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Poultry manure (PM) input is globally utilized for enhancing and maintaining soil
fertility in vegetable farming. In many tropical regions, however, ‘site’ specific
PM rate for optimum crop yield is lacking. A three-year continuous cucumber
cultivation with 0, 10, 20 and 30 t/ha PM rates in three replicates, were arranged
in RCBD on an Ultisol. Soil physicochemical properties and cucumber yield re-
sponses to PM input rates were evaluated. The study soil was strongly acid and
low in OC, N and exchangeable cations concentrations. The 20 and 30 t/ha PM
input improved macro-aggregate stability by 91 and 99 %, respectively, and ac-
cordingly, increased the aggregates mean weight diameter. Poultry manure rates
Keywords: showed a lacking effect on cucumber length and girth, but the 20 and 30 t/ha PM
Poultry manure input rates significantly increased the number and weight of cucumber fruits in the first
and third cropping years. Accordingly, the rates produced 10.53 t/ha cucumber
fruits, corresponding to a three-fold yield increase. The overall soil chemical re-
sponse to PM rates was a function of the PM quality. While improved P retention
with 20 and 30 t/ha PM rates cut across the three cropping years, a significant
increase in soil pH, Ca and K status was also evident with these rates in the third
year. Also, the soil pH, C/N, P, Ca and K correlated positively to the number and
Ultisols weight of cucumber fruits. Based on ‘agronomic’ influence and convenience, 20
t’/ha PM rate is therefore recommended for maintaining optimum cucumber yield
in Ultisols.
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1.0. Introduction

Cucumber (Cucumis sativus L.) is one of the most im-
portant members of the Cucubitaceae family (Eifediyi and
Remison, 2009) that have been cultivated for over many
thousands of years. Though cucumber can naturally thrive
in both temperate and tropical environments, its produc-
tion in tropical Africa has not been ranked (FAOSTAT,
2019). Howbeit, cucumber production in Nigeria has in-
creased recently, probably due to awareness being created
by its market demand and economic returns, short duration

in maturity or due to its nutritional and medicinal values
(Okoli and Nweke, 2015). Cucumber is a high nutrient
demanding crop that performs poorly on nutrient-deficient
soils and consequently, leads to low yields, bitter and mis-
shapen fruits and reduced farmers’ income (Grubben and
Denton, 2004; Eifediyi and Remison, 2009).

Low cucumber yields have been attributed to declining
soil fertility due to continuous cropping and disregard for
soil amendment additions (Enujeke, 2013). The prevailing
climatic factors as excessive precipitation and the high-
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temperature regime in Southeastern Nigerian also contrib-
ute to poor fertility status of the soil due to soil acidity,
soil nutrient imbalance, and high rate of organic matter
decomposition. In the face of declining soil productivity
occasioned by climate change impacts, small-scale cucum-
ber production may be enhanced with the application of
organic manure. Organic fertilization is an essential com-
ponent of soil fertility improvement strategy that often
leads to increased crop yield. The use of organic manures
has been recommended for long-term cropping in the trop-
ics because their slow mineralization promotes crop yield
for an extended period (Gambo et al., 2008).

Poultry manure (PM) is a source of plant nutrient that has
been used since ancient times. The vital impact of PM on
soil properties, as well as on crop productivity abound in
the literature (Ewulo et al., 2008; Moyin-Jesu, 2015;
Onyegbule and Asawalam, 2015; Olowokere and Odulate,
2019; Mangalassery et al., 2019). The effect of PM input
on the growth and yield of cucumber has received much
research attention, but most reports are based on only
two-season experiments and are devoid of the effect of PM
on soil properties (Eifediyi and Remison, 2010; Hamma et
al.,, 2012; Ikeh et al., 2012; Enujeke, 2013; Okoli and
Nweke, 2015). Due to possible changes in climatic varia-
bles, more than two seasons field trial may be necessary
for proffering precise and reliable PM recommendation for
farmers. Cucumber yield response to PM input is regional-
ly variable given the vast heterogeneity in nutrient compo-
sition of the cultivated soil and the PM obtainable in a
locality. So, while “site-specific” inorganic fertilizer rec-
ommendation has been strongly advocated (Soropa et al.,
2019), same could be applied in proposing organic fertiliz-
er recommendations, alongside specified per cent concen-
trations (ratios) of the significant primary nutrients (NPK)
content of the organic input. Besides ascertaining and cate-
gorizing the grade of the organic input quickly, the NPK
ratio may also be useful in assessing “organic input quali-
ty”, an important measure to slide into obscurity. Moyin-
Jesu (2015) attributed the improvement in soil fertility and
cucumber yield to ‘balanced nutrient composition’ of PM.
Okoli and Nweke (2015) however, never accounted for the
PM nutrient composition nor the study soil characteristics
(soil type, texture), making reproducibility of the experi-
ment on cucumber yield difficult.

