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Abgract

The effect of NaC1 salinity on the yidd conponents, plant nutrient concentrationsand
water use efficiency of groundnut under field conditions was investigated. Three salinity
leves, viz., 0.75, 3.06 and 5.76 d ¥mdesignated asControl (Sg), (S1) and (S,), respectively
were imposed with four replications Nodulationwasreduced by 45 and 69 percentin S;
and S treatments, respectively. Although kernel yield was not significantly affected by
salinity, haulm yidd was reduced by 23 and 41 percent at S; and S, treatment leves,
respectively. Insengtivity of kernel yidd to treatment effect was partly explained by
higher pod damage by termites under thecontrol treatment (55%) compared to the S; and
S, treatments, which suffered 11 and 7 percent damage, respectivey. Salinityappreciably
increased C1 concentrationin mostplant parts. Kernel water use efficiency in the S; and
S, treatments was reduced by 21 and 45 percent respectively. The results of the sudy
have shown, perhaps for the first time, that effective control of certain pests, especally
il pests, may be an incidental benefit of high salinity.
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Introduction

Groundhu, a major export crgp in Nigeria, is produced largely in the semi-arid Northern
Nigeria, nath o latitude 11°N (Phillips 1977) where rairfdl is erratic and inadeguate in
amount and dstribution.  The climatic Stuation thus necessitates the use dof irrigation for
crop production with asscciated salinity prablems. A condderade proportion of irrigated
lands in the gaundnut producing areas o Nigeria is sdt-affected (Maurya 1981).
However, very limited information is availlabe on the resporse of groundnut to sdlinity
under fidd condtions

While sodium chlaride and sodum suphete salinity have been reparted to reduce growth
and create ionic imbalance in groundnut (Mdakonddah and Rajeswararao 1979, Chavan
and Karadge 1980)., the crop has dso been considered an important crop in rotations
commonly recommended during the process of amelioration of saline and akdi sals
(Abrol e. al. 1973). Lower shoat water potential due to soll salinity was doserved in rice
by Ash e. al.,, (19%) ad in maize by Grant, (1995). These wakers atribued the
reduction in shoot water potertial to the reduction in osmotic paertids in the saline sals
leadng to reduced water use and crop growth. At sdinity levels commonly found in
agricuttural  sails, reductiors in crop gowth are associaed with reductions in waer use
(Schimidhalter and Oertli 191; van Hoorn et al. 1993).
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Salinity induced reductions in crop gowth had also been associaed with reduction in the
uptake of nutrients by crgp plants. Munns and Termaat, (1986) reported that the adverse
effect of NaCl on white clover and white lupin is either through an effect o the excessve
accumulation of Na and C1 iors on meabolism in the leaves or on the uptake and
transpart of essential nutrients.

The specific objective o this study was to determine the effects of NaCl sdinty on the
crop yidd, nutrient concentration and water use efficiency o groundnut under field
condtions.

M aerids and M ethods

The sudy was conducted at the Unversty of Madugui Research Faom. The sol o the
dudy site is sandy-loam and is classified as Typic Ustipsamment according to the
U.S.D.A. dassification sysem (Soil Survey Staff 1990).

The soil of the study Ste was analysed for pH, dectrical conductivity of saturation extract
(ECe), Cl and exchangeable sodium percentage (ESP) before the plots were laid aut. The
threshdd levd of gaundnut far salinity tderance is ECe 3.2 dSm (Landon 1991).
Treatments congsted o three levels of sdinty: 0.75 3.06 ad 576 dSm desgnated as
control (So), (S1) ad (Sp) respectivey. Basal levels o N, P and K fertilizers were dso
goplied to dl pots a the rate of 25 kg N/ha as Urea, 25 kg P/ha as SSP and 25 kg K /ha as
muriate of potash respectivdy. The treatments were lad down in a randomised block
design with four replications.

