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ABSTRACT

Green gram (Vigna radiate I.) is an important legume grown within Kenyan Coast. Despite the
crops importance as a locally available nutrient supplement, its production is constrained by
declining soil fertility caused by poor agronomic practices. A field experiment was established
during the March-June, 2019 long rains in multi locational sites at Matuga and Mivumoni in Kwale
County. The experiment was aimed at investigating the effect of integrating farm yard manure, zinc
and starter nitrogen and phosphorus on soil fertility, growth and yield of green grams. The
experiment was laid out in Randomized Complete Block Design (RCBD) with three replications.
Treatments included: Zinc, NP, Manure, Manure+ zinc, NP+ zinc and control. Green gram variety
tested was KS20. Data collected included: Initial soil chemical properties, plant height, number of
leaves per plant, number of pods per plant, grains per pod, weight of 100 grains, biomass and grain
yield. Results showed that Zinc+ manure significantly promoted the highest plant height, number of
leaves, grain yield. Plots treated with zinc+ manure recorded 32% higher plant height and 46%
higher grain yield compared to NP applied plots. In conclusion, integration of manure and zinc was
most effective in promoting green grams growth and yield. Since, this research was carried out on
station in ferralic, chromic Luvisols; there is need for long term trials in farmers’ fields with diverse
soil properties and environmental conditions.
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1. INTRODUCTION

The main goal of integrated nutrient
management is to supply required plant nutrients
for sustainable crop productivity with minimum
deleterious effect on soil health [1].The approach
aims at ensuring adequate replenishment of soil
nutrients, maintenance of soil physical, chemical
and biological properties while safe guarding the
environment. Organic amendments such as
manure are known to add nutrients in the soil [2].
The nutrients includes: macro nutrients such as
N,P, K, Ca, Mg and S and trace elements such
as Fe, Zn, Cu, Mo, Bo, Cu, Ni, Mn among others.
Addition of these nutrients leads to improved
cation exchange capacity (CEC), anion
exchange capacity (AEC), and buffering capacity
hence improved availability of nutrients for crops
uptake [3]. Manure is also important in the
improvement of soil physical properties such as
texture, structure, porosity that regulates soil
temperatures, moisture content, nutrient holding
capacity and porosity [4,5,6]. These properties
are very important in the solubility of nutrients for
uptake, root penetration and root growth. They
also play great role in creating favourable
environment for soil microbes that aid in nutrient
cycling processes as well as mineralization
processes [7].

Owing to the fact that plants require 17 elements
to grow optimally and complete their life cycle
with optimal yields, no single source of plant
nutrients can meet the entire nutrient need of
crops in modern agriculture [8] The nutrient
sources need to be used in an integrated manner
following a management technology that is
appropriate, economically viable, socially
acceptable and ecologically sound [8,9]. This is
because, while inorganic fertilizer application
provides nutrients in distinct known forms and
quantities, organic fertilizers are very important in
improving the soil physical and biological
properties which promotes soil health in the long
run leading to effective utilization of the applied
nutrients by plants. Application of Farm Yard
Manure alone as a substitute to inorganic
fertilizer and vice versa is, therefore, not enough
to maintain high yields from health soils [9,10].
Most of the recommended inorganic fertilizers
such as Diammonium Phosphate (DAP), Calcium
Ammonium Nitrate (CAN), NPK are highly
refined and lack trace elements such as Zinc
(Zn), Copper (Cu), Boron (Bo) which plays
various vital roles within plants and are limiting in

some soils. Integrated nutrient management
which encompasses application of both organic
manures and various inorganic fertilizers sources
is, therefore, one of the best approaches of
maintaining healthy and sustainably productive
soils [1,7,11].