On the contrary, available PM recommendations are de-
tailed in the following examples. For optimizing cucumber
yields (fruit length, fruit diameter and fruit weight) within
the rainforest agro-ecological zone of Nigeria, Ikeh et al.
(2012) recommended 8t/ha PM (NPK 4.8:0.4:0.8) on
sandy clay loam soil; Law-Ogbomo and Osaigbovo (2018)
recommended 10t/ha PM (NPK 0.185:0.001:0.001) on
sandy loam soil; and 6t/ha PM (NPK 4.3:0.04:9.7) per-
formed excellently on sandy loam Alfisol (Moyin-Jesu,
2015). Enujeke (2013) recommended 20 t/ha PM (NPK
1.4:0.6:0.6) on sandy loam soil in the forest-savanna tran-
sition zone while 40 t/ha PM (0.0490:0.0001:0.0004) gave
optimum yield response on sandy loam soil in the derived
savanna zone (Agu et al., 2015). It does appear that the
differences in PM nutrient composition contribute above
and beyond soil type and agro-ecology, to the variations in
PM recommendations.

Despite the increasing relevance of cucumber cultivation
in the derived savanna agro-ecological zone, the area has
limited information on PM recommended rate for optimiz-
ing cucumber yield. This has consequently raised scien-

tific concern at the Faculty of Agriculture, University of
Nigeria Nsukka (UNN) whose poultry farm produces large
tonnes of PM from its deep litter management system. It
thus becomes imperative to bridge the knowledge gap by
evaluating the effect of PM on soil properties and cucum-
ber yield in an Ultisol which dominates the University
community and its environs. This would inform surround-
ing farmers of the optimum ‘agronomic’ rate for cucumber
crop. It will also provide vital information on the soil fer-
tility improvement trend of the PM input for maintaining
and sustaining cucumber production in the area. The study
aimed at investigating the changes in soil physicochemical
properties, as well as cucumber yield response to varying
PM rates in an Ultisol at Nsukka, Southeastern Nigeria.

2.0. Materials and Methods
2.1. Site description

The field experiments were conducted at the Department
of Soil Science Teaching and Research Farm, University
of Nigeria, Nsukka. The location falls within the Derived
Savannah agro-ecological zone of Nigeria and on the lati-
tude and longitude of 06° 52'N and 07° 24 E, respectively.
The average elevation is about 436 m above sea level. The
climate is humid tropical that is characterized by a bimod-
al rainfall pattern with peaks in July and September, and a
short dry spell in August. The mean annual rainfall is
about 1600 mm while the average minimum and maxi-
mum temperature are about 22 °C and 30 °C, respectively.
The prevailing relative humidity of the location is rarely
below 60 %. The soil originated from weathered Sand-
stone and has been classified as an Ultisol, with deep, per-
meable and well-drained characteristic ~ structure
(Nwadialo, 1989).

2.2. Treatment description

The poultry manure (PM) used for the experiment was
gotten from the deep litter management system of the
Poultry Unit of Department of Animal Science Teaching
and Research Farm, University of Nigeria, Nsukka. The
PM is made up of the beddings (sawdust), poultry feed
droppings and the faeces of layers at laying stage (in 2015)
or the faeces of broilers from a day old to about 12 weeks
(in 2016 and 2017). After the sales of the broilers, the air-
dried PM is usually bagged in 50 kg sacks and sold to
farmers. Before application in the soil, the chemical prop-
erties of the PM, as presented in Table 1, were determined.

2.3. Field experimental setup and treatments

The experimental field was previously used for maize crop
research and after that, was on two years bush fallow be-
fore the study establishment. In the year 2015, a land
measuring 224.25m” was cleared, ploughed, harrowed and
ridged by a tractor, and then the seedbeds (plots) were
partitioned using a hand hoe. Twelve plots of 1.5 m x 3.75
m with 1 m spacing between blocks and plots were marked
out, and four rates of PM (0, 10, 20, and 30 t/ha) laid out
in a Randomized Complete Block Design (RCBD) with
three replicates. The PM was evenly spread on the beds
and incorporating within 0-20 cm soil depth using a hand
hoe, two weeks before planting. The experiment was con-
ducted on the same piece of land in 2015, 2016 and 2017
minor cropping seasons. Cucumber seeds (Ashley variety)
gotten from the Department of Crop Science, UNN were
sown two per hole at about 2.5cm depth and a spacing of
75 cm x 75 cm, given a population of twenty plants per
bed. Weeding with hand hoe was done 3 weeks after plant-



ing while subsequent weed control was usually by hand-
picking. Due to insufficient rainfall towards the fruiting
stage, supplementary irrigation with 15 and 10 L of water
on each bed was applied daily (usually in the evening)
with the use of a watering can in 2015 and 2016, respec-
tively. The watering continued until plant senescence.

2.4. Data collection

At physiological maturity (coinciding between 8 and 9
weeks after planting), the cucumber yield data collected
from an area of 5.62 m” per bed were the fruit number,
fruit length, fruit girth and fruit weight. The fruits were
weighed using a sensitive weighing balance in grams and
later estimated in tonnes per hectare. The fruit length and
girth were measured with a flexible measuring tape in cen-
timetres. The collective measurements determined per plot
for each parameter were subjected to statistical analysis.