Each experimertal pot was 16 m? and the edges of the plats were raised to minmize
runaf. Salinity levels were developed with NaCl. The sdt was evenly spread on the pot
and subsequently mixed thoroughly to a depth of 0.2 m. Light bu frequent irrigations
were given for four weeks befare planting to facllitate exchange reactions (U.S. Sdinty
Laboratary Staff 1954). A neutron access tube was theredfter indalled in the midde of
each pot to fadlitate periodic measurement of sal water profile far the assessment of crop
water use. Seeds of groundnut (Arachis hypogaea) variety Ex-Dakar were planted with
between and within rov spacing of 025 m and 0.15 m respectively to give a plant
popuation equivalent to 230000 plants per hectare.

At harved, dfferent plant components were sampled for elementd andyses.
Corcentrations o N, P, K, Na, Ca Mg and C1 in differert pant parts were determined
accadng to standard procedures (Chapman and Pratt 1961). Using the prdfile water
contert measurements, crop water use was cdcuated using the water baance equation,
while water use efficency was edimated as the ratio of the yield to crop water use (Power
1983). Damage to graundhut pods caused by termites and ather sal pes was determired
by weghng 100 g o pads from each plat following a thorough mixing of the harvested
pods From the 100 g samples, 100 pods were randomly sdected The damaged pods
were separated and courted, and the percentage of damaged pods determined  Nodule
count was caried ou 47 days after parting. Five pants per pot were randomly selected,
washed caefully and the nodues counted The goundnut crop was harvested at
agoproximately 12 weeks after seeding.
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Results and Discussion

Selected sal properties averaged over the growing season are presented in Teble 1 The
ECe ESP and choride concertration varied corsiderably between treatments as a result of
sodium chlaride sdinization.

Root nodules

The number of nodules per plant was reduced by 45 and 69 percert (reative to the
control) & the S§; and S, treatment levels, respectively (Table 2). Significant dfferences in
noduation observed among the slinity treatments could possibly be due to the adverse
effect of slinty on the nodulating micro-arganians  Pilla and Sen, (1966) reported that
slinty can limit nodule farmation by reducing the popdation of Rhizobium in the soil or
by impairing ther ablity to infes roat hars. This resut has significant implications on
nitrogen fixation by groundnu in sdt-affected sals

Yield parameters

Differences in pod and kernd air-dry weight amongst treatments were not significant
(Table 2. This codd be due to relatively lower values of dectrical conductivity of the
saturated extract doserved at the time of pod farmation (data not shown). It was dso
dbserved that appreciable damage was daone to marny of the harvesed pods by termites and
possbly other sal pests particdarly in the cortrd pots. This prompted the assessment of
the degree of pad damage far each of the treatments Pod damage was highest under the
control and leag wnder the S, treatment (Table 2). The wide range in sal pest damage
anong the slinty treaments posshly dbliterated whatever differences in pad yield that
might have been due to treament effect. The S; sdinty levd was probably adequate for
minmizing sol pes damage bu na high enough to suppress pod yield appreciably.  This
woud explan the higher pod and kemel yields (though ot significant) doserved under S;
compared to the aher treatments These resuits seem to suggest that a certan level of
slinty, adequate for cortrdling termites and other oil pests, but not high enough to
uppress yields appreciably, may be benefical in groundhut growing areas where termites
and other soil pests constitute a maor prablem, especidly under tropical climate.  Further
gudes in this drection will be desrable The haum ar-dry weights were sgnficantly
dfferent (Table 2). Haum yields for the S; and S treatmerts were 23 and 41 percent
lowver than far the cortrd. The depressive action o sdinty on haum yield might have
resuted from possible interference in nutrient absarption and physidogcd water dress
created by high salt concertration in the road zone (Hamid and Talibudeen 1976; Shukla
and Mukhi 1985, Grant 1995).

