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Abstract

The effect of nitrogen fertilizer applied at the rate of 0 (No), 50 (N1) and 100 (N2) kgN/ha
on growth and dry matter accumulation in sicklepod [ Senna obtusifoligL.) Irwin and
Barneby] was studied in pot culture in sandy loam soil (S; pH 3.9) and silty loam soil (S;
pH 7.2) to understand itsgrowth behaviour in soilsof contrasting fertility levels. The studies
were completely randomized design. The growth parameters were evaluated at 14-day
intervals from 28 to 98 days after sowing (DAS). The potting soil, nitrogen fertilizer and
harvest period had significant effects (P < 0.05) on plant height, leaf area, total plant dry
weight and leaf dry weight. The soil x harvest period interaction was significant (P < 0.05)
for all growth parameters, while soil x N interaction was significant for only leaf area and
leaf dry weight. Theleaf weight ratio (LWR) decreased from 0.62 in S, and S plants at 28
DASt0 0.31 in & plantsand 0.37 in & plantsat 98 DAS. The relative growth rate (RGR)
and dry matter production (DMP) were high and more or less stable up to 70 DASwhen
they abruptly decreased. LWR, DMP and RGR varied significantly with the harvest period
of sicklepod. The soil had significant effect on LWR and DMP but had no significant effect
on RGR Nitrogen fertilizer significantly affected DMP, but not LWR and RGR. For all
growth parameters, nitrogen influence on plant was in the order of N2 > N1 > Np in the
marginal (1) soil. However, intherelatively fertile (S) soil the order was N2> N1 > No at
theearly growth stageand N1> N2> No at the late growth stage. Factor interactions were
not significant on LWR, DMP and RGR. The results suggested that sicklepod has rapid
growth and yield performance in both marginal and fertile soils, a quality that may adapt it
for use as green manure and fallow plant to restore the productivity of exhausted
agricultural fields. The rapidity of establishment is also implicated in its competitive and
invasive effects.
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I ntroduction
Though weeds constitute a great threat to agralltdevelopment, their ecological

importance in the protecton of agroecosystem andfalow management are wel-
recognized. The deep-rooting weeds serve as imufpamp’ to recycle mineral nutrients



leached to subsoil layers back to the topsoil whbey are avaiable for crop uptake
(Akobundu 1993). The exceptionally fast-growing deentercept rain drops to protect
the sol against erosion and prevent surface rn-dhey also intercept most

photosynthetic active radiation (PAR) to supprdss germination of other weed seeds
(weed-break) and smother the seedlings of othed vegecies (Holt 1995). Akobundu,

(1993) reported that deep-rooting weeds could bevigras interplant in the rows of tall-

growing, shallow-rooting crops lke maize and mi® smother other weeds, recycle
leached nutrients, reduce frequency of weeding emthnce soil organic matter content.
Sicklepod fenna obtusifolia (L.) Irwin and Barneby] which belongs to the famil

Leguminosae:Caesalpinioideae is one of such westesp

S obtusifolia is widely distributed in tropical Africa, occumgnon a wide range of soll
types and clmates. It is a drought-resistant pénthe dry forest and savannas and is
capable of survival on poor sois (Dupriez and Beter 1989). Patterson, (1993)
reported that the plant had maximum growth at cagperatures of 29-3&@ and night
temperature of 2&, whie day/night temperatures of 28/€1or lower reduced growth
by 50% or more. The plant is probably the o@snhna shrub with the widest range of
uses which include medicament, bee foraging, fodadeffee substitute, famine food,
poultry feed, vegetables, tanning, dyeing, greemunmgy and falow management (Yagi
et al., 1998; Awodoyin 2000).

S obtusfolia has been reported as the number one weed probline iproduction of
peanuts Arachis hypogea L.), soybeans Glycine max (L.) Merri.), cotton (Gossypium
hirsutum L.) and lima beanRhaseolus lunatus L.) in the United States of America and in
grazing land in Queensland, Australa (Teetnal. 1980; Wilson 1982; Elmore 1989).
Notwithstanding, it may be a potential green maramd fallow plant because of its rapid
seed germination, prolific growth and restrictealvéring/seeding period.

Despite the prevalence & obtusifolia in the fallow and agroecosystem of West Africa,
its biology and ecology are little documented. Aodounderstanding of the biology of
weeds is pertinent in the integrated weed manadewrmath exploitation of the useful
aspects of weeds in environmental protection, fpoolvision and fallow management. It
is the thrust of this study to investigate the dlowlynamics ofS. obtusifolia and its
response to nitrogen fertiizer application in sodf contrasting fertiity levels in the
Nigerian dry forest ecology.

