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ABSTRACT

Crop nutrient response information is important for fertilizer use decisions aimed at higher profitability but such
information is limited with respect to cowpea cultivation. A pot culture experiment was conducted to study the
response of cowpea towards magnesium fertilization in lateritic soils of Kerala during January 2019. Graded doses of
magnesium were applied @ 5 mg kg to 80 mg kg of soil along with recommended dose of fertilizers. The effect of
magnesium on content and uptake of essential nutrients and biometric parameters of cowpea were determined during
flowering and at harvest of the crop. Graded doses of magnesium created significant variation in the accumulation of
potassium, calcium and magnesium in stem and leaf of cowpea at both stages of analysis. Magnesium content in stem
and leaf was found to increase with the levels of magnesium added. No significant variation in the content of calcium
and magnesium in pods was recorded. Crop uptake of calcium (261.65 mg g) and magnesium (66.62 mg g'!), yield per
plant (79.33 g plant?) and yield contributing characteristics were superior in the treatment where magnesium was
applied @ 10 mg kg* of soil which suggests to be the optimum dose of magnesium to achieve maximum crop response
of cowpea.
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Cowpea (Vigna Unguiculata (L.) Walp), an annual
herbaceous legume is an important food crop of Kerala that
can be grown throughout the year. Apart from sole cropping,
cowpea can be grown as a floor crop in coconut gardens, as
intercrop in tapioca during May — September and as double
crop in rice fallows during rabi and summer seasons [1].
Cowpea leaves and green pods are consumed as vegetables
and dried grains are also used in various food preparations. It
is also an important component of traditional cropping
systems because it is an easily available, cheap source of
protein for households and its contribution to soil fertility
through biological nitrogen fixation. Roots of leguminous
plants have higher cation exchange capacity than
graminaceous plants. They require higher proportion of basic
cations in their nutrition compared to grasses. In addition,
calcium and magnesium are essential elements for efficient
nitrogen fixation by rhizobia and magnesium deficiency
results in reduced nitrogen fixation [2]. Leguminous crops
respond well to magnesium nutrition in terms of both crop
quality and quantity. Soil application of magnesium increased
the growth of plants and better root nodulation in ground nut
[3]. Improved shoot and root dry matter yield in green gram
(Vigna radiata L) as a result of dolomite application [4]. The
use of magnesium sulphate for seed dressing and for foliar
spray increased plant height, pods per plant, seeds per pod,
thousand seed weight and fresh seed weight in pea [5].
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Lateritic soils occupy more than 50 per cent of the total
geographical area of Kerala [6] and are characterized by low
pH, low cation exchange capacity, low effective cation
exchange capacity and base saturation, with dominant
presence of 1:1 type clay mineral [7]. Magnesium deficiency
is @ common nutritional disorder in these soils. Magnesium
fertilization is the effective strategy to combat deficiency
issues. But correction of magnesium deficiency with widely
used highly soluble source like magnesium sulphate
introduces leaching problems. So comparatively less soluble
magnesium carbonate was tried in this experiment. Studying
the response of cowpea towards different dose of magnesium
will help to optimize magnesium nutrition for maximum vyield
and quality.

MATERIALS AND METHODS

A pot culture experiment was conducted at Radiotracer
Laboratory, College of Horticulture, Kerala Agricultural
University during January, 2019 to investigate the effect of
magnesium nutrition on cowpea. Bush cowpea variety
Bhagyalakshmi was used in the study. Top soil (0-15 cm
depth) representing lateritic origin was collected, air dried,
ground with wooden mortar and pestle, sieved through 2 mm
sieve and characterized for available nutrient content. After
initial characterization the texture of soil was found as sandy
clay and with a pH of 4.70 which belongs to very strongly
acidic category. Organic carbon (1.32%), available nitrogen
(476.67 kg ha) and potassium (240.18 kg ha*) were medium
in status while phosphorus (98.04 kg ha®) was high. The
secondary and micronutrients except magnesium (64.53 mg
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kg™®) and boron (0.22 mg kg™) were sufficient. The experiment
was conducted with twelve treatments viz. absolute control
(T41), organic manure @ 20 t ha! (T,), recommended dose of
fertilizers (Ts3), T3 + magnesium @ 5 mg kg™ of soil (T4), T3 +
magnesium @ 10 mg kg™ of soil (Ts), Ts + magnesium @ 15
mg kg of soil (Te), Tz + magnesium @ 20 mg kg? of soil
(T7), Tz + magnesium @ 30 mg kg? of soil (Ts), Ts +
magnesium @ 40 mg kg™ of soil (Tg), T3 + magnesium @ 50
mg kg™ of soil (Tiw), Ts + magnesium @ 60 mg kgof soil
(T11) and Ts + magnesium @ 80 mg kgt of soil (T12). The
recommended dose of fertilizers (RDF) as per the package of
practices of KAU (KAU, 2016) includes the application of 20
t ha! of organic manure, 250 kg ha™ calcium carbonate and
20:30:10 kg ha* of N, P,0s and K;O. The experiment was laid
out in completely randomized design (CRD) with four
replications in earthen pots of 5 kg capacity and five plants
were maintained in each replication.

