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Abstract

To understand the response of quality protein maize to the different dates of
NKP basal fertilizer application in the acid soils of the southwest of the DRC,
an experiment was carried out during two cropping seasons (2019-2021) fol-
lowing a factorial design. The first factor was the season (two levels), the
second was the period of fertilizer application (three levels) and the third was
the variety (four levels). The experiment was repeated three times. Two varie-
ties of quality protein maize were compared to two varieties of normal maize.
Quality Protein Maize outperformed normal maize in growth and production
parameters. The effects of season and date of fertilizer application strongly
influenced (p < 0.0001) the growth parameters. The local and normal varie-
ties had a longer cycle than the other varieties, with anthesis and silking in-
terval of more than 8 days. Fertilizer application at sowing time proved to be
more advantageous for having positively influenced yield. The two Quality
Protein Maize varieties Mudishi-1 and Mudishi-3 recorded yields of 8 t/ha
and 7.9 t/ha respectively when fertilizer was applied at sowing time during the
main cropping season. However, the local variety was very sensitive (1.5 t/ha)
when fertilizer application was delayed up to 30 days of growth during the
short season (season B). In conclusion, the application of NPK basal fertiliz-
ers at the time of sowing resulted in a high rate of harvested plants which
therefore decreases with the delayed fertilizer application. Losses are very sig-
nificant when fertilizers are applied after 30 days from the start of the cycle in
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the short cropping season.
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1. Introduction

Maize is one of the important cereal crops grown in the DRC and spreads out
from the forest to the savannah. Its production in the savannah of southwestern
DRC has moved from a minor crop to a major and commercial cereal crop in
competition with cassava and rice crops in the country’s economy [1].

The released Quality Protein maize (QPM) varieties have a high grain yield
potential. They are friendly processed, easy to digest and of low cost compared
with other cereals. Its versatility makes it a widespread crop adapted to a wide
range of agro-ecological zones. Maize, as a typical cereal, responds favorably to
the application of fertilizers, especially in the savannah, where the soils are gen-
erally not very fertile [2] [3]. It has a strong depleting effect on the soil and it is
generally observed that it does not produce a good grain yield in the plots with-
out fertilizer application [4]. According to Useni ef al (2013) [5], inadequate
plant nutrition management and low soil fertility are the main factors responsi-
ble for lower yields.

In most experiments, the response of maize to nitrogen (N) is very significant
[6]. In a continuous farming system, nitrogen fertilizer is the most important nu-
trient for maize production. Savanna soils are also deficient in native phospho-
rus (P) [6] [7]. The appropriate use of inorganic fertilizers (NPK) on crops led to
increased yield where there was substantial nutrient depletion [6] [8] [9] [10].

Compared with normal maize, QPM has higher nutritional quality as it con-
tains double the amount of lysine and tryptophan and no changes in other ami-
no acids except a lower level of leucine [11]. Since this maize was recently in-
troduced into the country, it has been the subject of several agronomic studies
[12] [13] [14] [15] including fertilization in the acid soils of southwestern DRC
[6].

Experiments on planting density and basal fertilization rate have been carried
out [6] and [13]. However, accurate data on the appropriate period of the basal
fertilizer application have not been made available so far. Several options for
basal fertilizer application can be used: 1) before sowing, 2) at sowing and 3) af-
ter emergence. The period of inorganic fertilizer (NPK) application is then the
most important factor influencing the growth, development and yield of maize

crops. The aim of this experiment was to find out the right time of basal fertilizer
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application for QPM enhanced production in acid savannah soils in southwes-
tern of DRC.

2. Materials and Method
2.1. Experimental Site

The trial was conducted on acid soil at the INERA Mvuazi Research Center during
two cropping seasons: A (October 2019 to February 2020) and B (mid-March
2021 to mid-May 2021). Mvuazi is located at 14°54' East longitude and 5°21'
South latitude, at an altitude of 470 m. The soil of Mvuazi belongs to the Suda-
no-Guinean climatic zone of type Aw4 [16]. This soil is characterized by low or-
ganic matter content and low water holding capacity, resulting in low nitrogen
availability [1] [17] and Orthic feral soil type [18] (Table 1).

