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Abstract: Effect of irrigation and soil amendment practices were tested on okra yields at Isampou, Bayelsa State. The experimental
design was split-plot fitted into randomized complete blocks. Irrigation regimes 20,000; 25,000 and 30,000 | ha™ day occupied the main
plots while soil amendments (poultry manure PM 5 t ha*, NPK 200kg ha-* and PM 5 t ha™ + NPK 200 kg ha™*) were assigned sub-plots.
These treatments were replicated four times culminating into 12 treatment combinations. Irrigation rates did not seem to have
significantly relative effect on growth and yield of okra across the cropping periods. Okra was tallest in plots treated with NPK + OM
(91.30cm) irrespective of water level and plantings. NPK + OM incorporated plots recorded consistently higher okra fruit yield than

those of other treatments (4.85, 4.89 and 4.57 t ha-1) for the first, second and third cropping period, respectively.
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1. Introduction

Okra (Abelmoschusesculentus L) is a herbaceous hairy
plant of the Malvaceae family. It is valued for its edible
green seed pods. Okra is grown primarily for the immature
fruit, with a wide range of utilization and nutrition value.
(Akinlade and Ogunlele 1982). Chief among these are its
uses as vegetable with light vitamin C (other vitamin are A
and B) content in making soup and stew. The high protein
content of seed makes it a valuable food crop (Akinlade
and Ogunlele, 1982). The stems contain a fiber for
domestic purpose and other foods, thus preventing
constipation. It is also important in the treatment of peptic
ulcer (Miliken, 1996). Continuous cultivation of soil
coupled with use of inorganic fertilizers, has been
implicated in soil acidification, reduction of soil organic
carbon and organic matter, nutrient imbalance, deficiency
of secondary macro and micro-nutrients. (Adediran and
Banjoko 2003; Osundara 2004). Due to this, many peasant
farmers have resorted to the use of organic manure. The
use of organic manure is beneficial to the soil in terms of
alleviating soil acidity, improvement of soil physical
properties and nutrient status. (Aro and Agwu, 2005;
Ewulo, 2005). Irrigation is one of the farm management
decisions within the grower’s control. Although vegetable
(Okra) farms receive large amounts of water from rainfall,
this water often comes of times when there are no crops in
the field. Therefore, irrigation is required during most
seasons for successful vegetable production (Hochmuth,
2005). Irrigation and fertilizer are the two most important
inputs in crop production. They have synergistic effects on
crop growth and yields. Hence, this study was carried out
to evaluate the effect of irrigation regimes and organic and
inorganic fertilizers on growth and yield of Okra.

2. Materials and Methods
Study Area and Experimental Details

The study was conducted in Isampou area of Ekeremor
Local Government Area of Bayelsa State, Nigeria. Bayelsa
State is disserted centrally by longitude 60° East and
latitude 40° North. The mean annual rainfall is variable but
ranges between 2,000 to 2,703mm (FDRD, 1981; FAO
1984) and spread over 8 months of the year between the
months of March and November, which coincide with wet
season. The annual temperature ranges from an average
minimum of 21.5°C to an average maximum of 31.0°C
(FDRD, 1981).

Treatments
Factors A: Three water regimes

1.20,000 | ha™ day
2.25,000 | ha™* day
3.30,000 | ha™* day

Factor B: Organic Amendments

1. Control

2.NPK Fertilizers alone (200kg ha™)

3. Poultry manure alone (5tha™)

4.NPK Fertilizers (200kg ha™) + Poultry manure (5 t ha™)

Soil Sampling and Analysis

A composite soil samples at the depths of 0-15cm and 15-
30cm was taken randomly from selected points within
each of the experimental site before and after cropping.
These were air dried; passed through a 2mm sieve and
analyzed for particle sizes; pH, total N, available P,
organic matter, exchangeable K, respectively. All soil
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analysis was done according to procedures outlined by Tel
and Rao (1982). The soil pH was done using the method
described by Almu and Audu (2001).

Total N was determined by the semi micro kjeldah
digestion method as modified by Tel and Rao (1982),
while available P was determined by the Bray and Kurtz
No. 1 method (Tel and Rao, 1982). Exchangeable K was
extracted with neutral normal ammonium acetate buffered
at pH 7.0 potassium (k). In the extract was measured by
flame photo-meter (Tel and Rao, 1982). Organic carbon
(C) was determined by wet dichromate digestion method
(Walkey and Black, 1934). Organic matter was
extrapolated from organic C by multiplying its value with
Van Bemmeller constant of 1.723 (Allison, 1982).

