View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by CiteSeerX

Nigerian Journal of Agriculture, Food and Environmh&(2):10-18
Published June, 20011 Essien, 2011

ROOT GROWTH AND MOISTURE UTILIZATION BY COWPEA (Vigna
unquiculata) GROWN ON CRUDE-OIL POLLUTED SOIL

Essien, O. E.

ABSTRACT

Department of Agricultural and Food Engineering, University of Uyo, P. O. Box 4309, Uniuyo Post Office Uyo.e-
mail: toessien@yahoo.com

Daily and cumulative root elongation (Re) and crop evapotranspiration (ETa) were quantified and regressional relationship
was established in an experiment on cowpea (vigna unquiculata) grown on soil polluted by crude-oil in comparison to those
grown on unpolluted (control) and remediated soils. Direct measurement of crop consumptive use (ETa) by soil moisture
depletion and root elongation by conventional measurement of roots of seedlings was carried out at weekly intervals for five
weeks after emergence (WAE). Descriptive statistics, correlation and regression, as well as curve fitting to establish functional
relationships were processed using SPSS ver. 17 package. Exponential regression function (R2 = 0.96) fitted root elongation-
vs-ETa association for vigna unquiculata grown on unpolluted and remediated soils while linear function (R>= 0.927) fitted
crude-oil polluted soils. Degraded soil reduced the plant water use capacity of vigna unquiculata to transpire in the 4™ and 5™
WAE when flowering and leaf maturity have occurred, and also stunted root growth. The peak growth rates of cowpea root
were 3.72 and 3.18 (80%) cm day™ in unpolluted and remediated soils respectively and reduced to 0.43 cm day™ (12%) in
polluted soil.

Keywords: Root elongation, water use, cowpea, crude-oil polluted soil, exponential relation.

INTRODUCTION

Adequate available water in the soil, in qualitydagquantity, offers resourceful environment undegizen
atmosphere for sustainability of plant growth. ©¢ mount of water consumed by crops only aboutpeneent
is used for fluids in the plants while the resuged to control the heat of the plant, that issdatsfy the crop
evapotranspiration (ETa) under the ambient envieminfMichael and Ojha, 2006; Seckler, 1996). TitiEa
requirement depletes available water requiremenictwldistresses plants growth. However, no appréeiab
reduction in water use takes place until soil moistdepletion reaches a critical point that avédakater no
longer supports crop consumptive use (ETa), whidical points depends on soil and crop type, wapeality
and climate (Feddest al, 1978).

Roots is one agent of bioturbation or soil ecosystagineer (Moreirat al, 2008) which while extending itself to
provide anchorage, follow the interstices in thé as the path of least sliding resistance to prtiee soil for
water, soluble nutrients and oxygen in the soilsepspaces, and enlarge the pores as they elorigate.
extraction of soil water has a definite patternpetaling on soil type which requires them to eloagatreach
moisture in the depth of the root zone. Thus theytlae main factor limiting the complete utilizatiof soil water
by crops (Zhanget al, 2004). Thus in an adequately watered soil roowin sustains plant growth under some
root-to-shoot ratios. Where and when the availaldéer in the soil is distressed while the environtabwater
demand (potential evapotranspiration, ETo, whiclaligays there and of which ETa is a factored pridpoy
subsists, then soil moisture suction (or soil moistdeficit level) may reach below the atmospheesgure to
permanent wilting point or eventually to plant dedtthe drying condition in the soil persists. Geuoil spillage
on agricultural soil has effect similar to soil ohy. It blocks the soil pores with its large hydhopic
hydrocarbon molecules, which being denser than rwatel air, expel them. These actions reduce water
availability and create anaerobic condition in #@l pores which causes soil bacteria to biodegihéeoil
hydrocarbon bonds, releasing carbon and carborngashe pores of the rootzone soil, thereby cayisiarbon
dioxide toxicity, soil drying and gradual wilting plant to its eventual death (Amakiri and Onoteghd 989;
Abii and Nwosu 2009; Essien and John, 2010). Qedeops, especially grasses, vegetables and anangalsery
sensitive to soil moisture stress and chemicakttyx{Suresh, 2008).