2.2. Climate Data

Figure 1 presents the evolution of climate data during the two experimental
seasons (2019-2021).

2.3. Materials

The factorial design with three replicates and three factors was used. The first
factor included three dates of NPK application. The second factor included four
maize varieties including two of quality protein maize (Mudishi-1 and Mudi-
shi-3) and two of normal maize (Samaru and unimproved Local variety). The
third factor comprised of two seasons. Plot sizes were 5 m x 1.5 m, made up of
two central rows with spacings of 0.75 m x 0.50 m.

Fertilization with mineral fertilizers was done on the basis of mineral fertilizer
NPK 12-24-12 at sowing, ie., zero-day after sowing (0 DAS), fifteen days after
sowing (15 DAS) and thirty days after sowing (30 DAS). Urea (46%) was applied
using the microdosing method. The microdosing consisted of a localized appli-
cation of NPK fertilizer (3 g/hill) or 160 kg/ha and Urea (1.125 g/hill) or 60
kg/ha [6]. Urea was applied in two halves respectively at 15 DAS and 30 DAS.

Table 1. General physico-chemical properties of Mvuazi soil.

Parameters
(unit) SolpH  PI(ppm) K(ppm)  Ca(ppm) Mg (ppm)  Mn (ppm) S(ppm) Cu(ppm) B(ppm)
Results 105 1505 229 55 23 12.30 0.21
Low Guid 268 1651 165 100 20 2.00 1.00
Higb Guid 537 2064 264 250 200 10.00 2.00
P £
aizllzlzz‘)ers Zn (ppm) Na(ppm) Fe (ppm) CEC (meq/100g) OC (meq/100g) Silt (%) Sand (%) Clay (%) N (%)
Results 194 13.76 4.07 13 49 39 0.21
Low Guid 150 15.00 30 30 20 0.20
Higb Guid 350 30.00 50 55 55 0.50
DOI: 10.4236/0alib.1109100 3 Open Access Library Journal


https://doi.org/10.4236/oalib.1109100

J. P. K. Tshiabukole et al.

mm Rainfall —— Tmax Tmin
40 50
35 45
30 40
s 35 2
w
g 25 30 QD:
—
2 2 25 K
< &
Z 15 20 ¥
< =
I~ 15 &
10 L
10
5 5
0 0
- - — - - - — - — - — — - — — - - -
S~ S~ S~ S~ S~ ~ S~ S~ S~ S~ S~ S~ S~ S~ S~ S~ S~ ~
~ o n ~ [22) — ~ o n ~ [22) i ~ o n ~ [22) i
S~ S~ S~ S~ S~ i S~ S~ S~ S~ S~ i S~ S~ S~ S~ S~ —
(<)) [2)) (<)) [2)) (<)) S~ o o o o o ~ i — i — — ~
— — - — — [e)} o o o o o o o o o o~ o —
o o o o o Pl o o o o o N o o o o o o
[a\] [V} o~ o o~ o o~ o o~ o o~ o o~ o o~ o o~ o
o~ o~ o~
TIME (DAYS)

Figure 1. Evolution of climatic parameters (rainfall, maximum temperature and mini-
mum temperature).

2.4. Method

Sowing with three seeds per hill was done after mechanical ploughing, harrow-
ing and cleaning of rubbles, followed by thinning at emergence, leaving two
plants per hill for a density of 53,333 plants per hectare [13] [19] [20].

Data were gathered on the growth parameters: plant height (Ph), ear height
(Eh), percentage of stem lodging (Sl), percentage of root lodging (Rl), plants as-
pect (Pasp), phenological parameters: days at 50% male flowering (Poll), days at
50% female flowering (Silk) and Anthesis and silking interval (ASI), disease pa-
rameters: ear rot (Erot) and production parameters: ear aspect (Easp) and grain
yield (Y1d) [21] [22].

2.5. Statistical Analyzes

Data collected were processed and submitted to the analysis of variance accord-
ing to the general linear model (aov(y~fact1*fact2*fact3)) of the agricolae pack-
age of the statistical software R 3.6.3. The separation of the means at the thre-
shold of 0.05 was made by the test of the least significant difference (LSD) of the
same package. The principal component analysis (PCA) carried out using the
Factominer and foctoextra package of the R 3.6.3 software made it possible to
establish correlations between response variables and group individuals into

groups of similarities.