Data Collection

Growth parameters: Plant height (cm) was monitored at
14, 21, 28, 35 and 42 DAP (cm) respectively.

Yield Components

Yield components that were collected to determine
response pattern includes:- Fresh capsule weight, capsule
length, and girth. Okra fruits were harvested at every three
days and weighted fresh from the beginning to the last
harvest.

Summation of these yields gave the total yields. At each
harvest only uniform sizes of fruits were collected to
ensure yield was not negatively affected.

Data Analysis

Data from the experiment were subject to analysis of
variance (ANOVA). Observable differences amongst
treatment means were separated using Duncan Multiple
Range Test (DMRT) according to procedure of statistical
Analysis System (SAS) (1999).

3. Results

Soil Physico-chemical properties of the experimental
plot before cropping.

Composite soil samples at the depths of 0-15cm and 15-
30cm were taken randomly from selected points within
each of the experimental site before cropping. Results
obtained from the soil analysis are presented in Table 1.

The soils were generally very strongly acidic with PH of
4.2 at the top horizon while the sub surface PH was 4.22.
Soil analysis results indicated that textural class in the
experimental site was silt loan irrespective of horizon.

Values of organic matter % total N, Available P, and
Potassium in the experimental site were 4.20, 0.93, 0.02,
10.51 and 0.18 respectively. While corresponding values
at the sub-surface horizon were 4.22, 0.90, 0.01, 9.06 and
0.11 for organic matter, % total N, available P (mg kg™)
and potassium (cmol kg™), respectively.

Table 1: Chemical properties of soils of the experimental area before the cropping period

Soil pH Organic matter (%) % total N Available P(mg kg?)  Potassium (cmol kg?) Textural class

0-15cm  15-30cm  O-15¢m 15-30cm  0-15em  15-30cm  0-15em  15-30cm 0-15cm 15-30cm  0-15¢m  15-30cm

Initial 420 422 093 090 002 001 1051 9.06 018 0111 Silt loam Silt loam

Okra Plant Height (CM)

Plant height of Okra at the different treatment groups
varied significantly (P<0.05) (Fig. la, b & c). This
observation was consistent for the three different cropping
periods.
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Cumulative Okra Fruit Yield (t ha™)

Okra fruit yield recorded at the first cropping period
ranged from 2.92 to 4.84 t ha', but significantly (P<0.05)
higher Okra fruit yield was obtained consistently at plots
that received NPK + OM (4.42, 4.84 and 4.43 t ha™)
respectively for the first, second and third water levels
respectively. (Fig. 3) These were generally closely
followed by plots that received O.M except in the first
water level plots.

During the second cropping periods Okra fruits yield
ranged between 3.4 and 4.89. Again NPK + OM
incorporated plots recorded consistently higher Okra fruit
yield than those of other treatments (4.85, 4.89 and 4.57 t
ha') for the first second and third cropping period
respectively. But in the third cropping period with yield
ranging between 2.95 and 5.26 t ha™).
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Okra Fruit Length (cm)

At the first cropping period, NPK + OM gave the longest
Okra fruits (Table2a, b & c). But this was not higher than
those from OM and control.

Table 2a: Effect of irrigation and soil amendment
applications on okra fruit length during first cropping

(cm).
77DAP  84DAP  9IDAP ' 98DAP  105DAP  Overall Mean
CONTROL 5.88" 6.13* 8.30¢ 725° AT 690"

NK 620 641* 82 635* 6.00° 6.64°
OM 563 690" 788 6.93* 7.10° 649
NPK+OM  5.93* 657" 730 8.10° 8.00* 118
Owralem 5 094 646° 793¢ 116} 708"
Irrigation rate 25,000 1 ha” day”
CONTROL 475* 535 1.00 5600 6.75° 653"
NIK  608* 6.58* 7.08* 733 67+ 678"
oM 623* 6.60* 705* 130° 700° 6.84*
NPK+OM 565 578 752t 655 6.53* 641*
OveralMean 5 8¢ 601° 19 6700 688
Irrigation rate 30,000 1 ha™ day™
CONTROL 5.25° 56" 6.50° 18 5.54° 6,04
NPK 537 53m 745* 157 513t 635"

