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ABSTRACT 
 

Two Maize (Zea mays) varieties namely (Hudibia and Mugtama) and two harvesting times were 
used in this study to evaluate the effect of inorganic phosphorous(P2O5) and phosphate 
biofertilizers namely, Bacillus, mycorrhiza and the combination of them on maize forage quality. The 
evaluation was done by determining the percentage of CP, EE, OM, NDF, ADF, ADL, in vitro dry 
matter digestibility, and in situ degradability. A significant difference (P<0.05) was found between 
the two varieties for all parameters except for CP. Early time of harvest had the highest value of 
CP, EE, OM and DMD, and the lowest value of NDF, ADF and ADL. The highest percentage of 
organic matter (89.45%) was found for the treatment with bacteria alone, while the highest 
percentage of CP (12.9%) was found for the combination between bacteria and mycorrhiza, while 
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the lowest percentage was found for the control. The highest value of DMD was recorded for the 
combination between bacteria and mycorrhiza while the lowest value was found for the control. The 
effect of inorganic phosphorous source (P2O5) and phosphorous biofertilizers on the fiber types was 
significant (P<0.05). For NDF the lowest value (52.52 %) was recorded in the combination between 
bacteria and mycorrhiza, while for ADF the combination between inorganic phosphorous and 
bacteria secured the lowest value (39.98). The highest readily degradable faction (a) was found in 
the Hudibia variety when fertilized by inorganic phosphorous + mycorrhiza, while the highest slowly 
degradable fraction (b) was found in the Mugtamaa Varity when fertilized by phosphorous+ 
bacteria. The highest potential degradability (PD) was found in Mugtamaa variety when fertilized by 
inorganic phosphorous+ mycorrhiza. From this study, it could be concluded that the combination 
between bacteria and mycorrhiza improved the nutritive value of the forage by increasing CP and 
DMD content and decreasing the NDF content. 
 

 
Keywords: Inorganic phosphorous; phosphate biofertilizers; nutritive value; maize forage. 
 

1. INTRODUCTION 
 
The agroecosystems are under significant 
pressure due to the need to expand agricultural 
production on a global scale in the face of 
increasingly diminishing and deteriorating land 
resources [1]. Mineral phosphorus fertilizers 
need a significant amount of energy to produce, 
and their use has long-term environmental 
implications relating to decreased soil fertility and 
carbon release [2].  “Excessive use of chemical 
fertilizers is not only cost intensive but also 
creates the problem of environmental issues 
such as nitrate pollution and loss of soil carbon. 
Such environmental considerations have 
prompted a search for new environmentally 
friendly ways to feed plants. Currently, ecological 
farming is receiving special attention on a global 
scale. Phosphate bio fertilizers were viewed as 
the most effective ecological measure in this 
situation” [3]. 
 
“Numerous synthetic fertilizers containing acids 
radicals, like sulfuric and hydrochloride tend to 
increase soil acidity, adversely affect soil health 
and the population of beneficial organisms, and 
interfere with plant growth” [4].  “Phosphorous is 
the most important key element in the nutrition of 
the plant, next to nitrogen. It plays an important 
role in virtually all major metabolic processes in 
plant including photosynthesis and energy 
transfer” [5].  “The Bio fertilizers are considered 
as the most favorable natural compounds to 
enhance the micro-organism activities in the soil” 
[6]. The main objectives of the current research 
are to determine the effect time of harvesting and 
types of phosphate biofertilizers (Bacillus as 
phosphorous solublizing bacteria and mycorrhiza 
as phosphorous mobilizer) on the chemical 
composition of two maize varieties. 

2. MATERIALS AND METHODS 
 

2.1 Samples Collection 
 
The samples were brought from the 
Department of Botany and Agric. 
Biotechnology, Faculty of Agriculture, University 
of Khartoum. The whole plant of two forage 
maize varieties (Hudibia and Mujtamaa) were 
used in the study. The samples included forage 
harvested at two stages of maturity. Different 
treatments were applied in the study included: 
inorganic phosphorous fertilizer (P2O5), and 
phosphorous solubilising microorganisms 
(Bacillus sp.) and phosphorous mobilizer 
(mycorrhiza) and their combinations as a 
source of phosphate biofertilizers. 
  

