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their use are leading planters and rubber nurserymen in developing and/or ex-
panding areas to look for alternative and sustainable fertilization. In this per-

spective, a trial was carried out at Research Station of CNRA-Bimbresso and in
Received: October 4, 2021 a farmer’s environment in order to evaluate the agronomic quality of com-
Accepted: November 26, 2021

post made from chicken droppings and dry Panicum maximum straw to im-
Published: November 29, 2021

prove the growth of rubber plants in bagged nurseries. Mixtures based on
Copyright © 2021 by author(s) and potting soil and/or compost in different proportions were prepared. The fol-
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http://creativecommons.org/licenses/by/4.0/ ~ obtained show that compost-based crop substrates increase soil organic mat-

() ® ter, nitrogen, exchangeable bases, etc., in proportion to the doses applied. For

the pH, the application of compost resulted in a reduction in soil acidity of

the grafting success rate evaluation of rubber plants in nursery. The results

about 1.3 unit compared to the initial values at the two study sites. The vege-
tative behaviour of the rubber plants also shows that qualitative (height and
collar diameter) and quantitative (grafting success rate) improvements were
recorded in the plants raised in compost-based substrates. The production of
rubber plants in bagged nurseries was optimal with compost doses of 27 t-ha™
(at Bimbresso, in the southeast) and 27 t-ha™' combined with fractionated ap-
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plication of urea (at Kimoukro, in the centre), which under the conditions of
the present study may be the recommended doses on rubber plants in bagged
nurseries at Cote d’Ivoire.
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1. Introduction

In the context of crop diversification, rubber cultivation in Cote d’Ivoire is of con-
siderable economic interest and has become increasingly popular among many
populations in recent years. This plant has been introduced by Agro-industrial
Rubber Companies in the years fifty [1]. Cote d’Ivoire, formerly 6™ in the world,
has jumped 3 points. It thus becomes the only non-Asian country in the interna-
tional rubber top 5 behind Thailand (1*'), Indonesia (2"!) and Vietnam (3™). This
position was acquired thanks to its 850,000 tonnes of rubber produced in 2019,
an increase of 13% compared to the previous year [2].

The prodigious development was boosted, on the one hand, by the improve-
ment in the purchase price of rubber at the edge of the field, and on the other
hand, by the subsidy for the production of rubber plants by Fonds de Dévelop-
pement pour I'Hévéa (FDH), which is Hevea Development funds. Also, many
studies carried out in the field of genetic improvement and latex harvesting
technologies [3] [4] [5] [6] have contributed to this. As a result, Cote d’Ivoire has
one of the highest yields in the world, at 1650 kg-ha™'-year™ [7]. It is such a per-
formance that the country intends to consolidate in a context of strong demand
for natural rubber.

This performance could however, be hampered by a number of concerns, in
particular land and parasite pressure in traditional rubber tree areas, the aging of
the verger and the low level of adoption of the technical itineraries. Also, note
that the development plan for the rubber industries envisages production of
about 2 million tonnes of natural rubber over the next five years, to consolidate
its leadership in Africa.

In order to achieve this objective and to meet the ever-increasing demand for
natural rubber, two strategies can be adopted. The first is to improve the pro-
ductivity of rubber trees in traditional growing areas by optimising latex har-
vesting system of rubber trees, appropriate replanting techniques, selecting clones
that are more efficient and better adapted to local environmental conditions and
by good plantation management, etc. The second strategy consists of extending
the rubber plantations areas to non-traditional areas, described as marginal.
Moreover, any replanting or extension of rubber tree plantation areas necessarily
starts from nurseries, which occupying a pivotal position in the production cycle
of vegetal material, is at origin of any plantation creation project.

The rubber plants in bagged nurseries remain the only effective means of ob-
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taining quality plants material that guarantees the profitable and sustainable ex-
ploitation of rubber tree plantations. The high demand for planting material, linked
to interest in rubber tree cultivation over the last decade, has shown the need for
rubber plants to shorten the production time of planting material in the nursery.

As a result, the lack of vigour of the plant material produced is one of the
causes of high mortality after transplanting. The considerable loss of planting
material in the nursery results in heterogeneity in tree growth, induced by rub-
ber trees replacements and consequently a significant reduction in the number
of exploitable trees. Also, Mougo [8] has revealed that losses of rubber plants in
nurseries could reach more than 75% before grafting, 53% of which is due to the
type of vegetal material and crop substrates.

