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Abstract

Seasonal variations in environmental conditions can have significant influence on flowering pat-

tern and yield of roses. Evaluation studies were conducted to determine the flowering pattern and

yield determinants of two Hybrid Tea rose cultivars in response to seasonal variations under rain-

fed conditions. The 2 x 2 x 4 factorial experiment arranged in split plot design at three replica-

tions was conducted at two seasons (dry and wet) using two cultivars (cv. “Immaculate” and “P.H.

Baby”, white and red flowers respectively) supplied with poultry manure (PM) application rates at

5, 10 and 20 t/ha where the unfertilized (0 t/ha) served as control. The result showed that the

year two environmental conditions of both experiment I and II significantly improved plant height,
number of leaves, number of buds (CNB) and opened flowers (CNF) and flower yield (FYD). “Im-

maculate” was significantly (p < 0.05) taller with more leaves but thinner girth. Although generally

lower in NF/NB, and not different in FYD, the “P.H. Baby” had more flowers (CNB and CNF) in expe-

riment I. Except for no significant difference in FYD and lower NF/NB recorded by all manure rates

compared to control in experiment II, plants treated with 5 t/ha PM recorded more flowers (CNB

and CNF). Significant first and second order interaction effects (p < 0.05) showed that “Immaculate”
had taller height and more leaves but “P.H. Baby” had more CNB and CNF, although both were not

different in FYD. In addition, plants supplied with 5 t/ha PM rates were better in plant height,

number of leaves, CNB and CNF compared to other manure rates. In conclusion, year two environ-

mental conditions supported better crop growth and yield, “Immaculate” grew better vegetatively

but both were not different in floral yield, while the 5 t/ha PM was considered the optimum ma-

nure application rate under the rain-fed condition.
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1. Introduction

Hybrid tea class (Rosa x hybrida) are selected varieties that are vegetatively propagated for selected traits such
as flower bud and flower quality (shape, colour and fragrance), stem length and vase life, and are grown by
commercial flower growers for cut-flower market and for the domestic uses and industrial landscaping [1].
However, cultivation and trade in the ornamental plants in Sub-Saharan Africa, especially Nigeria and West
Africa are based mainly on garden plants production (80 percent), while the remaining 20 percent in form of
cut-flowers are mainly for commercial decorations at special occasions and important ceremonies, but the aspect
of gift packages due to less traditional recognition of the relative importance are often in the range of 1 - 3 per-
cent of the total production.

In Nigeria, in particular important production and commercial centres are located in the cosmopolitan city of
Lagos in South West Nigeria, alongside other cities in the humid rain forest which include Calabar in South-East
and Port-Harcourt in South-South, while other centres characterised by the drier savannah vegetation include
Abuja (the Federal Capital City) and Jos Plateau both located in the Middle Belt zone. Despite the abundant and
vast expanse of land, labour and natural resources, Nigerian growers are yet to key in to utilize the available
opportunities offered by the booming cut-flower trade in Europe. Although for the economic consideration in
the attractive income and creation of job opportunities for the teeming youth could become a major player in the
cut-flower production as gift packages in the near future.

Economic yield which is the primary concern of growers depends especially on adequate flowering as well as
in the satisfactory produce utilization by the consumers [2]. Roses are generally classified as day neutral and
flowering is recurrent throughout the year if growing conditions are conducive [3], however, production of qual-
ity rose cut-flowers are determined by many factors among which are light levels, plant architecture, tempera-
ture, fertilizer timing and applications, choice of cultivar, and pest and disease management [1] [3]. Although
water stress as an important flower bud induction mechanism in most tropical climates requires perhaps 2 - 3
months of stress for economic levels of flower bud induction [2] [4]. Nonetheless, although floral intensity
(flowers per shoot) increases with accumulated low temperatures, it could also diminish with the presence of
crop load and the occurrence of high temperatures, in which the latter may be related to sprouting of flowering
buds [2].

Considerable uncertainty still exists on how crop species will respond to matters of high importance such as
the observed alterations in global temperature and precipitation patterns [5]-[7] which pose significant threats to
existence and productivity of crop species. Strategies to cultivate such a “high tech” demanding crop plant will
need to be developed to encourage the massive cultivation alongside attractive yield responses for a sustainable
cut-flower trade in tropical environment of Sub-Saharan Africa. Attempts to improve crop yields in tropical en-
vironment where lowest yield and low quality are among the major problems confronted by crop growers will
require manipulating the important growth factors such as plant/soil nutrition, light and temperature which should
be the sole aims of modern day research [8]. This will necessitate development of quality production packages
which will include soil-less cultivation, efficient nutrient usage and performance of cultivars required under their
own rootstocks which may necessarily include consumer consideration for increased fragrance an aspect under
selection by plant breeders [9].

However, most nutrient management systems while concentrating on maximizing yield often neglect to bal-
ance the need of the crop with the desire to minimize contamination of the environment [10]. Thus the indiscri-
minate and excessive application of fertilizers in cropland to obtain high crop yields have been reported to cause
serious environmental problems, including soil physical structure deterioration, salt accumulation, secondary sa-
linization, and other effects [11]. Nonetheless, the influence of organic matter on soil biological, chemical and
physical properties has been reported to affect crop growth and yield either directly by supplying nutrients or in-
directly by modifying soil physical properties.

The applied manure can also affect immobilization and mineralization of N, promote the release of soluble P



0. 0. Olubode et al.

and accelerate the process of structural K release, making it closer to that needed by the crops [12]-[14]. Apart
from this, organic-intensive methods have resulted in higher yields than conventional methods more often for
the same crop in the same setting [15]. This is supported by the consistently high yield ratios reported from the
developing world when farmers incorporate intensive crop production with various agro-ecological techniques,
such as crop rotation, cover cropping, agroforestry, addition of organic fertilizers, or more efficient water man-
agement [16] [17].

