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7 EI‘FECT OF COMBINED NITROGEN ON GROWTH AND
NODULE PUNCTION OI‘ Puerana phaseoloides ‘

. C. K '»]ayasmghe _& D. S. Wettasinghe - |
'smvnvmnr |

Nodulanon and nitrogen flxanon rates of most of . the legumes

- are reported to be severely affected when they are grown in soils high

in available nitrogen. Furthermore. this phenomenon may become -
more critical when legumes are grown in' multiple cropping systems

. like Pueraria phasecloides in rubber plantations where nn legu_me
- counterpart is feruhzed thh mtrogenous fernhzer

_ Results of experlments conducted in seedlmg agar to find’ the
effect of nitrogen on growth and nodule function of P. phaseoloides
showed that nodulation of P: phaseocloides was inhibited at a concentra-

tion between 24 4 and 44.8 ppm nitrogen in the form of NH, NO;. In

pot experiments, both nodulation and mfrogenase activity of P. phaseo-

- loides declined significantly (P < 0.05) beyond the addition ‘of 70 ppm
nitrogen as NH, NO; to the Agalawatta series soils (pH 4 3; orgC'2.22% ;
“Total N.0.26%) and completely inhibited at a concentration around 140

ppm N.  However, dry matter production- contmued at-a maximum rate

‘of :140.ppm N depending -totally on available soil’ mtrogen mdlca'ung
- ‘that combined.: nitrogen -and nitrogen fixation were complementary in

meeting the nitrogen réquireménts of P. phaseo]o1des It -‘was. also
pointed out that Soil Chemists- should be’ cautious when recommendmg

. _.nitrogenous fertilizerto Hévea plantations as there is no advantage from
- . nitrogenous fertilizer in-promoting nittogen fixation of P. phaseoloides.

-On the other hand h]gh levels of mtrogen had an mhxbnory effect.
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- INTRODUCTION

' The need to comserve the ‘soil" agamst eros1on ‘and to assist. in

-mamtammg ‘the femhty led to the traditional practice of- mtroducmg
© leguminous-cover crops to the rubber planta’oons in Sri Lanka, the” most
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popular and widely grown cover crop bemg Puerana phaseoloides
(Roxb) Benth .

Inorganic (or available) nitrogen, applied as fertilizer or present
in the soil itself through mineralization is referred to as combined nitrogen.
The effect of combined nitrogen on nitrogen fixation has been discussed
by several investigators (Franco, 1977; Gibson, 1976; Norrisjand Date,
1976 ; Kanehiro et al., 1983), and from their findings it could be concluded
that there are three possible results of the inorganic nitrogen supply on
nitrogen fixation viz. stimulatory effects neutral effects and 'negative
effects.

Low levels of combined nitrogen, especially 'when applied as
a "‘starter” fertilizer at germination, frequently stimulates plant growth
and enhances nodule mass and nitrogen fixation. (Pate and Dart, 1961;
Dart and Wildon, 1970; Dart et al., 1976; Summerfield et al., :1977;
Agboola, 1978 Huxley, 1980 ; Minchin et al., 1981 ; Eaglesham et al., 1983).

On the other hand when most of the legumes are grown %1 ‘soil
high in available nitrogen, the nitrogen fixation rate is severely_ affected

This has been demonstrated as far back as 1917 (Wilson, 1917g cited by.

Franco, 1977) and more recently by Munns (1968), Dart et al. (1976)
Eaglesham et al. (1983), Miller etal. (1982) and Graham and Scott (1984).

Inhibitory effects of high levels of combined nitrogen are signifi-
cantly important in tropical soils as warm temperatures and moist condi-
tions generally favour rapid nitrification if soil pH is favaourable (Kanehio
et al,, 1983). - Some tropical soils with a high level of NO;-N ranging
_ from 18 to 400 ppm have a marked inhibitory effect on nodulation of

legumes (Norris and Date, 1976). Furthermore the phenomenon of
high background soil nitrogen maybecome more critical when legumes
"are grown in mixed or multiple cropping systems where non-legume
counterparts are fertilized with nilrogenous fertilizers. For instance,
approximately 100 kg of Nha'Y' is recommended for Sri Lankan
rubber plantations during the immature period of tree growth (first 4
years) where lequme cover crops are also grown extensively.

