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SUMMARY

A greenhouse experiment on asilt loam surface soil (Typic Hapludult) was done to investigate effects
of Pand § on yield, quality aspects and sugar reserves in the tropical forage legume Clitoria ternatea
L. Four levels of P and two N treatments (NH,NO, vs symbiotic) were arranged in a factorial design
with four replications. After the first cutting two levels of S were imposed on this design.

Phosphorus enhanced dry matter yield in the first cutting. Its effect was smaller in the second
cutting. Amount of P required to produce maximum plant yield dropped from 200 mg/kg soil (or
more) at the first cutting to 50-100 mg/kp at the second. Added S improved growth at suboptimal
levels of P. At optimal P and S, symbiotic and + N plants yielded alike.

Phosj orus and § fertilization caused several changes in plant composition. Nitrogen con-
centration was raised by S treatment and lowered by P. Combined addition of P and S lowered plant
nitrate content. In symbiotic plants, soluble sugar concentrations were higher than in N-treated
plants, and were increased by P and S treatment. In N-treated plants, neither P nor S increased
reducing sugar concentration, but they increased total sugar,

INTRODUCTION

Addition of S to legumes grown at low S conditions is known to affect N
metabolism and protein synthesis'. Increased concentrations of P may improve
early establishment and function of nodules®, probably because of greater
seedling growth '8, Fertilization of forage legumes with P and S can improve not
only yield but also quality aspects such as concentrations of P, S and protein
N*2:3:17 "and sugar concentration®!5:1¢,

In a previous study with the forage legume Clitoria ternatea L., P and S
nutrition were found to affect nodulation, growth, soluble sugars and ctiolated
regrowth 2, Response to P was prominent in early plant growth while response
to S was greatest during regrowth after cutting. As both establishment and
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regeneration after cutting are essential features for management of perennial
forage plants, a better understanding of these nutrient effects is pertinent.

The aim of the experiment reported here was to assess effects of P and S
nutrition on composition of Clitoria ternatea L., and relate these effects to
differences in plant growth and regeneration after cutting.

MATERIALS AND METHODS

The experimental was initially a 4 x 2 factorial design in randomized blocks with four replicates for
each treatment. There were four levels of P (0, 50, 100 and 200 ppm, referred to as P,, P,, P,, P,
respectively) and two N treatments (inoculated with no N fertilizer, or 200 ppm N as NH NO,). All
treatments received a basal dressing of Zn and Mo. The soil was a Josephine loam (Typic Hapludult),
0-30 cm, as described previously 22, Clitoria ternatea seed were obtained from Sudan Ministry of
Agriculture, Khartoum.

Five seeds, scarificd with sandpaper, were planted in each pot containing 2 kg soil. In the
inoculated treatment, cach seed received | mi of a suspension containing 10* viable cells of
Rhizobium strain TAL173, obtained from the University of Hawaii NifTAL Project. Pots were
watered to field capacity by weight with distilled water as needed. One week after emergence, plants
were thinned to three per pot, and 100 ppm N was added to the + N pots. Another 100 ppm N was
added 10 days later,

Eight weeks from planting, tops were cut, oven-dried and weighed. One day after cutting, half of
the replicates received 15 ppm S us K,SO, solution, and all the + N pots received another 200 ppm
N. Then all pots werc watered 1o field capacity. Five weeks from the first cutting, all pots were
harvested again,

Tops were ground for analysis after drying and weighing. Percent N was determined by a
microKjeldahl procedure!?, nitrate with phenol disulphonic acid'!, S by sulfate reduction'® after
dry ashing with silver oxide*°, P by a molybdate blue procedure! ', and total and reducing sugars by
A.0.A.C. procedure®,

RESULTS AND DISCUSSION

Dry atter accumulation

In both cuttings, P treatment increased yields of both symbiotic arid + N plants
(Tables 1 and 2). The increases were progressive and significant over most of the
range of P addition in the first cutting. In the second cutting, the amount of P
required for maximal yield diminished to a level between 50-100 ppm. Similar
findings have been reported for some other legumes™ !'*. The shift in added P
requirement was not accompanied by decreasc in plant P and was not due to
exhaustion of S. It is possible that the root system became well established during
the first period of growth, hence the plant requirement for P was mainly for shoot
growth. In many instances yicld responses were paralleled by responses in P
concentration in the shoot tissue (Table | and 2).
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Fig. 1. Sulfur concentration in shoot dry matter, at first cutting (a), and sccond cutting (b).
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Fig. 2. Nitrogen concentration in shoot dry matter, at first cutling (a), and second cutting (b).
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Fig. 3. Percent reducing sugars (a), and total sugars (b) in roots + stubble from second cutting.
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addition of P up to level P, (Fig. 3a). Rendig and McComb'* found no
significant difference in the concentrations of reducing sugars in shoots of alfalfa
grown with various S ievels, but in a separate study'® they found that shortage of
S decreased the concentration of reducing sugar especially glucose in the stems.
The latter effect was detected through use of chromatographic ts ~hniques rather
than the regular Somogyi method used previously.

