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SUMMARY 

A greenhouse experiment on a silt loam surface soil (Typic Hapludult) was done to investigate effects 
of P and S on yield, quality aspects and sugar reserves in the tropical forage legume Clitoria ternatea 
L. Four levels ofP and two N treatments (NHNO. rs 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/kg at the second. Added S improved growth at suboptimal 
levels of P. At optimal P and S, symbiotic and + N plants yielded alike. 

Phosi 'iorus and S 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 synthesis1 . Increased concentrations of P may improve 
early establishment and function of nodules9 , probably because of greater 
seedling growth 11. 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 12,3. 17, and sugar concentration 6.15, 6. 

In a previous study with the forage legume Clitoria ternatea L., P and S 
nutrition were found to affect nodulation, growth, soluble sugars and etiolated 
regrowth 22. 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,, P2, Pp. P.,, 
respectively) and two N treatments (inoculated with no N fertilizer, or 200 ppm N as NH4NO 3). All 
treatments received a basal dressing ofZn and Mo. The soil was a Josephine loam (Typic Hapludult),

20-30 cm, as described previously - . Clitoria lernatea seed were obtained from Sudan Ministry of 
Agriculture, Khartoum. 

Five seeds, scarified with sandpaper, were planted in each pot containing 2 kg soil. In the 
inoculated treatment, seed received of a suspension containing 10'each I ml viable cells of 
Rhizobium strain TALl73, obtained from the University of Hawaii NiITAL 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 as K,SO., solution, and all the + N pots received another 200 ppm
N. Then all pots were watered to 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' 2 , nitrate with phenol disulplhonic acid ', S by sulfate reduction, ' after 
dry ashing with silver oxide 20 , P by a molybdate blue procedure' ., and total and reducing sugars by 
A.O.A.C. procedure'. 

RESULTS AND DISCUSSION 

Dry,matteraccumulation 

In both cuttings, P treatment increased yields of both symbiotic aid + N plants 
(Tables I 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 7' ". The shift in added P 
requirement was not accompanied by decrease in plant P and was not due to 
exhaustion ofS. It ispossible that the root system became well established during 
the first period ofgrowth, hence the plant requirement for P was mainly for shoot 
growth. In many instances yield responses were paralleled by responses in P 
concentration in the shoot tissue (Table I and 2). 
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r gmanagement of lerennial Ta1c 1. Effect of phosphorus supplied on dry matter yields (glplant), N0 3-N and phosphorus 
is pertinent. 

b.assess effects of P and S Phosphorus Dry matter N0%N -N %Phosphorus 
lrelate these effects to supplied, ppm yield 

Uii i . ," ' Inoculated 

ent6f ,'fects concentration of inoculatc ,iPd plus nitrogen plants (first cutting) 

0 0,13 0.64 0.09
 
9 50 0.27 0.51 0.14


.100 0.32 0.48 0.17 
200 0.54 0.62 0.19 

ized blocks with four replicates for 
PIp IM,referred to as P P P4, Plus nitrogen 

ror 200 ppm Nas NHNO,). All 001 .701osephne loam (Typic Hapludult), 50 0.24 0.96 0.14
obtained from Sudan Ministry of 100 0.35 0.68 0.18

200 0.51 , 0.66 0.20 
pot containing 2 kg soil. In the LSD 0.14 0.18/7•L,n i ontaining 10' viable cells of .<-, 020 .. . 
awaiiNiTAL Project. Pots were L.UI ,- 03 
One week after emergence, plants 
"Npots. Another 100 ppm Nwas 

Table 2,The effect of phosphorus and sulfur on dry matter yield (g/plant), NO -N and phosphorus
ed.,One day after cutting, half of content of inoculated and plus iiirogen plants (second cutting)

N ots received another 200 ppm


tAfirst cutting, all pots were Phosphorus Dry matter yield . N0-N XPhosphorus
 
supplied ppm
 

LSDt.0. 0.20 0.2.:/ 0.02.0 

Percent N was determined by a without S with S without S with S without S with S 
"I S by sulfate reduction' ' after 
and total and reducing sugars by Inoculated 

0 0.25 0.47 0.47 0.58 0,14 0.17 
50 0.58 "0.52 0.53 0.32 0.19 0.23 

100 . 0.49 0.57 0.47 0.38 0.25 0.26 
200 0.63 0.53 0.34 0.30 0.21 0.21 

' Plus nitrogen 
0 0.27 0.25 2.30 1,49 0.16 0.20 

50 0.33 0.62 1.79 1.34 0.27 0.31
100 0.47 0.54 1,71 0.82 0.30 0.27symbiotic and +'N piants 200 .' 0.52 0.54 t.18 0,78 0.35 0.27
 

ignificant over most of the 0.15 0.80 0.05
 
cutting; the amount of P LSDt 01 

I 0.21 1,09 
 0.06 
,cen,5O0-10O ppm. Similar.
 