The degree of inhibition appears to vary with several factors,
but the most critical factor is the concentration of combined nitrogen.
For example, it has been shown with plants which were grown in agar
that 6 ppm nitrogen as nitrate (Norris and Date, 1976) and 15mM nitrate

" (Dazzo and Truchet, 1984) inhibited the nodulation- of clover and 20 mM.
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nitrate inhibited the nodulation of pea (Diaz et al., 1981)- Dart and: Wildon,
'1970 showed that nitrogen concentrations such as 240 ppm pot’ ' reduced
the nitrogen fixation of Bradyrh17obzum legume symbloses Further
it has been reported-that. there was no advantage in the apphcanon of
nitrate in promoting nodule mass or acetylene rediiction activity in three
cultivars of cowpea in Texas (Miller et al., 1982). With * regard to

Vigna radiata and Vigna.mungo, nitrogen fixation of both: crops was .
-reduced with the addition of. combined ‘nitrogen, resultmg in wrtually‘

no ﬁxauon at 80—100 kg of N ha" as NH, No3 _

v g The 1nvest1gatlons reported in this paper were des1gned to find -
(a) whether the fixation process under the influence of 1nd1genous micro-

biota and mherent soil " nitrogen can: fulfil the nitrogen requirements
fori maxrmum growth of P. phaseoloides and (b) effect of fertilizer nitrogen.

.on. nodulauon and mtrogen flxauon of P. phaseo]ozdes dunng -early
, growth ' ,

MATERIALS AND METEODS .

; Experiments in Enclosed Tnbes

N

P phaseolozdes was used as the test plant and grown- completely

w1thm cotton—plugged test tubes (4>< 21 cm) on 40 ml agar slopes under -
stenle condmons S o . o - |

T

o l?feparaﬁoﬁ of medinm éﬁd'plantihg

Seedhng agar was prepared as 1nd1cated by Iensen. 1942- andr

Gibson ‘1980 and different concentrations of ammonium' nitrate  were

.added to obtain final concentrations of 0, 0.7, 1.4, 2.8, 5.6, 11.2,. 224 - -
44.8,89.6, 179.2,'358.4, 716. 8 and 1433.6 ppm N. ~ Tubes were autoclaved -
© (15psi, 120°C at 20. mnts) a.nd sloped with the top of the agar half way -
up the tube ‘ ‘ : , v .

A01d—treated seeds (Wa'dyanatha & Anyaratne 1976) were.
germtnated on water- agar and mtrodouced on to the -slopes. - T_here
were four* rephcates per treatment

sy
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III Inoculation and maintenance:

—

- Each seedling was inoculated with one ml (around 10°® bacteria
ml™') of 7-day old Bradyrhizobium CB 756 culture and tubes were
maintained in the glass house.

IV Harvestin :

The plants were harvested approximately 6 weeks afier establish-
ment. The tops were dried in an oven at 80°C for two days: and
weighed. Wet weights of the nodules of P. phaseoloides were recorded
as the dry nodules were too small to weigh.

Experiments in Pots

I Test plants and soils: .

P. phaseoloides, were grown in Agalawatta series soils (pH 4.3;
Org C 2.22%; Total N 0.252%).

1I Preparation of pots

Test plants were grown in 5 kg of soil using polythenelined pots.
Basal nutrients (brockwell, 1980) were pipetted on the soil surface and
allowed to dry. Different concentrations of .nitrogen were obtained
by adding solutions of NH, NO,; equivalent to 0, 17.5, 35.70, 140, 280,
560 and 1120 ppm N. (Beyond concentrations of 140 ppm, NH, NO,
was added in smaller quantities as 140 ppm N once a week to reach
the required concentration). = When all the solutions had dried the
nutrients were mixed throughout the pot by shaking 50 times in a
polythene bag. Distilled water was added to bring the pots up to
80% field capacity. There were eight treatments for each test species
and each treatment was replicated four times to give 32 pots.

III Sowing : . . .

About 10 acid-treated seeds were planted in each pot at about
2 cm depth.
IV Maintenance

Pots were maintained in the glass house '(28 4 4° C & 70-80%RH)
In a complete randomized design. Two weeks after, they were thinned
to two plants per pot. : '

(10)
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v Harvesting

3

Plants were harvested approxunately 2% months after sowmg

4Tops were removed and: dry matter yield was determmed after oven -

drying.the samples at 80°C for:2 days. - Nltrogen content was measured

. using: semi-micro Kjeldahl dlstlllatlon c

Acetylene reduction act1v1ty was measured’ in root systems w1Lh

' intact nodules -using’ four . hotir- “incubation perlod ‘as “some treatments -

, "‘y1e1ded a-very'low fodulé.mass. Separation of acetylene and ethylene
" was achieved on a Porapak N glass' colomn (80-100 meésh) run at 100°C
~ina Packard Model 642 chromatograph with a hydrogen flame ionization

~ detector. The -temperature of the injector and detector were 130°C’

and’ 190°C respectively. One mllhhtre ‘samples were used for analyucal

- _purposes Four rephcates were used for each test plant

RESULTS AN’D DISCUSSION

Experiments in Enclosed Tubes_ ‘ " f. o )