3. Results and Discussion
3.1. Analysis of Variance

The analysis of variance was carried out on the data and measurements collected
on the growth and production variables. Corresponding results are presented in
Table 2 and Table 3. Results analysis showed that there were highly significant
effects of the season (p < 0.0001), the date of application (p < 0.0001), and the
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variety (p < 0.0001) on male and female flowering. The height of the plants as
well as that of the ear was influenced by the season. With regard to the produc-
tion variables, highly significant differences were observed for yield according to

the seasons and dates of fertilizer application (p < 0.0001). However, a signifi-

cant difference was observed in the interaction between season and variety.

Table 2. Effects of factors studied on growth parameters.

Day after

Season planting Variety Poll (days) Silk (days) ASI (days) Ph (cm) Eh (cm) RI (%)
local 64.33 + 3.21ab 69.33 +4.04ab  5.00 £2.00bcd 213.53 +32.55cdefgh  143.40 + 20.44abc 36.39 + 2.82abcd
0day  Mudishi-1 ~ 56.00 + 1.73fg  59.33+£2.08de  3.33+1.52de 212.86 +41.88cdefgh 113.53 +27.78cdef  14.46 + 5.75defgh
pl:fr‘::ill"lg Mudishi-3  55.00 £ 2.00fgh  58.33 + 1.52def ~ 3.33 +0.57de  218.00 + 30.65bcdefg 121.86 + 28.17abcdef 29.83 + 26.88bcdef
Samaru 55.33 £ 2.51fgh  58.66 + 1.15def ~ 3.33 +3.51de 185.73 + 10.03ghi 103.13 + 5.20def 43.45 + 32.26abc
local 66.00 £ 3.46a 70.66 + 3.21a 4.66 +0.57cd 192.03 + 36.34fghji 85.60 * 29.61f 39.79 + 15.14abc
Season 1> 92YS Mudishi-1 57.00%0.00efg 59.00+1.00de  2.00+1.00e  210.46 +29.88defgh 118.40 +30.61bcdef 5320 + 34.02ab
pIZitteirng Mudishi-3 5800+ 0.00def 59.33+1.15de  1.33%1.15e 19513 +16.59fghi  100.60 + 12.45def  55.00 % 29.99a
Samaru 61.33 + 4.04bc 64.66 * 4.16¢ 3.33 £0.57de 174.20 + 12.40hi 89.60 + 11.65ef 39.96 + 13.24abc
local 66.00 £ 5.29a 72.00 £ 5.19a  6.00 + 1.00abc 167.73 + 38.99i 99.40 + 26.85def ~ 32.58 + 9.84abcdef
30days  Mudishi-1 57.00 + 1.7efg 59.66 + 1.52d 2.66 + 0.57de 194.86 + 24.31efghi 98.33 + 24.19def 26.52 + 17.83cdefg
Pallg:zg Mudishi-3  57.00 + 0.00efg  59.00 + 1.73de 2.00 + 1.73e 184.00 + 21.18ghi 102.26 + 21.74def  30.81 + 16.92abcdef