2.5. Soil sampling and preparations

Before planting, augered soil samples were collected per
plot from five sampling points along a Z-plain at 0-20 cm
depth. Soil samples from each plot were air-dried, sieved
with 2 mm mesh and used for initial assessment of the
soil’s physico-chemical properties. After crop harvest, soil
samples collected from each plot, along a Z-plain, were air
-dried and divided into two portions. A portion sieved with
2 mm mesh was used for chemical analysis while the other
portion sieved with 4.75 mm mesh was used for aggregate
size separation. Additional core samples were also collect-
ed from each plot after the 2017 crop harvest and used for
the determination of total porosity, bulk density and hy-
draulic conductivity. Both the soil and PM analysis was
also carried out at the laboratory of the Department of Soil
Science, University of Nigeria Nsukka.

2.6. Laboratory analyses

Particle size analysis was determined by the hydrometer
method (Bowman et al., 2002). Hydraulic conductivity,
bulk density and total porosity were determined using the
core samples. The core samples were weighed after 24 h
of complete saturation in water and then, placed on a ten-
sion table adjusted to 60 cm of tension for 24 h, after
which they were reweighed and oven-dried until a con-
stant weight was obtained. Saturated hydraulic conductivi-
ty (Ksat) was determined by the constant-head perme-
ameter method (Klute and Dirksen, 1986), and calculated
using Darcy's equation:

Where Ksat = hydraulic conductwlty (cm h™"), Q = steady-
state volume of flow (cm’), L = length of core sample
(cm), A = cross-sectional area (cm?), t = change in time
interval, and H = hydraulic head change (cm).

Bulk density measurement was obtained by the cylindrical
core method as described by Blake and Hartge (1986),
while total porosity was determined in undisturbed water-
saturated core samples. The above parameters were calcu-
lated as follows:

Bulk dens1ty mass of oven-dry soil (g) / volume of bulk
soil (cm’)

Total porosity = volume of H,O in the soil at saturation
(cm’) / volume of bulk soil (cm3)

Aggregate(@ize sbparation was performed on 25 g of 4.75
sieﬁeﬂdﬁ }0_?/ wet sieving method (Cambardella and
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Elliot, 1994) using a series of four sieves (2 mm, 1 mm,
0.5 mm, 0.25 mm) to obtain five different water-stable
aggregates (WSA) fractions as follows; > 2.00 mm, 1.00-
2.00 mm, 0.50-1.00 mm, 0.25-0.50 mm, and < 0.25 mm.
The aggregate fractions were carefully transferred into a
container using a wash bottle and the oven-dry weight
obtained after 24 h at a temperature of 105°C. After that,
all the WSA fractions were merged and dispersed in with
0.IN NaOH, and then washed through 0.50-mm sieve to
obtain the mass of sand > 0.50 mm used for the computa-
tion of per cent aggregate stability (%AS). The mass of
aggregates > 0.25 mm was calculated by subtracting the
sum of the oven-dried weights of materials retained on
each sieve from the air-dried weight of the original sam-
ple. The proportion of each aggregate class to the total
sample weight was computed as the ratio of the weight of
the oven-dry aggregates (uncorrected for sand) in the size
class fractions to the total weight of the initial material (25
g). The mean weight diameter (MWD) and the %AS were
determined from the equations below;

Where MWD = mean-weight diameter of aggregates
(mm), Xi = mean diameter of each size fraction (mm), and
Wi = proportion of the total sample weight occurring in
the corresponding size fraction.

% AS = [(mass of WSA (> 0.50) - mass of sand) / (mass of
sample - mass of sand)] x 100

Where % AS = percent aggregate stability, and WSA (=
0.50) = water stable aggregate > 0.50 mm.

The soil pH was measured using pH meter in 1:2.5 soil to
water, and 0.1N KCl suspensions (McLean, 1982). Organ-
ic carbon (OC) was determined by the Walkley and Black
wet oxidation method (Nelson and Sommers, 1982)
whereas total nitrogen was by the Kjeldahl distillation
procedure (Bremmer, 1996). Available phosphorous was
by Bray II bicarbonate extraction method (Olsen and Som-
mers, 1982). The exchangeable bases (Na, K", Ca*" and

tracted usmg ammonium _ acetate
(N%V}(?AC;@%%&? Na and K were measured by the
flame photbrheter, Ca*+ and Mg”" were determined by the
complexometric EDTA tltratlon (Thomas, 1982). The ex-
changeable acid (H" and AI’") were measured using ex-
tracts from IN KCI as described by McLean (1982). Effec-
tive cation exchange capacity (ECEC) was determined by
the summation of the exchangeable acid and bases.

2.7. Data Analysis

The data collected from the various parameters were statis-
tically subjected to analysis of variance (ANOVA) using
GenStat for Windows, 9th Edition (GenStat, 2007). The
significant variations in means were determined using the
least significant difference at the 5 % probability level.
Correlation analysis was performed amongst cucumber
yield indices, and some soil chemical properties to show
their relationships.

3.0. Results
3.1. Chemical properties of the poultry manure input

The chemical properties of the PM obtained across the
three cropping years (Table 1) showed similar pH value
that was moderately alkaline with similar high available P
contents. However, the OC, N, Ca®", Mg®", Na" and K"
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contents of the PM varied amongst the cropping years with
higher OC, N, Ca®" and Mg®" contents recorded in 2015
than in 2016 and 2017. The OC contents were appreciably
higher when compared to the N contents. As such, the PM
obtained over the years showed a rather narrow C/N that
ranged from 6.47 to 12.65. Amongst the exchangeable
basic cations, the PM contained higher Ca®"and Mg " than
Na" and K" cations.