The quantity of fertilizers were calculated for 5 kg soil.
Organic manure in the form of vermi compost was added after
one week of application of calcium carbonate (AR grade).
Magnesium required for each treatment was supplied through
magnesium carbonate (AR grade) two weeks after organic
manure application. Three seeds were sown in each pot and
one healthy plant retained one week after emergence.
Complete dose of phosphorus, potassium and half split of
nitrogen was applied after thinning of plant population and
second dose of nitrogen was supplied 15 days later. Foliar

application of boron (0.05%) was done twice to combat boron
deficiency. The nutrients were supplied through water soluble
sources. lrrigation with de-ionized water, weed control and
plant protection measures were adopted uniformly in each pot.
Plant sample analysis was done for N, P, K, Ca, Mg, S,
Fe, Mn, Zn, Cu and B separately from stem, leaf and pods
during fifty percentage flowering and at harvest using standard
procedures. Biometric parameters such as plant height,
number of pods per plant, yield per plant, root nodules per
plant were observed at flowering and after harvest. All the
data collected were subjected to analysis of variance in CRD
using OPSTAT software package [8]. Duncan’s multiple
range test was employed to test the significance of difference
between means of treatments at 5% level of significance.

RESULTS AND DISCUSSION

Effect of treatments on nutrient accumulation in different plant
parts of cowpea

Greater variation in content of potassium, calcium and
magnesium among various plant parts of cowpea were
observed with application of graded doses of magnesium.
Whereas accumulation of nitrogen, phosphorus, sulphur, iron,
manganese, zinc, copper and boron in stem, leaf and pods of
cowpea during flowering and at harvest were not influenced
by increasing magnesium concentration in soil.

Table 1 Effect of treatments on uptake of potassium, calcium and magnesium and biometric yield contributing characters of
plant

Uptake (mg per plant dry weight)  Plant Pods Length of vield No of root nodules
Treatments Potassium Calcium Magnesium height Per pods (g plant?) Al After
g (cm) plant (cm) gp flowering  harvest
T1: Absolute control 117541 114.13"  26.67 37.90F 825"  9.609 33.04¢ 20.5¢ 5.0f
2 Qrganic manre @20 15es59 176749 38390 4570° 1059 11.90'  60.84  27.0 85
Ta: Recommended dose Of 171 g0 166790 42570 44.00°  9.00% 12.80¢ 63280  205%  125%
fertilizers (RDF)
T« RDF + magnesium @ 59, 172 13750 s5ggge  52.80° 19.5% 17708  7039°  32.0%% 14,56
5 mg kg™ of soil
Ts: RDF + magnesium  ,57 090 261650 66.62°  6165° 10.50% 1580 7933  50.0°  205°
@10 mg kg™ of soil
Te: RDF + magnesium @  ,5) gae 197 64c 5550  56.95> 18.75% 1595b 7333  41.0° 1859
15 mg kg™ of soil
Tz RDF + magnesium @ 56 4o o556 63.40%c  49.65¢ 2025 1505% 7657  365%  17.0%
20 mg kg™ of soil
Ts: RDF + magnesium @ 109 459 187 19f 48349  5895° 17.25% 17.00® 7528%  260%9  17.5%
30 mg kg™ of soail
To: RDF + magnesium @ 519 60e 183561 52450 48407 18.00% 1550°  73.30% 275 1550
40 mg kg™ of soil
T RDF 4 magnesium @ 53 16 03670 61.25¢  49.80¢ 21.75¢ 16.35% 76.12% 35000 17.0%
50 mg kg™ of soil
Tu: RDF & magnesium @ - 515 5gr 21680 64.94% 48250 16504 17.70°  74.64% 275  110%
60 mg kg™ of soail
Tz RDF + magnesium @ 557 770 901530 20700 49.55¢ 1875% 1395%  7419% 2500 12.5%