For materials that are accessible and meet the requirements of plant growth,
several studies have looked into the recycling of organic waste [9]-[15]. In fact,
the use of composting organic waste is a potential choice to be developed for in-
teresting agronomic and environmental reasons. In the context of organic waste
recovery using the pit composting technique, the aim of this study is to evaluate
on the one hand the effect of composts on plant growth and on the other hand
its effect on the soil quality improvement.

2. Material and Methods

2.1. Study Environment

The study was carried out at the experimental site of the CNRA-Bimbresso Re-
search Station, in the southeast (N05°18°45.2" and W004°9’18.9") and the Ki-
moukro site, in a farming area (N06°33°0" and W005°15°0"), in the centre of
Cote d’Ivoire. Climates, in the southeast of humid subtropical type and in the
centre of transitional equatorial type, are characterized by four seasons clearly
differentiated by their bimodal rainfall regime [16] [17]. Average annual rainfall
is estimated at 1.800 mm in the southeast and 1.200 mm in centre of Cote d’Ivoire
[17] [18].

The soil at Bimbresso site, belonging to the Ferralsols class [19] is deep and
tertiary sandy. It characterized by a clay-sand texture in the surface horizons.
The pedological study carried out at Kimoukro site showed that the profile soil
belongs to Cambisol class [19]. Table 1 shows the physico-chemical properties
of these soils before the trial was implemented.

2.2. Plant Material

As the choice of rootstock is an important element in the success of grafting
[20], the plant material used consists of about one month old GT1 clone rubber
tree seedling. The clone GT1 from Indonesia is considered the best rootstock

and it is the reference one in Cote d’Ivoire.

2.3. Fertilizer Material (Compost and Mineral Fertilizer)

The compost used was obtained by recycling chicken droppings and dry straw
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from Panicum maximum composted in a pit for 18 weeks. The contents of the

pit were turned over once every 4 weeks to ensure good aeration and to reduce

anaerobic fermentation. The physico-chemical characteristics of this compost
are mentioned in Table 2. Urea [CO(NH,),] at 46% N was used for fertilization

of rubber plants in bagged nurseries.

2.4. Soils, Gauges and Crop Substrates Preparation

The study plots, with an area of 300 m* (20 m x 15 m), were manually cleared.

Table 1. Physical and chemical properties of soils before the implementation of the trial

Data values of sites

Units
Bimbresso Kimoukro
Texture Sc Sle
Particles size Clay (0 -2 p) % 16.00 13.50
fine Loam (2 - 20 p) % 3.35 15.00
coarse Loam (20 - 50 ) % 5.60 24.80
fine Sand (50 - 200 p) % 22.50 43.15
coarse Sand (200 - 2000 p) % 52.55 3.55
Soil acidity pH (H,0) - 5.40 6.40
Organic matter C (organic Carbon) % 1.17 2.61
N (total Nitrogen) % 0.11 0.17
C/N - 10.64 15.35
Organic matter % 2.01 4.49
Phosphorus available ppm 75 175
Absorption Complex Ca* cmol-kg™ 0.41 4.70
Mg* cmolkg™ 0.29 2.06
K cmol-kg™ 0.02 0.18
Na* cmol-kg™ 0.06 0.04
CEC cmol-kg™ 8.00 13.25
Sum of bases (SBE) cmol-kg™ 0.78 7.04
Saturation (V) % 9.75 53.13

Sc: Sandy-clay; Slc: Sandy-loamy-clay.

Table 2. Physico-chemical characteristics of the compost used.

Physico-chemical properties

pH

% H

? <10 mm C N

C/N

Chemical properties (ms%)

P K Ca Mg

7.2

30.16

95.54 772 0.64

12.06 0.68

039 199 0.87

% H: relative humidity; @: proportions of fine elements; ms%: percentage of dry matter.
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Then, they were materialised by placing gauges on the ground with the help of
stakes.

Eight (8) gauges were opened to obtain 0.2 m width; 4 m length and 0.2 m
depth. The distance between two gauges was 1 m. The soil, placed on the same
side when the gauges were dug, was used as a growing medium, mixed or not
with compost used, to fill the bags. These bags, measuring 40 cm long and 10 cm
wide, were placed 2/3 of the height and laid out in the gauges in discontinuous

tetrads, with one gauge forming a micro-plot.

2.5. Establishment of Germoir and Planting
of Rubber Tree Seedlings

The establishment of rubber tree nursery necessarily requires a germoir. It is
made up of beds of one (1) square metre that can contain up to 1000 seeds. This
strip consisted of a light medium about five to 10 cm thick of sand and was cov-
ered by a shady area made up of oil palm stalks. The seeds used were those of the
GT1 clone. 30 days after sowing, the seedlings obtained were transplanted in the

bags.