Samaru 60.66 + 4.04cd 65.33 + 4.50b 4.66 +0.57cd 171.83 + 15.58hi 91.13 + 12.92¢f 36.14 + 8.92abcde
local 58.00 + 2.00def 64.66 + 2.30c 6.66 + 1.15abc 253.73 + 13.08abc 158.73 + 0.46a 10.10 + 1.54fgh
0day  Mudishi-1 51.33+2.30ij 57.33+ 1.15defgh 6.00 +2.00abc  206.86 + 72.63defghi 159.76 + 68.74a 4.50 + 4.78gh
pl:fr‘::ill"lg Mudishi-3 49.3 £ 1.15jk 54.00 * 3.46hij 4.66 + 2.30cd 234.00 + 7.81abcdef 121.60 + 14.08abcdef 2.90 £ 5.02gh
Samaru 48.00 + 0.00k 51.33 £ 2.30j 3.33 +2.30de 238.73 + 8.43abcd 131.33 + 9.86abcd 0.00 + 0.00h
local 58.00 + 2.00def  66.33 + 0.57bc 8.33 £ 1.52a 262.73 £ 19.07a 161.40 + 19.70a 11.87 +10.78efgh
15days  Mudishi-1 51.33+2.30ij 57.33+ 1.15defgh 6.00 +2.00abc  240.33 + 20.15abcd 158.06 + 58.13ab 1.11 + 1.92h
Season B after
planting Mudishi-3  5133£2.30jj 56.00+2.00efghi 4.66+1.15cd  239.80+652abcd  128.80+623abede  0.68 % L17h
Samaru 48.66 + 1.15jk 53.33 + 3.05ij 4.66 +2.30cd  235.53 + 18.66abcde  128.00 + 9.89abcde 0.00 + 0.00h
local 59.33 + 1.15cde  66.66 + 0.57bc 7.33 £0.57a 257.20 + 13.34ab 153.86 + 12.45ab 4.34 +7.52gh
30days  Mudishi-1 52.66 £ 2.30hi  55.33 + 1.15fghi  2.66 + 1.15de  225.13 + 15.13abcdefg 128.06 + 20.45 2.20 +0.24gh
p?:::l'ig Mudishi-3  54.66 + 1.15gh  58.00 + 0.00defg  3.33 + 1.15de 229.13 + 4.98abcdef  131.46 + 12.00abcd 0.81 + 1.40h
Samaru 48.00 £ 0.00k  54.66 + 1.15ghij  6.66 + 1.15abc  229.53 + 11.49abcdef 128.40 + 8.16abcde 2.90 +5.02gh
CV (0.05) 3.594 3.563196 36.175 11.88835 19.86 74.50705
LSD (0.05) 3.306748 3.536899 2.624402 42.0911 40.19738 24.45686
Effect Season <2e-16*** 4.33e-13*** 7.97e-06*** 2.46e-09*** 1.9e-07*** 2.12e-12*%*
Effect Date 0.000776*** 0.002285** 0.9838 0.1714 0.1038 0.119
Effect Variety <2e-16*** <2e-16*** 2.96e-06*** 0.2042 0.0372* 0.74
Effect Season*Date 0.137981 0.818854 0.0887. 0.102 0.2597 0.114
Effect Season *Variety 8.98e-05%** 1.93e-05*** 0.6887 0.0281* 0.3474 0.573
Effect Date *Variety 0.486374 0.085109. 0.0371* 0.8845 0.621 0.757
Effect Season*Date*Variety 0.288646 0.436919 0.6216 0.9659 0.6976 0.541
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Table 3. Effects of the factors studied on the production parameters.