Vigna unquiculata is edible economic crop and its growth varies wititer/nutrient availability. It is known that
toxicity in soil blights cowpea root against growupta and Gupta, 2008). The seeds, the podsrdedies are
consumed as green vegetables or for pasturageghsiyage, and spicy staples like “akara” and “rmoimin” are
made from it. The seeds geminate as epigeal wotht $aproot and a later with lateral roots nearghil surface;
the length of the reproductive period varies, thdier cultivars taking 30 days from planting tovilering, and
less than 60 days to mature seeds (Grubben andme@04; Duke, 1983; Shackletetral, 2009).
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If water is highly polluted, it cannot offer anyeuso crop and the effect of blending with more tiiln water
cannot be valid for highly toxic substances suchesvy metals (Kopittket al, 2007). Therefore planting these
soil water- sensitive-crops on crude-oil polluteil shay enable root response to tension in rooewatilization
to be observed early. Kopittket al (2007) found that within 13 days after emergemtesmical (heavy metal)
toxicity in soil was able to affect adversely rgoowth in plantVigna unquiculata plant if cultivated under rain-
fed or in dry season under ample irrigation cooditilowers and matures in a short period of 30 -d8¢s for
some earliest cultivars (Grubben and Denton, 208 )such early detection of environmental stregstdusoil
moisture availability problem that could offset tepected economic advantage of cowpea would nedzb t
detected early. Therefore, this investigation ¥dtius on the early growth stages of the crop ajéemination in
order to detect early any distressed performanaentiay warrant early arrest or soil amelioratiots0®ETa have
been numerically simulated using root water uptéddyambayo and Potts, 2009) and such a functional
relationship will be obtained for further reseancto ETa — root growth in degraded soils.

Therefore the objectives of the study were: (1).mMeasure and evaluate crop water use (represept&d &)
through soil moisture depletion and root growthpmsse for vigna unquiculata planted on crude-diluped soil
and compare with its performance from unpollutei; $8).To establish any metric relationship betweeot
growth performance and water consumptive use uthéetdefined soil conditions in the same environment

MATERIAL AND METHODS

Root elongation (Re) and crop evapotranspiratiofajBvere determined by Laboratory experiment onpsasn
of representative soils. Soil samples were taketh 8bil auger and carried in black polythene bagf S
Laboratory, University of Uyo for laboratory measment of moisture content, soil bulk and dry déesiand
porosity in the usual methods (Liu and Evett, 2000)

Laboratory determination of crop evapotranspiration

Actual evapotranspiration was determined as cropswmptive use using soil moisture depletion measent
and evaluation (Michael and Ojha, (2006).

Three empty sterilized containers of equal dimemsG)cm diameter by 30cm depth, were weighed dretl fi
with the unpolluted soil samples to three-quarntdly then reweighed on a top loading weighing scBlean seeds
(Vigna unquiculatal) were planted on two of the containers (B and @) @fowed to germinate. Equal volume of
water was added to the containers while two of t{iBrand C) were polluted by the addition of crudeaad re-
weighed ensuring that the two containers (B anadd@jied equal weight. Container A was the ContBalfore
planting in container C, the polluted soil was teglawith chemical degreaser/detergent to reclaenstil, hence
it was considered as remediated soil. Daily weightye recorded and the depleted water was regularly
replenished and the quantity noted. The changeeight between the successive weekly measuremerstshsa
loss of water and was regarded as crop consumpsi@eor crop evatranspiration loss. Also, soil moestcontent
was determined by the usual standard (Liu and E28€0) and the change in moisture content withinweekly
period was the depleted available water and eguata (Michael and Ojha, 2006).

M easur ement of elongation of roots

After germination (five days), water was topped apd fertilizer added, then a further three dayssed before
measurement of root elongation commenced. To aelitd@s, some seedlings from each container weefudbr
uprooted so as not to break the roots and theHsrgfttheir tap roots were measured with threadraette rule;
then the average taken. Measurement was taken yéaklfive weeks to cover period from germinatian t
flowering (Grubben and Denton, 2004).