3.2. Pre-cropping soil physicochemical properties

The pre-cropping soil textural properties of the experi-
mental site in 2015 indicated the dominance of sand (70
%) with low silt (7 %) and clay (23 %) contents. Accord-
ingly, the textural class of the soil was sandy clay loam.
The individual treatment plots showed that the soil is
strongly acid with pH-H,O of 5.33 and 5.02 before the
2015 and 2016 cropping years, respectively (Table 2).

Before 2015 cropping year, the soil available P was rela-
tively moderate (8.08 to 9.33 mg/kg) while the OC, total
N, C/N, and exchangeable cations amongst the treatment
plots were low. Also, there was no significant (P < 0.05)
difference amongst the treatment plots for all the soil
chemical parameters except the OC and Na contents of the
soil. Accordingly, while the OC content was significantly
higher in the 30 t/ha PM plot than in the control plot, the
10 t/ha PM plot showed higher Na content than the 20 and
30 t/ha PM plots. Before 2016 cropping year, however,
there was no significant difference in the soil pH or the
OC, N, P and K" concentrations of the treatment plots.

3.3. Post-cropping effect of poultry manure on soil physi-
cal properties

Table 1: Chemical properties of the poultry manure across the three cropping years

------------------- Cropping years -----------------
Chemical properties 2015 2016 2017
pH (H,0) 8.40 8.60 8.40
pH (KCI) 8.30 8.20 8.10
Organic carbon (g kg™) 310.00 77.00 106.00
Total nitrogen (g kg™) 24.50 11.90 9.67
C/N 12.65 6.47 10.96
Available phosphorus (mg kg™) 2201.08 2200.00 2611.44
Calcium (cmol, kg™) 32.00 8.40 16.00
Magnesium (cmol, kg™) 22.00 7.20 8.00
Sodium (cmol, kg™) 0.87 0.48 0.35
Potassium (cmol, kg™ 2.33 0.54 1.02

There was no significant (P < 0.05) change in the bulk
density, total porosity, and hydraulic conductivity of the
treatment plots after three years’ continuous cucumber
cropping with PM application. The bulk density of the
treatment plots ranged from 1.42 to 1.51 g cm™ while total
porosity and hydraulic conductivity ranged from 43.02 to
47.30 % and from 8.73 to 23.40 cm™, respectively. None-
theless, PM application significantly influenced the stabil-
ity of aggregates in all the cropping years (Fig. la-c). With
few exceptions, increased PM rates significantly (P <
0.05) increased the >2.00 mm macro aggregates but re-
duced the smaller WSA (micro aggregates) of 0.50-0.25
mm in all the cropping years. The silt and clay size frac-
tion (<0.25 mm) was only significantly influenced in
2015. In 2016 however, all the WSA fractions were signif-
icantly affected except the <0.25 mm fractions. Significant
increase in MWD (Fig. 2a) and %AS (Fig. 2b) was also
obtained with increased PM input rates. The % AS ranged
from 51.67 to 67.00%, 48.55 to 65.95%, and from 52.47 to
81.78% in years’ 2015, 2016 and 2017, respectively.

3.4. Post-cropping effect of poultry manure on soil chemi-
cal properties

The effect of PM treatment on the soil chemical properties
after crop harvest (Table 3) indicated a significant (P <
0.05) increase in soil pH-KCI with increased PM rate in
2015 and 2017 cropping years. While differences in the
OC and N levels amongst the treatment plots was only
evident in years 2015 and 2017, respectively, the C/N ratio
of the treatments differed significantly only in the year
2017. Throughout the three cropping years, the soil availa-
ble P increased significantly (P < 0.05) with the PM rates.
All the exchangeable cations (Ca®, Mg®",Na’, K', H")
showed significantly highest values with the 30 t/ha PM
rate and lowest in the control soil, in the year 2015. In
2017 however, the significant effect of the applied > 20 t/
ha PM was only evident in increasing the Ca®"and K
amongst other exchangeable cations.

3.5. Effect of poultry manure on cucumber yield

The applied PM rates had no significant effect on the fruit
length and girth of cucumber obtained across the cropping
years (Table 4). In contrast, the average number of har-
vested cucumber fruits, as well as their corresponding
weights differed significantly (P < 0.05) amongst the treat-
ments, in all the cropping years. In the years 2015 and
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Table 2: Pre-cropping soil chemical properties of individual treatment plots in the year 2015

PM Treatment pH pH ocC N C/N  AvailP Ca®* Mg Na* K' H" ECEC
(H,0) (KCl) gkg' gkg' mg kg! cmol, kg™

0 t/ha 5.33 437 7.83 0.80 10.45  8.08 473 113 027 016 1.13 743

10 t/ha 527 4.20 8.67 0.70 12.50 8.71 360  1.07 033 020 127 647

20 t/ha 5.43 430 8.53 0.67 1327 8.71 373 1.00 021 027 1.07 628

30 t/ha 5.23 4.20 9.73 0.97 1022 9.33 333 090 0.19 0.17 1.00 5.60

LSD(g.05) NS NS 1.04 NS NS NS NS NS 009 NS NS NS

PM = poultry manure; LSD = least significant difference; ECEC = effective cation exchange capacity; OC = organic carbon; OM =

organic matter; NS = not significant.