80 mg kg™ of soil

Graded doses of magnesium supplied were able to
produce variation in the accumulation of potassium in various
plant parts of cowpea. The highest content of potassium in
stem (2.73%) and leaf (2.58%) of plants during flowering
were obtained in treatment supplied with organic manure @
20 t ha! which indicates a dilution effect due to higher
biomass in treatments where fertilizers were applied as per
recommendation (Tsz to Ti2). At harvest, highest stem

potassium accumulation was observed in plants received 5 mg
kg of magnesium and was found on par with that of plants
treated with 40 mg kg™ of magnesium. Leaf potassium content
ranged between 1.20-1.56% at harvest. The treatments
received magnesium @ 5, 15, 50, 60, 80 mg kg and absolute
control were on par in their leaf potassium accumulation at the
time of harvest. About 50 per cent of accumulated potassium
can be translocated from shoot to grain in soybean [9].
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Similarly, a reduction in potassium content of stem and leaf
and a subsequent increase in potassium content of pods were
observed at harvest stage. The absence of significant
variation in potassium content of wheat forage with
increasing levels of magnesium [10]. Whereas, magnesium
up to a concentration of 20 ppm had a synergistic effect on
concentration of K in all plant parts but had antagonistic
effect at higher concentration [11]. The results of this
experiment showed a significant variation in potassium
content as per graded doses of magnesium with a non-
significant antagonistic effect at higher concentration.
Calcium content in stem and leaf of cowpea exhibited
high variability at both stages of observation. Whereas
calcium content in pods was not found to vary with respect to
treatment imposed. Irrespective of magnesium doses, a
general decrease in calcium content of stem and an increase in

Effect of treatments on content of K in stem
and leaves of cowpea at flowering
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calcium content of leaves were recorded from flowering to
harvest stage. Calcium tends to be present at low
concentrations in phloem fed tissues and is retained more in
leaves [12]. Among the various magnesium doses highest
calcium content in stem during flowering was recorded in
treatment received 5 mg kg™ of magnesium (1.21%). The leaf
calcium content ranged between 2.73-2.16% during flowering.
Significantly higher leaf calcium content (2.73%) during
flowering was observed in treatment supplied with 5 mg kg
of magnesium and was found on par with treatment received
organic manure alone (2.69%). At harvest, calcium content in
stem ranged from 0.73% to 1.27% and between 3.12% and
3.87% in leaves. The calcium content in stem and leaves at
harvest were significantly superior in treatment received 10
mg kg? of magnesium and was on par with that of magnesium
at 5 mg kg and organic manure alone treated plants.

Effect of treatments on content of K in stem,
leaf and pod of cowpea at flowering
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Fig 1 Effect of treatments on potassium, calcium and magnesium content of leaf, stem and pod of cowpea during flowering and at harvest

Increasing levels of magnesium resulted in increasing
concentration of magnesium in stem and leaves of cowpea.
Similar to calcium, graded doses of magnesium could not
record a variation in magnesium content of pods. Magnesium
absorbed in excess is stored in the leaves of plants [13].
Analysis of the results obtained for magnesium content in
stem of cowpea during flowering showed significantly higher
value (0.55%) in treatment at 80 mg kg of magnesium and
was on par (0.52%) with that of magnesium at 50 mg kg™

Treatments differed significantly with regard to magnesium
content in leaves. The highest value (0.47%) of magnesium in
leaves was recorded in plants that received 60 mg kg*
magnesium which was on par with that of magnesium at 50
(0.46%) and 40 mg kg* (0.46%) while the lowest value was
observed in absolute control at flowering. Magnesium
supplied at the rate of 60 mg kg?! (0.73%) obtained
significantly higher accumulation of magnesium in stem of
cowpea at harvest whereas the lowest content (0.48%) was
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recorded in organic manure alone treated plants (0.48%).
Analysis of data on magnesium content of cowpea leaves at
harvest showed that significantly higher content (0.50%) was
obtained in magnesium treated at 60 mg kg and was found
on par with that of magnesium @ 80, 50, 40, 20 and 10 mg kg’
1. A high positive and significant correlation between rates of
magnesium applied and magnesium content in leaves [14].
Relatively good reutilization and redistribution of magnesium
through phloem tissues and hence considerable difference in
magnesium content of leaves and stem were absent in this
experiment [15]. A higher magnesium accumulation in all
magnesium applied treatments were recorded towards harvest
of the crop compared to flowering which might be due to slow
solubility of magnesium carbonate, suggesting to be a better
source under acidic soils.

Effect of treatments on uptake of nutrients

The perusal of data on nutrient uptake by crop revealed,
plants received 5 mg kgof magnesium were superior over
other treatments to significantly increase the uptake of
potassium. The comparison of treatments on uptake of
calcium showed that treatment supplied with 10 mg kgof
magnesium to be superior over other treatments. Treatments
supplied with 20 and 60 mg kg'of magnesium were on par
with respect to magnesium uptake (Table 1). An increased
level of magnesium uptake with increasing concentration in
soil. But such a trend was absent in this experiment [16].