oM 625 695 703 7.08 6.53* 6.36
NPE+OM.  635° 638" A3p* 690" 620" 660°
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, . ] - it sirth during first croppi
Table 2b: Effect of irrigation and soil amendment applications on okra fruit length during second Table 3a; Effect of irrigation and soil amendment applications on okra fruit girth during first cropping

e ron e 01 (m] g e 2000 1 iy
98 DAP 105 DAP Overall Mean
CONTROL :7531? :;::P :xfp 3 ar 540" 7DAP WDAP  9IDAP  S8DAP  10SDAP  (verallfewn
NIK 5o 770 6.00* 6.84° 6.06* 637" CONTROL 5.80** 115 £95* 853 853 m
oM 690° s21° 640° 765" 70 678" NPK 1400 180° 9.80° 828 g8 828*
NPK+OM  5.73* 5.05° 0.00* 637" 630%° 5870 oM 7000 828" 8.68* 835" 835° 785¢
ook st se 6B 6m 6 NPKAOM 767 820 88 &6 se B
Trgaton e 2501 ™ doy Owdlan 600 780 9 84 82
CONTROL 0.00* 5.15° 4.30* 420 47 5.59 Trrgiion nuzs,noom* day"
NPK 7.00* 1.08* 578 5.00° 5.21* 6.03
oM 605t 720 5 5.05° 5530 ) CONTROL 5.80° 115" 15 920" 875" go1
NPK+OM  430* 7.03° 6.04* 547 5.54* 5.69 NPK 780 780 938" 835 ENER 819
Owallen S 6e SNt BT oM osee ot emt g B 168
Trrgaton ate 30000 1 bs” day” NPK:OM 680 740t oo+ &% a3 s
CONTROL 0.00° 624° s2f 415° 41 4.96° Oveliem 19" 246 035° 865" $28°
NPK 671" 6.83 6.63* 550 521 638" Trrighton e S0 T d;y'i'
oM 6.92* 120* 6.90* 6.90° 621" 6.83" - -
NPK+OM 658" 7.40* 590 673 6.52* 663" CONTROL 6.58" 6.90° 152 I;ﬁl' 112 136
Owroll Maan . 6,73 691 639" 5.85°¢ 5.54° NPK. 7.80' 660. 815‘ )| ﬁsﬂl 1335
* Denote Duncan Multiple Ranges Test (DMRT) o 1 gds $20° 813" 865t 820"
NPK+OM  7.53* 780° 800" 823" 5.93° 756"
'(l'ab)le Ze: Effect of irrigation and soil amendment applications on okrs fruit length during third cropping Oeerelldeon 7,15 174 197 816 7.05¢
cm
Irrigation rate 20,0001 ha day™
el bl e o 1SDAP_ Overal Mean Table 3b: Effect of irrigation and soil amendment applications on okrs fruit girth second cropping (cm)
CONTROL 0.00" 320° 83 320° 8.5 648" Irrigation rate 20,0001 ha™ day
NEK 000" 622° 82 635° 703 6.96* 77DAP  MDAP |y AP 98DAP  105DAP  Overall
M M e el M 4o b CONTROL  7.70* 8.0 B 6.60" 6.23° ‘;f;::l
ﬂ::: z:‘; :j; ;39: :;: :;; o NPK 830" 834 glo® 1020¢ 776" 853"
r——TTTITRE oM m 9.18° 920° 113 105 875"
NPK+OM ~ §07* 863 7500 668 755" 168
e o - w o o Ouerallfean ] 958 853 g1 765 gol*
NPK 40 a3t A 133 590* 501 :
OM 47t s GRSt SR Irrigation rate 25000 1 ba” day”
NPK+OM 524 625 470" 50 5.90° 573t CONTROL  7.00° T20° 635° 550 52 625°
Ol 4912 539* 515° 667 625° NPK 780° g7 740t .10 708 750°
Trrigation rate 30,000 | ha™ day” oM 707 85+ 750 6.80" 66° 13
CONTROL 2.70° 5.50° 6.60* 643" 575 5.40° NPK+OM  7.02* 9.13 792 41 41t 1
NPK 500* 455 512! 7.00° 5420 rllfean 727 830* 128° 6.72° 6.55°
oM 7.50° s 430 445" 416 5140 Irrigation rate 30,0001 b day™
NPK+OM 8.80° 6.40* 715 515 6.88* CONTROL  8.16" 827 708 6.28% 7.8 741¢
S SR S SN MK 8%t o8& 81 G T8 194
OM 743 883 2700 7300 6.60* 157
Okra Fruit Girth (cm) NPRAOM  7.65* 108 297" 9.30° 183" LI
OveraliMean  § 04* 913" 772 733¢ 7.33¢
Considering the first cropping, at the third water level and ——