M aterials and M ethods

The study was conducted using two types of po#doiy namely 100% gutter sandi1)S
and a 14 mixture of gutter sand/forest topsoi),(Sepresenting marginal and relatively
fertle sois respectively. 1S and S potting sois were loam sand and sity loam
respectively (Table 1). :Swas acidic (pH=3.9) and.Swas neutral (pH=7.2) in reaction
and fairly rich in essential nutrients. The studgswconducted in two trials that ran
concurrently for 98 days betweentlduly and 30" October 1998 in the crop garden
behind Department of Crop Protection and EnvirotaheBiology, University of Ibadan,
Ibadan (P24°N; 354°; alttude 234 m above sea level).
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Three nitrogen levels, 0 N 50 (M) and 100 (N) kgN/ha designated as control, low and
high N levels respectively, were evaluated as rveats in each soil type. A total of 72

plastic pots (4-L capacity, 20 cm top diameter aBdcm deep) were used for each trial.
Each pot was filed to 90% capacity with about &g air-dried soil. In each trial, the 72

pots were randomly arranged into three units with @bts each. The three nitrogen
treatments were randomly allocated to the threts.ufhe pots were arranged outdoor on
iron-net table to ensure air-pruning of the rodise pots were watered daily for two weeks
to ensure soil compaction.

Table 1. Some properties of the two experimental soils.

Gutter sand (1) Gutter sand/fore topsoil (%)

pH (H0) 3.9£0.04* 7.2£0.05

Organic carbon (9 0.49:0.04 3.0%0.06

Total N (% 0.06t0.01 0.3%0.01

Available P (mg/kg so 4.5#0.29 18.730.48

Exch. K (cmolkg 0.14+0.01 0.6#0.02

Sand (% 80.40.50 42.@0.39

Sitt (%) 10.2:0.35 48.60.43

Clay (% 9.4+0.63 10.@¢0.34

Textural clas Loam san Sitty loan

* (Values shown are meah S.E.; n=3).

The seeds 06. obtusifolia which were acid-scarified by soaking in conceattatbSQ4 for

10 min. were sown in the soil in each pot. At 14/sdafter sowing (DAS), the seedlings
were thinned to four per pot, an equivalence of plits/m that was encountered in
natural habitat (Awodoyin 2000). At this time, egudt received 0.25 g of N.P.K 20-10-10
that is equivalent to 2.5 kgN/ha, 12.5 kgP/ha ahd kgK/ha as basal dressing. At 28 DAS
and subsequently at 14-day intervals, nitrogeririerats were given as ammonium sulphate
(26% N). The control, low and high treatments respaly received 0 g, 0.38 g and 0.77 g
of ammonium sulphate fertiizer per pot, appledva equal splits. Each pot was given 500
ml water two times a week. The excess water drarfiefiom the perforated base of the
pots. Watering was withheld if there was rainfakhiw 72 hours.

Data Collection and Analyses

Prior to the application of each split of N fet at 28, 42, 56, 70, 84 and 98 DAS, four
pots were randomly selected from each treatmentautiave a total of 16 plants that were
assessed for plant height, leaf area and dry mattese primary data were used for growth
analysis to determine leaf weight rato (LWR), dnatter production (DMP) and relative
growth rate (RGR) according to the procedures adtiév al., (1971) and Hunt, (1982).

Leaf area per plant was estimated from the regressjuation:
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Yp = 3.94Mp - 45.96 (R=0.92)
where Yp = leaf area and Mp = pooled lamina lergjtthe six leaflets in each leaf.

The regression equation was derived from a prelyiranalysis of different models for
rapid estimation of leaf area using graphicalycdated leaf area and measured leaflet
length, leafiet width and their products for 12Qydfaxpanded leafiets (20 leaves). The
values were also pooled and regressed with thelateld leaf area (Table 2). For the dry
matter estimation, contents in each pot were edyatiel the root mass washed under water
to remove the soi. The plant samples were ovexddat 80C for 48 h. and weighed
separately as leaf and total dry matter. Analysisanance folowed by Least Significant
Difference (LSD) test at 5% level of probability ieeemployed to compare and separate the
means at the various periods respectively.

Table 2. Regression equations for nondestructive rapid estimation of leaf area in S.

obtusifolia.
n Regression equatic R?

Regression

Area vs leaflet leng 12C y=3.5962> 6.158: 0.90¢
Area vs leaflet breac 12C y=6.0161»5.216¢ 0.927¢
Area vs (leaflet length x breac 12C y =0.7646x + 0.657 0.98:
Area vs (pooled length of 6 leafle 20 y =3.9395» 45.96: 0.924«
Areavs (pooled breadth of 6 leafie 20 y=5.7908» 28.14¢ 0.983¢
Area vs (pooled length x breac 20 y=0.7986x + 1.561 0.994¢

Results

In the eroded gutter sand1fSand at all periods of assessment, plant perfarendoilowed
the trend N > N1 > No. The differences among the N treatments were haignyficant (P<
0.05) with regards to plant height, leaf area, tpdag weight at 42 DAS and throughout the
duration of the study (Figs. 1 & 2).