Although organic manure is strongly influenced by prevailing environmental conditions of temperature and
water availability which is reflected in the rate of crop residue or organic waste mineralization [18]-[20] indi-
cating that N mineralization will be greatest during warmer periods when soils are moist [21]. The relative dif-
ferences in the release of nutrients from various fertilizers could therefore lead to different C/N ratios in plants
and this in turn could lead to difference in the production of secondary metabolites [22], which depending on
growers primary objective will require resource input manipulation for maximum crop growth and productivity.
Most organic farms therefore rely on the sustainable intensification of farm management practices that rely on
renewable resources, ecological stability, and biodiversity [23], to increase productivity and lessen environmen-
tal degradation [24]-[26].

Environmental regulations of reproductive growth of many tropical and subtropical crops have not been ex-
tensively studied [2]. In consideration of these facts, research efforts to evolve an efficient nutrient usage should
primarily attempt to investigate crop responses to applied organic manure rates under rain-fed conditions. This
will assist to unravel the effects of seasonal variability of rainfall and temperature, and the effect of cloudiness
on irradiance both within and between seasons on crop production when adopting organic production methods.
The specific objectives of this study therefore include the determination of the interactive effects of rose varie-
ties in response to applied organic soil amendment materials under wet/dry environmental conditions, and the
determination of the best plant species-oriented manure application rate to adopt for efficient and effective rose
production and productivity under rain-fed condition.

2. Methods
2.1. Description of Experimental Site

Field experiments were conducted between 2012 and 2014 at the Federal University of Agriculture, Abeokuta,
Ogun State, South-western Nigeria (Lat. 7°12'N, Long. 3°20'E. Alt. 100 m a.s.l.). The plot used had previously
been cropped with maize and left fallow for three years before this experiment. The prevailing weather of the
study area for the duration of the experiment is as shown in Table 1.

For the two phased experiment, the experiment I, conducted in the dry weather recorded for rainfall (417.0
and 262.5 mm), Max. Temp. (32.3°C and 31.7°C), Min. Temp. (22.6°C and 22.9°C), evaporation (14.1 and 13.7
mm) and sunshine duration (21.4 and 22.0 h) during Sept-Dec. of 2012 and 2013 in years one and two respec-
tively (Table 1). For experiment 11, conducted in the wet weather recorded for rainfall (405.7 and 490.3 mm),
Max. Temp. (33.5°C and 33.3°C), Min. Temp. (23.4°C and 23.5°C), evaporation (24.5 and 20.7 mm) and sun-
shine duration (33.3 and 35.3 h) during Mar-June of 2013 and 2014 in years one and two respectively (Table 1).
Except for the reduction in year two values observed for both rainfall and maximum temperature in experiment I,
and for evaporation of both experiment | and 11, all observed weather parameters in both experiments | and Il
experienced marginal or substantial increased in values. This could have accounted for the seasonal variation in
the environment. The results of the analysis of the pre-cropping physico-chemical property of the site and of the
poultry manure used are presented in Table 2. Except for the lower P and Zn values, the soil was high in N and
K values, and high in micro-nutrient Na, Mg, Mn and Fe but moderate in ECEC and organic carbon [27] (So-
bulo and Osiname, 1981).

2.2. Experimental Design

The two hybrid tea rose cultivars selected for the study were cv. “Immaculate” and “P.H. Baby” which were
white and red flowered respectively. The plants grown under normal field conditions were supplied with manure
application rates of 5, 10 and 20 t/ha poultry manure (PM) where the unfertilized plot (0 t/ha) served as control.
The 2 x 2 x 4 factorial experiment arranged in split plot design was replicated three times for the two different

seasons.
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Table 1. Rainfall (mm), Max. and Min. temperature (°C), Evapo-Transpiration (mm) and sunshine hours (h) data for the
cropping Period 2012-2014.

Weather data for 2012-2014

Parameters

IYear Rainfall (mm) Max temp °C Min temp °C Evaporation (mm) Sunshine Hours
12 13 14 12 13 14 12 13 14 12 13 14 12 13 14
Jan 0 39.8 8.2 34 36 342 20 216 236 3.8 45 4.2 4.2 5.9 6.1

Feb 672 235 155 339 354 352 237 239 234 413 5.3 45 4.5 55 5.8
Mar 677 781 1491 343 349 340 239 246 236 4.4 4.7 31 51 5.1 6.0
Apr 80.1 824 872 331 314 329 239 232 235 4.2 3.6 3.7 5.7 5.8 5.7
May 1153 1282 1138 322 321 321 231 235 234 4.3 3.6 2.9 4.8 5.7 5.8
Jun 2251 537 1165 308 31 315 23 233 234 2.0 2.8 2.3 3.9 53 5.9
Jul 1554 2026 907 299 287 299 222 223 233 1.8 1.2 13 4.0 3.0 3.8
Aug 36.3 352 927 284 286 291 226 211 221 25 2.6 0.8 2.7 3.1 2.3
Sep 1814 136 1608 29.6 289 298 227 224 227 3.0 3.0 1.8 4.0 43 3.2
Oct 1847 944 2059 322 317 305 221 231 220 3.6 2.4 14 5.7 5.0 53
Nov 496 156 176 330 331 324 233 235 226 3.8 4.2 3.5 5.4 6.5 53

Dec 13 16.5 - 345 33 - 223 224 - 3.7 41 - 6.3 6.2 -
Expt.1 Yearl Yearll Year | Year Il Year | Year Il Year | Year Il
4170 2625 - 323 317 - 226 229 - 141 137 -
Expt. 2 Year | Year Il Year | Year Il Year | Year Il Year | Year Il
- 405.7 4903 - 335 333 - 234 235 - 245 207

Bold figures indicate the data obtained for the period of experiment. Summary for Expt. 1 and 2 is indicated below the table, and totaled for Rainfall,
Evaporation and Sunshine hours but averaged for Temperatures. Source: Agro-meteorology Dept., FUNAAB, (latitude 7°12'N, longitude 3°20'E at
100 m above sea level).

