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ABSTRACT

A pot experiment was conducted during the summer season 2011/2012 in
the greenhouse of the Atomic Energy Authority, Nuclear research center, Soil and
water Research Department. A complete randomized design with four replications
was used in this study. A combination of four phosphorus levels (0; 50; 100; and 200
kg P20s fed™® as superphosPhate with four levels of potassium fertilizer levels (0; 25;
50 and 100 kg K;O fed™ on growth, nodules and nutrients of the Leucaena
leucocephala. Shoots and roots dry weights were gradually increased with increasing
potassium rate up to 100 kg KO fed™, where it accounts for 61.85,9.59,71.17 g pot'l
for shoot, root and whole plant, respectively, while addition of sole phosphorus
induced an increase of the dry weight of roots and shoots up to the rate of 100 kg
P,Os fed?, (111.8, 15.61, 127.41 g pot® for shoot, roots and whole plant,
respectively), and then tended to decrease for the same sequence. Maximum shoot
dry weight (197.43 g pot™) was achieved by addition of 100 kg P,Os fed™ combined
with 50 kg K,O fed™.The maximum number and dry weight of nodules were detected
with P-K(100-50) (3.13 g pot™), while the minimum detected with P-K (0-0) (1.14 g
pot™). Moreover, all the nodules were distributed on secondary roots. Nitrogen uptake
was enhanced by the addition of phosphorus and potassium and gradually increased
by increasing rates of both of them.
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INTRODUCTION

During the 1970s and early 1980s, Leucaena leucocephala (Lam.) de
Wit (leucaena) was known as the 'miracle tree' because of its worldwide
success as a long-lived and highly nutritious forage tree, and its great variety
of other uses. As well as forage, leucaena can provide firewood, timber,
human food, green manure, shade and erosion control. It is estimated to
cover 2-5 million ha worldwide (Brewbaker and Sorensson 1990, Wall, 2000).
Leucaena can fix 75-584 kg N ha‘lyear'l, can supply its own N requirements
and has the ability to enhance soil fertility (Hussain et al 1991). In addition
woody legume species are a source of nitrogen mulch, fodder, poles and fuel
(Teel, 1988). Leucaena leucocephala is the most attractive agroforestry shrub
due to its high N, fixation, fast growth and large biomass production (Kang
and Duguma 1983). Leucaena leucocephala (Lam.) de Wit. has great
potential for utilization in tropical agriculture, particularly in livestock
production as a protein source and in enriching the soil, both of which uses
rely on its capability for nitrogen fixation (Lucena and Paulino 1990). Its
establishment and growth depend on an adequate supply of nutrients.
Potassium fertilization often can dramatically increase yields of alfalfa and
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other forage legumes (Collins et al. 1986). A number of biochemical and
physiological processes common to all plants require K (Collins andDuke
1981). Additionally, K can stimulate increases in legume N, fixation by
increasing availability of photosynthate to the nodules (Duke et al. 1980).
Phosphorus deficiency is reported to be the major limitation to the growth of
legumes (Costa and Paulino 1993). Before developing nodules, legumes
depend on soil nitrogen and also need a good supply of phosphorus and
potassium, which not only help seedling growth but also aid early nodulation,
leading to optimum growth and biomass production (Naugariya and Pathak
1993). Adequate nutrition also enhances seedling growth and survival after
planting in the field. Adding fertilizers to ensure adequate nutrition may
reduce overall production costs (Sonkar et al. 1993).This study was
undertaken to determine the effects of phosphorus and potassium on the
growth and nodulation of Leucaena seedlings.

MATERIALS AND METHODS

A pot experiment was conducted under green house of Soil and
Water Department, Atomic Energy Authority, Egypt. Sand soil with pH: 7.10
,EC 2.3dS m™, OM 0.45% was packed in pots at rate of 8 kg pot™. Each pot
was planted with 8 leucaena seeds (Leucaena leucocephala (Lam) de wit,
after prepared of seed (seeds of Leucaena were scarified with concentrated
sulphoric acid for 20 minutes and rainsed several times in sterile water,
(Winthington, 1986). Seeds were sown immediately after coating with peat
carrier inoculants of Rhizobium strains DS158), then thinned to 5 seedlings
after two weeks from germination. Pots were irrigated with fresh water and
the moisture content was maintained at 80% of water holding capacity. A
basal dose of nitrogen was applied at a rate of 20 mg N kg™ soil as ordinary
ammonium sulphate (NH4),SO,. Phosphorus fertilizer was applied as
superphosphate at the rates of 50,100 and 200 kg P,Os fed™, and potassium
was applied as potassium sulfate at rates of 0, 25,50 and 100 kg K,O fed™.
Leucaena seedlings harvested 120 days after sowing. Separate shoot and
root were oven dried at 70°C for 24 hours then dry weights of whole plants
and plant part, were recorded. Total nitrogen, phosphorus and potassium
content were determined. The N content was determined using kjeldahl
method as described by Carter and Gerogerish (2008). Data were subjected
to analysis of variance using the system ANOVA and the values LSD from
the controls were calculated at 0.05 levels according to SAS SOFTWARE
program, (2002).