Water deficit in plant

The leaves from the uprooted seedlings were cutddiately and weighed; then placed in an oven tcatli80C
for 24 hours. The difference between the wet agdadright gave the average water deficit in the.leaf

Data analysis

Mean, range, standard deviation (Sd) and covarig@vg were computed using statistical package SR337.
Linear regression analysis, coefficient of detemation between root elongation (Re) and ETa, cadimla
ANOVA and significant differences and paired samjgst between values from treatment and contrdk.soi
Curve-fitting for daily ETa and Re, and between &l ETa were performed using the same SPSS ver. 17
package.

NJAFE VOL. 7 No. 2, 2011 11



Nigerian Journal of Agriculture, Food and Environmh&(2):10-18
Published June, 20011 Essien, 2011

RESULTSAND DISCUSSION

Daily crop evapotranspiration, ETa

Fig. 1 shows graphic waveform of the daily ETa \bgna unquiculata for the period from 1-5 weeks after
emergence (WAE).The waveform is made up of two aamepts: the stud or base and the wavy spikes or saw
toothed top
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Fig. 1: Daily Variation of ETa with time by. unquiculata grown on crude oil polluted, remediated and cdntro
soil.

superimposed on the nearly constant base. The mdgnof the spikes is the sum of top width and diach
deviations. Thus,

Daily ETa = (uniform base + mean of ripple portiangtd deviation from the ripple mean. 1)
The two components vary significantly (p<0.01)) foop performance on the three soil treatments. ddiby
deviations from the maximum evapotranspirative (&g Emin) Was equal to 3.2 mm for the control, 4.2 mm for
the polluted soil and 1.4 mm for the remediatedssdihus, the highest deviation (4.2 mm) showed tha
highest fluctuation in water loss was from the pi@tl soil, while those for the control / and renagelil soils
showed the lowest. The band width of the top ripplas 6.2 mm, 4. 8 mm and 7.9 mm for crops on Uuieadl,
polluted and remediated soils, respectively.

Given Eqgn 1 above, the daily ETa on each soil tneat varied numerically as follows: daily ETa i6Z + 0.04
cm for unpolluted soil, 7.48 + 0.08cm for pollutedil and 7.79 + 0.04 for remediated soil (Table 1).
Comparatively, the widest ETa deviation (+ 0. 08 @n0.36 — 0.78 cm, Table 1) confirmed by its widg¥ of
17. 70% (Table 1) was from crops grown on the critlgpolluted soil, eventhough it recorded the teas
consumptive use of soil water. Obviously, this vgiddeviation shows unsteady fluctuation of watguota or
ETa; the least consumptive use shows that wateibitidn by root was hindered or highly depleted.isTmay
happen when toxicity has developed in the soileteerse or constrain water imbibition or, when saditer is
drying up thereby imposing suction stress at trergys-limited stage of soil water withdrawal. At thmoint, the
hydraulic transport of water from subsurface to Huodl surface was unable to supply water demanthet
potential evaporation rate, assuming sparsely-eaver bare soil at the early stage of the cropctiét and
Johnson, 1990).

The lower volume of soil water and dry density inde-oil-polluted agricultural soils (Table 2) shkbbe noted

in this respect. Also the percentage mass of pleater was very low in the crop planted on the deégdasoil;
transfer of water from root to shoot was highly aipd occasioning a comparatively low mean valuealy
consumptive use to be registered (Table 2 andIF)g.The mean ETa amplitude was about the samieeiri $t
and 2% WAE because, at that stage, foliage cover wassspamd ETa mainly evaporation component from the
soil at energy—limited stage (Ritchie and Johnd®@90). But from the @ WAE, when ETa moved to the soil-
limited stage, marginal differences in amplituderevebserved between ETa from the polluted soil gnude
from the control/ and remediated soils, where nuoéstcontent was also slightly but significantly €p0. 05)
higher than in the polluted soil. This effect axilg ETa was observed throughout the early stagegawth of
Vigna Unquiculata. For the observed period of 6 decades (about 5 Wikie daily amplitude of ETa, for crops
on polluted soil, was reduced by 4.0mm, from 7.@84in the & to 4" WAE to 7.384 cm in the"4to 5" WAE
(Fig 1). This daily ETa is soil-moisture dependeévibisture content (m.c) in crude-oil degraded-sals low at
7.04%, which was 40% less than 11.7% in the cospibland 25% less than the level in remediated(8c610%).
Thus a maximum loss of 40% in soil moisture resulil®m soil drying effect of hydrophobic hydrocarbo
molecules of crude oil on agricultural soil.
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Water deficit in plant leaves