2.6. Experimental Design and Trial Management

The trial was conducted with a randomised complete block design. Fertilization
was main factor and the dose of the compost, the second one with 6 modalities
(Table 3). Each treatment, repeated 3 times, consists of 40 plants. The number
of effective plants was 720 out of 1152 plants. Urea (46% of nitrogen) was ap-
plied in three applications. The first treatment was applied as a background fer-
tilizer. The second one occured at the stage of the second mature leaf and the last
one was performed one month after the second one.

The urea was dissolved in water (50 mL of water per plant) and brought to
plants. However, the compost applications were done in one go (when filling the

bags). The estimated water requirements of rubber plants in the nursery are 120

Table 3. Doses of mineral fertilizer and compost treatments.

Mineral fertilizer (kg ha™)

Substrates Compost treatments
of culture Background fertilizer 27 Jeaf stage mature 3 leaf stage mature (tha™)
S1 (no fertilizer) 0 0 0 0

S2 360 (4 g per plant) 630 (7 g per plant) 990 (11 g per plant) 0
S3 0 0 0 27 (300 g/plant)
S$4 0 0 0 54 (600 g/plant)
S5 180 (2 g per plant) 315 (3.5 g per plant) 495 (5.5 g per plant) 27 (300 g per plant)
S6 90 (1 g per plant) 157.5 (1.75 g per plant) 247.5 (2.75 g per plant) 54 (600 g per plant)

S1: control, no fertilizer; S2: fractional application of urea; S3. S4. S5 and S6: composts treatments and/or fractional application of

urea substrates.
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mm of water per month, in dry conditions. The plants were watered manually
with a 15 L watering can at the least hot hours of the day (early morning or af-
ternoon). Watering was done three times a week at a rate of 15 L of water per
100 plants. After transplanting, weeding of the nurseries was made on demand
with the daba and the machete.

2.7. Measurements and Observations

2.7.1. Soil Parameters

On each trial, a series of samples is collected by treatment from the prepared
crop substrates. These samples were dried in the open air for 72 hours to a week,
according to moisture content of the sample. After drying, the samples were
broken up by hand and sieved with a 2 mm grid sieve to obtain fine earth for
laboratory analysis. These analyses consisted in determining pH (H,0), Organic
Carbon (C), total Nitrogen (N), available Phosphorus (P), Exchangeable bases
(K*, Ca*, Mg*, Na*), as well as cation exchange capacity (CEC) according to

standard methods and procedures.

2.7.2. Measurement of Vegetative Growth Parameters

In order to evaluate the performance of crop substrates elaborated, measure-
ments of aerial vegetative growth parameters of the rubber plants in bagged nurs-
eries were collected monthly during the nursery cycle. The total height H (mm)
of the plant was measured from collar (at ground level) to apical end of the plant
using a graduated ruler. The collar diameter (mm) was determined at 5 cm from
the ground using a Stainless Hardened calliper. Average monthly increases in
height (AH) and collar diameter (AC) were obtained according to following

formula:

A(H,C)=Ma-Mz (1)

where Ma and M, expressed in mm-month™’, are two measurements carried out
at successive observations stages.
The average monthly growth was used to determine the growth gain expressed

as a percentage of reference or control substrate (S1).

A(H,C
Gain(%):mxloo )

A ( H ! c )control

A(H, C) gpsiare: Average growth (H, C) of substrate (2, 3, 4, 5 and 6);
A(H, C) onyror Average growth (H, C) of control substrate (S1).

2.8. Production of Rubber Plants in Bagged Nurseries

The most common method of reproduction for the establishment of plantations
is vegetative propagation. This multiplication is performed using several tech-
niques, but it is the dormant eye patch grafting which is the most common in
modern rubber plantations, as it allows much more homogeneous planted areas
to be obtained, from which future rubber production can be accurately esti-
mated [21].