Green grams are leguminous plants that have
capacity to fix their own Nitrogen through
biological  nitrogen fixation (BNF) [12].
Effectiveness of BNF process is however
influenced by several factors such as initial soil
nutrition and soil physical properties such as
moisture content. Inadequate initial nitrogen and
phosphorus levels in the soil have been
documented to reduced BNF activity and growth
in most legumes [12,13]. Starter Nitrogen is
important in the initial plant metabolic activities
while initial phosphorus is important in the initial
plant metabolic activities and root formation
[12,13,14]. According to research carried out by
[15] starter Nitrogen leads to increased grain
yield, fodder vyield, nitrogen use efficiency and
legumes net returns. Similary, [16] working on
mung beans reported an increase in plant height,
number of nodules and availability of Nitrogen,
phosphorus and potassium in succeeding crop
on application of starter Phosphorus.
Micronutrients such as zinc on the other hand
plays an important role in enzymatic reactions,
protein synthesis, growth hormones production,
internode elongation, defense against
pathogens, decreased susceptibility to injury by
light intensity, temperature, pests and diseases
[17,18,19,20,21]. Phosphorus and zinc, though
antagonistic to each other in certain
circumstances, such as when P is supplied in
high levels and Zn uptake becomes slower or
inadequate [22], they work in harmony to
promote crop growth and  production.
Combination of Phosphorus and Zinc is also
associated with increased leghaemoglobin, K,
and Fe concentration in nodules leading to
improved Nitrogen fixation ability in legumes [23].

Declining crop production within the Kenyan
coast has been attributed to factors such as
unreliable rains, quality of inputs and land
degradation. Declining soil fertility if one of the
major land degradation forms [24]. The fertility
decline is attributed to inadequate use of both
organic and inorganic fertilizers [25,26]. The
available inorganic fertilizers in the market are
also highly refined providing at least three
nutrients; that is nitrogen, phosphorus and



potassium [26,27,28]. Continuous application of
these fertilizers, coupled with introduction of
modern varieties, crop intensification, and
increased micronutrient removal has led to
mining of these other minerals required by plants
from the soil reserves without replenishment
[26,27,29,30]. Research carried out by FAO [31]
and [32] shows that most soils within the region
are deficient of minerals such as Boron,
manganese, zinc, sulphur. Owing to the fact that
these deficient minerals play specific roles in
plant growth and production, replenishment of
the nutrients is paramount. This study therefore
aimed at evaluation of the effects of integrating
farmyard manure, zinc and starter nitrogen and P
on green grams growth and yield.

2. MATERIALS AND METHODS

2.1 Experiment Location and Description
of Materials

Field experiments were carried out during the
March-June, 2019 long rains in multi locational
sites at Matuga and Mivumoni in Kwale County.
Matuga lies between latitudes 3°S-4°S and
longitudes 39°E - 40°E while Mivumoni lies
between latitudes 4.33°S and longitudes 39.52°E
in the Coastal lowlands. Kwale County is
generally warm throughout the year with
temperatures ranging between 24.2°C during the
coldest months (June and July) and 32°C during
the hottest months (January and February) [33].

2.2 Experimental
Husbandry

Design and Crop

The experiment was laid down in a randomized
complete block design (RCBD) and replicated
three times. The treatments included: Control
(No zinc application), Zinc, starter NP, FYM, NPK
+ zinc, FYM + zinc. The source of starter NP was
NPK fertilizer, the fertilizer was applied at the
recommended rate of 100 kg ha” while farm yard
manure (FYM) was applied at 5 tonnes per
hectare. Zinc sulphate was applied as Zn source
at a rate of 4kg ha” while 23:23:0 was applied as
NPK source at a rate of 50 kg ha™. Zinc, NPK
and FYM was applied at planting time using
placement method. The experimental land had
been left fallow for one calendar year. Green
gram variety tested was KS20. The crop was
established at a spacing of 45 cm by 15 cm
making an experimental plot of 2 m by 1.5 m and
a plant population of 450. Individual plots were
separated by 0.5 m wide gap while blocks were
separated by 1m gap leading to a total
experimental plot 24 m by 8.5 m. Fertilizer was

Muindi et al.; JAERI, 20(4): 1-9, 2019; Article no.JAERI.53943

applied during planting while Zinc Sulphate was
applied 14days after crop emergence. All other
agronomic practices such as thinning, weeding,
pest and disease control were carried out as
need occurred.