All plants transfer far more water from leaves be tatmosphere than the water they contain (Seddé6;
Syvertsen and Hanlong, 2008); therefore, the lolwevaf ETa from crops on polluted soil in the eastgiges of
growth, especially in the"45" WAE compared to the higher values in the contoil, ould signify that the
mass of plant water in the leaves were markedliciéett in the leaves d¥igna Unquiculata from the crude-oil
degraded soil. The differences in water deficithia leaves and the percentage mass water in the (flable 2)
attest to the inference stated above. Values ifeT2lindicate that the volume of leaf water definitreased at
the same rate for crops planted in both polluted! @mpolluted soils in"® and 3' WAE, but in the 5 WAE a
significant difference was recorded. The differemedeaf moisture deficit between crops on the oanand
polluted soils in the B WAE was 11.9% of the values (5.86 ml) in the pmitlsoil in the same period; which
implies higher leaf moisture deficit in crops orgtded soil. Also, the loss in leaves water fromdbagraded soil
in the 8" WAE was 22% (double) the quantity in leaves frampcon control soil (6.4 ml). Thus the leave dry
mass showed very low foliage productivity on thgrdeled soil (Table 2). But the reference mc of %dii the
control soil was itself a depleted level. Therefthie 40% soil moisture depletion in the crude-aillygged soil
was effectively more than the maximum allowed diépte(MAD) depth of 45% in soils for pulses and bea
(Suresh, 2008). Thus the drying soil surroundirgyribots in the degraded soil might have causedneration
of absciscic acid (ABA) in the root tips in respen$his was transported to the leaves through ylenxsystem
with the transpiration stream and acted as a @ghbot chemical signal inducing stomatal closiavies and
Zhang, 1991), thereby significantly (P< 0. 01) reidg ETa transfer to the atmosphere, hence redumiag
utilization of soil water (Plauboreg al, 2010).

Table 1: Rates of crop evapotranspiration and obetgna unquiculata grown on treated crude-oil polluted and
control soils.

Solil treatment Range (cm) Mean (cm) Sd () CV% &ug significant

Crop ETa *x
7+(0.49-0.78) 7.62 0.07 11.18 12.1

Contro

Polluted 7+(0.3¢-0.78, 7.4¢€ 0.0¢ 17.7¢

Remediated 7+(0.71-0.85) 7.79 0.04 5.66

Re

Control 6.4-4.98 13.47 7.78 69.3 *

Polluted 5.67-8.08 7.35 2.96 47.6

Remediated 6.38-19.50 11.13 4.77 245 4.49

** Significant at p < 0.01

Table 2: Leaf moisture deficit, dry weight and parage mass of water éfgna Unquiculata grown on crude-oil
polluted, remediated and control soils.

Soil treatment Week after emergence

2[10 3I'CI 4[[1 Sth
Leaf water deficit
Control soil 4.4 6.4 6.4 5.6
Polluted soil 4.3 4.8 4,96 5.10
Unpolluted soil 4.35 5.4 5.4 5.4
Mass of plant water,% 70 75 74 74
Control soil 70 62 61 56
Polluted soil 70 70 68 63
Unpolluted soil
Dry density
Control soil 1.8 1.62 74 74
Polluted soil 1.7 1.4 61 56
Unpolluted soil 1.75 1.58 68 63