Effect of treatments on biometric parameters
Significantly higher plant height was obtained in Ts
(supplied with 10 mg kg™ of magnesium) with a mean value of

61.65cm and followed by plants treated with 30 and 15 mg kg
! of magnesium. The treatments differed significantly with
respect to number of pods per plant. Significantly higher
number of pods per plant was obtained in plants received 50
mg kg™ of magnesium and was on par with that of 5, 10, 15,
20 and 80 mg kg™ of magnesium. A significantly long pods
were observed in plants supplied with 5, 30, and 60 mg kg™ of
magnesium. The number of nodules was higher during
flowering than after harvest. Analysis of the data showed a
significant influence of treatments on root nodule formation.
Among various treatments significantly higher number of root
nodules was recorded in plants treated with 10 mg kg* of
magnesium during flowering stage. The treatments differed
significantly with respect to the yield per plant. Plants treated
with 10 mg kg* of magnesium recorded significantly higher
yield but was on par with that of 50, 20, 30, 60 and 80 mg kg™
magnesium received plants. The absolute control treatment
recorded the lowest yield.

CONCLUSIONS

A pot culture experiment was conducted to study the
response of cowpea towards magnesium fertilization in
lateritic soils of Kerala during January 2019. The perusal of
data on nutrient content in cowpea plant during flowering and
harvest, uptake of nutrients, yield and yield contributing
characters showed plants received 10 mg kg* of magnesium to
be the optimum dose of magnesium to achieve maximum crop
response. A linear response of cowpea towards magnesium
doses could not be recorded from the experiment.

LITERATURE CITED
1. KAU [Kerala Agricultural University]. 2016. Package of Practices Recommendations: Crops (15" Ed.). Kerala Agricultural

University, Thrissur, pp 393.

2. Dechen A R, Carmello Q A C, Monteiro F A, and Nogueirol R C, 2015. Role of magnesium in food production: an overview.

Crop and Pasture Science 66: 1213-1218.

3. Kulkarni J H, Joshi P K and Sojitra V K. 1986. Influence of phosphorus and potassium application on nodulation, nitrogen
accumulation and pod yield of groundnut. Legume Research 9: 34-38.
4. Mani P K and Halder M. 1996. Effect of dolomite in boron transformation in acid soil in relation to nutrition of green gram.

Journal of Indian Society of Soil Science 44: 458-463.

5. Kiss S H. 1997. Influence of foliar fertilization of Mg on yield and quality of pea. Journal of The American Society of

Horticultural Science 124 (4): 433-436.

6. Krishnan P, Venugopal K R and Sehgal J. 1996. Soil Resources of Kerala for Land Use Planning. NBSS Publ. National Bureau
of Soil Survey and Land Use Planning, Nagpur, India 486pp.

7. Chandran P, Ray S K, Bhattacharyya T, Srivastava P, Krishnan P, and Pal D K, 2005. Lateritic soils of Kerala, India: their
mineralogy, genesis, and taxonomy. Australian Journal of Soil Resarch 43: 839-852.

8. Sheoran O P, Tonk D S, Kaushik L S, Hasija R C and Pannu R S. 1998. Statistical Software Package for Agricultural Research
Workers. In: Hooda D S and Hasija R C. Recent Advances in information theory, Statistics & Computer Applications by
Department of Mathematics Statistics, CCS HAU, Hisar. 139-143.

9. Fageria NK, Santos AB. 2008. Yield physiology of dry bean. Journal of Nutrition 31(6): 983-1004.

10. Ohno T and Grunes D L. 1985. Potassium-magnesium interactions affecting wheat forage. Soil Science Society of America

Journal 49: 685-690.

11. Narwal RP, Kumar V, Singh JP. 1985. Potassium and magnesium relationship in cowpea (Vigna unguiculata (L.) Walp.).

Plant and Soil 85: 129-134.

12. Karley A Jand White P J. 2009. Moving cationic minerals to edible tissues: potassium, magnesium, calcium. Current Opinion

in Plant Biology 12: 291-298.

13. Ceylan Y, Kutman UB, Mengutay M, Cakmak | (2016) Magnesium applications to growth medium and foliage affect the
starch distribution, increase the grain size and improve the seed germination in wheat. Plant and Soil 406: 145- 156

14. Canizella B T, Moreira A, Moraes L A C and Fageria N K. 2017. Response of common bean varieties to the magnesium
application in the tropical soil. Journal of Plant Nutrition 40 (2): 207-218.

15. Tuma J. Skalickly M. Tumova L. Blahova P and Rosulkova M. 2004. Potassium, magnesium and calcium content in
individual parts of Phaseolus vulgaris L. plant as related to potassium and magnesium nutrition. Plant Soil and

Environment 50(1): 18-26.

16. Zhang J, George E. 2002. Changes in the extractability of cations (Ca, Mg and K) in the rhizosphere soil of Norway spruce

(Picea abies) roots. Plant Soil 243: 209-217.