2.3 Data Collection

Data collected included: initial soil chemical
properties, crop growth measurements and yield
components. Soil chemical properties were
evaluated by carrying out by randomly collecting
15 soil samples at 0-20 cm depth in the
experimental plots using systematic sampling
procedure. The samples were composited to
make one sample per site and taken to the
laboratory for chemical analysis. The parameters
analysed were pH (water), total nitrogen (N),
exchangeable phosphorus (P), potassium (K),
Calcium (Ca), magnesium (Mg), Zinc (Zn), iron
(Fe), manganese (Mn), copper (Cu) and sodium
(Na). The analysis ws carried out following the
procedures described by Jaetzold and Schmidt
[34]. Ten plants were tagged randomly from the
middle rows of each plot 14 days after
emergence and the tagged plants were used for
data collection throughout the experimental
period. Data collected included: plant height,
number of leaves, pods per plant, days to 50%
flowering, days to 50% ponding, 100grains
weight and grain yield. Plant height were
determined by measuring the height of the ten
tagged plants from the base of plant to the
longest leaf by use of a ruler on weekly basis
from two weeks after emergence till physiological
maturity.

Number of leaves was determined by counting all
the leaves from the ten tagged plants from one
week after emergence on weekly basis until
physiological maturity. Number of pods per plant
and number of grains per pod were determined
by counting the ten tagged plants per plot at
harvesting time. Number of days to 50%
flowering and pod formation were recorded.
Physiological maturity was determined when the
green grams color changed from green to brown.

Weight of 100-grains was determined by
weighing 100 grains of the harvested grains per
plot. Grain yield were determined by harvesting
mature plants from an area of 1 M? in the middle
part of the plot and weigh them.

2.4 Statistical Analysis

All obtained data were subjected to analysis of
Variance (ANOVA) using general linear model



(GLM) SAS Computer package version 9.1.
Means were separated using the Duncan’s New
Multiple Range Test at 5% level of significance
[35].

3. RESULTS
3.1 Initial Soil Chemical Characteristics

The soils had a moderately acid pH, and low
levels of total Nitrogen (N), organic carbon
(%OC), exchangeable phosphorus, potassium,
calcium, magnesium, iron and zinc (Table 1).

3.2 Effect of Combining Zinc, Farm Yard
Manure and NPK on Green Gram
Plant Height and Leaf Number

Combined application of zinc, farmyard manure,
and starter NP significantly (P<0.05) improved
mean plant height and number of leaves (Table
2). Manure + zinc recorded the highest plant
height and number of leaves while control
recorded the lowest. Combination of zinc+
manure led to 32% increase in plant height and
28% increase in leaf number compared to
application of starter NP alone.

3.3 Effect of Zinc, Farm Yard Manure,
Starter Nitrogen and Phosphorus on
Green Grams Pods per Plant and
Grains per Pod

Combining zinc, farm yard manure and NP had
significantly (P<0.05) influenced green grams
pods per plant and grains per pod (Table 3).
Plots treated with farm yard manure + zinc
recorded the highest pods per plant and grains
per pod while control recorded the lowest.

3.4 Effect of Combining Zinc, Farm Yard
Manure, Starter Nitrogen and
Phosphorus on Dry Matter
Accumulation and Grain Yield

Combining zinc, farm yard manure, NP
significantly (P<0.05) improved green grams
yield (Table 4). Mean comparison showed that
the highest grain yield (0.6kgha'1) was obtained
from zinc enriched with manure while the lowest
was obtained from control with a mean of
O.3kgha'1. Zinc enriched with manure had no
significant difference with NP + zinc with means
4.6kgha'1 ‘Mean comparison showed that the
highest 100-seed weight was obtained from zinc
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enriched with manure with a mean of 4.7kgha’
'while the lowest 100-seed weight was obtained
from control with a mean of 3.4 kgha'1' .The
highest dry matter was observed in manure +
zinc with a mean of 0.97kgha™.