Table 2. The physico-chemical properties of the soil and manure used.

Parameters . Soll Sample . Poultry Manure
Experiment | Experiment Il
pH (H;0) 6.15 6.72 7.48
Zn (ppm) - - 3.05
Fe (ppm) 0.87 0.92 0.94
Cu (ppm) 1.82 1.96 2.8
Mn (ppm) 1135 62.9 295
Mg (cmol/kg) 1.34 0.38 1.96
Ca (cmol/kg) 0.95 1.17 8.43
Na (cmol/kg) 3.12 0.45 -
K (cmol/kg) 0.98 0.45 0.35
Carbon (%) 1.54 0.76 495
Nitrogen (%) 2.40 0.055 0.46
Avail. P (ppm) 1.80 10.05 2.20
Sand (%) 87.90 73.40
Silt (%) 7.50 14.60
Clay (%) 4.60 7.30
Textural Class Sandy Loamy Sand
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The two phased seasonal studies adopted a methodology of repeating both dry and wet season cultivation in a
two year consecutive study. The experiment | conducted between September and December of 2012 and re-
peated same period in 2013 utilized juvenile seedlings obtained from a commercial grower in Ibadan, Nigeria
while the experiment Il conducted between March and June 2013 and repeated same period in 2014 utilized the
6-month-old plants from experiment I. The experimental unit comprised of one plant per plot and the plants
were spaced at 1 m apart between rows and within rows. The manure was applied in ring method at 30 cm away
from the plant. The experiment was maintained by regular application of water to sustain the plant during dry
weather, regular weeding of the plots and organic methods of controlling pest and disease organisms [28].

2.3. Data Collection and Analysis

The data collection was done weekly by measurement of crop growth parameters such as plant height (cm), stem
girth (cm) and number of leaves, and the flowering phenology variables which include number of flower buds
per shoot, number of flowers opened per flowering bud, and floral intensity (number of flowers per shoot), and
actual flower yield (kg/ha). The three factor experiment arranged in split plot design was analyzed using analysis
of variance method [29]. The means were compared by the least significant method at p < 0.05 [30]. The various
trend and relationships were presented using graphical methods, correlation/regression analysis to describe level
of association/relationship [29].

3. Result
3.1. Vegetative Growth Responses

Significant differences (p < 0.05) were obtained for the season effect where in experiment | and I, the year two
environmental condition significantly improved crop responses in plant height and number of leaves but caused
retardation effects on stem girth (Table 3). Significant differences (p < 0.05) were obtained for species res-
ponses where in experiment | and Il, “Immaculate” performed better than “P.H. Baby” in possessing taller
height and more leaves only, although there was no significant difference in stem girth of experiment I, but “P.H.
Baby” had thicker girth in experiment Il (Table 3). Also significant differences (p < 0.05) were obtained for
manure influence where in experiment | and I, plants treated with both 5 t/ha and 10 t/ha PM were taller and
had more leaves in experiment I, but plants treated with 5 t/ha PM had thicker girth in experiment I, and taller
height, thicker girth and more leaves in experiment Il compared to those with 10 t/ha PM and other treatments
(Table 3).

3.2. Flowering and Flower Yield

Significant differences (p < 0.05) were obtained for the season effect where in experiment | and I, the year two
environmental condition significantly improved flower bud formation (NB) (Figure 1(a) & Figure 1(b)) and
produced more opened flowers (NF) with increasing margin in experiment Il compared to experiment | but with
depression in experiment Il (Figure 2(a) & Figure 2(b)). Except for the non-existence of a depression the same
trend observed for weekly count was replicated in the cumulative count in both number of flower buds (CNB)
and number of opened flowers (CNF) in experiment | and Il (Table 4). Although the year two recorded more
CNB and CNF compared to year one in both experiment | and Il, and despite the no significant difference in
flower yield (FYD) of experiment I, it recorded heavier FYD in experiment Il, but was lower in number of
flowers per flower buds (NF/NB) in experiment Il (Table 4) (Figure 3(a) & Figure 3(b)).

Significant differences (p < 0.05) were obtained for species type where the “P.H. Baby” although lower in
vegetative growth most of the times, and except for a reversal in trend causing more flowers in Immaculate at 16
w.a.t, of experiment I, the “P.H. Baby” recorded significantly more NB (Figure 4(a) & Figure 4(b)) in both
weekly and cumulative count compared to the “Immaculate”. Although there was a reversal at 16 w.a.t. of expe-
riment | and 40 w.a.t of experiment Il where “Immaculate” recorded significantly higher compared to “P.H.
Baby” there was no significant difference in NF among both cultivars (Figure 5(a) & Figure 5(b), Figure 6(a)
& Figure 6(b)). Also “P.H. Baby” had more flowers (CNB, CNF and FYD) in experiment I, but there was no
significant difference among both in flowering pattern in experiment Il (Table 4).

Significant differences (p < 0.05) were obtained for the responses to manure rate which showed an irregularity
in observed flowering pattern (NB and NF) (Figure 7(a) & Figure 7(b), Figure 8(a) & Figure 8(b)) in experi-
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Table 3. Vegetative growth behaviours of rose cultivars in response to seasonal variation and manure application rates at 16
and 40 w.a.t.

