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ABSTRACT

A 22-week experiment was conducted in controlled environments to investigate the effects of light and inoculum
application on the growth, nodulation and nitrogen fixation of 2 tropical legumes, viz Siris tree [Albizia lebbeck (L.
Benth] and Subabul (Lericaena leucocephala (Lam.) de Wit.]. Two light regimes—high light and low light (stimulated
shade) were used. Plants were either inoculated without the addition of inorganic nitrogen or they received inorganic
nitrogen without inoculum application, Control plants neither received inoculum nor inorganic nitrogen. The results
showed that in both species under high light, the inoculated plants outgrew the uninoculated ones. Although there
appears to have been more investment of the biomass in the leaf area under simulated shade conditions for the
inoculated plants, the lower net assimilation rate resulled in lower growth rate. The controlled plants had the least -
growth under both light regimes, though they grew better under low light indicating that these legumes may be able
to withstand nitrogen stress under shade conditions. Also.more nodules were produced and more nitrogen fixed
under high light than under the low light. Although nitrogen fixation was reduced under low light, nitrogen uptake

was higher for Albizia lebbeck tor the inoculated treatments than the uninoculated treatments,
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Nitrogen fixation

Nitrogen fixation is increasingly becoming important in
meeting crop and soil-nitrogen needs in view of the
problems associated with long-term inorganic fertilizer
usage, Of all the biological systems involved in nitrogen
fixation, the legume — Rhizobium symbiotic system has
proved to be the most effective and widespread, though
recent literature acknowledges substantial fixation of
nitrogen by non-symbiotic systems.

Siris tree [Albizia lebbeck (L.) Benth] and subabul
Leucaena leucocephala (Lam) de Wit.] used for these
studies, are the 2 common tropical legumes which serve as
multipurpose trees in tropical farming systems. The
literature is sparse on how the environment affects the
growth, nodulation and nitrogen-fixing abilities of these’

legumes, Since mutual shading is involved.in the use of

these legumes in certain agroforestry systems, it is important

to assess their abilities to nodulate and fix nitrogen under -

varying light conditions. Hence an experiment. was
conducted to study how the light affects growth, nodulation
and nitrogen fixation in these legumes.
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MATERIALS AND METHODS

The seeds were obtained from Ibadan (7:23°N and
3.56°E). They were soaked in hot water and allowed to cool
for 1 hr before planting. The rooting medium was perlite
and vermiculite in a '50:50 (1:1) ratio. The seeds were
planted in seed trays placed on the floor of 2 controlled
environment rooms which simulated sun and shade tropical
environments. At the appearance of the cotyledons,
seedlings were transplanted into 1 litre tubes contammg the
rooting medium,

~Inoculation .

Rhizobial cultures specific to each plant specics were
obtained from the University of Dundee and subculturing
was done using the method and broth recommended by
Vinclent (1970). During transplanting the roat primordia
of the recipient plants were dipped in the inoculum before
being put in the 1 litre tubes. A further inoculation involving
the injection of 2 ml inoculum in the root zone was done a
week after transplanting.

- Nutrient stock solutions

"Two sets of solutions were prepared,‘; ndx wsed for the
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Table 1 -Comparison of means under high light using a two-tail t-test

Parameter A. lebbeck L. leucocephala

T, T, t-test ; 7, . 132 T, » {’:(;s::

i cm 33.2 £ 44 332 1 44 *ok 332 + 4. 2 % .

ﬁ'lf’ﬁ? ?:;\g:::( ) 67.2 + 115 712 x 83 ns 179.6 + 19.8 1512 £ 209  *
Dry-matter yield (g) 134 £+ 22 162 + 24 ns 292 + 14 197 + 1.4 ook
Leaf area (cm?) 285.6 + 379 2549 + 46.5 ns  299.80 £ 3529 14979 & 1744 @ *x
Relative growth rate (g/g/week) 0.18 + 0.002 019 + 0004 ns 023 £ 0.004 021 £ 0.004 *x
Net assimilation rate (g/cm¥week) = 0.006x 0.0002 0.008 + 0.001 ns 0.015+ 0.002 0017+ 0.002 ns
Leaf area ratio (cm*/week) 219 £ 09 155 + 09 **x 1016 £ 074 751 & 040 ¥
Leaf weight ratio 0.18 + 001 0.14 & 0001  #** 0.13 + 0.009 0.10 &£ 0.005 %«
Specific leaf-area (cm¥/g) 1227 + 07 115 = 44 ns 7760 £ 225 732 + 3.86 ns