4. DISCUSSION

4.1 Effect of Combining Zinc, Farm Yard
Manure and Starter NP on Green
Grams Plant Height and Leaf Number

The significant increase in green gram plant
height and number of leaves by zinc + manure
treatment can be attributed to the combined
effects of organic matter and zinc on the soil
environment, nutrient availability and resulting
uptake efficiency. Manure is important in
modification of soil physical, chemical and
biological properties leading to improved
moisture holding capacity, nutrient holding
capacity, soil temperature regulation, improved
germination and root penetration [2,4,5,6,9,36].
Improvement of all this factors ensures adequate
nutrient availability for plant uptake leading to
improved crop growth [5,36]. Zinc on the other
hand plays an important role in plant protein
synthesis by nitrogen uptake; photosynthesis by
carbon anhydrase activity and synthesis of
chlorophyll; resistance against abiotic and biotic
stresses such as oxidative damage resistance
and pathogens among others [22,37].
Combination of these factors might have
contributed to the improved plant height and
number of leaves in zinc+ manure treated plots
compared to other treatments. Similar findings
have been reported by Ali et al. [38] in in
Pakistan when he combined zinc with organic
matter in wheat.

4.2 Effect of Combining Zinc, Farm Yard
Manure and NP on Pods per Plant,
Grains per Pod, Grain Yield, Grain
Weight and Dry Matter of Green
Grams

Zinc + manure application significantly increased
green grams pods per plant, grains per pod,
grams grain yield and grain weight and dry
matter compared to other treatments. The
increased yield components on plots treated with
zinc + manure compared to other treatments can
be attributed to a combination of factors. First,
Owing to the fact that rainfall within that season
was low and erratic, manure might have played a
great role in modification of soil physical
properties leading to modified moisture retention
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Table 1. Initial soil chemical characteristics for the study sites

Parameters Soil N% OC% PMgKg" Potassium Calcium Magnesium Manganese Copper Iron Zinc Sodium
PH(water) MgKg'1 MgKg'1 MgKg'1 MgKg'1 MgKg'1 MgKg'1 MgKg'1 MgKg'1

Value 5.89 0.05 0.31 15 0.1 1.2 0.37 0.34 1.43 6.8 4.2 0.08

Class Moderate low low Low Low low low adequate adequate Low low adequate
acid
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Table 2. Effect of zinc, farm yard manure, starter NP on green grams height and leaf number

Treatments Plant height Leaf number
NP + Zinc 18.5¢cd 14.4c
Manure + Zinc 23.8a 20.1a
Zinc 16.3de 12.4d
NP 17.9de 14.5¢
Manure 21.6b 18.5b
Control 15.1e 11.5d
Mean 18.8 15.1
CV (%) 7.7 5.6
LSD 0.8 0.5
P<0.05 <.0001 <.0001

Values followed by the same letter(s) on the same column are on significantly different at P<0.05. N-nitrogen, P-

phosphorus

Table 3. Effect of combining zinc, farm yard manure, starter NP on green grams Pods per Plant

and grains per pod

Treatments Pods per plant Grains per pod
NP + Zinc 21.7bc 13.0abc
Manure + Zinc 27.2a 14.7a
Zinc 13.4e 12.0d
NP 18.2d 12.0bcd
Manure 24.5b 13.0bc
Control 12.9e 11.0cd
Mean 19.6 12.2
CV(%) 8.2 9.9

LSD 0.9 0.7
P<0.05 <.0001 <.0001

Values followed by the same letter(s) on the same column are on significantly different at P<0.05

Table 4. Effect of combining zinc, farm yard manure and NP on green grams dry matter and

grain yield and weight (kgha™)

Treatments 100-seed weight (kgha™) Grain yield (kgha™) Dry matter (kgha™)
NP +Zinc 4.1bc 0.5abc 0.8bc
Manure + Zinc 4.7a 0.6a 1.0a
Zinc 3.5d 0.3d 0.8c
NP 3.6cd 0.41bc 0.8bc
Manure 4.1b 0.4bc 0.9b
Control 3.4d 0.3d 0.7c
Mean 3.9 04 0.8
CV(%) 71 15.2 5.2
LSD 0.5 0.03 0.03
P<0.05 <.0001 <.0001 <.0001