DOI: 10.4236/0jss.2021.1111028

572 Open Journal of Soil Science


https://doi.org/10.4236/ojss.2021.1111028

J. L. Essehi et al.

After the grafts are taken from the woodlot, the best graft protectors are also
selected. These are healthy plants with a diameter of more than 10 mm at 6
months [21] [22]. The graft starts from the opening of a window 5 cm from the
collar on rootstock by means of a gruffer, proceeding by means of two vertical
incisions 5 cm long, 1.5 to 2.5 cm distant. A strip of bark is thus formed and
completely removed. Then, a graft, previously taken from the grafted wood us-
ing the grafting tool, is inserted under the tongue that has been detached from
rootstock. The assembly is then bound with a transparent polyethylene tie. The
control of the successful grafting takes place every week after graft and unbend-
ing, this takes place 21 days after grafting. The last control takes place 10 days
after the unbending. The Grafting Success Rate (TxR), determined by carrying

out a grafting success verification was:

NbPtR
PR (%)= bptp

%100 (3)

TxR (%): Graft success rate;
NbPtR: Number of rubber plants in nurseries successfully grafted;
NbPtP: Number of plants planted.

2.9. Statistical Analysis

Data relating to physico-chemical analyses of soils, vegetative growth parameters
and production of rubber plants in bagged nurseries were processed using Excel
2016. Statistica 7.1 software was used for statistical analysis and R 4.1.1 for
graphing.

Using Statistica software, one-way analyses of variance (ANOVA) were ob-
served to assess the effects of crop substrates on the physico-chemical properties
of soils, vegetative growth and production parameters of rubber plants in bagged
nurseries. The mean values were classified according to method of least signifi-
cant difference (LSD) of Fisher. The probabilities were evaluated a = 5% thresh-
old.

3. Results

3.1. Effects of Growing Substrates on the Physico-Chemical
Properties of the Soil

The mean values of pH, organic carbon and total nitrogen and C/N in soil, at the
end of experiment for different crop substrates, are presented in Table 4. With
the exception of N content and C/N ratio, the ANOVA of these parameters
showed significant effects (p < 0.05) between crop substrates, regardless of the
study site. These parameters (pH and organic matter) are significantly improved
by the compost-based crop substrates compared to initial values at the time of
trial and substrates S1 (no fertilizer or control) and S2 (fractional application of
urea).

The improvement in chemical parameter values was dependent on the com-

post dose applied to production of crop substrates. This improved effect was
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Table 4. Average values of Carbon. Nitrogen, C/N ratio, Organic matter, Cationic Exchange Capacity, Sum of Exchangeable Bases

of crop substrates at Bimbresso and Kimoukro sites.

Substrate
of culture

S1
S2
S3
S4
S5
S6
Ti
p
MG

Soil Organic Matter (MOS)

Adsorption complex

pH (H,0)

C (%) N (%) C/N MO (%)  CEC (cmol-kg™) SBE (cmol-kg™)
BB KK BB KK BB KK BB KK BB KK BB KK BB KK
59® 62 1.7  1.9° 0.14° 0.16" 124 11.9° 2.99° 329° 56" 104*  0.87°  2.3I°
50° 51° 1.6 1.8 0.13* 0.14° 12.7° 12.8° 2.86° 3.10° 5.6 9.2 0.60° 1.66°
6.1* 65 22 26> 018 019" 12.0° 13.5* 3.73* 4.40°  8.0° 11.8*  597°  6.32°
6.8 6.8 32 27° 024" 0.20° 13.4° 132' 5.54° 459° 10.8°  11.8° = 9.37°  9.42°
6.7 6.6° 25> 23> 020" 0.18 12.6° 13.0° 433> 4.02° 9.2° 112 626> 553°
728 7.0°  32*°  31°  024* 023 134* 135 5.54° 533  11.0° 144 9.12*  10.54°
54 640 1.17 261 0.1 0.17 10.64 1535 2.01 449  8.00 1325  0.78 7.04
0.03 005 0.01 004 078 091 093 045 0.01 0.007 0.012 098 0.00 0.00
630 637 240 240 020 0.8 1275 1298 420 412 836 1146  5.36 5.96

BB: site of bimbresso; KK: site of kimoukro; C (%): carbon percentage; N (%): nitrogen percentage; C/N: carbon to nitrogen ratio;
MO: organic matter; CEC: cationic exchange capacity; SBE: sum of exchange bases; Ti: initial content; p: probability; MG: general

average.

more noticeable through the average values recorded for S4 crop substrates (54
tha™' compost) and S6 crop substrates (54 t-ha™' compost combined with frac-
tional application of urea), regardless of the site. Repeated application of urea
(S2, crop substrate) caused soil acidification (pH < 5.5 regardless of the site).

The pH decreased by about 0.4 - 1.3 unit compared to initial values for Bim-
bresso and Kimoukro sites, respectively. This effect can be seen in Figure 1,
which shows the relationship between soil pH (H,O) and soil organic matter
content at Bimbresso and Kimoukro sites.