Therefore, the drying soil indicated non-availabilof water such that the roots were drying rathtgn
penetrating to probe the soil for subsoil waterafify); the taproot ofigna unquiculata was becoming stunted,
branched and weak even as the drying soil became comnpact or resistant to root sliding moven{Sutresh,
2008, Zhangt al, 2004).
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The mass percentage of leaves water content shmewedrkable difference between the plant on pollgeit
with 60.9 and 56.3% on thé"4and %' WAE compared to the control soil with 74.3 and 834 respectively in
the same period. Thus, degraded soil reduced|ém water capacity to transpire in th® and %' WAE when
flowering and foliage maturing in vegetable cowg®egna Unquiculata) were ready for commercial harvest
(AVRDC-RCA, 2002; Shackletoet al, 2009).

ETa Predictive Functions

The graph of cumulative ETa against days of growvttsoil treatments is given in Fig 2 and 3. Ide#tly curve
should converge at a lower portion towards a steddie equilibrium value after sufficient numberdafys as
depicted by the logarithmic curve (broken linedsig 2 and 3). However, it shows a linear profilelig lines in
Figure 2 and 3) apparently because the loss ofrvirate the plant continued daily at nearly the saate without
reaching equilibrium with the ambience, being leditby the leaves stomatal conductance (Plaubaa 2010).
Curve-fitting, used the same model for regressiomdhtionship between ETa and days of growth after
emergence. The linear form showed the best sinomlatiodel, and gave the following functions:

For crops on control soil, ETa = 7.7971t —-0.013hvi®=1 @)

(a) Control (b) polluted
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Fia. 2: Daily Variation of ETa bV. unquiculata arown on (a) Control soil and (b) crude oil Pt soi

For crops on polluted soil, ETa = 7.3824t+0.885,

with R?=0.999 2)

For crops on remediated soil, ETa 7.6243t— 0.096, k=1 3)

Where t is the days of growth after crop emergemzkETa was crop water use in cm.

Where t is the days of growth after crop emergemekEta was crop water use in cm. all curves ineléthttle or
no unexplained deviations, showing that the accatedl ETa directly increased with days of growthjcltwas
normal. However, difference existed between thedinand logarithmic functions as indicated by ti@# and
standard error of estimate (Table 3).

Table 3: Statistical differences between linear lagarithmic curve$or ETa-vs-day graphs

Linear model Logarithmic model
Soil treatment Mean Sd+ cVv R Adj R? Se R AdjR?®  Se
A 84.0 47.3 56.34 0.994 0.993 3.991 0.826 0.817 Q09D.
B 82.0 45.8 48.4 0.9993 0.993 4.008 0825 0.816 98.8
C 86.0 48.4 56.4 0.993 40.992 4.241 0.814 0.814 85K0.

Note: a = control, b = polluted soil, c = remedibs®il.

The linear model performed better than logarithmiadel: Rinear > R2|og; the standard error of estimates (Se)
for logarithmic model was 5 times larger than thiathe linear model, i.e. $€> 5 S@inear

Model equations, Egs (1) and (3) show that at thergence of crop, the crop ETa was insignificanthevéas for
the polluted soil, ETa had a unique value (i.e. BI&l0) showing that while cowpea emerged but wetsty
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unfurl its leaves, the polluted soil was being dihyed because of water molecule expulsion by yoedphobic
hydrocarbon molecules.

Implications on leaf productivity

Leaves stomatal conductance is a crucial factotralling both photosynthesis and transpiration ianps. This
ensures the energy balance in the soil-plant-atheyspcontinuum and the upscale from leaf to cangelds
under ambience humidity and temperature (Ball e1@87; Davies and Zhang, 1991; Plauborg et alpR0lhe
low mean ETa in the degraded soil was significadifferent from the values in the control and remaget soils,
and indicated deficit soil moisture which imposembpstomatal conductance, poor photosynthesis anduch,
low leaf yield.

The reduced ETa amplitude in degraded soil (0.162 was higher than 0.10 and 0.00 cm in the corgral
remediated soils respectively. This lag-time reduncin ETa was in line with the empirical fact ti&fa does not
decline immediately after crop emerges and groviswilli change after a time lag as the soil moistaoaitent
depletes. Feddes et al (1978) stated that no appteceduction in water use takes place until sailisture
declines to a point that ETa is significantly irikeéd, which depends on crop soil type and climdteus, the
reduction in ETa in the"-5" WAE indicated a serious decline in soil moistumatent affecting root water
uptake unlike in the other soils.