2.2 Location and Site Characterizations 
 
Soil samples were collected from the topsoil (0-
30 cm) from experiments sites at the University 
of Khartoum Farm Shambat area by using the 
standard procedure recommended by [7]. “These 
soil samples were used for soil pH was 
measured on the soil paste by using an 
Analogue pH meter WAP, the electrical 
conductivity of soil extract (ECe) was obtained by 
conductivity meter WPA C M 35. Calcium and 
magnesium were determined volumetrically with 
Ethylene diamine tetra acetate (E.D.T.A), sodium 
and potassium were determined photometrically 
by corning-EEL flame photometer, the carbonate 
and bicarbonate and chloride 

 
 were determined 

according to the procedure” outlined by [8].  
Available phosphorus was determined by sodium 
bicarbonate method [9]. Total N will be 
determined by a Kjeldahl method according to 
[10], organic carbon was determined according 
to the modified procedure [11]., and the organic 
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carbon was then multiplied by a factor 1.72 to 
obtain organic matter % according to [12].  
 

2.3 Chemical Analysis 
 
The proximate components of the sample were 
determined, Ash, EE, and CP according to 
AOAC methods [13].  NDF, ADF, and ADL were 
determined according to [14].   
 

2.4 In situ Dry Mater Degradability 
 

In situ degradability of the samples was 
determined according to the procedure 
described by [15]. 

“
Each forge sample of maize 

weighing 5 g was transferred into nylon bags 
with a dimension of 8 x 14 cm and a porosity of 
40-45mm and incubated in duplicate in two 
rumen fistulated steers. The samples containing 
nylon bags were incubated for 4, 8, 16, 24, 48 
and 72 hours, and there after hand washed 
using tap water. Zero-hour solubility was also 
determined by hand washing samples 
contained in nylon bags in a similar way to the 
incubated feed samples. The washed samples 
were air dried in an oven at 105

o
 c to constant 

weight to determine dry matter degradability. 
The in situ degradability parameters were fitted 
using the equation P = a+ b (1- e 

-ct
), where P is 

the DM disappearance at time t, an  
immediately soluble (wash loss), b is the slowly               
degradable fraction and c the rate of 
degradation” [15].   
 

2.5 In vitro Two Stage Digestibility 
 

The dry matter digestibility of the samples was 
determined using the procedure ‘two-stages in 
vitro’ described by [16]. 
 

2.6 Statistical Analysis 
 
Data obtained from the study was subjected to 
analysis of variance (ANOVA) according to the 
statistics 8 program. The data were statistically 
analysed in a completely randomized design 
(CRD) to compare treatment means.  
 

3. RESULTS AND DISCUSSION 
 

A significant difference (P<0.05) was found 
between the two varieties Hudibia and 
Mugtamaa in OM, EE and digestibility, whereas 
no significant difference was found for CP. 
These results could be comparable to the 
results obtained by [17] who stated that the 

digestible dry matter and crude protein yield did 
not show a significant variation among the 
different varieties. As general evaluation, [18] 
reported that the feeds which have <12%, 12-
20% and >20% CP are classified as low, 
medium and high protein sources, respectively. 
Based on this classification, the two maize 
varieties evaluated for forage purposes are 
classified as low protein feed sources. 
However, [19] reported that forages whose CP 
contents could range between 9–12% can be 
regarded as highly palatable. [19] noted that the 
means of protein percentage in the 16 forage 
maize genotypes ranged from 6.98% to 
10.09%, obtained by the genotypes TEEI 5 and 
Hudiba-2, respectively. Moreover, they stated 
that, For the 16 maize genotypes, the Fats 
content means ranged from 0.61% to 1.21% 
obtained by the genotypes TEE1 20 and TEEI 
21, respectively. The Ash content % means 
ranged from 0.81% to 2.85% obtained by the 
genotypes TEE1 1 and TZ STR 166, 
respectively [20]. Observed that the variation in 
OM, CP, EE, CF, Total ash and NFE content 
often related to the cultivars of maize including 
some varieties and their crosses. 
 