2017, cucumber fruit weight showed a clear increasing
trend with increased PM input rates. A similar trend was
evident in the percent yield increase in both years; with
over 190 % yield increase in the > 20 t/ha PM plots.

3.6. Relationship between cucumber yield indices and soil
chemical properties

Table 5 shows the correlation coefficients (7) of the cu-
cumber yield indices and soil chemical properties. All the

cucumber fruit yield indices (number, length, girth and
weight of cucumber) positively correlated significantly
with P, Ca>" and K contents of the soil. A similar relation-
ship was obtained between the soil pH-KCI and the yield
indices except with fruit girth. While soil N correlated
negatively with the cucumber yield indices, a positive sig-
nificant (P < 0.05) was obtained between OC and fruit
length, and also between C/N and number- and weight- of
cucumber. The soil PH positively correlation significantly
with OC, C/N, P, K, and Ca®" but showed a negative cor-

Table 3: Influence of poultry manure on soil chemical properties after cucumber crop harvest across the three cropping years

PM pH pH oC N C/N  Avail, P Ca”™ Mg~ Na' K" AT H' ECEC
Treat- (H:0) (kcl) gkg' gkg' mg kg cmol,

ment kg'l

Year 2015

0 t/ha 5.23 4.30 9.03 0.90 10.29 7.46 3.73 0.67 0.19 0.21 nd 1.27 6.07
10 t/ha 6.23 5.43 9.93 1.10 9.38 22.08 6.40 1.53 0.23 0.46 nd 1.07 9.69
20 t/ha 6.33 5.77 11.10 1.17 9.72  28.29 5.00 1.67 0.25 0.44 nd 1.33 8.69
30 t/ha 6.57 5.90 11.33 1.60 7.17  40.73 7.30 2.67 0.27  0.63 nd 1.60 12.47
LSD¢osy  0.57 0.45 0.86 NS NS 16.35 2.35 1.08 0.05 0.14 - 0.22 2.73
Year 2016

Ot/ha 5.73 4.73 11.19 - - 25.80 3.07 1.00 0.12  0.09 0.27 0.80 5.23
10t/ha 5.63 4.97 12.38 - - 38.24 4.20 0.67 0.10  0.08 0.60 0.53 6.09
20t/ha 6.03 5.47 10.93 - - 55.96 5.33 1.73 0.17 0.14 0.40 0.33 7.96
30t/ha 5.83 5.23 11.72 - - 46.17 4.13 1.00 0.13 0.09 0.13 0.27 5.64
LSDgosy NS NS NS - - 16.73 NS NS NS NS NS NS NS
Year 2017

0 t/ha 5.47 4.57 14.76 0.11 13.53 21.76 3.13 1.40 0.13 0.18 nd 2.07 6.91
10 t/ha 5.83 5.00 16.23 0.12 13.80 47.88 3.60 1.27 0.13 0.26 nd 1.73 6.99
20 t/ha 5.97 5.53 17.02 0.07 25.68 78.65 4.27 1.13 0.14 045 nd 1.53 7.53
30 t/ha 6.13 5.37 17.42 0.11 16.64 81.45 4.53 1.07 0.15 0.70 nd 1.73 8.18
LSDwosy NS 0.54 NS 0.03 452  29.62 0.94 NS NS 0.24 - NS NS

PM = poultry manure; OC = organic carbon; OM = organic matter; Avail. P = available phosphorus; OC = organic carbon; OM =
organic matter; ECEC = effective cation exchange capacity, LSD = least significant difference; NS = not significant; nd = not de-

termined.

relation with H'.
4.0. Discussion
4.1. Chemical properties of the poultry manure

Despite being sourced from the same poultry farm, the PM
input obtained across the cropping years showed consider-

able variation in chemical properties except for the pH and
available P concentration. The variation may be due to
differences in poultry management relating to breed of
beds, bedding material, broilers poultry feed, feed con-
sumption, growth metabolism, etc. The moderately alka-
line pH of the PM input as recorded across the cropping
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Table 4: Effect of poultry manure rates on yield components of cucumber fruits

PM Treatment Number of fruits Fruit length Fruit girth Fruits weight % Yield increase
(cm) (cm) (tha™) (%)
Year 2015
0 t/ha 12.67 12.54 11.93 2.09 -
10 t/ha 24.67 13.45 11.54 4.97 138
20 t/ha 30.67 13.21 11.40 6.13 193
30 t/ha 32.67 14.19 13.52 7.55 261
LSD(.0s) 1.26 NS NS 2.48 -
Year 2016
Ot/ha 5.33 22.99 16.11 2.30 -
10t/ha 13.33 18.14 16.02 6.17 168
20t/ha 16.67 18.33 15.69 7.46 224
30t/ha 10.00 18.55 15.87 5.26 129
Year 2017
LSD s 1.04 NS NS 3.31 -
Ot/ha 10.00 13.66 17.57 3.10 -
10t/ha 13.33 16.62 15.80 5.87 89
20t/ha 22.00 17.08 15.70 10.28 232
30t/ha 22.67 20.73 16.76 10.77 247
LSDy 05 0.89 NS NS 2.17 -

PM = poultry manure; LSD = least significant difference; NS = not significant.

years seems desirable, given the acid nature of the study
soil. So, continuous application of PM input of pH 8.50 to
the experimental field of pH 5.32 would possibly increase
the soil pH and thus, reduce soil acidity. Soil acidity-
ameliorating effect of PM has been reported (Duruigbo et
al., 2007).

