 ab 2517 a 48.4 ab
'K-17 1586 b 2219b 1808 b 58.4a
"Una’ 1789 a 2473 a 3036a 46.8 ab
'Viola’ 2503 a 2479 ab 2751a 37.8b
Treatment ] 2319a 2114 a 2531a 30.4a
PK 2481a 263.8a 2745a 425a

Values followed by different small letters within cultivar and treatment columns are significantly different (P<0.05) according to the

Kruskal-Wallis test

4. Discussion

The foliar spray of phosphorus and potassium in
this experiment had a significant positive effect on the
number of stems in ’'K-39° and number of
inflorescences m2 in all cultivars in 2011. An adequate
supply of phosphorus to plants is important for the
normal growth and development of legumes (Gitari and
Mureithi, 2003; Okalebo et al, 2009). Hellsten and
Huss-Daness (2000) reported a positive effect of
phosphorus application in red clover on the number of
nodules per plant, dry matter content in the nodules
and specific nitrogenase activity. However, the foliar
treatment with phosphorus and potassium in the

present experiment was not significantly effective in
increasing the number of root nodules in red clover
cultivars. This indicates that increased root nodule
formation is not the reason behind the positive effect
on the number of stems and number of inflorescences
m2 In this experiment, a possible reason for the
absence of plant response to foliar phosphorus and
potassium in terms of root nodule development is late
treatment (a single foliar application, at the intensive
growth stage; number of root nodules determined at
flowering).

In general, the positive effect of the foliar
treatment with phosphorus and potassium on
vegetative growth can be attributed to their essential
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role in a number of processes in the plant. Phosphorus
is a component of biologically important molecules,
such as nucleic acid, phospholipids, macromolecules
and physiologically active compounds in the plant and
many sugar phosphate intermediaries in respiration
and photosynthesis (Jianbo et al,, 2011; Veneklaas et al,,
2012). This role makes phosphorus very important in
major biological processes, including photosynthesis,
respiration and membrane transport, as well as in the
metabolism of various compounds. Potassium is also
required for normal life processes such as the
activation of numerous enzymes (White and Karley,
2010), uptake of micro- and macronutrients (Tiwari et
al, 2001), protein metabolism (Sawan et al, 2009),
maintenance of cell membrane permeability (Singh,
2000), and maintenance of turgor pressure, stomatal
aperture and water balance in plants (Romheld and
Kirkby, 2010; Dreyer and Uozumi, 2011).

Positive effects of phosphorus and potassium on
photosynthesis and photorespiration in different plant
species were reported in a range of studies (Pettigrew,
2008; Sawan et al., 2009; Richardson, 2009). However,
as stressed by Zorb et al. (2014), previous research has
indicated inconsistency in the effect of potassium on
photosynthesis in different plant species, as also
confirmed by the present results. In this experiment,
foliar phosphorus and potassium treatment did not
lead to a significant change in chlorophyll content in
red clover leaf compared to the control.

In the present experiment, foliar applied
phosphorus and potassium had a significant positive
effect on the number of flowers per inflorescence in
2010 and 2011 and number of seeds per inflorescence
in 2011, particularly in ’K-17’ and ‘'Viola’. Similar
results in legumes were reported elsewhere. In
soybean, the number of seeds per plant and seed yield
were increased by potassium fertilization (Tiwari et al,
2001). Potassium deficiency caused early flowering in
alfalfa, which was less abundant and non-uniform
(Bahaeldeen et al, 2009). The optimum supply of
soybean with phosphorus resulted in a significant
increase in the number of branches per plant, thousand
seed weight, number of pods per plant, number of
seeds per pod and seed yield (Xiang et al., 2012; Agraw,
2012).

The foliar spray of phosphorus and potassium in
the present experiment increased the seed yield of red
clover. As the effect of the foliar phosphorus and
potassium treatment on yield components was highest
in 2011, the greatest effectiveness in improving seed
yield was recorded in the same year. The positive effect
of phosphorus and potassium on seed yield in legumes
has also been reported elsewhere. Muir et al. (2001)
found a significant increase in the seed yield of toothed
bur clover (Medicago polymorpha L.) resulting from the
increased number of pods per plant after phosphorus
fertilization. Lewis and Hawthorne (1996) obtained a
20-30% increase in the seed yield of broad bean (Vicia
faba) after phosphorus treatment. In cluster bean
(Cyamopsis tetragonoloba Taub.), Burman et al. (2004)
determined a significant increase in plant growth and
seed yield under an adequate phosphorus supply.