T, T, t-test T, T, t-test
Shoot height (cm) 33.2 + 44 09 x 07 ok 637 + 68 67 + 03 bk
No. of leaves 672 + 115 146 + 14 w1794 0+ 198 182 + 1.6 ok
Dry-matter yield {g) 134 + 2.2 04 x 006 *o 292 + 14 09 1 Ol ok
Leat area (cm? 285.6° + 37.9 797 + 1.51 ¥* 20080 + 3529 738 + (.88 Hokk
Relative growth rate (g/g/week) 0.18 £ 0.002 002 + 0.004 k* 023 £ 0.004 0.07 £ 0,006 #kx
Net assimilation rate (g/cm’*'/week) 0.006+ 0.0002 0.001 £ 0.00005 ** 0015+ 0.002 0.004 £  0.00] %%
Leaf arca ratio (cm*/week) 219 % 09 189 -+ 1.5 * 10,16 + 0.74 834 + 074  wwk
Leaf weight ratio 0.18 % . 0.08 0.12 1 0.009 ®kx 777 1 225 0.09 £ 0.005 %
Specific leaf area (cm¥g) 122.74 + 17.89 165.55 £ 13.79 * 77.60 + 225 9639 + 656 @ *

T, T, t-test T, 7, t-test
Shoot height (cm) 223 + 28 29 1+ 07 *k 33 & 48 0 67 x 03 ki
No. of leaves 712 + 83 146 1 1.4 ek 1514 1+ 209 182 1 L6 ok
Dry-matter yield (g) 162 + 24 04 = 14 *k 021 & 0.004 0.07 £ 0006 Hx*
Leaf area (cm?) 12549 £ 46.5 797 £ 1.51 ook 0.017% 0006 . 0004+ 0001 *x%
Relative growth rate (g/g/week) 0.19 + 0.004 0.002 + 0,004 %%+ 0017+ 0.006 0004 + 0001  Hxx
Net assimilation rate (g/em*week) 0.01 £ 0.001 0.001 £ 0.0001 #* 149.78 + 1(7.44 738 4+ (.88 ok
Leaf area ratio (em¥week) 155 + 0.9 189 + 1.5 *x 751 £+ 040 834 + 074 ns
Leat weight ratio 0.14 + 0.0l 0.12 + 0.01 ok 0.10 £ 0,005 0.09 + 0.005 wxx
Specilic leaf area (cm?/g) 1115 + 44 165.6 % 13.8 ek 7324 £+  3.86 96,39 £+ 6.56 ok

*P<0.05; **P<0.01; ***P<0.001

T,. High light plus inoculum but without inorganic nitrogen; Ty, high light minus inoculum but receiving inorganic nitgron; Ty, high

light minus both inoculum and inorganic nitrogen

study. The first solution was prepared using the Ingestad
(1979) recommendation, while the second solution was a
modification of Ingestad formula to exclude nitrogen salts.
However, the levels of the other elements in the second
solution were raised to maintain the ionic balance present
in the first solution. The solution containing nitrogen salts
was used for the non-inoculum (-R) treatment, while the
second solution excluding nitrogen salts was used for the
inoculum (+R) treatment,

The treatment combinations were : T, high light plus
inoculum but without inorganic N; T,, high light minus
inoculum but receiving inorganic N; Ty, high light minus
both inoculum and inor ganic N; T, low light plus inoculum
but without inorganic N; Tg, low light minus inoculum but
receiving inorganic N; and Tg, low light minus both
inoculum and inorganic N. Each treatment was replicated
5 times for each species, The treatment without inoculum

and without inorganic nitrogen served as the control and
form the basis for testing and comparing the elfects of
inoculum and inorganic N application.

Mean relative growth rate, mean net assimilation rate,
final leaf ratio, as well as specific leaf aven were caleulated
using standard formula from Hunt (1978). T-test comparing
means in various treatments was done using the stat view
soft-ware in the Apple Mac. Samples were prepared for N
natural abundance determination following the method
proposed by Handley ef al. (1991) and estimates of the per
cent of the total N of the tissue that was Tixed was caleulated:

N (%) fixed = ———x 100

x—f

where x, '*N of presumed non-nitrogen fixing plant; y, N‘
of presumed nitrogen fixing plant; and f, °N of a plant'
grown hydroponically without added N, ‘
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RESULTS AND DISCUSSION