Season 1:3::1::;: Variety S1 (%) Pasp (1-5) Pharv (%) Easp (1-5) Erot (1-5) Yld (kg/plant)
local 36.39 + 13.89a 2.33+0.57b 53.70 + 25.20de 3.66 + 0.57a 3.00 + 1.73abcde 3.0 + 1.0ghij
0day  Mudishi-1 14.67 + 7.91bcd 1.00 + 0.00e 91.97 £ 10.56a 1.33 +0.57cd 3.33 +2.08abcd 7.9 £ 0.4a
Pl:it:irng Mudishi-3  38.04+31.91a  1.00£0.00e  96.08% 6.78a 1.33 £ 0.57cd 2.00 + 1.00bcde 8.0 £ 0.4a
Samaru 21.17 + 7.62abcd  1.33 £ 0.57de 94.07 £ 0.65a 1.00 + 0.00d 1.66 + 1.15cde 7.0 + 0.3ab
local 23.07 £ 19.59abc  3.00 + 0.00a 47.59 £ 24.74e 4.00 + 0.00a 2.33 + 1.15abcde 3.7 + 0.35efghi
Season 15days  Mudishi-1  13.47 + 8.81bcd 1.00 + 0.00e 97.77 + 3.85a 1.00 + 0.00d 3.33 +2.08abcd 5.6 + 0.8bc
A Plﬁf;g Mudishi-3 18.99 + 18.34abcd  1.00 £0.00e  98.59 + 1.21a 1.00 + 0.00d 4.00 + 1.00ab 52+ Llcde
Samaru  19.41 + 12.37abcd  1.00 + 0.00e 98.33 £ 2.88a 1.00 + 0.00d 4.00 + 1.00ab 4.6 £ 1.0cdefg
local 24.80 + 10.02ab 2.33+0.57b 40.14 + 26.37e 4.00 + 0.00a 2.66 + 1.52abcde 1.0 £ 0.05k
Mudishi-1  14.07 + 4.01bcd 1.00 + 0.00e 9542 +7.92a 1.33 £0.57cd 4.33 £ 0.57a 4.2 £ 0.6cdefg
30 deys Mudishi-3  13.38 + 7.37bcd 1.00 + 0.00e 97.77 £ 3.85a 1.33 +0.57cd 3.66 + 3.05abc 3.7 + 0.7defghi
Samaru 1449+ 15.58bcd  1.00 +0.00e  88.59 + 19.75ab 1.00 + 0.00d 1.66 + 1.15cde 3.1 + 0.4ghij
local 6.40 + 4.11bcd 1.33 £0.57de  58.78 + 5.57cde 2.00 + 1.00bc 2.33 +0.57abcde 3.1 + 0.5ghij
Mudishi-1 2.79 £3.02d 2.00 £ 0.00bc  60.82 + 14.57bcde 1.66 £ 0.57cd 2.00 + 1.00bcde 4.7 + 0.3cdef
0 day Mudishi-3 1.42 £ 2.45d 1.33 +0.57de 91.03 £+ 50.13a 1.66 + 1.15cd 1.00 £ 0.00e 5.3 +0.9cd
Samaru 3.01 +2.86cd 1.33 £0.57de  88.89 £ 19.24ab 1.00 £ 0.00d 2.66 + 1.15abcde 4.4 £ 0.2cdefg
local 8.76 + 6.86bcd 1.66 +0.57cd 47.94 * 7.64e 1.66 £ 0.57cd 2.00 + 1.00bcde 2.2 £ 0.5ijk
Season Mudishi-1  5.61 + 6.90bcd 1.00 +0.00e  83.70 + 16.67abc 1.33 +0.57cd 1.00 + 0.00e 4.2 + 0.3cdefg
B 19 days Mudishi-3 12.08 £5.54bcd  1.33 £0.57de  85.18 + 13.40abc 1.00 + 0.00d 1.00 + 0.00e 3.9 £ 0.6defgh
Samaru 2.63 £ 4.55d 1.66 +0.57cd  92.98 + 12.15a 1.33 +0.57cd 1.33 +0.57de 3.7 + 0.6efghi
local 23.12+9.14abc  1.66 +0.57cd  50.05 * 14.49¢ 2.66 +0.57b 3.00 + 1.00abcde 1.5 £ 0.5jk
Mudishi-1 4.34 +2.14cd 1.33+0.57de  85.11 + 16.29abc 1.00 + 0.00d 1.00 + 0.00e 2.6 *+ 0.2hijk
20 days Mudishi-3  5.87 +3.11bcd 1.00 £0.00e  79.20 + 5.58abcd 1.33 £0.57cd 1.00 + 0.00e 3.2 £ 0.3fghi
Samaru 3.20 +£2.81cd 1.00 +0.00e  84.21 + 27.34abc 1.00 + 0.00d 1.33 +0.57de 3.6 * 0.0efghi
CV (0.05) 89.013 28.118698 22.14885 29.24296 53.23849 23.11174
LSD (0.05) 20.17995 0.6479035 28.92298 0.7938932 2.028318 0.1586004
Effect Season 9.29e-06*** 0.766 0.0706. 0.00268** 2.49e-05*** 2.59e-06***
Effect Date 0.7137 0.25 0.7406 0.39355 0.938 4.43e-11%**
Effect Variety 0.0377* 4.17e-09*** 2.2e-09*** < 2e-16%** 0.563 3.71E-10
Effect Season*Date 0.0595. 0.702 0.948 0.78928 0.091. 0.0083
Effect Season *Variety 0.8287 4.01e-06*** 0.2269 1.14e-07** 0.025* 0.0501.
Effect Date *Variety 0.8122 0.123 0.6297 0.25543 0.393 0.2234
Effect Season*Date*Variety 0.6666 0.15 0.937 0.46816 0.389 0.3042