Experiment one Experiment two
Treatments Plant height (cm)  Stem girth (cm) ;}IL;Q;E’/‘;; Plant height (cm) Ste(r(r; ng)lrth Number of leaves
16 16 16 40" 40" 40"
Season effect
Year 1 27.2 5.2 73.0 37.0 7.9 113.3
Year 2 80.0 13 125.7 137.6 2.8 194.3
LSD 0.05 3.64 0.10 22.35 5.30 0.31 27.76
Specie effect
Immaculate 65.2 31 1221 103.8 4.4 173.8
P.H. Baby 41.9 34 76.6 67.9 6.2 133.8
LSD 0.05 4.60 0.36 12.65 452 0.38 12.54
Manure effect
0 t/ha PM 56.4 3.2 92.3 86.4 4.6 1425
5 t/ha PM 61.9 3.9 116.2 110.2 7.8 190.3
10 t/ha PM 62.6 3.2 124.4 89.2 4.8 176.1
20 t/ha PM 335 2.7 64.6 61.2 4.2 106.4
LSD 0.05 2.34 0.33 10.77 341 0.32 11.20
Interactions
Yr.%Sp. - ns - - ns -
Yr.xPM o ns o o - -
Sp.+PM - ns - - - -
Yr.+Sp.+PM - ns ns - ns )

** = significant at 0.01, * = significant at 0.05, ns = not significant, ' = weeks after transplanting.
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|10 OoYrl ®mYr2 (a)

o |
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W

Figure 1. Number of flower buds of rose cultivars in response to season—uo
Year 1 and m Year 2 at the two growth stages (a) the juvenile seedlings stage
and (b) 6-month-old plants stage. Means were separated by LSD at p < 0.05.
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Figure 2. Number of opened flowers of rose cultivars in response to season—uo
Year 1 and m Year 2 at the two growth stages (a) the juvenile seedlings stage and
(b) 6-month-old plants stage. Means were separated by LSD at p < 0.05.

Table 4. Flowering pattern and yield attributes of rose cultivars in response to seasonal variation and manure application
rates at 16 and 40 w.a.t.

Experiment one Experiment two
Treatments  cym. number UM MUMBET \nber of  Flower yield UM number Cum. number \ber of * Flower yield
of flower buds o;lopened flowers/buds (kg/ha) ehliogey BHEIETEL flowers/buds  (kg/ha)
owers buds flowers
16 16 16" 16" 40" 40" 40" 40"
Season effect
Year 1 75 14 0.2 0.99 8.8 4.3 0.6 27.5
Year 2 24.7 9.6 0.3 7.37 119.1 37.2 0.3 233.2
LSD 0.05 1.47 0.70 0.08 9.80 9.32 351 0.09 20.19
Specie effect
Immaculate 11.0 4.0 0.3 2.56 61.7 209 0.5 128.0
P.H. Baby 213 6.9 0.2 5.81 66.2 20.7 0.4 132.7
LSD 0.05 5.21 2.82 0.05 ns ns ns 0.04 ns
Manure effect
0 t/ha PM 7.6 34 0.2 1.68 34.0 17.6 0.6 81.6
5 t/ha PM 24.2 9.4 0.4 5.63 100.8 26.7 0.4 158.5
10 t/ha PM 20.2 4.6 0.1 4.98 79.6 22.0 0.4 152.3
20 t/ha PM 125 4.5 0.3 4.44 41.3 16.9 0.4 129.0
LSD 0.05 3.67 1.54 0.06 ns 9.83 493 0.07 30.93
Interactions
Yr.xSp. ns ns ns ns ns ns ns ns
Yr.xPM ns ns ns ns - ns ns ns
Sp.xPM ns ’ ns ns ns ns ns ns
Yr.«Sp.xPM ns ns ns ns ns ns ns ns

** = significant at 0.01, " = significant at 0.05, ns = not significant, T = weeks after transplanting.
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Figure 3. Number of Flower/Bud Ratio of rose cultivars in response to season—
o Year 1 and m Year 2 at the two growth stages (a) the juvenile seedlings stage
and (b) 6-month-old plants stage. Means were separated by LSD at p < 0.05.
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Figure 4. Number of flower buds of rose cultivars in response to variety—uo
IMA and = PHB at the two growth stages (a) the juvenile seedlings stage and (b)
6-month-old plants stage. Means were separated by LSD at p < 0.05.
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Figure 5. Number of opened flowers of rose cultivars in response to variety—ao
IMA and = PHB at the two growth stages (a) the juvenile seedlings stage and (b)
6-month-old plants stage. Means were separated by LSD at p < 0.05.
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Figure 6. Number of Flower/Bud Ratio of rose cultivars in response to variety—

o IMA and = PHB at the two growth stages (a) the juvenile seedlings stage and
(b) 6-month-old plants stage. Means were separated by LSD at p < 0.05.
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Figure 7. Number of Flower Buds of rose cultivars in response to o 0 t/ha, m 5
t/ha, B 10 t/ha and 20 t/ha at the two growth stages (a) the juvenile seedl-
ings stage and (b) 6-month-old plants stage. Means were separated by LSD at p

<0.05.
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Figure 8. Number of opened flowers of rose cultivars in response to manure
rates—no 0 t/ha, m 5 t/ha, E 10 t/ha and 20 t/ha at the two growth stages (a)
the juvenile seedlings stage and (b) 6-month-old plants stage. Means were sepa-
rated by LSD at p <0.05.
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ment | and Il but consistently higher NF/NB (Figure 9(a) & Figure 9(b)) were recorded for plants treated with
5 t/ha PM at onset of flowering in experiment I, but no significant difference observed at 16w.a.t among the
treatments in experiment |, and throughout in experiment Il. Nonetheless, plants supplied with 5 t/ha PM were
higher most of the times in NB which was significant at 11 - 12 w.a.t. and 35 - 36 w.a.t. and for NF at 13 w.a.t.
and 33 w.a.t, however, an eventual significant higher response was observed for plants treated with 10 t/ha at 40
w.a.t. (NB) and 20w.a.t. (NF) (Figure 7(a) & Figure 7(b), Figure 8(a) & Figure 8(b)). Although there was no
significant difference in FYD recorded for experiment I, all manure rates were significantly higher in the influ-
ence on FYD in experiment Il. The 5 t/ha PM was significantly higher in flower production (CNB, CNF and
NF/NB) in both experiment I and 11, and except for the no significant difference between 0 t/ha and 20 t/ha in
CNB and CNF in experiment Il, all manure rates were significant higher compared to 0 t/ha (Table 4) (Figure
9(a) & Figure 9(b)).