Height growth. leaf production and dry-matter

In both species and under both light regimes treatment,
plant grown under T, T,, T, and T grew well throughout
the period of experimentation. The control plants, and plants
under Ty and T scafcely grew at all, Under high light and
in both species plants of T, treatment outgrew those of T,
treatment (Table 1). Inoculum application perhaps enhanced
shoot height under high light. With regards to leaf
production in A. [ebbeck, the plants of treatment T,
praduced more leaves than those of T, treatment under high
light, though the difference was not significant (Table 1).
However, in L. leucocephala the plants of T, treatment gave
more leaves than those of T, treatment and this difference
was statistically significant (Table 1). Also in both species,
the T, and T, treatments resulted in production of the least
number of leaves (Table 1). The response pattern for dry-
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matter yield under high light was very similar to that for
leaf production (Table 1). It appears that in both species the
2 factors of light and inoculum application affected growth,
as revealed in the increase in height under high light and
the decrease in height under low light when inoculum was
applied. There is enough evidence that light and nitrogen
can do indeed affect the growth of plants in a given
environment,

Although there were no significant differences in relative
growth rate, net assimilation rate and dry-matter yield
between the T, and T, treatments in A/bizia lebbeck grown
under high light, significant differences existed between
these treatments in leaf area ratio, leaf weight ratio and
specific leaf area, Thus the increased shoot height observed
for the T, treatment may have resulted from an investment
of more biomass in the leaf area. There is an evidence that
a compensating effect to growth do occur due to-changes

Table 2 Comparison of means under low light using a two-tail t-test

Parametey

A, lebbeck L. leucocephala
‘ 7, 75 I-test ‘ 7, - 7 t-test
Shoot height (cm) 335 + 2.0 482 + 2.7 k442 + 24 512+ 14 ¥
No of Jeaves 37.0 t 24 356 + 2.2 ns 542 + 12 548 '+ 33 6s
Dry-matter_yield (g) 24 % 04 35 + 03 o 1.9 + o1 34 % 0. b
Leaf area (cm?) 2274 +-2.9 2191 + 142 ns 94,1 + 599 1444 .+ 396 = wk
Relative growth rate (g/g/week) 0.14 + 0.004 016 £ 001 whE 495 + 0.8 4203 + 0.3 kil
Net assimilation rate (g/cm®/week) 0. 001+ 0.0001 0.002+ 0.0002 ** 0.15 + 0.002 0.018+  0.004 ¥*
Leaf areavratio (cm*/week) 1006 + 6.3 623 + 1.9 *hk 0002+ 0 0003+ @ - W
Leaf wefght ratio 030 + 0.02 020 £ 0.004 ** 0.18 .+ 0.01. 0.15 + 0.004 x¥=
Specific Jeaf arca (em¥g) 3308 + 116 3029 + 7.03 **o269.02 £+ 89 290.2 + 96 b
T, T, I-test T, T, I-tesl
Shoot height (cm) 335 + 2.04 208 + 21 EE 442 + 24 17.80 + 2.5 AR
No. of leaves 370 £ 24 142 + 1.9 *hk 542 + 12 16.8 + 24 ki
Dry-matter yield (g) 24 + 0.04 0.7 + 0.1 ok 1.9. £ 0.1 0.8 + - 01 R
Leaf area (cm?) 2274 + 29 184 + 223 s 2941 + 59 248 + 695 o
Relative growth rate (g/g/week) 0.14 + 0.004 0.1 + 0.0 ek 495 + 0.8 3044 + 6.1 *
Net assimilation rate (g/cm¥/week) 0.001+ 0.0001 0.001+ 00002 ns 0.15 + 0.002 0.11 +  0.002 **x
Leaf area ratio (cm*/week) 1006 -+ 6.3 267 + 1.1 ld 0002+ 0 0.002+ 0.0002 ns
Leal weight ratio, 03 + 002 0.1 + 001 ook 0.18 + 001 0.09 + 002 Aok
Specific leaf area (cn1*/g) 3308 + 116 3301+ 56:1 ns - 26902 + 89  349.2 + 106 ik
T T, 1-test T T, t-rest
Shoot height (cm) 482 + 2.7 208 + 2. ek 512+ 1.4 178 + 25 Kok
No. of leaves 356 + 2.2 142 + 199 ek 548 o+ 33 168 + 24 ok
Dry-matter yield (g) 353 + 025 0.69 + '0.09 Kok 34 + 0.1 0.8 + 0.1 Xk
Leaf area (cm?) 2191 + 14.2 1843 + 23 AR 1444+ 396 248 + 695 e ok
Relative growth rate (g/g/week) 016 £+ 0.01 0.09 + 0.01 *RE 4203 £+ 03 304 £ 6.1 ns
Net assimilation rate (g/lem*/week) 0.002+ 0.0002 0.001 + 0.0002 ns 018.0 + 0.004 001 + ° 0.002 k=
Leaf area ratio (cm*/week) 623 .+ 1.8 277+ 1.1 Rk 0.003+ 0 0.002 + - 0.0002 . #* "
Leaf weight ratio 0.20 + 0.004 0.10 + 0.0l Ak 0.15 £ . 0.004 0.09 £ 0.02
Specific leaf area (cm¥g) 03029 £ 7.03 3101+ 56.1 ns 2902 + 9.6 3492 « *k