Values followed by the same letter(s) on the same column are on significantly different at P<0.05

capacity hence improved availability of soluble
nutrients within the rhyzosphere, hence improved
nutrient and water uptake by the plants
compared to plants without manure [39]. Apart
from provision of nutrients, zinc also plays the
role of regulating abiotic and biotic stresses
within the plant by improving resistance to pest
and diseases and other environmental stresses
[19,40]. Additionally, the existing interactions

between phosphorus, zinc and Iron might have
played a role in the availability of other nutrients
that support plant growth and yield. Since initial
soil analysis showed that the soils were low in
exchangeable inorganic phosphorus (Pi), Zinc
and Iron, Pi deficiency have been documented to
result in over accumulation of zinc in shoots and
the inverse is true, zinc deficiency leads to over
accumulation of Pi in shoots [41,42]. Similarly,



deficiency of iron in soils has been associated
with Pi and Zinc acquisition in both roots and
shoots [43,44]. Interactive combination of this
zinc and manure factors might have contributed
to improved uptake of other nutrients throughout
the growth period leading to high dry matter yield
and grain yield. Similar findings have been
reported by [38,39].

5. CONCLUSION AND RECOMMENDA-
TION

Combined application of Zinc and manure
significantly Increased green grams plant height,
leaf number, dry matter, pods per plant, grains
per pod, grain weight and overall yield compared
to other treatments. Application of zinc + manure
significantly increased green gram height by 32%
and grain yield by 46% compared to application
of starter NP alone. Although combination of
starter N and P with Zinc seemed to increase
plant height, number of leaves and overall yield,
the performance didn’'t significantly differ with
manure application. Due to the fact that the
conclusions were made from a short-term
research, the study, therefore, serves as an initial
step in the analysis of the interactive effects of
zinc, farm yard manure and NPK in green grams
production. The research was also carried out on
station in ferralic, chromic Luvisols; there is need
for long term ftrials in farmers’ fields with

diverse soil properties and environmental
conditions.
ACKNOWLEDGEMENT

The authors express their appreciation to Kenya
Agricultural Research and Livestock
Organisation (KARLO) Matuga for provision of
research facilities.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Hossain F, Rahman PK, Saha A, Solaiman

R. Effects of different aged poultry litter on
the yield and nutrient balance in Boro rice
cultivation. Bangl J of Agric Res. 2010;
35(3):497-505.

2. Akanni DI, Ojeniyi SO. Residual effect of
goat and poultry manures on soil
properties, nutrient content and yield of

Muindi et al.; JAERI, 20(4): 1-9, 2019; Article no.JAERI.53943

Amaranthus in Southwest Nigeria. Res J of
Agro.2008;2(2):44-47.

3. Sharma KL, Srinivas K, Mandal UK, Vittal
KPR, Grace KJ, Maruthi SGR. Integrated
nutrient management strategies for
sorghum and green gram in semi-arid
Tropical Alfisol. Indian J. Dry Land Agric.
Res. and Dev. 2004;19 (1):13-23.

4. Agbede TM, Adekiya AO, Eifediyi EK.
Impact of poultry manure and NPK fertilizer
on soil physical properties and growth and
yield of carrot. Journ Hort Res. 2017;25
(1):81-88.

5. Brady CN, Weil RR. The nature and
properties of soils, 14" Ed; Pearson
Prentice Hall, New Jersey. 2008;975.

6. Bandyopadhyay KA, Misra PK, Ghosh P,
Hati KM. Effect of integrated use of farm
yard manure and chemical fertilizers on
soil physical properties and productivity of
soy bean. Soil and Till. 2010;110:115-125.

7. Weil R, Brady NC. The nature and
properties of soil. 15" edition. Pearson.
2018;1104.

8. Finck A. Integrated nutrient management

an overview of priencpals, probles and
possibilities. Annals of Arid Zone. 1998;
37(2):1-24.