3.3. Season, Species and Manure Interaction Effects on Growth and Yield

Significant season x species (p < 0.05) and significant season x species x manure rate (p < 0.05) interaction ef-
fects recorded consistently taller height and more leaves for the “Immaculate” compared to “P.H. Baby” in both
experiment | and I, but though “Immaculate” was taller with more leaves in year two, the “P.H. Baby” had
more leaves compared to the “Immaculate” in year one (Table 5). The plants in “Immaculate” treated with 5 and
10 t/ha PM were taller in experiment | and had more leaves in experiment I, while only plants in “Immaculate”
treated with 5 t/ha were taller in experiment 1. Nonetheless, the plants in “P.H. Baby” treated with 10 t/ha were
taller in experiment | while plants in “P.H. Baby” treated with 5 t/ha were taller with more leaves in experiment
Il (Table 6).

Significant season x manure rate (p < 0.05) and significant species x manure rate (p < 0.05) interaction effects

1.0 H0¢ha wmStha @I10tha E@20tha  LSD bar @

0.8

0.6

0.4
0.2 I |
0.0 -

10 11 12 13 14 15 16

SRSy

1.0 (b)

Flowers/Buds Ratio
el

0.8

0.6

0.4

0.2

0.0

36 37

Weeks After Transplanting

Figure 9. Number of Flower/Bud Ratio of rose cultivars in response to manure
rates—uo 0 t/ha, m 5 t/ha, B 10 t/ha and 20 t/ha at the two growth stages (a)
the juvenile seedlings stage and (b) 6-month-old plants stage. Means were sepa-

rated by LSD at p <0.05.
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Table 5. Season x species interaction effects of rose cultivars in response to seasonal variation and manure application rates
at 16 and 40 w.a.t.

Experiment one Experiment two

Season Species Plant height Stem girth Number of Plant height  Stem girth Number of

(cm) (cm) leaves (cm) (cm) leaves
16" 40"

First Immaculate 26.2¢ 4.7(ns) 66.8c 36.1c 7.0 (ns) 103.7d
First P.H. Baby 28.2¢ 5.7(ns) 79.3b 38.0c 8.7 (ns) 122.9c
Second Immaculate 104.3a 1.5(ns) 177.5a 171.6a 1.8 (ns) 244.0a
Second P.H. Baby 55.7b 1.2(ns) 73.9bc 100.5b 3.8 (ns) 144.7b

Means of data within the same column followed by same letters are not significantly different, ns = not significant, " = weeks after transplanting.

Table 6. Season x species x manure rate interaction effects of rose cultivars in response to seasonal variation and manure
application rates at 16 and 40 w.a.t.

Experiment one Experiment two

Season Species Manurerate  pjant height Number of m;;g:d of  plant height Number of Cu;?,é?:d e

(cm) leaves flowers (cm) leaves flowers
16" 40"

First Immaculate 0 t/ha PM 22.6h 76.3 (ns) 1.0 (ns) 32.9j 117.7e 4.3 (ns)
First Immaculate 5 t/ha PM 30.0g 59.0 (ns) 1.0 (ns) 37.9i 96.0f 2.3 (ns)
First Immaculate 10 t/ha PM 22.4h 55.0 (ns) 0.3 (ns) 33.5) 91.0f 4.3 (ns)
First Immaculate 20 t/ha PM 29.69 76.7 (ns) 1.0 (ns) 40.0i 110.0e 2.7 (ns)
First P.H. Baby 0 t’ha PM 22.9h 40.3 (ns) 1.0 (ns) 31.6j 82.3f 5.0 (ns)
First P.H. Baby 5 t/ha PM 30.3fg 106.0 (ns) 3.0 (ns) 45.7h 146.0d 7.0 (ns)
First P.H. Baby 10 t/ha PM 32.3fg 84.7 (ns) 1.7 (ns) 36.8i 140.3d 5.0 (ns)
First P.H. Baby 20 t/ha PM 27.3g 86.3 (ns) 2.0 (ns) 37.9i 123.0e 4.0 (ns)
Second Immaculate 0 t’ha PM 124.5b 207.5 (ns) 11.0 (ns) 193.0b 259.7b 47.0 (ns)
Second Immaculate 5 t/ha PM 130.0a 195.0 (ns) 9.3 (ns) 230.0a 312.7a 28.3 (ns)
Second Immaculate 10 t/ha PM 127.0a 266.0 (ns) 0.0 (ns) 183.3c 323.3a 43.7 (ns)
Second Immaculate 20 t/ha PM 35.8f 41.5 (ns) 8.5 (ns) 79.99 80.3f 34.5 (ns)
Second P.H. Baby 0 t’ha PM 55.5d 45.0 (ns) 0.5 (ns) 88.0f 110.3e 14.0 (ns)
Second P.H. Baby 5 t/ha PM 57.2d 104.6 (ns) 24.3 (ns) 135.5d 206.3c 69.0 (ns)
Second P.H. Baby 10 t/ha PM 68.5¢c 92.0 (ns) 16.5 (ns) 103.3e 149.7d 35.0 (ns)
Second P.H. Baby 20 t/ha PM 41.5e 54.0 (ns) 6.5 (ns) 87.0f 112.3e 26.3 (ns)

Means of data within the same column followed by same letters are not significantly different by Fisher’s test, ns = not significant, ' = weeks after
transplanting.

recorded for year two consistently taller height and more leaves in both experiment | and 11 and more cumulative
number of leaves in experiment Il. Thus the plants treated with 10 t/ha PM in year two were taller with more
leaves in experiment I, but plants treated with 5 t/ha were taller, had more leaves and more flowers in experi-
ment Il. Nonetheless, plants treated with 5 t/ha and 20 t/ha had taller plants, more leaves and flowers in experi-
ment | and had taller plants in experiment Il but all manure rates had more leaves than 0 t/ha in experiment Il
(Table 7). For the “Immaculate” compared to the “P.H. Baby”, significant taller plants with more leaves in ex-
periment | and 11, and more flowers and thicker girth in experiment 11 were obtained. Although the plants treated
with 5 t/lha PM were taller in both experiment | and 1, and plants treated with 10 t/ha PM had more leaves in
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Table 7. Season x species interaction effects of rose cultivars in response to seasonal variation and manure application rates

at 16 and 40 w.a.t.
Experiment one Experiment two
Cum. number Cum. number Ay Ay
Season  Manurerate  ppant height  No. of ' ; Plant height  No.of  number of number
of flower of opened
(cm) leaves (cm) leaves flower  of opened
buds flowers
buds flowers
16" 40"