Rate of growth in soil treatments

The daily increment in root elongation was plotéeghinst days of growth to observe the daily peréorces on
the three soil treatments (Fig. 3). The peak grosatks were: 3.72cm for the control soil, 0.43 d@%) for
polluted soil and 3.18cm (86%) for remediated soil.

Peak elongation Ra3.18 cm/da (Incremental da9)

—e— Unpolluted
—o— Polluted

—ar Ramardiatand

Peak elongation Rate 3 cm/day (Incremental day 8

Incrementa root elongation, cm
N
L

L e e e B Peak elongation Ra0.43 cm/da (Incremental da:8)
1 2 3 4 5 8 9 10 11 12
Time increment (day)

Fig. 3: daily increment of root elongation Wyunguiculata grown on unpolluted, polluted and remediated soils

Root elongation (Re)

Daily root penetration profile was drawn as a grapbumulative root penetration (Re) with days ofwth (Fig
4). The mean of root penetration in the control wais 0.9 cm day on the 12 day after germination, which was
incremental day 3 in thé'2WAE. Then, it increased sharply at a very higle @ft3.00 cm dayin the rest of the
period before tending to stabilize, indicating ap@nential progress. For the polluted soil, a In@@file was the
only visible shape of the growth curve. Thus, tbetiin polluted soil did not show accelerated gtowtt rather
turned stunted. This is explained by its small déad deviation (Sd) of +2.95 cm d4for a mean of 7.35 cm day
1(CV =40%) compared to a mean of 13.4 cmHayth Sd 0 +7.7 cm (CV 58%) for the unpolluted seihich is
about two times the mean for root growth in poltlite
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Fig. .4: Temporal Variation of Root Elongatione(Rof V.unquiculata grown on unpolluted (A),
polluted (B) and remediated (C) soils. (NB: Measweet started 1 week after germination)
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soil (Table 1). The Sd of + 7.7¢hday for the control and remediated soil sampléicates a wide growth range
from the mean and implies accelerated root growthé two soils.
Curve fittings gave a linear profile for both casitfunpolluted) and remediated soil as follows:

Control soil, Re = 2.0431t + 2.23%8.949 Q)
Polluted soil, Re = 0.1884t + 6.12°40.817 (2)
Remediated soil, Re =7.6243t-0.098-® 924 ()

where Re is daily root elongation and t is numbeatays of growth.

The polluted soil showed a flatter linear profiltam other soils (Fig. 4). Eqs 4 and 6 gave coeffits of
determination (B of 95 and 92% respectively, indicating that tssaxiations had 5 and 8 % deviations, which
were not linear in relationship. This could accofantthe exponential end of the curve that waspreticted by
the linear curve above (Fig 4). With the maximurotrdepth of 0.60 — 0.9m or 0.75 m average (Peaich
Allen, 1999), the ratio of cowpea root elongatiam toeated soils to maximum root depth was 30% a6fb 2
attainment for unpolluted and remediated soilsee8pely, but reduced to only 11% in polluted soils

Paired sampled test of performance

Paired samples test statistics for cumulative &®p and Re in control and degraded soils for @rtawth days is
given in Table 4. The mean difference in cumulati/Ba between crop on control and oil-polluted soikss
1.222 cm with the standard deviation estimated iwi85% confidence interval. The t-statistics showvieat a
significant difference (P <0.01) existed betweea thean of ETa on control and oil-polluted soilssdl a
significant difference (p < 0. 01) was observedueein cumulative Re on control and oil polluted softhus, in
comparative terms, crude-oil polluted soil sigrafitly (p<0.01) reduced root elongation even withito 5 weeks
after emergence.

Table 4: Paired-samples test comparing cum. ETa@otdelongation o¥/igna Unguiculata grown on control and
crude-oil degraded soils.