Sgnficant effect o sdinty on shootrodt ratio was observed (Tade 2). The shoat/root
raio was reduced by 21% due to the S; treatment. There was however no significant
dfference in shoot/root ratios of the S; and S, treatments These results would seem to
Ugoes geater deleterious effect of salinity on the shoot growth than on roat growth
Table 1. Selected soil properties under the various sdinity treaments

pH* ECe* ESP C1
Treaments (dSim) (%) (Cmol kg?)
5* *%
(Cortrd) 698 075 984 7.99
S 7.37 306 17.55 14.93
S 7.48 5.76 2.25 20.15
*1.1 (H0)

** Sguration extract
*** § =ECe, 0.75dSm, S=ECe, 3.06 iSm, S =ECe, 576dSm
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Table 2. Sdlinity treatment effect on yield components of groundnut.

Treatment Number of Podair-dry Kernel Haulm Shoot/Root  Pod
damage* nodulesper weight weight air-dry ratio (%)
plant weight
Kgha

S** 370 887.89 54468 2824 .9 %

S 200 1037.78 63906 2178 3.3 1

S 110 879.22 54043 1669 28 7

LSD(0.06) 6.1 N S+ NS 304 56 25

*Pod damage due to termitesand othe soil pests.
** § =ECeg 0.75dSm, S=ECe, 3.06dSm, S =ECe 5.76 dSm
***NS=not sgnificant

Table 3. Salinity treatment effect on nutrient concentrations in shoots and roots of
groundnut

Treaament N P K Na CatMg C1
g/k g Dry matter
Shoot
* 281 09 2839 16.33 35.98 6.75
S 282 074 2142 16.72 5.14 25.90
S 06 067 26.00 16.89 30.55 .66
LSD(0.05) NS* NS NS NS NS 383
Root
3 4.1 103 2028 17.78 38.88 742
S 460 076 15.44 23.00 2371 21.73
S 45 083 13.61 29.00 28.79 40.51
LSD(0.06) NS 014 229 379 877 422

* § =ECe, 0.756 d&Im, S=ECe, 3.06dIm, S =ECe, 5.76 dSm
**NS= not sonificant

Nutrient concentrations in plant tissues

Shoot Except far chloride, the nutrient concertrations were not ggnificartly affected by
slinty (Table 3. Concentration o chloride in pant shoot increased (reletive to caontrol)
by 284 and 384 percent for the S; and S, treatments, respectively. Differential absorption
o Na and C1 ions in favaur of C1 in plants grovn in NaCl medum had been reported by
sverd wakes (Strogonov et al. 1970; Lessan and Marshrer 1978, Fowler et al. 1983;
Francas et al. 1990)

Root: Concentrations of N, P and Ca + Mg in plant roots were significantly reduced by
slinty (Table 3. Na and C1 concentrations were however increased gppreciably due to
treatment effect No significant dfference in root corcentration of N resuting from
treatment effect was doserved. It is interesing to nate tha treatment effect reaulted in
increased uptake of both Na and C1 by the roots but most of the excess Na was retained in
the roots Trandocation of C1 fram the rods to the shoots, however, appeared uninhibited.
Reduced uptake of K and Ca + Mg doserved in this study is congstent with earlier reparts
(Mdakondalah and Rajeswararao 1979, Francois et al. 1990)

Kernds and shells. Caoncentration o N in Kerrels was Sgnificantly reduced by sdinity
(Table 4). Ths resut has significant implication on the protein content of groundnut
kerrels when cutivated in sdt-affected soils The concertration in shell was howvever not
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afected by slinty. Concentrations of P, K and Na in both kemds and shells were not
affected by the sdinty treatments. As observed in shoas and roots salinity gppreciably
increased chlaride concentrations in kernes and shdls

Cation ratios. Salinty dd na afect (Ca + Mg)/Na ratio in the shoas (Table 5), bu the
raio was reduced in the roas and to a lesser extert in the kernds and shells.  No
congstert trend in (Ca + MgK) ratio with increasing sdinity was doserved in the plant
tissles There was a general increae in Na/K ratio with increasng sdinty leves in all
pant parts. Ths result was prabably due to the preferential uptake of Na over K and
possbly to artagonistic effect of Na on K uptake. Similar doservations had been made for
corn (Shukla and Mukhi 1985). and Chickpea (Manchanda and Sharma 1989).