77 DAP Okra girth was highest when NPK (7.80cm) and
NPK + OM (7.53cm) were applied (Tables 4.8a3, b & c).
But these were similar to those from NPK + OM (7.53cm).
At the 84 DAP OM and NPK + OM had similar but water
Okra fruit girth respectively. While Okra fruit girth
(6.7cm) in control plots was suppressed.
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Table 2 c: Effect of irrigation and soil amendment applications on okra fruit girth during third
cropping(cm)
Trrigation rate 20,000 1 ha day™

77 DAP 8 DAP 91D4P 98 DAP 105 DAP Overall

mean

CONTROL 5000 920° 700" 953 T4
NPK 000* 655 828" g45* 708!
oM 130" 97" 543 8351 757 162
NPK+OM 690 8700 675 8.00* 8 178
Overallemn 9 ¢ 7.86* 698 750¢ 784

Irrigation rate 25,000 1ha” day”
CONTROL 700° 8.00° 430" 820° 6.48*
NPK 420 567 12.00° 00* 6.65* e
oM A 765" 665 6.20° 6.92"
NPK+OM  7.55° 6.88° 5 8.00° 652 674
Overallbfem  § 31 6.68° 835" 651 690°

Trrigation rate 30,0001 ha” day™
CONTROL  475° 625 643 116 840" 660"
NPK 0.00* 685 385 6.a1* 8.00* 623
oM 653" 9.05* 147 581° 513 692
NPK+OM 627" 7.00* 8.00* 8.61* 5.85¢ 1.15*
Overall Mean 5 85* 119* .44 8.85* 7.00*

* Donotes Duncan Wiltipls Range Tost (DMRT)

4. Discussion

Okra is an annual herb growing to two meter tall (Rice et
al, 1981). The shoot Support and display leaves enabling
them to obtain needed light for photosynthesis and to have
the vascular systems so that water may move up through
the entire plant and the products of photosynthesis may
move down. (Greulach, 1973). The efficiency of nutrient
uptake by any plant can be obviously noticed from the rate
at which the plant grows in height (Lary, 2004) Toiba
(1993) stated that the strong correlation in the response to
plant height and fruit yield to irrigation levels is because
most of the Okra fruits are borne in the axils of the main
stem, consequently anything which enhances stem
elongation will enhance fruit yield.

At the first cropping period, at the first water level and
during 14 DAP okra plant height was highest when grown
in NPK + OM plots. This observable difference in plant
height could be attributable in part to their genetic
constitution and how the crops react to the effect of the
treatments. This was nit higher in NPK plots.

Generally, okra plant heights were similar and highest at
OM and NPK + OM plots. Adequate nutrient supply in the
top soil encourages a vigorous and extensive root system.
Stimulation of root development is related to N and P
build up in the cells, which hastens division and elongation
(John et al., 2004). Okra plant heights were similar at all
the treatments during the second water level at 14 DAP,
and 28 DAP, and 42 DAP respectively and 14 DAP for the
third water level. Fertilizer and irrigation shows
synergistic effect of their combined application results to
higher crop growth and yield, more than its sum of their
independent effects. The positive and significant
interactions between them favour their application to crops

(Majumdar, 2006). The availability of nutrients and their
uptake is highest when soil water is adequate and average
at low tension.

At the second water level and during 21 DAP; the highest
plant height was recorded for NPK plots. This value was
similar from those OM and NPK + OM. This was
statistically similar from values from NPK plots. At 28,
and 42 DAP okra plant height was highest at OM. But
these were not statistically higher for NPK + OM plots and
during 42 DAP.