Table 1 noted the variation in fiber fractions NDF, 
ADF and ADL for the two maize varieties. A 
significant difference (P<0.05) was observed 
between the two varieties. Same results were 
obtained by [17] who stated that Acid detergent 
fiber (ADF) was significantly influenced by 
genotype at silage harvesting stage (P < 0.01) 
[21, 22] reported that “ADF and NDF are 
composed of cellulose plus lignin and cellulose 
plus hemicellulose plus lignin, respectively and 
are the structural carbohydrates in plants, which 
play an important role in the digestibility of the 
forage. The decrease in ADF and NDF (cell wall 
components) is an indication of improvement in 
the quality of the fodders”. These results in 
comparison to the results obtained by [23]. who 
reported that “Genotype did not significantly 
(P>0.05) affect NDF at both harvesting stages. 
Forage grasses, which have < 50% NDF are 
considered high quality and > 60% as low-quality 
forage” [24]. related “the digestibility of feeds to 
the fiber because the indigestible portion has a 
proportion of ADF, and the higher the value of 
ADF the lower the feed digestibility” [25] reported 
“the minimum recommended value of ADF for 
forage should be 17-21% and according to these 
results the evaluated maize genotypes for forage 
purposes exceeded this ADF value 
recommended for forage”.  
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Table 1. Effect of Plant Varieties on the Proximate Composition and Digestibility of Maize 
forage 

 

Forage variety  OM CP EE DMD NDF ADF ADL 

Hudubia 88.443
a
   11.655

a
   0.6804

b
    77.219

a
 58.593

b
    38.27

b
    18.714

b
 

Mugtamaa 87.825
b
    11.726

a
 0.7189

a
   73.500

b
 62.555

a
   47.7

a
 19.34

a
 

SEM 0.0778 0.0626 0.006 1.2385 0.0377 0.0371 0.0468 
Means with different superscriptions are statistically different at (p<0.05) 

 
The effect of time of harvest on the proximate 
composition and dry matted digestibility is shown 
in Table 2. The data revealed that there was a 
significant effect between early and late 
harvesting time. Early harvesting time recorded 
the highest value of OM, CP and dry matter 
digestibility which were found to be 86.96, 12.5 
and 79.08 respectively whereas for EE the late 
time of harvest secured the highest value. These 
results were consistent with the results obtained 
by [26] who reported that the advance of maturity 
of maize reduces the crude protein content and 
increased in vitro true digestibility. Similar results 
were also obtained by [27] who found that the 
apparent total digestibility of dry matter, organic 
matter, crude protein, crude fat, starch and gross 
energy for growing dairy cows significantly 
decreased with maturity of maize crop. These 
results moreover, were in line with the results 
obtained by [28] who determined the chemical 
composition of three maize hybrids harvested at 
the beginning of six reproductive stages of 
maturity, concluded that, the advancement in 
maturation was linearly related to the crude 
protein (CP) content of the stem, whole plant, 
and leaves, and there was a difference among 
the hybrids [29] described Harvesting maize 
green forage at 65 days, as advanced maturation 
which reflected in a reduction of crude protein 
(CP), and a significant increase in the neutral 
and acid detergent fiber fractions which resulted 
in a decline in the digestible organic matter 
(DOM).  
 
The effect of harvest time on the fiber fractions 
(NDF, ADF and ADL) is noted in Table 2. A 
significant increase (P<0.01) between 
parameters were observed with the advanced 
maturation. The results indicated that with 
advanced maturity, the cell wall constituent was 
increased which was reflected in the nutritive 
value of maize forage. In the same context, many 
previous authors approved that delaying in 
maturity had a negative consequence on the 
forage maize nutritive value as a result of 
increasing ADF, NDF and ADL of the forage [26] 
and [30] reported that a significant increase in 
the NDF content was detected with advancement 

in harvesting time under all tested plant 
densities. Different results were found by [31] 
and [32] who observed “an increase in ear 
percentage, dry matter yield and a decrease in 
fresh forage yield, NDF and ADF of maize as 
maturity advanced. Other different results were 
noted by [33] wherein, the delay in harvest time 
provides an opportunity to accumulate higher 
amounts of dry matter, and decreases NDF and 
ADF due to the dilution effect of the increasing 
amounts of starch)”.  
 