I was found that nodulatlon of P phaseolozdes was 1nh1b1ted at -

a concentratlon between 24 4 and 44 8 ppm N-as NH4 N03 in seedhng

agar (Table 1)

ot

Plant growth contihued:- at an mcreasmg rate up to 1792 ppm N
~and growth wag reduced thereafter wnh toxic symptoms Table l)

A

Effect ol‘ Femhzer Nltzogen on P phaseolmdes G:own in Pots

: The maxunum dry matter yleld was produced when the plants
were supphed with 70 ppm N as NH, NO;: - Thereafter, the ‘yields:

. continued: to drop with the further supply of nitrogen, and at a concen-.

tration’ of 280 ppm- N a s1gmfloant (P<0.05) reduction was observed

| ‘ 4compared 16 the optlmum nilrogen concentration for plant growth ‘The "
dry mattet yield was drastically reduced when plants were supphed
- w1th llZO ppm N (Flg la). . o

The .addition ‘of mtrogenous fertlhzer to the expenmental soﬂ
had 1o effect either stimulatory or ‘inhibitory on both nodulatlon and
mtrogenase act1v1ty until‘a-concentration:of abouit 35 ppm N was added
‘as NH, NO;:/ - However,* nodulation and’ mtrogenase activity declmed
s1gn1flcantly (P <0.08) beyond ' the addltlon ‘of 70 ppm N- and comple-v
tely mhlblted at a concentrauon around 140 ppm N (Flg b ‘& lc) '

(11)t
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It is interesting to note that even though nodulation and nitrogenase
activity were negligible around 140 ppm N; the dry. matter production
continued at a maximum rate depending totally on available soil nitrogen
indicaling-combined nitrogen and nitrogen fixation were complementary
in meeting the nitrogen requirements of P. phaseoloides (Fig. 1).

There was no significant effect on nitrogen content of Pueraria

until 280 ppm N was added to the experimental soils. Beyond this-

level the percentage nitrogen in the plant responded posmvely to the
addition of nitrogenous fertilizer (Flg 2a).

The results of the experiments have shown that exisitng symbiosis
under inherent combined s6il nitrogen in experimental soil was func-
tioning at a maximum capacity;.and it could not be further stimulated
by addition of ‘'starter" mtrogen These observations differ. from
the findings of Dart and Wildon.1970, Dart et al, . (1976) and Eaglesham
et al., (1983) that low levels of supplemental nitrogen may enhance
nitrogen fixation. The dlscrepancy might be. due, to the type of host
plant and to dlfferent concentrauons of mtrogen in experamental soils.

However, the findings of this study clearly indicates that there
is no advantage from nitrate application in promoting nitrogenase
activity in P. phaseoloides; rather, high levels had an inhibitory
effect. Hence, scientists should be cautious when recommending
nitrogenous fertilizer to Hevea brasiliensis in Sri Lankan rubber planta-
tions if efficient atmospheric. nitrogen fixation is expected
from the cover crop, Pueraria phaseoloides. The same trend was
observed for some cultivars of Vigna unguiculata by Miller et al
1982.. The inhibitory effects of heavy doses of fertilizer nitrogen have
been shown by several investigators for- bradyrhizobia symbioses
including Dart and Wildon (1970), Ezedinma (1964), Dart et al., (1976)
- and Eaglesham et al., (1983). It is difficult to make a comparison on

inhibitory or. stimulatory concentrations from available literature as

~most of the investigators have not. stated. the . existing combined
nitrogen levels of the experimental soils. '

Although the dry matter yield was significantly (P <0.05) reduced

" beyond 280 ppm when compared to maximum growth, the total nitrogen -

of the plant was not affected even at a concentration of 560 ppm N
(Fig. 2b). The high nitrogen content in. plant tissue.at these concen-
trations must have contributed to-this. However, it appears thatHla

concentration around 1120 ppm N as NH, NO, was toxic to P. phaseo-
loides. ' ' "
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Table 1. Effect of nitrogen on growth and nodulation of.

P. phaseoloides grown in seedling agar.

N content . A;Dr'y matter yield " Nodule wet weight
(ppm) (mgjplany) - .(mg/plang
0o 33 N 4_.8‘

01 315 | 5.1,

14 8. .. 88
28 Y'Y 44
58 - o se1 s
nz . a2 5.2
24 4638 a4
us . 465 U W
86 w6 . N
1792 o 53._2 NN |
34 | 28 NN
716.8 VP NN
4336 o mN

* S1gmf1cance of treatment
difference :

1SD 6% ‘nr
VP very poor growth ,—could not estabhsh the plants NN no nodules.
*P>0.08. .
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Figure 1. - Effect of fertlllzer nitrogen on growth (a),- nodulation’ (b)
‘and acetylene reduction (c) by P. Ehaseololdes grown in pots
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