In the mixed soil (9 the N treatments followed the trend R N1 > No with regards to all
growth parameters considered up to 56 DAS, thobghdifferences among the treatments
were not significant. However, as from 70 DAS tlifeer@nces among the treatments were
significant (P< 0.05) and were in the order ™ N2> No.

The potting soils had highly significant effect €20.01) on the performance of the plant
with regard s to plant height, leaf area, leaf\agight, and total plant dry weight (Table 3).
The plants grown in mixed soil {Bwere better than those grown in gutter sand. (8lso,
irrespective of the potting soil at the N levelse growth parameters of the plant increased
significantly (P< 0.05) with progressive harvest time (Figs. 1 ajdilfibse $ plants were
better than Splants in their rate of increase. In all the past@ms (soil, harvest period and N
level), the main treatments were significantly edéint. The potting soill x harvest period
interaction was highly significant @0.05) for all the parameters (Table 3).
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The growth and dry matter accumulation followed $igmoidal curve (Figs. 1, 2a and b)
ideally exhibited by al biological systems. Thrg@wth phases that can be identified in the
curves were the lag phase that fell within 0 — 58SDthe exponential phase that fell within
56 — 76 DAS and the declining phase (when incrgasie had decreased) that started from
70 DAS and continued til 98 DAS.

Table 3. Effects of soil type, nitrogen level and harvest period on growth and leaf
weight ratio of S. obtusifolia.

Plant Total plant

height Leaf area Leaf dry dry weight (g) LWR
Treatments (cm) (x102 cm?)  Weight (g)
Experimental soils (A)
S1(gutter sanc 26.3( 2.21 1.1¢ 3.6¢ 3.7¢
S (gutter sand/forest  36.9¢ 4.2 2.7¢ 7.04 4.37

topsoil)

LSD o0.05 1.54 0.2¢ 0.2¢ 0.5¢ 0.1¢
Harvest period (B)
28DAS 12.4: 1.17 0.6C 0.9t 6.27
42DAS 21.3¢ 2.2¢ 0.8¢ 2.0C 4.4¢
56DAS 25.4¢ 2.8¢ 1.27 3.5E 3.4t
70DAS 35.07 3.7¢ 2.4¢F 6.8¢ 3.3¢
84DAS 44 .5¢ 4.45 3.1t 8.7< 3.5C
98DAS 50.8¢ 4.9¢ 3.5¢ 10.0¢ 3.41
LSD o0.05 2.6¢ 0.5€ 0.41 1.0z 0.32
Nitrogen levels (C)
No (Control 29.2¢ 2.71 1.5¢ 4.4z2 3.97
N1 (50kgN/ha 32.4¢ 3.4¢ 2.1¢ 5.8¢ 4.1z
N2 (100kgN/ha 33.1¢ 3.4¢ 2.1¢€ 5.8( 4.1z
LSD o0.05 1.8¢ 0.3¢ 0.2¢ 0.72 ne
LSD o0.05
AxB 3.7¢ 0.7¢ 0.5¢ 1.4¢ ne
AxC ns 0.5¢ 0.41 N¢< ns
BxC ns ns N¢< N¢< ns

DAS — Days after sowing
LWR- Leaf weight ratio
ns — not significant

In the two sois, the leaf weight ratio (LWR) wagghest at 28 DAS (50.624;
$:=0.623) but decreased steadiy up til terminateinthe study at 98 DAS when the
values were low (§50.313; S =0.367) (Fig. 2c). Dry matter allocation into tleaf was
high up to 42 DAS with LWR values of 0.461 and 0.4@r S and S soils, respectively.
Although the effect of nitrogen application was rsgnificant, the harvest periods and
the soll type significantly (< 0.05) influenced LWR (Table 3). The soil x harvpstiod,
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soil x N and harvest period x N interactions on LWiRre also not significant. In both
the Sand S plants, LWR did not folow any consistent trend amdhe application.

Table 4. Effects of soil types, nitrogen levels and harvest period on mean dry matter
production and relative growth rate of S. obtusifolia.