First 0 t/ha PM 22.89 58.3ef 4.0 (ns) 1.0 (ns) 32.3e 100.0e 7.3d 4.7 (ns)
First 5 t/ha PM 30.2e 82.5d 10.0 (ns) 2.0 (ns) 41.8d 121.0d 8.5d 4.7 (ns)
First 10 t/ha PM 27.4F 69.8e 6.2 (ns) 1.0 (ns) 35.1e 115.7d 9.8d 4.7 (ns)
First 20 t/ha PM 28.4ef 81.5d 10.0 (ns) 1.5 (ns) 38.9d 116.5d 9.7d 3.3 (ns)
Second 0 t’ha PM 90.0c 126.3c 11.3 (ns) 5.8 (ns) 140.5b 185.0c 60.8d  30.5 (ns)
Second 5 t/ha PM 93.6b 149.8b 38.3 (ns) 16.8 (ns) 192.2a 259.5a 193.1a  48.7 (ns)
Second 10 t/ha PM 97.8a 179.0a 34.3 (ns) 8.3 (ns) 143.3b 236.5b 149.3b  39.3 (ns)
Second 20 t/ha PM 38.6d 47.8f 15.0 (ns) 7.5 (ns) 83.5¢ 96.3e 73.0c  30.4 (ns)

Means of data within the same column followed by same letters are not significantly different by Fisher’s test, ns = not significant, ' = weeks after
transplanting.

experiment I, and those with both 5 t/ha and 10 t/ha had more leaves in experiment Il,. nonetheless the “P.H.
Baby” recorded more flowers and thicker girth in experiment | and 1l respectively, while the plants treated with
5 t/ha were best in flower formation and in thicker girth compared to the “Immaculate” (Table 8).

3.4. Correlation Relationship between Season, Specie and Manure

In experiment I, significant correlation (p < 0.05) responses were obtained in the roses cultivated in dry season
(Table 9). Season variation was significantly correlated with plant height but negatively correlated with stem
girth. Both species and manure recorded no significant correlation with growth and flowering pattern of roses.
Although cumulative number of bud (CNBD) significantly correlated with cumulative number of flowers
(CNFL), all vegetative growth parameters were not correlated with flowering, nonetheless plant height was sig-
nificantly correlated with number of leaves, and slightly but negatively correlated with stem girth.

In experiment |1, significant correlation (p < 0.05) responses were obtained in the roses cultivated in the wet
season (Table 10). Season was significantly correlated with plant height, cumulative number of bud and cumu-
lative number of flowers, but negatively correlated with stem girth. Both species and manure recorded no sig-
nificant correlation with growth and flowering pattern of roses. Nonetheless plant height was significantly cor-
related with number of leaves, cumulative number of bud and cumulative number of flowers but negatively cor-
related with stem girth. The cumulative number of bud significantly correlated with cumulative number of flow-
ers.

4. Discussion
4.1. Sources of Seasonal Variation

Although seasonal variation through recorded data over the years could be predicted to a reasonable level, the
effect of climate change now a global phenomenon is introducing another dimension in local temperature range
which brings serious concerns to species adaptability, survival and/or productivity responses to such observed
changes. In this study, seasonal variation (rainfall, temperature, evaporation and sunshine duration) were varied
for the period of study which could have accounted for environmental variations that affected the rose cultivars
in growth and yield. The variations observed showed a reduced value of year two rainfall in experiment | com-
pared to the relative increase in year two of experiment Il, accompanied by greater reduction albeit with greater
increase in values of maximum and minimum temperature respectively, alongside the greater reduction in eva-
poration coupled with greater increase in sunshine duration in experiment Il compared to obtainable experiment
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Table 8. Season x species interaction effects of rose cultivars in response to seasonal variation and manure application rates

at 16 and 40 w.a.t.
Experiment one Experiment two
Species Manure rate  pjant height Stem girth  Number (L AUIET oy o height Stem girth  Number (AT, (o
(cm) (cm) of leaves O;Igs\fenrgd (cm) (cm) of leaves Oltlgef;zd
16" 40"

Immaculate 0 t’ha PM 73.6b 3.2 (ns) 141.9b 6.0c 113.0b 4.5b 188.7b 25.7 (ns)
Immaculate 5 t/ha PM 80.0a 3.6 (ns) 127.0c 5.2ef 133.9a 4.8b 204.3a 15.3 (ns)
Immaculate 10 t/ha PM 74.7b 3.1 (ns) 160.5a 0.29 108.4c 4.7b 207.2a 24.0 (ns)
Immaculate 20 t/ha PM 32.7f 2.4 (ns) 59.1g 4.8ef 60.0f 3.8c 95.2f 18.6 (ns)
P.H. Baby 0 t/ha PM 39.2¢ 3.1 (ns) 42.7h 0.89 59.8f 4.6b 96.3f 9.5 (ns)
P.H. Baby 5 t/ha PM 43.8d 4.3 (ns) 105.3d 13.7a 81.6d 10.9a 176.2c 38.0 (ns)
P.H. Baby 10 t/ha PM 50.4c 3.3(ns) 88.3e 9.1b 70.1e 4.9b 145.0d 20.0 (ns)
P.H. Baby 20 t/ha PM 34.4f 3.0 (ns) 70.2f 4.3f 62.5f 4.6b 117.7e 15.2 (ns)

Means of data within the same column followed by same letters are not significantly different by Fisher’s test, ns = not significant, " = weeks after

transplanting.