3.2. Growth Parameters

Male flowering at 50% (poll): the highest number of days at 50% male flo-

wering was observed in the local variety on the 15" day after sowing and this

DOI: 10.4236/0alib.1109100

Open Access Library Journal


https://doi.org/10.4236/oalib.1109100

J. P. K. Tshiabukole et al.

difference was significant (p < 0.0001) for the effects of seasons, date of applica-
tion, varieties and season*variety interaction with the variety Samaru which rec-
orded 48 days to reach 50% male flowering when NPK is applied on the 30" day
after sowing. The number of days to 50% male flowering decreased with delay in
fertilizer application beyond 15 days after sowing.

Female flowering at 50% (Silk): Samaru variety reached 50% of female flo-
wering at 53.3 days after sowing, which was earlier than the local variety with
50% female flowering at 72 days when NPK application was done 30 days after
sowing. As for male flowering, the number of days to 50% female flowering de-
creased with increasing NPK fertilizer application time beyond 15 days after
sowing, but the difference was highly significant (p < 0.0001) for the interaction
effects between seasons and varieties.

Anthesis and silking Interval (ASI): the higher number of days of interval
between male and female flowering was observed in the local variety with 8.33
days at 15 days after sowing compared with the Mudishi-3 variety which rec-
orded an ASI of 1.33 days when the application of fertilizers is done at 15 days
after sowing. The difference was highly significant (p < 0.0001) for season and
variety effects.

Plant height (Ph): plant height was greater in the local variety (262.73 cm)
under the application of NPK fertilizer 15 days after sowing in season B and the
lowest value was observed in the Samaru variety (225.13 cm) for the same sea-
son. As for season A, the greatest plant height was recorded in the Mudishi-3 va-
riety (218 cm) when NPK fertilizer was applied at sowing, compared with the
Samaru variety (172.83 cm) for the NPK fertilizer application 30 DAS in season
A. The difference was highly significant (p < 0.0001) for season effects and sig-
nificant (p < 0.05) for date*variety effects.

Ear height (Eh): the highest value for ear height was observed in the local va-
riety (161.40 cm) for the application of NPK fertilizer at 30 days after sowing, in
contrast to the variety Mudishi-3 (121.60 cm) for NPK supply at 15 DAS in Sea-
son B. The Mudishi-3 (121.86 cm) variety recorded the highest value of Eh when
NPK fertilizer was applied at sowing in Season B. A, against the local variety
(85.60 cm) when NPK fertilizer was applied at 15 DAS. These results show that
there was a highly significant difference (p < 0.0001) for the seasonal effects and
a significant difference (p < 0.05) for the various effects (Table 2).

3.3. Production Parameters

Plant aspect (Pasp): performance on plant aspect was excellent (score 1) for
most treatments. However, this aspect of the plants was less good (score 3) for
the local variety when the fertilizer application was applied 15 days after sowing
in season A. There was a highly significant difference (p < 0.0001) for the effects
of variety and season*variety interaction (Table 3).

Harvested plant rate (Pharv): a significantly high harvested plant rate

(97.77%) was found in Mudishi-3 variety during season A under the application
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of NPK fertilizers at 30 DAS, compared with the local variety which recorded a
low rate (40.14%) of plants harvested for the same treatment. On the other hand,
in season B, this rate was higher for Samaru variety (92.98%) and lowered in the
local variety (47.94%) for the application of NPK fertilizer at 15 DAS. The effects
of variety strongly (p < 0.00001) influenced the results for the rate of plants har-
vested (Table 3).

Ears aspect (Easp): the best aspects (score 1) of the ears were observed in all
the varieties under different application periods of the NPK fertilizers except the
local variety (score 4) when the NPK fertilizer was applied at 15 and 30 days af-
ter sowing in season A. The variety and season factors significantly (p < 0.0001)
influenced the aspect of ears (Table 3).

Ear rot score (Erot): the ear rot score was high (score 4.33) in the Mudishi-1
variety under the application of fertilizers at 30 days after sowing in season A.
The difference between the averages was highly significant (p < 0.0001) under
the effect of the season. However, the interaction effects of season and variety
significantly influenced (p < 0.05) the rating of rot. This rating decreased with
the variety and in season B (Table 3).