Moreover, the compost-based crop substrates (S3, S4, S5 and S6) significantly
improved (p < 0.05) soil cation exchange capacity (CEC) and the sum of ex-
changeable bases compared to initial values of substrates S1 (no fertilizer) and S2
(fractional application of urea) at Bimbresso site. The highest average values for
CEC (10.8 and 11.04 cmol-kg™), sum of exchangeable bases (9.37 and 9.12
cmol-kg™) are attributed to high compost doses: S4 (54 t-ha™ compost) and S6

(54 t-ha™" compost combined with fractional application of urea).

3.2. Effect of Substrates on Vegetative Growth Parameters

In response to the different crop substrates used, the mean monthly increment
(mm-month™) in height (AH) and diameter (AC) varied throughout the vegeta-
tive stage of rubber plants in nurseries (Tables 5-8). At both study sites, the
ANOVA at the end of the observation on the mean monthly increments revealed
no significant difference (p > 0.05) between the crop substrates. Although, vege-

tative growth was influenced by the compost-based crop substrates.
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5 B
Site
% @ Bimbresso
4 @ Kimoukro
3 B

[5.0-5.2] [6.0-6.2] [6.2°6.4] N [6.4-6.6] [6.6-6.8] [6.9-7.1]
P

Figure 1. Relationship between soil organic matter (MOS) content and pH (H,O) at Bimbresso and Kimoukro
sites.

Table 5. Average monthly height increase (H) and growth gain compared to control sub-
strate (S1) at Bimbresso site.

Substrate

AH1 AH2 AH3 AH4 AH5 AHmoy Gain (%)
of culture

S1 (no fertilizer) 208.29° 136.25> 98.47° 201.14° 231.03* 175.04* 0.00

S2 243.63* 189.72° 60.54" 237.47® 207.25° 187.72*  7.25
S3 239.45* 172.00® 7505 291.04* 306.12° 216.73*  23.82
S4 224.92* 13553 90.81° 274.57° 300.40° 205.24° 17.26
S5 206.67° 149.09* 5126 281.86* 301.00° 197.97°  13.10
S6 226.04" 126.24° 48.41° 241.68® 260.54 180.58°  3.17
MG 224.83 15147 70.76  254.63 267.72 193.88

p 0.02 0.01 0.03 0.04 0.02 0.97

The letters a, b and ¢ indicate significantly different mean values in the column at the
threshold a = 0.05; p: probability. MG: mean value; AH: average height increase
(mm-month™) for two observation stages; AHmoy: average monthly increase in height
(mm-month™) during the trial; Gain (%): Gain in height growth compared to control
substrate (S1).

On the site of Bimbresso (Table 5 and Table 6), average values ranged from
175.04 to 216.73 mm-month™" (height) and 1.57 to 2.00 mm-month™ (collar di-
ameter), respectively for substrates S1 (control, no fertilizer) and S3 (27 tha™ or
300 g of compost per plant). Compost-based substrates allow significant growth
gains in height and collar diameter compared to control substrate (S1). The
growth gains were 13.10% to 23.82%, respectively for substrates S5, S4 and S3 for
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height growth and 12.34% to 27.88% respectively for substrates S6, S4, S5 and S3
at the collar diameter level.

However, the application of compost based on chicken droppings induced a
better vegetative growth of the plants, but at high doses (especially substrate S6)
a depressed growth retardation in height and collar diameter was observed
compared to the plants in substrate S2 (fractional application of urea). On the

site of Kimoukro (Table 7 and Table 8), the average monthly increases ranged

Table 6. Average monthly increase in collar diameter (C) and growth gain compared to
the control substrate (S1) at Bimbresso site.

:;‘:;:3;‘: ACl AC2 AC3 AC4 AC5 ACmoy Gain (%)
S1 (no fertilizer) 146>  1.17° 1.60°  1.33* 227 1.57¢ 0.00
S2 1.40°  1.84®  1.86°  1.29*°  2.04° 1.69* 7.63
S3 1.96¢  2.17°  1.65° 1.38*  2.86° 2.00° 27.88
S4 1.69®  1.76®  1.88*  1.88*  2.55® 1.95 24.71
S5 148  1.71*  1.70°  1.60*  2.80* 1.86* 18.50
S6 1.60°  1.60°  1.41°  1.43* 2.76% 1.76 12.34
MG 1.60 1.71 1.68 1.49 2.55 1.80
p 0.00 0.01 0.91 0.77 0.02 0.68

The letters a, b and c indicate significantly different mean values in the column at the
threshold a = 0.05; p: probability; MG: mean value; AC: average diameter increase
(mm-month™) for two observation stages; ACmoy: average monthly increase in diame-
ter (mm-month™) during the trial; Gain (%): Gain in collar diameter growth compared
to control substrate (S1).