Table 9. Correlation relationships between season, species and manure rates treatments and the vegetative growth and yield
parameters of rose cultivars at 16 w.a.t.

Parameters ~ Season  Species  Manure PHT SGT NLV CNB CNF NF/NB FYD
Season 1.000 1.000 1.000 0.683™ -0.842"  0.351 0.450™ 0.483™ 0.161ns 0.420™
Species 1.000 1.000 -0.302" 0.071ns -0.303" 0.271ns 0.172ns —0.071ns 0.214ns
Manure 1.000 -0.196ns  —-0.102ns —0.111ns 0.063ns —0.019ns  —-0.117ns 0.112ns

PHT 1.000 -0.444"  0.810" 0.295" 0.277ns 0.173ns 0.162ns
SGT 1.000  -0.069ns —0.245ns  —0.322"  —0.140ns  —0.301"
NLF 1.000 0.321" 0.220ns 0.094ns 0.090ns
CNB 1.000 0.889™ 0.519™ 0.871"
CNF 1.000 0.506" 0.893”
NF/NB 1.000 0.383"
FYD 1.000

= significant at 0.01, T = significant at 0.05, ns = not significant, PHT = plant height, SGT = stem girth, NLV = number of leaves, CNB = cumula-
tive number of flower buds, CNF cumulative number of opened flowers, NF/NB = flowers per flower buds, FYD = flower yield.

Table 10. Correlation relationships between season, species and manure rates treatments and the vegetative growth and yield
parameters of rose cultivars at 40 w.a.t.

Parameters
Season
Species
Manure

PHT
SGT
NLF
CNB
CNF
NF/NB
FYD

Season  Species
1.000 1.000
1.000

Manure
1.000
1.000
1.000

PHT
0.778"
—0.278ns
—0.166ns
1.000

SGT NLV
-0.673"  0.453"
0.237ns  —0.224ns
—0.125ns  —0.153ns
-0.511" 0.819"

1.000 —0.085ns

1.000

CNB
0.698™
0.029ns
0.001ns
0.685"

—0.236ns
0.606™

1.000

CNF
0.645™
—0.004ns
—0.030ns
0.595™
—0.242ns
0.462"™
0.821"
1.000

NF/NB
-0.424"™
—-0.197ns
—0.155ns
-.0.308"

0.196ns

-0.320"

0.373"

0.073ns

1.000

FYD
0.653"
0.015ns
0.097ns
0.545™

—0.279ns
0.403™
0.830"
0.977"
0.096ns

1.000

= significant at 0.01, T = significant at 0.05, ns = not significant, PHT = plant height, SGT = stem girth, NLV = number of leaves, CNB = cumula-
tive number of flower buds, CNF cumulative number of opened flowers, NF/NB = flowers per flower buds, FYD = flower yield.
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I. Although the observed crop response to temperature did not conform strictly with earlier report by [31] that
the daily minimum temperature was probably more important than maximum temperature °C because flowers
usually open before midday, but captured another variable in the temperature influence on flower induction.
Therefore in the absence of a decrease in minimum temperature, the observed temperature difference between
the maximum and minimum temperatures played the major role of induction mechanism in the rose cultivars.
Thus the differences between the maximum and minimum temperatures recorded for both years one and two
which were higher in experiment Il (10.1°C and 9.8°C respectively) compared to obtainable in experiment I
(9.7°C and 8.8°C respectively) were implicated in the flower induction and production differences in both stages
of the study.

4.2. Seasonal Effect of Environmental Condition on Growth and Yield of Roses

The seasonal variations in year two of this study caused significant increase in crop growth in both experiment |
and Il. Thus the significantly higher year two responses in plant height and number of leaves although with cor-
responding significant decrease in stem girth could be due to higher moisture and lower evaporation. Although
drier weather in year two of experiment | coupled with lower maximum temperature could trigger flower bud
initiation [32]-[34], but could not sustain number of opened flowers, while the reverse in year two of experiment
I could be due to higher evapo-transpiration affecting flower opening. Also despite the higher minimum tem-
perature, the lower maximum temperature and longer sunshine durations could have influenced more cumulative
number of flower buds and opened flowers. This indicated the influence of lower temperature in flower induc-
tion, which confirms the report by [2] that floral intensity (flowers per shoot) increases with accumulated low
temperatures, and diminishes with the presence of crop load and the occurrence of high temperatures, in which
the latter may be related to sprouting of flowering buds. Moreover, the corresponding decrease in margin of
opened flowers compared to number of flower buds in experiment Il compared to obtainable in experiment I in-
dicated that there exists a proportionate supportive threshold required for soil moisture which was not met in
experiment Il indicating that rain-fed rose cultivation would require supplemental irrigation for effective prod-
uctivity.

Despite the positive influence of season in experiment | and Il resulting in positive correlation with plant
height and number of leaves but negative correlation with stem girth, the non-correlation of season on the one
hand and of plant growth parameters (plant height and number of leaves) on the other hand with flowering in
experiment | compared to the significance correlation with both obtained in experiment 1l indicated the contri-
bution effect of both on flower formation and revealed influence of environmental factors (of complex inter-
relationship between rainfall, temperature, evapo-transpiration and irradiation) as the major player in flowering
response of roses, while plant height and rate of leaf formation could be regarded as the among the yield deter-
minants in roses. Thus the lower irradiance in reduced sunshine hours of September to December (4.0 and 4.3
hours which gradually increased to 6.3 and 6.2 hours respectively) coupled with reduction in moisture availabil-
ity (from 181.4 and 136 mm to 1.3 and 16.5 mm respectively) accounted for the poor response in Experiment |
compared to Experiment Il. Also the variability in rainfall pattern and the effect of cloudiness on irradiance af-
fecting quality of light during raining season in experiment Il between March and June in 2013 and 2014 ac-
counted for the depression observed in flowering pattern, while the reduced temperature triggered a later im-
provement in flowering pattern. This confirmed the report of [35] that despite the role water stress can play,
drought conditions is not as beneficial for flowering as cool weather.