Grain yield (Yld): average grain yield was high in Mudishi-1 (7.90 t/ha) and
Mudishi-3 (8.0 t/ha) varieties when fertilizer was applied at sowing time in sea-
son A while the local variety recorded an average of 3 t/ha for the same treat-
ment. In general, yield decreased with late application of fertilizer after sowing
and in season B; season B was shorter than season A. The difference was highly
significant (p < 0.0001) with respect to the effects of season, fertilizer supply date
and variety (Table 3).

3.4. Principal Component Analysis (PCA)

The principal component analysis showed that only the first two dimensions had
an eigenvalue greater than one. These two dimensions alone produced 74.82% of
the variations. The first dimension is characterized by growth variables (male
flowering and female flowering) and the appearance of plants and ears. As for
the second dimension, it is characterized by the height of the plants and the in-
sertion of the ear as opposed to the yield and the rate of plants harvested. The
high values of the athesis and siliking interval (ASI) are opposed to the produc-
tion parameters (Pharv and YId) (Figure 2).

Figure 3 shows a grouping of varieties around treatments (date of fertilizer
application and seasons). Figure 3 showed that the local variety, being unim-
proved, deviated from the remainder of the average parameters studied for this
variety and joined the large values of ASI, Pasp, Easp, silk and poll in all seasons.

The high values of the production parameters are recorded in season A,

mainly for the application of fertilizers at sowing time.

4. Discussion

In general, the application of NPK as basal fertilizers promotes plant growth and
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increases the grain yield of maize varieties in acid soils [6] [9] [23]. In this study,
the average growth variables as well as those of production were mostly influ-
enced by the season, the date of fertilizer application and the varieties. The im-

proved varieties exhibited better performance in terms of plant quality and grain

yield.
.g PCA graph of variables
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r
Figure 2. Map of the variables studied.
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Figure 3. Variables, individuals and factors studied map.
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The date of basal fertilizer application has previously been studied by [9] and
[24]. They concluded that the NPK application at sowing is very advantageous if
it is not followed by a dry period. Otherwise, applying the NPK within 10 days
after emergence is suitable and any delay in the application is detrimental to
production. These results are similar to those found in this study, which shows
that NPK applied 15 days after sowing significantly reduce growth performance
and negatively affects grain yield.

Mudishi-3 variety has appeared to tolerate late application of basal fertilizers
and got an acceptable average production in season A. These hypotheses were
verified by [25], showing that this variety had a very low-stress sensitivity index
(SSI) and as a result, its yield remained stable under the drought conditions oc-
curring in the middle of the growing season.

The low values of the production variables recorded in season B can be due to
corresponding rainfall and thermal episodes recorded during the experiment
(Figure 1). The short periods of intense rainfall causing vicious droughts at the
end of the main cropping season disrupting maize productivity, have been re-
ported by [26]. This phenomenon, combined with the delay in the application of
basal fertilizers, may explain the weak performance of maize in the short rainy
season. This situation was reported by [27].

According to Useni ef al (2013) [5], inadequate plant nutrition management
and low soil fertility are the main factors responsible for lower yields. This opi-
nion is in accordance with the fact that a maize crop that does not receive nu-
trients during its phase of growth and organ development ends up with a signif-
icant productivity decrease [1] because the absorption of certain major elements
such as P and K is done continuously starting the first days of the maize cycle
[28] [29] [30].

5. Conclusion

The objective of the present study was to determine the best date of basal ferti-
lizer application for the production of QPM in the acid soils of the savannah in
the southwestern zone of DRC. Two varieties of QPM were compared to two va-
rieties of normal maize in a factorial design replicated three times during two
seasons. The results obtained showed that the application of NPK basic fertiliz-
ers leads to maize plants high-performance with a high grain yield. In addition,
the application of fertilizers at sowing time favors a faster maturing for the im-
proved varieties of QPM compared with the unimproved local variety. The ap-
plication of NPK basal fertilizers at the time of sowing promotes a high rate of
harvested plants which therefore decreases with the delayed nutrient supply. The
reductions in yield are very significant when the inputs are applied after 30 days

from the start of the cycle in a short growing season.
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