During the second cropping period and at the third water
levels, okra plants heights were longest in NPK + OM and
OM and NPK + OM plots respectively. However, during
the second planting period, and at 40 DAP; NPK + OM
had the greatest plant height. While the least plant height
was from control plots. But during the 21, 28; 35 and 42
DAP okra plant height was greatest at OM plots
consistently and respectively. At the second water level,
NPK + OM consistently had the tallest okra plants
respectively.

However, for 21 DAP, NPK + OM and NPK values were
similar. For the third water level, NPK produced the
highest plant height for 14, 21 DAP respectively. While
NPK + OM had the highest plant height consistently for
28; 35 and 42 DAP respectively. At the first water level,
OM had the highest plant height. At the second water level
NPK + OM produced the highest plant height. But OM
and NPK + OM had similar but highest plant height
respectively. During the third cropping period and at the
first water level tallest okra plant was record for plots that
received OM at 14, 21, 28, 35 and 42 DAP respectively.
But these values were similar in control plots at 14 DAP,
NPK and control for 21 DAP NPK + OM for 28 DAP,
NPK at 35 DAP and at NPK + OM and NPK plots for 42
DAP respectively. Okra plant height was longer in OM
plots than plots that receive NPK + OM and control
respectively.

At the third water level and at during the second planting
period and first water level and at 40 DAP NPK + OM had
the highest plot height while the least was from control.
George et al. (1999) classified importance of organic
manure in soils into two reasons, as it breaks down, it
releases nutrients that crops can utilize and second, it
improves the water — and nutrient holding capacity of the
soils. But during 21, 28, 35, 42 DAP okra plant height OM
produced tallest plants consistently.

At the second water level, NPK + OM consistently had the
highest plant height respectively. However, for 21 DAP,
NPK + OM and NPK values were similar. For the third
water level, NPK, OM produced the highest plot for 14
and 21 DAP respectively. Fertilizer promotes profuse and
deeper root system which enables crop plants to extract
highest quantity of water and nutrients from deeper soil
layers (Holmer, 1998). While Prasad and Singh (1998)
reported that increasing supply of water encourages
profuse root development that helps in greater uptake of
nutrients for soil. While NPK + OM had the greatest
height consistently for 28, 35 and 42 DAP respectively.
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During the third cropping period, NPK + OM had the
highest okra fruit yield ay 77, 84, 91, and 98 DAP,
respectively. At 77 DAP’ NPK+OM, similar but highest
fruit yield. These values were similar to those from NPK +
OM, but control gave the highest okra fruit yield. At the
second water level NPK + OM had the highest fruit yield
at 77, 84, 91, 98 and 105 DAP respectively. Control
consistently had the lowest fruit yield. This trend was
repeated at the third water level, but at 98 DAP values
from OM and NPK + OM plots were similar. Generally,
okra fruit yield gradually increased from harvest at
77DAP, and attained its peak at 98 DAP and reduced to
the level at the first harvest. This trend was repeated in
second and third water level plots and for the second and
third cropping periods.

Rice et al., (1987) predicted a fruit yield of 7-15 t ha-(1kg
m?) depending on its planting density. The pods should be
picked while tender and immature (2 to 3 inches long for
most varieties). Fig. 3 indicates okra fruit yield during the
first period, and third cropping periods respectively, okra
fruit yield recorded at the first cropping period ranged
between 2.92 to 4.84 t ha™’. But significantly higher okra
fruit yield were obtained consistently from plots that
received NPK + OM respectively for the first, second and
third water levels respectively. This confirms IRRI (1994)
which report best results are from the complementary use
of mineral fertilizers and organic fertilizers. This may be
explained by the more favourable soil micro climate for
plant root development and functions. This in turn results
in improved plant growth and yield (Vimala et al., 2001).
These were generally closely followed by plots that had
OM except at the first water level plots.

During the second cropping period, okra fruit yield ranged
between 3.4 to 4.89 t ha™. NPK + OM incorporated plots
recorded consistently higher okra fruit yield than those of
other treatments for the first, second and third cropping
periods, respectively. The higher fruit yield irrespective of
the test crop in the second cropping suggests enhanced
mineralization and availability of P from the organic
matter with time. This higher yield during the second
cropping period was consistent for all the various OM and
NPK + OM treated plots. Marjan and Lippert (2005)
explained that OM tends to take more time to release their
principal nutrients at the time the plant makes demand on
them for its growth. But at the third cropping period okra
fruits, the yield trend observed was repeated with yield
ranging between 2.95 to 5.26 t ha™.