9. Lin W, Lin M, Zhou H, Wu H, Li Z, Lin W.
The effects of chemical and organic
fertilizer usage on rhizosphere soil in tea
orchards. PloS one. 2019;14(5):e0217018.
DOI: 10.1371/journal.pone.0217018

10. Ngeze PB. Artificial Fertilizers and how to
use them Stantex publishers, Nairobi,
Kenya. 1998; 55.

11. Stone DM, Elioff JD. Soil properties and
Aspen development five years after
compaction and forest floor removal.
Canadian J. of Soil Sci. 1998;78(1):51-58.

12.  Majumdar K. Pulse crop production:
Principles and technologies. PHI Learning
Pvt. Ltd. 2011;567.

13.  Walia US, Walia SS. Crop Management.
Scientific Publishers. 2015;707.

14.  Muindi EM. Understanding soil
phosphorus. Areview. Int. J Soil and Plant
Sci. 2019;31(2):1-18.

15. Abdul Rahman N, Larbi A, Kotu B, Tetteh
FM, Hoeschle-Zeledon |. Does nitrogen
matter for legumes? Starter nitrogen
effects on biological and economic benefits
of cowpea (Vigna unguiculata L.) in Guinea
and Sudan Savanna of West Africa.
Agronomy. 2018;8:120-132.

16. Dubey SN, Singh R, Kumar R, Dubey S.
Effect of phosphorus and PSB on growth,



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

nodulation and fertility status in different
mungbean (Vigna radiata L.) varieties and
its residual effect on fodder yield of
sorghum in indo-gangetic plain zone of
India. Inter J Agric Sci. 2018;14(1):196-
201.

Sinclair SA, Kramer U. The zinc
homeostasis network of land plants.
Biochim. Biophys. Acta. 2012;1823:1553—
1567.

Cabot C, Martos S, Llugany M, Gallego B,
Tolra R, Poschenrieder C. A role for zinc in
plant defense against psathogens and
herbivores. Front. Plant Sci. 2019;10:1171-
1186.

Noman A, Ageel M, Khalid N, Islam W,
Sanaullah T, Anwar M, Khan S, Ye W, Lou
Y. Zinc finger protein transcription factors:
Integrated line of action for plant
antimicrobial activity. Microb. Pathog.
2019;132:141-149.

Aboyeji C, Dunsin O, Aruna O. Adekiya, et
al. Zinc sulphate and boron-based foliar
fertilizer effect on growth, yield, minerals
and heavy metal composition of groundnut
(Arachis hypogaea L) Grown on an Alfisol.
Intern J of Agron. 2019;1-7.

Cakmak |. Possible roles of zinc in
protecting plant cells from damage by
reactive oxygen species. New Phytol.
2000;146:185-205.

Mengel K, Kirkby EA. Principles of plant
nutriton. 5" edn. Kluwer Academic
Publishers. Dordrecht. 2001;849.

Shukla UC, Yadav UP. Effect of
phosphorus and zinc on nodulation and
nitrogen fixation in chickpea (Cicer
arietinum L.). Plant and Soil. 1982;65
(2):239-248.

Mulinge W, Gicheru P, Murithi F, Maingi
P, Kihiu F, Kirui OK, Mirzabaev A.

Economics of land degradation and
improvement in Kenya. In: Nkonya E,
Mirzabaev A, von Braun J. (eds)

Economics of Land Degradation and
Improvement — A Global Assessment for
Sustainable Development. Springer,
Cham. 2016;471-498.

Kihara J, Sileshi GW, Nziguheba G, et al.
Application of secondary nutrients and
micronutrients increases crop Yyields in
sub-Saharan Africa. Agron. Sustain. Dev.
2017;37(25):1-14.

Vanlauwe B, Descheemaeker K, Giller KE,
Huising J, Merckx R, Nziguheba G, Wendt
J, Zingore S. Integrated soil fertility
management in sub-Saharan Africa:

Muindi et al.; JAERI, 20(4): 1-9, 2019; Article no.JAERI.53943

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Unravelling local adaptation.  Sail.
2015;1:491-508.