The high available P content of the PM input conforms to
other high P values reported in the literature (Ikeh et al.,

2012; Enujeke, 2013). The high P composition of the PM
could result from the type of poultry feed the birds con-
sumed (Alabadan et al., 2009). Besides, high P concentra-
tion in PM does not guarantee P availability because P is
influenced by several factors like soil temperature, soil
moisture, soil pH, soil clay content and clay type. While
soils with high clay content can retain high levels of P
reserves, P availability is optimum between pH of 6.0 to

Table 5: Correlation coefficients (r) of cucumber yield indices and soil chemical properties (n = 12)

H-

Yield indices __KCI ocC N P CIN Ca™ Mg** Na* K H'
Number of

fruits 0.65* 0.47 -0.48 0.67* 0.60* 0.75%* -0.27 0.42 0.69* -0.51
Fruit length 0.77*%  0.67* -0.27 0.84** 0.47 0.82%* -0.20 0.42 0.89%*  -0.48
Fruit girth 0.52 0.43 -0.39 0.63* 0.51 0.72%%* -0.38 -0.02 0.67* -0.25
Fruit weight 0.73* 0.53 -0.48 0.76** 0.63* 0.80%* -0.32 0.16 0.77%%  -0.48
pH-KCl - 0.74** -0.45 0.90** 0.64* 0.72*%* 0.08 0.48 0.70*%*  -0.67*
* ** = Significant at 0.05 and 0.01 alpha level (2-tailed), respectively.

7.0 (NAS, 2010) but relatively insoluble at both low (< 4) properties

and high (> 8) pH levels (Sanginga and Woomer, 2009).
Since the soil pH is a little bit above 4, improvement in P
availability with increased PM rates is expected concern-
ing soil pH response to PM input.

The PM input exhibited higher concentrations of OC, N,
C/N, Ca*", Mg*" and K" in the order of the year 2015 >
2017 > 2016; suggesting better cucumber growth and yield
response to PM input in the same order. Accordingly, the
macronutrients (NPK) ratio portrays dissimilarity in the
PM quality given that the ratio of their NPK concentration
translated to 2.450:0.220:0.002, 1.190:0.220:0.001, and
0.967:0.261:0.001 in the 2015, 2016 and 2017, respective-
ly. Notably, the higher proportions of Ca** and Mg*" in
2015 PM input may have serious implication to the soil
pH status.

4.2. Effect of poultry manure input on the soil physical

The dry bulk density, total porosity and the hydraulic con-
ductivity of the soil did not improve with increased PM
application rate. This could be attributed to the nature of
the soil, which shows a high proportion of sandy minerals,
having originated from weathered Sandstone parent mate-
rial (Nwadialo, 1989). So, it may take a longer period of
repeated PM addition before soil structural changes would
become pronounced. Agbede et al. (2008) reported a sig-
nificant reduction in soil bulk density, as well as a signifi-
cant increase in total porosity following three years of 7.5
t’/ha PM application to an Alfisol, cropped to sorghum.

The observed increase in the >2.00 mm WSA (macro-
aggregates) with increased PM rates portrays the positive
contribution of PM to soil structural improvement. The
improvement was made possible by the vital contribution
of OC in the amalgamation of the micro-aggregates (0.50-



0.25 and <0.25 mm) to macro-aggregates, hence the re-
duced proportion of the micro-aggregates with the applica-
tion of > 20 t/ha across the cropping years. The % OC,
which followed a similar trend with the >2.00 mm WSA
also affirms the potential of aggregation in enhancing OC
stabilization in soils (Chaplot and Cooper, 2015). The link
between the stability of the macro-aggregates (>2.00 mm)
and the soil’s OC content appears to supersede the contri-
bution of the soil’s clay content to macro-aggregate stabil-
ity. Hence, it is not incongruous to attribute the enhanced
stability of the >2.00 mm aggregates to the OC content of
the PM input. Remarkably, the 20 and 30 t/ha PM rates
individually contributed to about 91 and 99% improve-
ment in >2.00 mm aggregate stability, in 2017. This con-
sequently enhanced the aggregate MWD substantially and
the % AS of the > 20 t/ha PM amended soils. Indeed, the
74 and 82 % improvement in % AS with the 20 and 30 t/
ha PM, respectively, as recorded in 2017, confers a more
significant potential for the soil to withstand disaggrega-
tion when moistened. Such improvement implies enhance-
ment in soil strength, soil resistivity to mechanical stress,
soil tilth, infiltration rate, soil water retention, and in stabi-
lization of soil structure and soil organic matter (Alabadan
et al., 2009; Canasveras et al., 2010; Chaplot and Cooper,
2015). Therefore, continuous cucumber cropping with >
20 t/ha PM input would improve soil resistivity against
breakdown by impacts of rainfall, overland flow and water
erosion.