At the first cropping period, irrespective of period, NPK +
OM had the greatest okra fruit length. But this was not
higher than values from OM and control. For the second
water level, NPK and OM had the greatest okra fruit
length. However, these values were not higher than values
from NPK + OM had higher okra fruit length than control.
Irrespective of period, OM had higher okra fruit length.
However, this was statistically similar to those from NPK
+ OM plots.

Considering the second cropping at 77 and 105 DAP,
incorporated of OM gave higher okra fruit length. But
these values were similar to values from NPK + OM

respectively. At the second water level and at 84 DAP
NPK; OM NPK + OM had higher okra fruit length. But at
the third water level and at 56 DAP OM had higher okra
fruit length. However, this was similar to those values
from NPK and NPK + OM. While at 98 DAP NPK + OM
had higher okra fruit length. Irrespective of period, OM
had higher okra fruit length. This was however, similar to
those from NPK + OM. A major benefit obtained from
green manure is the addition of organic matter to the soil.

During the breakdown of organic matter by micro-
organisms compounds are formed that are resistant to
decomposition — such as gums, waxes and resins. The
compounds — and the mycelia, mucus and slime produced
by the micro-organisms help bind together soil particle
granules, or aggregates (Preston, 2003) while explaining
further that long term benefits are derived from the buildup
of organic matter resulting in increased soil health.

Considering the third cropping period and at 98 DAP NPK
+ OM had the highest okra fruit length. Subbiah et al.
(1985) obtained higher yields of tomato and eggplant with
combined use of FYM and fertilizers. The integrated use
of urea and poultry manure also resulted in a higher
nutrient uptake (Jose et al., 1988; Jablonska (1990). At the
third water level and at 105, DAP NPK and OM had
higher okra fruit length. Irrespective of period, for first
water level NPK had higher okra fruit length. At the
second water level OM and NPK + OM had higher okra
fruit length. While at the third water level; NPK + OM had
the greatest okra fruit length.

Considering the first crop, at the third water level and 77
DAP okra girth was higher when NPK and NPK + OM
were applied. But these were similar to those from NPK +
OM. At the 84 DAP; OM and NPK + OM had similar but
bigger okra fruits respectively, while control suppressed
okra fruit girth. Generally, at the first water level
incorporation of NPK and NPK + OM had increased okra
fruit girth respectively. At the second level NPK and NPK
+ OM had similar but highest okra fruit girth respectively.
But at the third water require OM had biggest okra fruit
girth. All other treatment groups had similar but restricted
okra fruit girth.

At the second cropping period and at 91 DAP; OM
increased okra fruit girth. This was similar to those from
control and NPK respectively. At 98 DAP NPK had the
highest okra fruit, while 77 DAP, OM had highest okra
fruit girth. This was similar from those from NPK and
NPK + OM amended plots.

For the second water level and at 77 DAP, NPK and NPK
+ OM had the biggest okra fruits respectively. But these
were similar to those from OM treatment group. The
superiority of OM could be further attributed to its slow
nutrient release factor. Organic manures ability to enhance
the desirable soil physical conditions for plant growth and
its ability to better the soil environment against
undesirable fluctuations. But Baldwin (2001) warned that
farmers may manage crop nutrients and soil fertilization to
maintain or improve soil organic matter content in a
manner that does not contribute to contamination of crops,
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soil or water by plant nutrients, pathogenic organisms,
heavy metals or residues of prohibited substances.

5. Conclusion and Recommendation

This study showed that water could be harnessed from a
river during the dry season to irrigate the farmland and
produce crops. A comparison of irrigation rates of 20,000;
25,000 and 30,000 | ha® did not show any significant
effect consistently throughout the study. We therefore
conclude that through irrigation is a must for any farming
activity to be carried out at Isampou during the dry season,
water level exceeding 20,000 | ha® may not be necessary.
In fact, further studies are warranted with water level less
than 20,000 | ha™.

The application of organic and inorganic fertilizers led to
greater yields of okra when compared with the application
of either poultry manure or NPK alone. It is worthy of note
that apart from rain-fed agriculture, farmers can grow
crops, especially vegetables which are in high demand
during the dry season by using fresh water from rivers to
irrigate their land.
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