Paired samples Mean Sd+ Se Lower Upper t Df Sig0.()
Cum. ETa ctr. vs. 1.22 9.588 0.128 0.854 1.390 8.737 20 0.000
Pol.

Re. ctrl vs. Pol. 5.018 5.715 1.650 1.390 8.649 43.0 11 0.011

Ctrl= control; Pol = Polluted soil; Cum, = cumulagisum

The paired sample correlation between cumulativédreontrol and polluted soils was r= 0.795, shuyvR0%
unexplained deviations in their regression, whickyrbe due to the imbalance between rate of Re imalosoil
and in polluted soil. The correlation between cuatiuve ETa on other soil treatments was perfectl(0Fand
daily ETa was only 1.9cm different, but the Sd waty £1.5 cm different while CV was about the saffhiable
5).

Table 5:Summary of paired samples statistics for cumulaBif@ and Re o¥igna Unquiculata as affected by
polluted, remediated and normal soils

Treatmen Cum ET: Sd (£ Cv% Re Mear Sd( CV %
Control 84.C 47.¢c 56.2 22.0C 11.22: 7.771 69.2
Polluted 82.1 45.8 55.5 8.10 6.204 2.956 47.6
Unpolluted 85.8 48.4 56.4 19.50 11.13 4.77 245

Relationship of Rewith ETa

Graphical plot of Re against ETa (Fig 5, and 6)dus&a as independent variable, being exogenoussaineoe
driven, which was actually uncontrollable, whileetlioot elongation was the dependent variable, as an
endogenous system response. The shape of the urvigure 5 is sigmoidal for the control soil, witn
exponential function given as:

Re=4.997681%8ETa R = 0.969 (6)
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Table 6: Comparatively descriptive statistics fiffedent functional relationships between Re an&ET

Function typ: R’ adjF® Se F Significant
Linear 0.94¢ 0.94:2 1.52¢ 147.91- 0.00**
Logarithmic 0.773 0.744 3.212 27.198 0.001**
Exponential 0.967 0.096 232.422 232.422 0.00**
30000 y = 4.9976e" 10
25.000 - R? = 0.9668 9.000 - Re = 0.205ETa + 6.3173
8.000 - R? = 0.9274
20,000 - 7000 | /
E 15.000 - —+—Ctrl RE —_ 6.000 ~ —e— Polluted RE
W ——Expon. (Ctrl RE) 5 5.000 -
10.000 - W 4.000 - ——Linear (Polluted
3.000 - RE)
5.000 - 2.000 -
1.000 |
0.000 0.000 ‘ ‘
o O L AN 0 o X 9 A A
A q,/ﬁ’ %%59 %%9 éﬁ’\ RIS N
ETa (cm) ETa (cm)

Fig. 5: Root Elongation Vs Crc
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Fig. 6: Root Elongation Vs Crop evapotranspiration

for V. unquiculata grown in crude oil polluted Soi
CONCLUSION

Vigna unquiculata seeds were planted in treated crude-oil polluteif semediated soil and (unpolluted) or
control soil to compare root elongation and watétization by crop evapotranspiration and relatesith
performance by mathematical functions.

Significant differences (p<0.01) were observed ofaEof vigna unquiculata grown on crude-oil treated,
remediated and control soils. The remediated siblbed similar to the control (unpolluted) soilré&mtage leaf
water mass iwigna unguiculata was remarkably different between plants grownadtiyted soil (61%) and those
in control soil (74%) from the"™4week after emergence. Thus, degraded soil redineeglant water capacity to
transpire in the @and 8" WAE when flowering and foliage maturity in cowpteak place.

The peak growth rate of root wfgna unquiculata grown in crude oil polluted soil was reduced t430cm day
(12%) compared to 3.72 cm dhin the control soil and 3.18 cm day86%) in remediated soil. The mean root
elongation in polluted soil did not show acceledateowth unlike in control soil, but rather turnsiinted as in
hydrated soil. Exponential growth function?é®.967) best described Re vs ETa association itralosoil while

a linear relationship #0.927) fitted their association in crude-oil po#d soil.
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