Moreover, the differences in absorptance capacities of both cultivars could have accounted for the different
flowering behaviours displayed in experiment | and Il where the “P.H. Baby” was more prolific with increasing
margin in flowering behaviour in experiment | but the “Immaculate” was triggered to produce more flowers in
experiment Il thereby reducing the margin of differences between both cultivars to a level of no significant dif-
ference. Earlier reports have stated that light quality affects morphogenesis and overall appearance of rose plants,
where an increased red/far red ratio in roses reduced plant height and increased leaf chlorophyll content [36] and
the number of flowers [37] [38]. In addition several plant species including roses which have leaves with differ-
ent visual appearance [39]-[41], have red leaves containing higher concentration of anthocyanins which showed
slightly higher absorptance of green light compared to the green leaves, hence the differences in absorptance of
green light were attributed to the contribution of varying levels of anthocyanins in such leaves [42] [43]. The
variation in red leaves component over time during leaf flush of the two cultivars could have contributed to both
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the appearance and flowering behaviours of both in this study.

4.3. Species Effect of Rose Cultivars on Growth and Yield of Roses

The “Immaculate” however, appeared more vigorous compared to “P.H. Baby” in the taller height and more leaf
production. The year two condition favoured both cultivars in plant height and number of leaves compared to
year ong, although “P.H. Baby” thrived better in year one than “Immaculate”. The better stem girth development
in “P.H. Baby” probably supported the prolific flowering habit in experiment II. Nonetheless, the non-correla-
tion between plant species type and vegetative growth or flowering pattern of roses indicated that other factors
apart from both plant species type and manure rate were involved in the responses obtained in rose cultivation as
earlier stated above. The no significant difference in CNB, CNF and FYD among both cultivars in experiment 11
could mean that better environmental condition compared to obtainable in experiment | accounted for in the
wider margin in temperature differences between max. and min. temp., higher evapo-transpiration and longer
sunshine duration could have favoured both cultivars and triggered CNB and CNF in the “Immaculate” in par-
ticular to a level of no dominance among both cultivars.

4.4. Manure Effect on Growth and Yield of Roses

The manure effect expressed itself in plant height, stem girth, number of leaves and cumulative number of
flower buds but could not sustain cumulative number of opened flowers. The non-correlation between manure
rate and vegetative growth or flowering of roses reveal the poor nutrient availability due to slow rate of minera-
lization and the high nutrient demanding nature of rose plant, hence the sole dependence on inherent soil fertility.
However, both 5 t/ha > 10 t/ha PM in that order had significant influence on vegetative growth compared to
those treated with 20 t/ha. Also [18]-[20] had reported that N mineralization increased with increasing moisture
content and temperature and hence N mineralization will be greatest during warmer periods when soils are moist
[21] nonetheless the net release of nutrients from organic matter is a function of decomposition ratios of the dif-
ferent organic matter fractions and of the uptake of nutrients by the growing biomass [44]. Hence the bulkier
nature of the 20 t/ha will require more moisture and temperature input before meaningful decomposition
processes compared to lower rates.

The “Immaculate” and “P.H. Baby” kept their identity in response to the level of available nutrient in the soil.
The higher “Immaculate” plants ability to thrive in unfertilized plots with 0 t/ha could be due to the inherent
ability to thrive in any soil while the “P.H. Baby” is nutrient demanding and will require more nutrient availabil-
ity before any meaningful performance. Nonetheless, the plants treated with 20 t/ha could not perform favoura-
bly compared to other lower rates due to the much bulkier nature thus requiring more input of natural resources
to mineralize leading to poor nutrient uptake by plants. The plants treated with unfertilized O t/ha were least in
growth responses indicating that rose plants were high nutrient demanding plants. Hence, except under practical
organic farming, addition of inorganic fertilizers may be required to sustain increased flower yield [45]-[47].
Moreover, the more CNF in plant treated with 5 t/ha PM compared to other rates but no significant different in
FYD among all manure rates indicated a compensatory effect from higher floral unit weight of plants treated
with 10 t/ha or 20 t/ha PM rates, which is a measure of the better flower quality produced at higher manure rates.
Nonetheless [48] had earlier reported that higher floral unit weight induced by higher nutrient uptake is inversely
proportional to vase life quality and length of days of cut-flowers in storage.

The synergy between seasonal conditions expressed in year two and manure rates produced better growth in
both cultivars compared to obtainable in year one of both experiment | and I, and in better CNB in experiment
I. The better plant growth when treated with 10 t/ha in experiment I could be due to the relative higher mi-
cro-nutrient content released compared to obtainable in those treated with 5 t/ha while the better performance of
plants treated with 5 t/ha in experiment Il could be due to poor mineralization and nutrient exhaustion in the 10
t/ha. However, 5 t/ha appeared optimum for both year one and two seasons in experiment | and 11, although the
more leaves of plants treated with 0 t/ha could be due to inherent soil fertility and the poor rate of mineraliza-
tion.

4.5. Conclusion

In conclusion, in the absence of the required decrease in minimum temperature, although level of moisture
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availability and light quality were also implicated, the margin of temperature difference between the maximum
and minimum temperatures played the major role of flower buds induction mechanism in the rose cultivars. The
“Immaculate” and “P.H. Baby” kept their identity in response to level of available nutrient in the soil. The high-
er “Immaculate” plants’ responses and ability to thrive in unfertilized plots with 0 t/ha compared to the “P.H.
Baby” further revealed the genetic differences. The “P.H. Baby” appeared to be more nutrient demanding due to
the prolific ability in flower production compared to the more vigorous “Immaculate”. The 5 t/ha manure appli-
cation rate was more optimum for both years one (dry) and two (wet) seasons’ production of roses in both the
vegetative growth and flower production. Although the more number of leaves produced by plants treated with 0
t/ha could be due to inherent soil fertility and the poor rate of mineralization in the applied manure.
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