RESULTS AND DISCUSSTION

Shoot and root dry weight:

In most cases, the dry weight yield of shoots and roots were gradually
increased with increasing potassium rate up to 100 kg K,O fed.™, (61.6,9.6 g
pot"l shoot, root) respectively, while the addition of sole P had increased the
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dry weight of shoots and roots (111.8, 15.6 g pot™) respectively (Table 1).
Increase of phosphorus levels up to 200 kg P,Os fed™ has a little bit adverse
effect on dry weight (shoots and roots) as compared to 100 kg P,Os fed™
rate. Regarding the interaction between P and K, both dry weights of shoots
and roots were significantly increased comparable to those of sole potassium.
In this respect, the best values of shoot and root dry weights were detected
with application of 50 kg K,O fed™ either interacted with 50,100 or 200 kg
P,Os fed™ were induced by application of 100 kg P,Os interacted with 50 kg
K,O fed™.

El-Sallami (2002,2003) studied the response of Leucaena
leucocephala seedlings to soil (clay and sand) mixed with farmyard manure
(FYM)) during 2000 and 2001 seasons at an experimental farm in Assiut,
Egypt and observed that the soil mixture significantly increased all
growth measurement i.e. number of branches, offsets and pods per
plant, fresh weights of aerial parts and offsets, and fresh and dry weights of
roots, shoot: root ratios and seed yield.

Similarly the response of potted seedlings of Leucaena leucocephala
to phosphorus (P) was observed by Ezenwa (1994) that applying P at 7.5 mg
kg™ soil significantly increased shoot height by 14% over the control.
Dixit et al. 1999 also expressed similar views regarding the effect of P
application on the seedlings of 3 species of Acacia and observed that the
growth parameters were improved with the phosphorus fertilization. The
results of the study corroborate with the findings of Gupta et al. 1998 in
glasshouse experiments on Leucaena leucocephala who investigated that
application of P gave best height and diameter growth and biomass
parameters seedlings.

Table 1: Effect of phosphorus and potassium fertilizers on dry weight
yield (g pot'l) of Leucaena leucocephala seedlings

shoot | root
Potassium application
0 25 50 100 0 25 50 100
0 286 h [ 55 g [614 g| 616 g |44 |86 gh|9.3egh |96 fgh
Phosphorus |50 576 g | 82 f |97.3 e| 88 ef | 82 hi [12.6efg | 15 cde | 14 def
application |100 111.8d 170.6b |1974 a| 136 c |[15.6cde| 23.8ab | 28.4 a | 19.9 bc
200 89.3 ef | 95.6 ef [117.6 d| 85.1 ef [13.4defg| 15.9 cde | 18.9 bcd | 11.7 efg
LSD 12.8 [ 1.627
Plant height:

From Table (2) the results showed that application of phosphorus and
potassium at the rate of 100 - 50 kg fed™ exhibited the highest values for
maximum plant height (77.4 cm) and further increase in P,0s5 and K,O
rates did not accounted a significant increase in plant height. The
lowest values for all recorded parameters were achieved without phosphorus
and potassium application. Also data showed that an increase in the height of
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the plants in all rates add potassium individually. While when adding different
levels of phosphorus individually led to an increase in the height of the plants
added to the level of 100 kg P,0Os fed™, but when added to increase the rate
of phosphorus led to reduced plant height.

Table 2: Effect of phosphorus and potassium fertilizers on height (cm)
of Leucaena leucocephala seedlings

Height of plants
Potassium application kg fed™
0 25 50 100

hosoh 0 21.6 | 37.3 k 41.6 j 48.3 h
nglffat%r‘f 50 435 | 523 g 61.8 d 585 e
kgffed 100 61.8 d 65.6 C 774 a 69.3 b
200 57.5 f 61.8 d 65.6 C 60.7 d

LSD 0.7058

The results are comparable to those of Anurag et al. (2002) and Reager et
al. (2003) for both the plant height. Increase with phosphorus application
has been reported by Ali et al. (2010).

Number and dry weight of nodules:

The nodule number, dry weights of Leucaena leucoephala in different
treatments were shown in Table 3. The nodulation was found to greatly affect
by the fertilizer combination of P and K. In all cases the nodule number was
significantly increased at phosphorus and potassium (P-K) 100-50 (55)
nodules and followed by P-K(50-50) 50 nodules and P-K (200-50) 46 nodules
compared to P-K (0-0)20 nodules. The maximum nodules dry weight was
found in P-K (100-50) 3.13g pot™ while the minimum in P-K (0-0) 1.14 g pot™.
Moreover, all the nodules were distributed on the secondary roots.