Furthermore, a number of studies have shown that
yield increases in legumes after potassium treatment
are primarily due to the positive effect of potassium on
seed yield components (Singh et al., 1999; Tiwari et al,,
2001; Xiang et al, 2012). Foliar applied potassium
increased soybean yield (Haq and Mallarino, 2005;
Nelson et al, 2005). Potassium deficiency caused a
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decrease in the transport of photosynthetic assimilates
from source tissues through the phloem to the other
parts of the plant (Pettigrew, 2008). This led to sugar
accumulation in the leaf tissue, reduced yields and
decreased crop quality (Pettigrew, 2008; Zoérb et al,
2014). An adequate potassium supply had a stimulating
effect on seed yield in alfalfa (Grewal and Williams,
2002). However, Bahaeldeen et al. (2009) found no
effect of soil application of potassium on either seed
yield components or total seed yield in alfalfa, which
was in agreement with the findings of Abusuwar et al,
(2004). Also, the results of some other studies have
confirmed the fact that soil applied fertilizers can be
absorbed by the soil complex without any effect on the
plant itself (Yoneyama et al., 2012; Parmar and Sindhu,
2013; Zorb et al, 2014). Therefore, a number of
experiments have shown that foliar applied
phosphorus and potassium can successfully remove
their deficiencies in numerous crops (Lester et al,
2007; Lester et al, 2010; Zorb et al, 2014), as also
indicated by the present results on red clover.

The greatest effect of foliar phosphorus and
potassium treatment on yield components and, hence,
seed yield was recorded in 2011, when seed yield was
the highest. Due to the smaller number of seeds set per
unit area as induced by unfavorable weather in 2010
and 2012, phosphorus and potassium were not
constraints to high yields. Hence, the foliar treatment
with these nutrients had no effect on seed yield. A
positive effect of foliar applied phosphorus and
potassium on the number of flowers per inflorescence
was determined in 2010, when rainfall amounts were
the highest. As observed by Burman et al. (2004), soil
moisture conditions can largely affect the phosphorus
supply of cluster bean plants (Cyamopsis tetragonoloba
Taub.).

Red clover cultivars grown in dense stands differed
significantly in their response to foliar phosphorus and
potassium treatment as regards yield components and
seed yield. The differences were primarily the result of
different morphologies of plant organs, particularly the
root. Similar findings were reported for some other
legumes. The genotypic differences in potassium
nutrition in alfalfa can be associated with the better
transport of potassium to functional leaves in some
genotypes during late growth stages (James et al,
1995). Soybean cultivars and genotypes exhibit
differences in total potassium uptake due to differences
in cultivar traits, such as root morphology, root hairs,
root exudates, potassium uptake Kkinetics and
potassium movement through the plant (White, 2013).
Accordingly, it can be assumed that, in this experiment,
the cultivars which were more effective in uptaking
phosphorus and potassium through the soil showed a
lower rate of response to the foliar treatment with
these nutrients.

5. Conclusion

The foliar application of phosphorus and
potassium had a significant positive effect on the
number of stems, number of inflorescences m2, number
of flowers per inflorescence, number of seeds per
inflorescence and seed yield of some red clover
cultivars under defined conditions. The different effects
of foliar applied mineral nutrients on the tested
cultivars were induced by their phenotypic differences.
The most favorable weather conditions (air
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temperature and the amount and distribution of
rainfall) for red clover seed production and, hence, the
highest seed yield, were recorded in 2011. The
obtainment of high seed yields required increased
amounts of readily available phosphorus and
potassium, and therefore the foliar treatment with
these nutrients gave the best results. Root nodule
formation was not significantly increased by foliar
applied phosphorus and potassium. The positive effect
of foliar phosphorus and potassium treatment is
attributed to the need for these nutrients in a range of
processes in the plant, such as respiration, membrane
transport, metabolism of various compounds, cell
division, activation of numerous enzymes, meristem
tissue development, turgor pressure maintenance,
uptake of micro- and macronutrients, etc. The results
indicate that the foliar application of mineral nutrients
in red clover seed production on acidic soils can be an
acceptable practice under conditions favoring high
yields.
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