....... added P
Thehiftin 
aint andswis not due to Sulfur, deficiency y.mptoms (chlorsis) were observed intte first growh 
me well established during period only in the highest-yielding, P, treatment, and the relationships between 
for Pwas mainly for shoot yields and S concentrations were inverse (Table I and Fig. 1). In the second 

ralleledby responses in P cutting, Sdeficiency symptoms appered at all P levels, especially in + N plants. 9 

9<:',Y :.esponded rs" to S only-at certain sub6ptiimal levels of P. 
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Fig. I. Sulfur concentration in shoot dry matter, at first cutting (a), and second cutting (b). 
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Fig. 2. Nitrogen concentration in shoot dry matter, at first cutting (a). and second cutting (b). 
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: of-
:ond¢utlno':, ,, .. - symbioticeplants. Indeed, without added S thie symbiotic p~lants outy ided the 

......~~~~~~ .............~~~~plants at most P levels supplied (Table 2) . . 

' :".... ,Inorganic N addition did not incr-ease yields of dry matter over that from 

[" N -: 

~ : yboiS " ",.. ' . - :? Tota l and nitrate N 

: ?: .Total N declie grddywt nraigPspplied to both symbiotican 
plants:(Fig. 2) T iontrasts w thrssofAndrew and Robins' where N 

,::,:i ,- ;symbiotic ]+Npmt . ,.,4.''. Fg ).hsc! :: t.45 ih. eu
.concentrations 

plus. N, tentaL iht havea tenfdency to accumulate N under growth-lirniting stress. 
: : •:L;. plants than insymbiotic plants. Adding P to 

..... in several legumes, were.. incr~ea'sed by P fertilization. Clitoria 

, .-. Nitrate was much haigher in +N 
: -+ N plants consisten~tly depressed their nitrate cocnrtin(ale1 ) 
- <"': , ....:In the regrowth, Saddition caused marked differences in total and nitrate N 
¢.<i'• - " ...... (Fig. 2 and Table 2). Total N concentration in symbiotic plants increased in 

';, 1 .,100o 200o : accordance with other findings Nitrate N wias slightly lowered. In + N 
pmrf plants, S caused a large decrease in nitrate, enough to account for the decrease in 
ing":an cutng() total N. 1,Accumiulation of nitrate in S-deficient plants has been reported t',(a seon 

-Sulfur and phosphorus
I Totalqaidenstrate. 

..' ' Inboth cuttings, increasing the supply of P lowered the S concentration in the ;shoots (Fig. la, b).Correlations between plant S and plant P were negative 

dutting: i.01 (r-=-.91, P < 0.0 1 in first cutting, r = 0.54, P < 0.05 in second cutting).
 
. Additon ofS in the second period increased plant S; but S concentration was
 

:. i: :.: ' . highest in the stunte~d zero P-plants,. "!-..
 
:
il ' LSD: Phosphor-us concentration in the tops increased with each increment or P 

:!':" /-" in the first Cttngcutin buutofiysupplied,nywith the first one or two increments in tile 
: i::p ':,':...:,.:..olus trat c ion dtic i....nts at the four ateN n a-second i andcutting (Table 2). There -weeno significant differencesoverin thaP conicen-..from 

....,: :)lusN+ in the se:onid czut with addition of P.symbiotic +SSbut .....concentratsymb it the + N plants generally had higher Pioticpan ts, and any pans of the first cutting. This is 
+consistent with the suggespion that theplants become, with age, betterable t 

symbiotic .05 

Concentratons ofreduc uar werelow,less than 0.5supp
indootsandStubbioeti 
..sy.. + NofNtred plantsni.and ere ed b redcingsgar2 iittleaffests or Sndycntrast, 

- plants,and hreiti nos andwith(a)adecndutiwas higher nsbic otai ieased withadditi 
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Fig. 3. Percent reducing sugars (a), and total sugars (b) in roots + stubble from second cutting. 

addition of P up to level P3 (Fig. 3a). Rendig and McComb 5 found no 
significant difference in the concentrations of reducing sugars in shoots ofalfalfa 
grown with various S levels, but in aseparate study "'they found that shortage of 
Sdecreased the concentration of reducing sugar especially glucose in the stems. 
The latter effect was detected through use of chromatographic t,,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 Sincreased total sugar conte:, Fig. 3b), agreeing 
with evidence that it increased incorporation of 1

4 C0 2 into glucose, fructose and 
6sucrose . 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 to is not universal to all legumes under various 
growth conditions. 