The findings of the present study indicate that nodulation status (number
and dry weight of nodule) in Leucaena leucocephala resulted from different
fertilizer treatments were varied significantly. The data are compatible with
those of Datta and Das (1997) who reported a positive relationship between
nodule dry weight and biomass. The findings also revealed that the use of
inorganic fertilizers increased the nodule numbers and support the result
of Razz et al. (1995) who examined the effect of inorganic fertilizers on
nodulation status of plants. It was observed from the present study that
increased fertilizer rates resulted in increase in growth and dry matter
production of nodules, also supporting the result of nodulation characteristics
of Samanea saman investigated by Rahman et al. (2004). Gentili and
Huss-Danell (2002) explained that P stimulated both nodule biomass and
nodule number, and revealed that the stimulation was specific for nodulation
but not simply mediated via plant growth. It was found that the nodule shapes
in D. sissoo were globose, elongated, coralloid, and oblate. Nodules were
mostly brown in color and rough surfaced. Rests of the young nodules were
smooth-surfaced while older nodules took on various shapes. These
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findings were consistent with the results of Anegbeh and Tchoundjeu
(2002) who reported the characteristics of nodules of agroforestry tree
species in Niger Delta, Nigeria.

Table 3: Effect of phosphorus and potassium fertilizers on nodules of
Leucaena leucocephala seedlings

Number of nodules |  Weight of nodules (g pot™)
Potassium application
0 25 50 100 0 25 50 100
0 20 32 41 40 1.14 1.82 2.33 2.28
i ghi cde cdef h f d d
" 50 26 35 50 42 1.48 1.99 2.85 2.39
Sc ij efgh ab cd g ef b cd
2 % 100 32 40 55 42 1.82 2.28 3.13 2.39
3L ghi cdef a cd f d a cd
2 2 30 38 46 34 1.71 2.16 2.62 1.93
o 2001 b ogetg | be | fgh | fg de | bc of
LSD 6.178 0.2612

Nitrogen uptake:

As shown in Table (4), nitrogen uptake by plant had followed, to
some extent, the same trend like dry matter accumulation. Nitrogen uptake
was enhanced by the addition of phosphorus and potassium where it
gradually increased by increasing rate. In the same time, increasing
phosphorus with potassium rates (100-50) induced higher N uptake 678.78
mg pot” than control treatment 80.31 mg pot™.

Table 4: Effect of phosphorus and potassium fertilizers on N % and N
uptake of Leucaena leucocephala seedlings

N% | N uptake mg pot™
Potassium application
0 25 50 100 0 25 50 100
0 249 { 252 | 2.61 | 2.67 80.3 | 160.2 | 184.7 | 190.5
d cd bcd bcd k i [ i
50 259 { 265 | 268 | 2.75 | 170.8 | 251.4 { 301.5 { 280.9
S c cd | bed | bed | bc j h f g
2 -% 100 261 | 2.67 3.0 2.71 | 333.2 | 519.6 | 678.8 | 424.1
) bcd | bcd a bcd e b a c
2g 00 | 266 | 276 278 267 | 273.7 | 308.7 | 378.3 | 259.2
A bcd b b bcd g f d h
LSD 0.209 53.015

Phosphorus uptake:
Effect on total P uptake is given in Table (5). The results indicated
that phosphorus uptake and utilization were significantly affected by
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phosphorus and potassium fertilization. In general, phosphorus uptake was
high at phosphorus and potassium treatments (100 - 50) 91.4 mg pot™
compared to the control 13.3 mg pot™. The results are nearly closed to those
of Aslam et al.(2004); Mian et al. (2001); llyas et al. (2001). Navale and
Gaikwad (1998) also reported that application of FYM combined with
inorganic fertilizer, increased phosphorus uptake of soybean. Aulakh et
al. (2003) studied the effect of phosphorus on soybean-wheat production
and found that 60 kg P,Os ha™ enhanced P uptake and, total biomass
of both crops.

Potassium uptake:

The results in Table (5) showed that the addition of potassium alone
led to a gradual increase in the uptake of potassium, while increasing the
phosphorus rate led to high significant increase of K when interacted with the
high rate of potassium until phosphorus 100 kg P,Os ha™. Also, led the
overlap between phosphorus and potassium to the increase in potassium
uptake when adding treatment of 100-50, which recorded 703.12 mg pot™* as
compared to control treatment.

Table 5: Effect of phosphorus and potassium fertilizers on P and K
uptake of Leucaena leucocephala seedlings (mg pot'l)

P | K
Potassium application
0 25 50 | 100 0 25 50 100
0 133 { 21.6 | 284 | 28.8 | 100.3 | 196.9 | 218.8 | 221.9
j ij hi hi i k j j
m 50 26.4 {382 i 455 41 | 203.2 {293.8{ 350 | 315.6
S c hi fg ef fg k h f g
g% 100 5159 | 78.8 { 91.4 | 629 | 396.9 | 606.6 | 703.1 | 484.4
7o de b a c e b a C
2g 00 | 414 [ 431 553349 (3188 3469  425.2 | 26838
Q fg cfg | cd | gh g f d i
LSD 8.82 48.478
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