Water use efficiency (W.U.E.)

Increasing salinity resulted in a gererd reduction in W.U.E fa bah kernels and haulms
(Table 6), dthough differences in W.U.E. for kernds amaongst treatments were not
ggnificart, kemd W.U.E. was reduced (relative to the control ) by 21 and 45 percert for
S and S, treatments respectivdly.  Similar reductions of 26 and 38 percent in W.U.E. of
haums were observed for the S1 and Sz treaiments respectively. The dbserved reductions
in W.U.E. could be due to the combined effect of NaCl on sal and plant. Sadium
afected sals are known for their low irfiltration characteristics (Dubey and Mondd 1994)
which corstrain sol water rechage due to incressed run-off loses  High st
concertration within the roadt zore may also reduce root permeabiity to water and ions
(Waisd 1972), thereby reducing water uptake.

Table 4. Nutrient concentrations in groundnut kernels and shells as affected by
salinity treatments

Treatment N P K Na CatMg C1
gkg Dry matter

Kernel
S* 74.8 0.76 851 12.17 3#.20 6.00
S 8.5 048 867 12.68 26.62 2.07
S 66.7 0.60 9.07 13.62 28.25 23.08
LSD(0.05) 6.0 NS* NS NS NS 393

Shdl
9 R7 032 1330 11.89 #.31 500
S 2.4 0.62 11.45 10.97 P21 2.01
S 31.0 061 12.07 1256 28.92 20.73
LSD(0.05) NS NS NS NS 6.93 6.32

* S =ECe, 0.75 d&Sm, S=ECe, 3.06dIm, S =EGCe, 5.76 dSm
** N S= not sgnificant
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Table 5. Ratios of cationsin groundnut parts as affected by sdinity treatment

Ratios of cations

Treament
(CatMg)/Na (CarMg)K Na/K
Shoot
S* 220 127 058
S 210 128 061
S 230 150 0.65
Root
9 219 192 0.88
S 103 154 149
S 099 212 249
Kernel
) 281 4.09 143
S 210 307 146
S 230 312 150
Shdl
) 288 258 089
S 212 204 0.96
S 230 240 104

*$ =ECe, 0.75 d&Im, S=ECe, 3.06dIm, S =EGCe, 5.76 dSm

Table 6. Water use efficdency of groundnut as affected by salinity treatments.

Water Use Hfidency (kg ha' mm™)

Treament

Haulm Kernel Totd
S* 894 229 11.24
S 7.10 169 879
S 494 142 6.36
LSD(0.05) 242 NS 361

* S = ECe, 0.75 d&Im, S=ECe, 3.06d9m, S =ECe, 5.76 d9m
Conclusion

Sodum cHoride salinity impaired nodulation, reduced haulm yield, increased uptake of
Na and C1 and reduced water use efficency o goundnut.  Although, noduation was
adversely afected, salinty gppeared to reduce pod damage asscciated with termites and
aher soil pests. Further study is however reguired to assess the feashility of usng NaCl
for termite control while minimizng its adverse effects, especially amongs resource-poor
famers that produce more than 90% of goundhut in Nigeria  Depresson in N
concertration in goundnut kemeds observed in this sudy suggests a possble adverse
effect of slinity on the proten content o groundnut. Reduced noduation due to the
slinty treatments dso has significant implications on N-fixing cgpacity o groundnut
crop in salt-affected sals. This is particuarly relevart to the situation of resource-poor
farmers in develgping countries tha cannot afford sufficient quartities of inorganic N-
fertlizers and therefare rely on groundnut in crop rotations to provide much of the N
requred by cereals Reduced water wse effidency due to treament effect as doserved in
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ths dudy re-emphasizes the need for drought-tolerant cutivars of groundnut in salt-
affected soils.
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