4.3. Effect of poultry manure input on the soil chemical
properties

The strongly acid pH status of the soil before the PM ap-
plication could be due to the excessive precipitation that
characterized the study location, and so predisposes the
soil to leaching, interrill erosion and runoff processes. This
consequently causes considerable loss of nutrients and
thus explains the low OC, total N and exchangeable cati-
ons contents of the soil, a true reflection of most Ultisols
of southeastern Nigeria that are strongly weathered and of
low activity clay mineralogy (Asadu, 1990). Nonetheless,
the observed differences in OC and Na' concentrations
amongst the treatment plots before the 2015 crop estab-
lishment could be attributed to soil heterogeneity emanat-
ing from previous differences in land use and manage-
ment.

The effect of > 20 t/ha PM rates on the chemical properties
of the soil was more pronounced in 2015 and 2017 than in
2016, an observation associated with variations in PM
quality. The pH-KCI effect of the > 20 t/ha PM amended
plots in 2015 and 2017 was expected considering the lim-
ing effect of the PM input due to its relatively higher Ca**
content. Duruigbo et al. (2009) reported a similar signifi-
cant increase in soil pH-KCl with 15 t/ha PM input on
loamy sand Ultisol. In the year 2016 likewise, there was
also a noticeable increase (though not significant) in soil
pH of the > 20 t/ha PM treatment plots (5.47/5.23) which
was quite higher than that of the control plot (4.73). This
unpronounced pH effect may be due to the weak Ca’
composition of the 2016 PM, which was not sufficient to
displace much of the H™ from the exchange site into the
soil solution to effect a significant increase in pH and con-
sequently, reduce soil acidity. The maximum improvement
in OC content of the PM amended soils in the year 2015
could be due to the higher OC composition (310 g/kg) of
the PM input which was about four- and three- times high-
er than that contained in the PM input of 2016 and 2017,
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respectively. While prolonged moisture stress in 2015 may
have slowed down mineralization of the PM input and
contributed to higher OC storage in the PM amended soils,
improvement in the stabilization of the soil OC was not
observed because, after the nine months’ fallow that pre-
ceded the year 2016 cropping, much of the OC was lost,
suggesting that mineralization and leaching were strong
enough to diminish the OC effect observed after the 2015
crop harvest. Hence, there was no residual effect of the
previous PM rates applied in 2015.

The higher composition of N and exchangeable cations of
the 2015 PM input accounts for the observable differences
between the 30 t/ha PM treatment and the control treat-
ment. This assertion also explains the overall soil chemical
response (except for available P) to PM input in the order
of the year 2015 > 2017 > 2016. Even with the prolonged
moisture stress in 2015 than in other years, soil fertility
improvement with PM addition seems to depend not only
on the quantity but also on the quality of PM input. The
higher quality of 2015 PM may have contributed to its
superior impact on soil fertility improvement after crop
harvest. It thus becomes imperative to cultivate the land
during the major cropping season to benefit from the
stored/residual nutrients that were somewhat lost to leach-
ing and mineralization within the nine months of bare fal-
low. The lack of improvement in the nutrient concentra-
tions (except available P) of the treatment plots after 2016
harvest could be due to the poor quality of the applied PM.
The lowest C/N of the 2016 PM input presupposes rapid
mineralization and concomitant efficient utilization of the
available nutrients in the PM amended plots. It seems that
soil chemical response to PM input rates depends mainly
on PM quality.

The available P of all the PM application rates increased
continuously over the three cropping years, showing that
much of the high P inputs with PM were effectively stored
in the soils. The high P retention implies improvement in
soil quality and cucumber fruit yield since according to
Papadopoulos (1994), adequate P enhances fruiting and
root growth during plant development. The PM rates
showed no N effect in 2015 and 2016 cropping years be-
cause the low N composition of the PM input could not
supply sufficient N to offset the N limitation of the soil.
Remarkably, the low N content (0.07 g/kg) of the 20 t/ha
PM soil after 2017 harvest suggests an effective N utiliza-
tion that translated to a high, and comparable cucumber
yield to the 30 t/ha PM soil. Nonetheless, the low N values
of the treatment plots in 2017 indicate no N effect of the
PM rates. Therefore, improvement in soil pH, available P,
Ca”" and K status was evident after the three continuous
application of > 20 t/ha PM rates. Similar enhancement in
the fertility (OM, N, P, K*, Ca*" and Mg*") of an Alfisol
and an Ultisol after two years’ cucumber cropping with 6
t/ha and 15 t/ha PM input, respectively, have also been
reported (Moyin-Jesus, 2015; Law-Ogbomo and Osaigbo-
vo, 2018).

4.4. Effect of poultry manure on cucumber yield

Poultry manure is known for increasing cucumber fruit
length and girth (Enujeke, 2013; Moyin-Jesu, 2015; Law-
Ogbomo et al., 2018), but our study lends no credence to
that. The lack of improvement in cucumber length and
girth could be due to insufficient N supply from both the
soil and PM input which would have impeded efficient N
uptake. Higher N accessibility induces protein production
that promotes more meristem cells and cell division lead-
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ing to higher cucumber girth and length (Salardini and
Mojtahedi, 1988).