Table 7. Average monthly height increase (H) and growth gain compared to control sub-
strate (S1) at Kimoukro site.

Substrate

AH1 AH2 AH3 AH4 AH5 AHmoy Gain (%)
of culture

S1 (no fertilizer) 110.75° 104.44° 101.84° 128.15* 158.15* 120.67% 0.00

S2 101.92* 124.48* 113.71° 175.63* 205.63* 144.27% 19.57

S3 107.50° 94.69* 112.59° 162.05* 192.06* 133.78* 10.87

S4 110.20° 66.57* 101.63* 139.66* 169.66* 117.54* -02.59

S5 115.34* 97.53* 119.70° 200.18* 204.19* 147.39* 22.14

S6 75.48" 75.81* 105.44° 153.84* 133.84" 108.88" -09.77
MG 103.53 9392 109.15 159.92 177.26 128.76

p 0.64 0.54 0.94 0.88 0.67 0.38

The letter a indicate not significantly different mean values in the column at the thresh-
old a = 0.05; p: probability. MG: mean value; AH: average height increase (mm-month™)
for two observation stages; AHmoy: average monthly increase in height (mm-month™)
during the trial; Gain (%): gain in height growth compared to control substrate (S1).
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Table 8. Average monthly increase in collar diameter (C) and growth gain compared to
control substrate (S1) at Kimoukro site.

j;ﬂc’zg:iz ACI AC2 AC3 AC4 AC5 ACmoy Gain (%)
S1(Control) 079 091° 064 176 1.14*  1.05° 0.00
$2 095 078 062 192 127  LII® 5.70
$3 109 078 087 127° 143  1.09° 3.84
S4 0.90°  0.62* 109 124° 128 103  -1.97
$5 104 0.62°  1.02° 142° 145 112 6.69
s6 0.65 051° 087 176 LII* 098  —6.48
MG 090 070 085 156 128  1.06
p 040 068 091 063 079 072

The letter a indicate not significantly different mean values in the column at the threshold
a = 0.05; p: probability. MG: mean value; AC: average diameter increase (mm-month™)
for two observation stages; ACmoy: average monthly increase in diameter (mm-month™)
during the trial; Gain (%): gain in collar diameter growth compared to control substrate
(S1).

from 108.88 (S6) to 147.39 mm-month™ (S5) in plant height and from 0.98 (S6)
to 1.12 mm-month™ (S5) in collar diameter.

However, low growth gains in height and collar diameter compared to control
substrate (S1, no fertilizer) were observed with substrates S2, S3 and S5. These
growth gains ranged from 3.84% to 6.69%, respectively for S3, S2 and S5 sub-
strates for collar diameter and from 10.87% to 22.14%, respectively for S3, S2
and S5 substrates for height. In addition, retardation of rubber plants growth in
nursery was observed in substrates with a high dose of compost (substrates S4
and S6). This growth retardation were as high as —9.77% in plant height for sub-
strate S6.

3.3. Grafting Success Rate

Forty-two (42) days after grafting, the grafting success rates ranged from 92.61%
to 100% respectively for substrates S2 and S4 at Bimbresso and from 81.86%
(substrate S4) to 96.59% (substrate S5) at the site of Kimoukro. The lowest
grafting success rates were observed with crop substrates S2 (92.61%) and S4
(81.86%), respectively at the site of Bimbresso and Kimoukro (Figure 2). The
grafting success rate of the crop substrates S1, S3, S4, S5 and S6 at the site of
Bimbresso, and S1, S2, S3 and S5 at Kimoukro site were statistically equivalent (p
> 0.05).

4. Discussion

4.1. Effects of Crop Substrates on the Chemical
and Physico-Chemical Properties of Soils

The significant effects of compost-based substrates on soil chemical parameters
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Bimbresso

Kimoukro
100

Substrate
S1

Rate of success to grafting (%)

S1 S2 S3 S4 S5 S6 S1 S2 S3 S4 S5 S6
Substrate of Culture

Figure 2. Grafting success rate as a function of culture substrates at the Bimbresso and Kimoukro sites.

at Bimbresso and at Kimoukro sites have been shown by the improvement of pH
(H,0), soil organic matter, exchangeable bases, CEC, exceptionally at high doses
of compost. Several works, such as those of Useni, Bouadou, Sikuzani and Biaou
[23] [24] [25] [26] have shown that the application of organic fertilizers to the
soil improves its physical chemical and biological properties.