Symbiotic petrnance 

Similarity of dry matter yields of symbiotic and + N plants in the first cutting 
and general superiority of symbiotic plants in the second cutting, suggests that 
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,;J .': ,_.::.' :' ,:, ,the symbiosis- was: highly effective or thatit ori ternatea L., had difficulity. .: 
€ b,::i:. - '0 i .. utilizinig minerail N for bietter gr-owth even when S. wa s supp~lied.: The accumu : ii,: 

vi:; ? ; :..i..... "lation 
!i; : -::. LSD main-i. 

i . .:ieffelsn--S 
-: 

: .. 

of nitrate in tile tissue may in~dicate tihe latter. It psrecludes thie possibility
that N supply.to the plantswas limitiniginthe +N treaitments, especially since 

:upt!alke was'ever greater than 25% of the Naddedto the soil, and there,was no.
leaching.Highsymbiotieeffectiveness ofClitoriaternateaL.wasconfirmed in a 

sy biti +S sepaate sudy, where plants iocuated wih each f four iRhizobium strains' 

iii 
plus N+S 
plum Nlol 

(AI7,93,TL0NTL0)alotile
NH 4NO 3 (M.' G.zaroug,-unpublished)'. "" '1 

lnsgvn20pmNa 
L 

.. 

7;-,::. :-:!:: ,.." :Significance of effects oni composition 

- ,,-Concentrations of P in the shoots reflected the dominant effects of P-supply on 
growth. The nitrogen concerntrattion daita argue against any important direct 

pmOO -.. "oo "- effect of P on noeutlation (Fig. 2). For a given level of P supplied, the con:£:.: 
podcut,sugsstareaetoehneprtisytei'adndlto"In 

NpatS , : .v:..,.cenitration of P in the plant was gr~eater in the second cut, probably because of
ts +stubble from second cuttiing. better exploration ' 0fthe soil. Nitrogeni and S noticeably lowered plant Pat levels 

Pi:: 3-Pand P, in the second cut. This may indicate some antagonistic effect inuptake. 
ad. McComb" s found no izIt was not a result of differential onset of flowering, as found by Robinson and 
gsurgar~s in shoots of alfalfa Jones" 7 for Stylosanthes, because all P treatments flowered within a three day 

h Iyfound thatshortage of period when S was supplied. -,.. 
i al highest P level, P,. ]owerIed total sugar concentration (Fig. 3b). No firmguoe nte-tm.The 

torahic techniiques rather "• explanlationean be offeired,' but the effect has been observed before",2 Most other 
~~~~~effects , :°dilution by, increased dry matter., 

only, total sugar is pre- These include the decreases in total N, nitrate and S. • 
,ctnt Fig. 3b), agreeing: . Both S arnd N influenced soluble sugars. The increase in sugars due to S 

intluose, fructose and ' i 'addition was possibly simply a cornsequence of greater photosynthiesis'. The 
seod: cu~tting correlatedmd rieduction in sug"ar level by N-addition may have beeni due to increased root 

mvl(r=06an-:.r = 0.49, pro~duction and consequently a..greater sink for carbohydrate". Whatever the 
0 oettlsugar than" . reason fo'3r low e r su ga r in"+ N than symbiotic plants, it is inconisistent with the: 

-

• ~ of P were probably thie. consequence, of 

bctween the two N levels"  , 

larg nt co~nsumptiion of; k Ho wever, inClitoria ternatea L. as inother legumes, carbohydrate rese~rves in / ,
 
1.legum'es unider various: ; .,. nodules and roots may be important for sustaining nitrogeinas6-ractivity durinig :
 

: the night a~nd during per~iods: or low lighit intensity'.r Thle reserves are: also 
Si]mporFtant f'or r e ge ne ra tio n a f ter c u tt ing a nd for competitive effciency in mixed 

' :" ": <i.... " :;stanids.Tis may emphaisize the nieed for enhancZing rod reserves of storage:: ' 

iS , suppositionl that N,2 fixation lowers andisilimited by carbohydrate supply"O . : 

the firscutingTheplants, in increase in totaliN when symbiotic plants were supplied with S probably . 
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lowered N concentration in the plant, probably because it eased a restriction on 
protein synthesis 8 '5 and lowered the accumulation of soluble N8' 3 , , int6 

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 2 , 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 uptake. 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 3-N quoted for other plants2 . 
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