The PM input increased the number as well as the weight
of cucumber fruit in all the cropping years. The maximum
number of cucumber fruits obtained in the 20 and 30t/ha
PM treatment plots was about 2 to 2.5 times higher than in
control, after the 2015 and 2017 harvest. Accordingly, the
20 and 30 t/ha PM input which produced 6.13 and 7.55 t/
ha cucumber fruits, respectively, in 2015 progressed to
producing 10.28 and 10.77 t/ha cucumber fruits, respec-
tively, in 2017. The latter cucumber weights correspond-
ing to a three-fold increase when compared to the control
was possible because the higher PM rates (> 20 t/ha) in-
creased soil OC and thus, favoured accelerated mineraliza-
tion and the release of more nutrients (N, P, K and Ca*")
for enhanced cucumber yield. Even though the fruit weight
yield amongst the PM treatments was similar in 2016;
possibly because of the poor quality of 2016 PM input,
and other favourable environmental factors not considered
in the study, our findings showed that the percent yield
increase was generally highest with the 20 t/ha PM input.

The cucumber fruit yield obtained in 2017 is similar to the
findings by Ikeh et al. (2012) and Agu et al. (2015) who
obtained about three-fold maximum cucumber yield in-
crease with 8 and 40 t/ha PM rates, respectively, in a two-
year cropping seasons experiments. Because of that, the
recommended rates of § t/ha and 40 t/ha PM which yield-
ed fruit weight of 11.29 t/ha (Ashley variety) and 11.15 t/
ha (Pionsett variety), respectively, are comparable to the
yield of 10.53 t/ha (Ashley variety) obtained in our study.
These fruit yields were, however, far below the reported
50.50 t/ha Market more variety, which still corresponds to
about three-fold yield increase with 20 t/ha PM (Enujeke,
2013). Despite the above differential genotypic responses
to PM application, it does appear that most of the
‘agronomic’ PM recommendations revolve around a three-
fold increase in cucumber fruit yield when compared to
the control treatment. This calls for further research on the
economic analysis of PM input rates to ascertain the rate
that delivers a high economic return. In our study, howev-
er, where the 20 and 30 t/ha PM produced similar cucum-
ber yield increases by over 200 % in 2017, 20 t/ha PM
would be attractive to farmers. From an agronomical point
of view, 20 t/ha PM input is appropriate for continuous
application to an Ultisol for improved cucumber cropping.
More importantly, the over 200 % yield increase with 20 t/
ha PM implies an increase in household food security,
increased income, and subsequent improvement in
farmer’s livelihoods.

4.5. Relationship between cucumber fruit yield indices and
soil chemical properties

The considerable correlation of cucumber yield indices
(number-, length-, girth-, and weight- of fruit) with P, Ca*"
and K' is an indication of the relative importance of the
nutrients in controlling cucumber yield. Phosphorus and
K" are involved in almost all aspect of growth and metabo-
lism in plants. The vital functions of P in flower and fruit
setting (Papadopoulos, 1994); K in soil-plant-water rela-
tions (water uptake, retention and transportation)
(Marschner, 1995); and Ca in plant structural framework
and cell division/enlargement (White and Broadly, 2003)
lend credence to our deduction. Calcium has been recog-
nized as a central regulator of plant growth and develop-
ment (Hepler, 2005), and as well been externally used to
enhance cucumber growth and productivity (Siddique et

al., 2017). Hence, sufficient amounts of these nutrients in
PM input are needed to optimize and sustain cucumber
yield in Ultisols. The negative correlation between N and
cucumber yield indices does not underrate its function in
plant vegetative growth. However, since C/N is positively
associated to number- and weight- of cucumber fruit by
about 60 %, the higher composition of OC (relative to N)
in PM input would favour improvement in cucumber fruit
length (r = 67 %) and soil nutrient retention. The highly
positive correlation of soil pH with cucumber yield indices
(except fruit girth) justifies the negative correlation of H"
with pH since the reduction of H" in soil solution increases
the soil pH. Noteworthy is the significant association of
the pH of the soil to OC, C/N, P, K* and Ca*" nutrients,
thus affirming their involvement in maintaining chemical
balance in the soil. Also, the correlation of Ca™" with soil
pH affirms the presumed liming effect of PM input.

5.0. Conclusion

Poultry manure input improved the fertility of an Ultisol
for increased cucumber productivity. The application of 20
and 30 t/ha PM rates improved the number and weight of
cucumber fruits that corresponds to a three-fold yield in-
crease. Also, these rates substantially improved the soil
structural stability (macro-aggregation > 2 mm) by over 90
%. However, soil chemical response to PM input rates was
variable across cropping years and dependent on PM qual-
ity. Nonetheless, the three years’ continuous addition of 20
and 30 t/ha PM rates improved soil quality by increasing
the pH, available P, Ca’" and K" status of the soil. From
agronomical viewpoint and for convenience, 20 t/ha PM is
therefore recommended for optimum cucumber yield and
soil health on Ultisols.
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