The compost used, through its good physical quality (more than 90% fine
elements, @ < 10 mm) and its fertilizing value of an acceptable level, ensures a
high availability of nutrients, as well as after cultivation. In fact, organic matter,
which is essential for soil fertility, produces humus. When it decomposes, it not
only releases the nitrogenous matter essential for plant development, but also
plays a major role in maintaining a favourable soil structure. Therefore, its use in
the manufacture of crop substrates has created better growing and nutrition
conditions for rubber plants in bagged nurseries.

For pH (H,O) of soil, the application of compost has resulted in a decrease in
soil acidity. This increase in soil pH would be linked, on the one hand, to the
buffering effect of organic matter and, on the other hand, to high cation ex-
change capacity (CEC) of bivalent ions (Ca and Mg). These cations, despite their
removal by rubber plants, are in sufficient quantities in the substrates, notably S4
and S6 to neutralise the H* and AI’* ions responsible for acidity [11] [27]. Ac-
cording to Boyer [28], the application of organic matter to the soil can complex
the AI’* ions responsible for soil acidity and making them inactive. These ions,
which are strongly retained, pass with some difficulty into the soil solution. This

also indicates the decrease in soil acidity observed in the compost-based sub-
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strates, particularly the high-dose compost substrates (54 and S6).

An increase in soil acidity was observed in the substrate S2 as a result of frac-
tional application of urea (46% N). This increase in soil acidity of this substrate
corroborates the results of earlier work by Kaho [29], which revealed the acidi-
fying effect of chemical fertilizers on Altisols and Ultisols in Ghana and Nigeria.
Brady [30] reported that most complete fertilizers unless specially treated tend to
form an acid residue in soils. This is mainly due to the influence of some of ni-
trogen carriers, especially those that supply ammonia and produce ammonium
ions by hydrolysis.

However, ammonium ions, presented as potential sources of soil acidity, also
behave as an antagonistic cation of K*, Ca** and Mg*"; excesses of NH*" can
cause a deficiency of these elements (K, Ca and Mg) and conversely, an addition
of Ca reduces the toxicity of NH*" [31]. Chemical amendments also gradually
increase soil acidity, which consequently has a negative impact on the develop-
ment of soil microorganisms [32].

Results also showed a significant improvement in soil organic matter content
and cation exchange capacity (CEC) with the use of compost. According to
Abobi [11], the increase in CEC is due to organic amendments, which would
have affected the phenomena of fixation of exchangeable cations on the adsorb-
ent complex of soils. The increase in CEC is more dependent on the increase in
organic matter than on the low clay fraction found in the soils, and indirectly on
the pH through its reaction behaviour with these two colloids (clays and organic
matter).

Cation exchange capacity is related to the clay-humus complexes formed by
humus and mineral particles, via the cations Ca**, Fe** and AI’*', which are re-
sponsible for improving the soil properties that the compost helps to form [33].

In addition, Huber and Schaub [34] report that soil organic matter content
would be a determining factor in the CEC value. Other studies have also shown
strong correlations between CEC, organic carbon content and pH (H,O) of the
soil [35] [36]. Several authors have also demonstrated the increase in CEC fol-
lowing the application of composts [36] [37] [38]. High levels of organic matter
result in higher CEC and the soil retains nutrients to make them available to
plants for growth [39].

Regarding soil nitrogen content, no substrate effects have been observed at
any site. However, compared to initial soil content, the N values recorded at the
end of trial show a slight increase in compost-based substrates, especially sub-
strates with a high dose of compost (S4 and S6). N’Dienor [40] indicated that
composts contain relatively little nitrogen (0.5% to 0.6%) according to the basic
components), their quantitative application can provide the necessary additional
nitrogen and start its dynamics in the soil. According to Nyembo [41], organic
manures release nitrogen in a form that is assimilable by the plant and their ac-
tions are slow and progressive. The fertilizing value of the nitrogen contained in

the compost is therefore generally low, but should not be neglected in the case of
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high inputs.

4.2 Effects of Crop Substrates on Vegetative Growth Parameters

Regarding the growth of rubber plants in bagged nursery, the compost-based
substrates performed better than the control substrate (S1, no fertilizer), with
statistically significant differences for vegetative growth parameters and grafting
success rate.