DMP RGR
Experimental soils (A)
S1 (gutter sanc 1.1¢ 3.1¢
S>  (gutter  sand/fores 2.4¢ 3.4t
topsoil)
LSD 0.05 0.41 Ns
Harvest period (B)
28-42DAS 1.0¢ 5.37
42-56DAS 1.5 4.1z
56-70DAS 3.34 4.6C
7C-84DAS 1.84 1.51
84-98DAS 1.3¢ 0.94
LSD 0.05 0.6t 0.7
Nitrogen levels (C)
No (Control 1.32 2.91
N1 (5CkgN/ha 2.0¢ 3.4¢
N2 (100kgN/ha 2.0¢ 3.5¢
LSD 0.05 0.51 Ns
LSD o.05 (Interactions)
AxB ne Ns
AxC ne Ns
BxC ns Ns

DAS - Days after sowing
DMP —Dry matter Production
RGR — Relative Growth Rate
ns — not significant

In the two sois, DMP increased progressively wilant age up to 70 DAS and
decreased thereafter (Fig. 3). The s®il gave significantly (P < 0.05) higher DMP than
the S soll (Table 4). Nirogen application had a sigaifit (P< 0.05) effect on the DMP.
In S the effect of N applicaton on DMP apparentlydised the trend BBEN1>No. Al
the factor interactions were not significant (Tadbje

In the two potting soils, RGR was almost constgnttas 70 DAS and decreased sharply

thereafter (Fig. 3a). Only harvest period had feignt (P < 0.001) effect on RGR. The
soil and N treatments, and all factor interactiiasl no significant effects. Although N
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application had no significant effect on RGR, thend at the later growth stages was in
the order N> N1> No for S soilland N > N2> No for & soil.

Discussion

Senna obtusifolia responded positively to increasing rate of N liti applicataion in
marginal soil (). In the more fertie soil (§, addition of low rate of N fertiizer (N
benefted the plants more than the high ratg).(Nhe N plants grown in mixed soil ¢p
grew and accumulated dry matter as much agplahts grown in § soils. This suggests
adequate supply of N in the fertile soik)SSince N is highly mobile in the soi, most of it
could have been leached out of the gutter sancexpected, $being loam sand with low
organic carbon content had a high rate of N losge v, sity loam with high organic
carbon content had a relatively low rate of lossgaic matter is known to make N
available to plants gradualy over a long perioddbsorption by the plant (Sanford 1981).
Working on soils in the Nigerian derived and guissaannas, Isichei, (1979) obtained a
high correlation (r = 0.98 at 0 - 15 cm; r = 0.83@ - 40 cm depth) between percent organic
carbon and nitrogen. The higher nutrient statupeasally N and P, in Scompared to 5
may explain the observed significant differenceshiir effects on growth and dry matter
production.

The leaf weight rato (LWR) is a function of theraségic allocation of net primary
production between leaf and other parts of thetplarhe decreasing LWR with plant age
may be due to translocation of photosynthates fe@ves to other plant parts. The influence
of leaf senescence resuling partly from self-sftads also strongly indicated. Leaf
senescence is aggravated by the withdrawal of masents to the flower primordia that
form active sinks in the late growth stage of alsnu@he consequence of this is the
reduction of assimiate production leading to ardase in both RGR and DMP. The
increase in height and other plant growth parasetdgth age in this study agreed with
previous reports of Rashm al., (1995) onCassia tora (S. obtusifolia) and other selected
weeds. From their findings, RGR &. tora increased up to age 3 months (90 days).
However, in the current study RGR was high and naordess stable up to 70 DAS but
decreased thereafter. Under greenhouse condBisasmoset al., (1997) reported that the
relative growth ofS. obtusifolia decreased quickly until 63 days after emergendeejand
thereafter maintained a low and constant rate Lftl DAE.

The DMP is essentially an expression of the Bactf the assimiate that goes into
structural plant development (Kvet al., 1971). In the current study, DMP increased up to
70 DAS and decreased thereatfter in the two sastyp

This trend may explain the exponential phase oftp@iowth exhibited up to 70 DAS
and the subsequent declining phase. The observedthgrphase may explain that
allocation of assimiates favoured structural fdioma up to 70 DAS, but beyond it
favoured respiration and other catabolc actviiesluding the displacement of leaves
for maximum reception of solar radiation for phgtikesis and floral initiation. The
declning DMP may be due to a reduction in phottt®tic production as ageing leaves
lost their assimiatory abiity whie the assindleg power of the young leaves were stil

50



low. In very early studies, Briggg al., (1920) reported that the assimilatory power of the
young leaves for some time after their appearacedigibly small.

It is evident in the study tha® obtusifolia has rapid growth and biomass accumulation
in both marginal and fertile soils. If the plantnche well managed to avoid seeding and
hence infestation of soil seed bank it could beduse green manuring and fallow
establishment. The rapidity of its establshmentingplicated in its superior competitive
abilty with some crops and may also have invag¥fect on natural ecosystem.
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