Stoorvogel JJ, Smaling EMA, Hanssen BH.
Calculating soil nutrient balances in Africa
at different scales. Fert Res. 1993;35:227—
285.

Voortman RL. Micronutrients in agriculture
and the world food system — Future
scarcity and implications. In: Scarcity of

micronutrients in soil, food and mineral

resources — background report of the
platform Agriculture, innovation and society
(LIS); 2012.

Slaton NA, Wilson CE, Norman RJ,
Boothe DL. Evaluation of zinc seed
treatments for rice. Agron J. 2001;93:152—
157.

Singh AK, Khan SK, Nongkynrih P.
Transformation of zinc in wetland rice soils
in relation to nutrition of rice crop. J Indian
Soc Soil Sci. 1999;47:248-253.

Food and Agricultural Organisation. Soail
fertility report-Kwale County. 2016;30.
National Accelerated Agricultural Inputs
Access Program (NAAIAP). Soil suitability
Evaluation for Maize production in kenya.
2014;453.

Okalebo JR, Gathua KW, Woomer PL.
Laboratory methods of soil analysis: A
working manual (2nd ed.). TSBR-CIAT
and SACRED Africa, Nairobi, Kenya.
2002;88.

Jaetzold R, Schmidt H. Farm Hndbook of
Kenya. Vol. Il. Eastern Kenya. Ministry of
Agriculture, Kenya. 2012; 586.

Steel R, Torrie J. Principles and
procedures of statics: A  biometric
approach (2nded.). New York: McGraw Hill
Publishing Company.1980.

Gmach MR, Cheribin MR, Kaiser K, Cerri
CEP. Processes that influence dissolved
organic matter in the soil: A review. Sci.
Agric, 2019;77(3):1-10.

Alloway BJ. Zinc in soils and crop nutrition.
In P. C. Srivastava and U. C. Gupta (Eds.),
Trace elements in crop production. Beverly
Hills, CA: Science Publishers, INC. 2004;
445-501.

Ali MM, Saheed SM, Kubota D, Masunaga
T, Wakatsuki T. Soil degradation during
the period in Bangladesh: Selected
chemical characters. Soil Science and
Plant Nutrition. 1967-1995;197; 43(4):879-
890.

Xin X, Zhang j, Zhu A, Zhang,C. Effects of
long-term (23 years) mineral fertilizer and
compost application on physical properties



40.

41.

42.

of fluvo- aquic soil in the north China Plain.
Soil and Till. Res. 2016;156:166-172.

Lee S, Kim SA, Lee J, Guerinot ML, An G.
Zinc deficiency-inducible osZIP8 encodes
a plasma membrane-localized zinc
transporter in rice. Mol cells. 2010;29:551—
558.

Khan GA, Bouraine S, Wege S, Li Y, De
CM, Berthomieu P, et al. Coordination
between zinc and phosphate homeostasis
involves the transcription factor PHR1, the
phosphate exporter PHO1, and its
homologue PHO1;H3 in Arabidopsis. J.
Exp. Bot. 2014;65:871-884.

Ova EA, Kutman UB, Ozturk L,
Cakmak 1. High phosphorus supplies

Muindi et al.; JAERI, 20(4): 1-9, 2019; Article no.JAERI.53943

43.

44.

reduced zinc concentration of wheat in
native soil but not in autoclaved soil or
nutrient solution. Plant Soil, 2015;393:147—
162.

Zheng L, Huang F, Narsai R, Wu J,
Giraud E, He F, et al. Physiological and
transcriptome analysis of iron and

phosphorus interaction in rice
seedlings. Plant Physiol. 2009;151:
26-31.

Haydon MJ, Kawachi M, Wirtz M, Hillmer
S, Hell R, Kramer U. Vacuolar
nicotianamine has critical and distinct roles
under iron deficiency and for zinc
sequestration in Arabidopsis. Plant Cell.
2012;24:724-737.

© 2019 Muindi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/53943