At Bimbresso, the average values of the monthly increase in collar diameter
(AC), most important parameter in the management of rubber plants in nursery,
were significantly higher for plants of compost-based substrates compared with
plants of control substrate (S1). Moreover, these values are even higher than that
observed by Compagnon [21], which are of order of 1.5 mm-month™ on average.
At Kimoukro site, the substrate S5 significantly improved the vegetative growth
of the plants compared to the control substrate S1.

This difference in growth observed with compogst-based substrates would be
linked, firstly to the compost maturity obtained and, secondly to its richness in
fertilizing elements. Nutrients from the mineralisation of chicken droppings and
dry Panicum maximum straw must have enriched the soil and contributed fa-
vourably to the development of rubber plants in nursery compared to plants of
control substrate (S1) on these two sites. This confirms the observations made by
Amadji [42] after using compost enriched with chicken droppings for cabbage
production on sandy soil and Essehi [13] on the impact of organic fertilization
on some soil characteristics and on rubber tree growth parameters during the
installation phase in Bonoua, southern Cote d’Ivoire.

These results would indicate that the nutrients, specifically nitrogen, phos-
phorus and potassium, were more available in the compost-based crop sub-
strates than other substrates (S1 and S2). It was noted that independently of the
site, a delay in plant growth was observed in substrates containing high doses of
compost.

Compared to the control substrate S1, these growth retardation rates were as
much as —9.77% in height and —6.48% in collar diameter of plants at Kimoukro
site. This observed retardation could be the consequence of the alkalinizing ac-
tion of compost on the soil, which considerably reduces soil acidity, as men-
tioned above. Compared to initial values, soil pH increased from 1.4 to 1.8 unit
at Bimbresso and from 0.4 to 0.6 unit at Kimoukro, respectively, for S4 and S6
substrates.

This increase in pH to neutrality level was to a certain extent prejudicial to the
growth of rubber plants in nursery. In fact, the results of pot cultivation, Com-
pagnon [21], indicate that rubber tree is a very hardy acidophilic plant, capable
of adapting to variations in soil pH (H,0). However, rubber tree growth is in-
hibited on soils with a pH above 6.0. This phenomenon has been well demon-
strated in experiments with potted crops where chlorosis and growth failure

were already evident at pH 6.5 [43].
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Furthermore, Ferrand [44], made the same observation using the practice of
burning in the valorisation of forest soils intended for the rubber trees in nurs-
ery. According to this author, the pile of ash left after burning the wood stumps
locally alkalinises the soil and makes stains on which the young rubber trees
grow with difficulty. On the same topic, Compagnon [45] mentioned that pH
values most frequently recorded for satisfactory rubber tree growth are between
4 and 6.5. He stated that young rubber trees are very sensitive to excess alkalin-
ity. The response curves of height growth as a function of soil pH obtained in
this experiment seem to explain this phenomenon. Indeed, they show good
vegetative growth of rubber plants in nursery at acidic pH levels (between 4.5
and 6.0).

The grafting success rate does not differ significantly according to treatment
and study site. These results suggest that parameter graft success in Hevea bra-
siliensis is not influenced by application of fertilizers (compost or fractional ap-
plication of urea). However, Ondo [46] concluded that in tropical climates, the
number of successful grafts and the grafting success rate are influenced differ-
ently, depending on the type of rubber tree clones, method of rootstock trans-

planting (in bags or in ground), month of grafting and origin of the graft wood.

5. Conclusions

At the end of this study, we can retain that compost increases, in proportion to
doses applied, the soil’s levels of soil organic matter, nitrogen, the sum of ex-
changeable bases (SBE) and cation exchange capacity (CEC).

For soil pH, compost input resulted in a decrease in soil acidity. Compost-based
substrates performed better than S1 (no fertiliser) and S2 (fractional application
of urea) substrates with statistically significant differences for vegetative growth
parameters. However, high doses of compost (54 t-ha™) tend to raise the soil pH
(towards neutrality), which strongly depreciates the vegetative growth of rubber
plants in bagged nurseries. The production of rubber plants material was opti-
mal with compost doses of 27 t-ha™ (at Bimbresso site, south of Cdte d’Ivoire)
and 27 t-ha™' combined with the fractional application of urea (at Kimoukro site,
centre of Codte d’Ivoire)

However, our results also showed that water availability for rubber plants in
bagged nurseries was a limiting factor, especially in Kimoukro, an area described
as marginal for rubber cultivation. Therefore, a factorial experimentation that
would make it possible to define the best combination of fertilization and irriga-
tion would be conceivable. In addition, the economic profitability of this organic
fertilizer linked to the costs of compost production (purchase of inputs, cost of

technical equipment and labour) remains to be evaluated.
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