Total and non-reducing sugar behaved alike, hence, only otal sugar is pre-
sented in Fig. 3b. Addition of S increased total sugar contey . Fig. 3b), agreeing
with evidence thatit increased incorporation of **CO, into glucose, fructose and
sucrose®. Dry matter yield and S content for the second cutting correlated
significantly (P < 0.05) with total sugar concentration (r = 0.60 and r = 0.49,
respectively). Given S, symbiotic plants had almost 40%;, more total sugar than
+ N plants at any P level supplied. These differences between the two N levels
were significant (Fig. 3b). They might imply that large net consumption of
photosynthate for N, fixation'® is not universal to all legumes under various
growth conditions.

Symbiotic performance

Similarity of dry matter yields of symbiotic and + N plants in the first cutting
and general supcriority of symbiotic plants in the second cutting, suggests that
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lowered N concentration in the plant, probably because it eased a restriction on
protein synthesis'**'* and lowered the accumulation of soluble N&!3:16 jp.
cluding nitrate in this case.

Reduction of nitrate levels when P or S were added might also be partly
attributable to higher total sugar, as suggested by Wright and Davidson?!, in
addition to the major effect of dilution by the stimulated growth. Accumulation
of nitrate in + N plants suggests that rate of assimilation had not kept pace with
rate of uptuke. The values of nitrate in the top material from the + N plants
could be hazardous to livestock; they compare with lethal values of 0.6 to 3.5%
NO,~N quoted for other plants?!.

»ACKNOWLEDGEMENTS

This work was purtly supported by the U.S. Agency for International Development through the
University of Hawaii NifTAL Project.

Reccived 3 September 1979,

LITERATURE CITED

I Anderson, A. J. and Spencer, D. 1950 Sulfur in nitrogen metabolism of legumes and non-
legumes. Aust. J. Sci. Res. 3, 431-449.
2 Aadrew, C. S. and Robins, M. F. 1969 The cffect of phosphorus on the growth and chemical
composition of some tropical legumes. 1. Growth and critical percentages of phiosphorus, Aust.
J. Agric. Res. 20, 665-674,
3 Andrew, C. S. 1977 The effect of sulfur on the growth, sulfur and nitrogen concentration of
some tropical and temperate legumes. Aust. J. Agric. Res. 28, 807-820.
4 Association of Official Analytical Chemists. 1970 Methods of Analysis, 1 1th Ed. Washington,
D.C.
5 Bergersen, F.J. 1976 Physiological chemistry of dinitrogen fixation by legumes. /n A Treatise
on Dinitrogen Fixation 111, R. W. F, Hardy and W. S. Siler John Wiley and Sons, New York.
6 Chen, C. L. H. 1967 Assimilation of 14CO, by Medicago sativa leaves in relation to sulfur
nutrition. Ph.D. Thesis, University of California, Davis.
7 Fox, R, L., Nishimoto, R. K., Thompson, J. R., and de Ia Pénd, R. S. 1976 Comparative
external phosphorus requirements of plants growing in tropical soils, Trans. 10th Int. Congr.
Soil Sci. Moscow, U.S.S.R. 4, 232-239,
8 Gates, C. T., Wilson, J. R. and Shaw, N. H. 1966 Growth and chemical composition of
Townsville lucerne (Stylosanthes humilis) Aust. J. Exp. Agric. Anim. Husb. 6, 266-276.
9 Gates, C. T. 1974 Nodule and plant development in Stylosanthes humilis H.B.K.: Symbiotic
response to phosphorus and sulfur, Aust. J. Bot. 22, 45-55.
10 Hardy. R. W. F. and Havelka, V. D. 1975 Nitrogen fixation rescarch: a key to world food.
Science 188, 633-643,
It Johnson, C. M. and Ulrich, A. 1959 Analytical methods for use in plantanalysis. Calif. Agric.
Exp. Stn. Bull. 766.
12 Mckenzie. H. A. and Wallace, H.S. 1954 Kjeldahl determination of nitrogen: a critical study
of digestion conditions. Aust. J. Chem. 7, 55-70.