* P<(.05; **P<0.01; ***p<0.001

0.6

T,, Low light plus mocu]um but without inor gamc mtrogen T, low light minus moculum but receiving morgamc mtglon Tc,

hght minus bothinoculum and inorganic nitrogen
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conditions.

The application of biological nitrogen sufficiently
enhanced growth under high light condition in both the
species studied. The inoculated plants had higher relative
growth rates and nitrogen uptake under high light-than the
uninoculated plants. In-addition, more nitrogen was fixed

under high light than under low light, These plants could

be self sustaining in nitrogen acquisition when the necessary
rhizobia exist in the soil. This may justify their inclusion
in natural and cultivated fallows in both traditional and
modern agroforestry systems,

Of the 2 companents of relative growth rates, net
assimilation rate and leaf area ratio, light appears (o have
had a large effect on leaf area ratio. Plants grown under low
light exhibited a higher leaf area ratio in all treatments than
the plants grown under high light. It appears therefore that
as a compensatory mechanism, plants under low light
invested more of their biomass in the leaf area.

ACKNOWLEDGMENTS

I wish to acknowledge Professor John Grace and
Professor Janet Sprent of the Universities of Edinburgh and
Dundee respectively for their supervision of this work. Also

acknowledged is the European Economic Commission

(EEC) for providing the sponsorship for this research.
REFERENCES |

Gibson A H. 1968. Nodulation failure in Trifolium subterraneum
L. evwoogeneiiup (Syn. Marrar). Australian Journal of

TROPICAL LEGUMES RESPONSE TO LIGHT AND RHIZOBIUM 459

Agricultural Research 19 : 907-18.

Gibson A H. 1977. The influence of the environment and
managerial practices on the legume - rhizobium symbiosis.
{in) A Treatise on Dinitrogen Fixation. Section 1V. Agronomy
and Ecology, pp 393—450. Hardy R W .F and Gibson A H
(Eds). Wiley Interscience, New York.

Handley L T, Scrimgeour C M, Thornton S F and Sprent J I. 1991,
Determination of the natural abundances of the stable
isotopes of '*N and '3C by mass spectrometry ; a simplified
manual method for the preparation of N,. and CO,.
Functional Ecology 5 : 11924,

Hirose T. 1998. Modeclling the relative growih rate as a function
of plant nitrogen concentration, Physiologiya planiarum

2 : 185-9, . )

Hunt R. 1978, Plan: growil Analysis. Edward Arnold, London. -

Ingestad R. 1979. Mineral nutrient requirements of Pinus sylvestra
and picia abies seedlings. Physiologiya plantarum 45 : 373~
80.

Kuppers M, Koch G and Mooney H A. 1988 Compensahng effects
to growth of changes in dry matter allocation in respense (o
variation in photosynthetic characteristics induced by
photoperiod, light and nitrogen. AIlelflllall Jowrnal of Plant
Physiclogy 15 : 28'7-98.

Lie T A, 1969. Non photosynthelic effects of red and far-red light

; -on.root nodule forfnation by leguminous plants. Plant and
" Soil 30.: 391-404, ‘

Lie T A. 1974. Bnvironmetal effects on nodulation and symbiotic
nitrogen fixation. (in) The Biology of Nitrogen Fixation, pp
555-82. Quinspel A (ed). North Holland, Amgterdam,

Vincent J M, 1970. A Manual for the Practical Study.of the Root

" Nodufe Bacteria. 1BP Handbook No. 15, 164 pp. Blackwell
Scxennﬁc Puhhcauons Oxford.