Table 3 shows the effect of inorganic 
phosphorous and phosphate bio fertilizers on the 
proximate composition and digestibility of maize 
forage. Significant differences (P<0.05) were 
noted between all parameters under study. The 
highest organic matter (89.45%) was found for 
Bacteria bacillus while the lowest value 
(84.6%)was found for phosphorous+ fungi, the 
highest value of CP (12.9%) was found for the 
combination between bacteria and fungi while 
the lowest value was found for the control. For 
the dry matter digestibility, the highest value was 
recorded for the combination between bacteria 
and fungi while the lowest value was found for 
the control. From this study, the combination 
between bacteria and fungi improved the nutritive 
value of the forage to the best, which shows the 
synergetic effect between these microorganisms 
and phosphorous in the soil. It could be stated 
that the worldwide Maize quantity and quality 
could be increased by the utilization of fertilizer 
(bio fertilizers especially). “Biological phosphate 
fertilizers containing beneficial bacteria and fungi 
increased phosphate solutions by increasing soil 
acidity or alkaline phosphatase enzyme, which 
can be absorbed by plants easily. Soil chemical 
and biological characteristics improved by bio 
fertilizer; moreover, due to the use of low doses 
of chemical fertilizers, agricultural production will 
be free from contaminants” [34] The results 
obtained in this study were not in line with the 
results obtained by [6] who stated that, no 
significant effect was found for the application of 
phosphorus fertilizer, bacterial strains or 
Mycorrhiza and their interaction on the 
percentage of digestible dry matter (DMD) and 
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CP, however, seeds inoculation by bacteria 
strain 41, could increase the amount of DMD to 
an acceptable level of 66.34%. and the maximum 
amount of crude protein (14.41%) was obtained 
by co-application of 30 kg/ ha of triple super 
phosphate1 fertilizer, bacterial strain 41 and 
Mycorrhiza, these results can indicate the 
synergetic effect between bacterial strains 41; 
Mycorrhiza and chemical phosphorus fertilizer 
(up to 30 kg ha level). The same results were 
obtained by [35] noted that the effect of 
phosphorous fertilization on the nutritive value of 
Zea mays revealed that plots applied with P2 had 
a significant influence (P>0.05) on the CP 
content with the highest value recorded for P2 
level of fertilization for Zea mays in pure stand 
and in the mixture. Moreover, [36] illustrated that 
the main effect of phosphorus fertilizer 
application was insignificant but effect of bio 
fertilizer application was a significant on the CP. 
[37] report that the crude protein, crude fiber and 
ash contents in maize fodder increased with an 
increase in the P application rate. The maximum 
crude protein, crude fiber and ash contents were 
10.55, 21.63 and 7.26 % respectively. The 
increase in crude fiber contents was due to more 
dry matter accumulation with P application. 
Similarly, [38] Rreported that crude fiber content 
was increased with P application along with N. 
Increase in ash % is due to an increase in 
mineral matter. [39] Noted that the maximum 
amount of ash (8.12%) was obtained when sole 
Mycorrhiza was applied but, with no significantly 
different from treatments of co application of 
Mycorrhiza and bacteria strain 9 and sole 
application of bacterial strains. they concluded 
that the application of Mycorrhiza can provide 
favorable conditions for more phosphorus 
uptake. In phosphorous deficient soils, the effect 
of Mycorrhiza in providing phosphorous to the 
plants is equal to the role of Rhizobium sp. in 
supplying nitrogen for the leguminous family.  
 
The effect of inorganic phosphorous and 
phosphorous biofertilizers on the fiber fractions 
is noted in Table 3. Significant differences were 
found between treatments. For NDF the lowest 
value (52.52%) was recorded in the 
combination between Bacteria and fungi, while 
the highest value (64.17%) was attained in the 
control, for ADF the combination between 
inorganic phosphorous and bacteria secured 
the lowest value (39.98%).  Similar results were 
reported by [6] who noted that the NDF was 
significantly affected by the interaction between 
phosphorus and bacteria treatments. The 
minimum NDF value was obtained (57.27%) by 

the sole application of 60 kg/ ha supper 
phosphate triple which its effect was not 
significantly different from sole application of 
bacterial strain 41. The above results indicated 
that there is an antagonistic effect between 
inorganic phosphorus fertilizer and bacteria 
activity regarding NDF value in barley forage. 
They also stated that, the bacterial strain 41 
could substitute inorganic phosphorous 
fertilizers to provide the best conditions for 
decreasing NDF in barley Karoon x Kavir 
cultivar and increase the quality of forage [36] 
illustrated that the effect of inorganic 
phosphorus fertilizer on NDF content was 
insignificant, Whereas, the effect of biofertilizer 
application was significant. Biofertilizer-applied 
plots had higher ADF content than alone 
phosphorus applied [35] noted that the effect of 
phosphorous fertilization on the CF content and 
the NDF content, was found to be non-
significant among all various levels of 
phosphorous fertilization. The results in this 
study disagreed with those of [40] who reported 
that ADF and NDF contents of sorghum fodder 
did not change significantly with P application 
[41] reported that P and K fertilizers application 
did not affect the ADF and NDF contents in 
forage sorghum.   
 
Table 4 shows the degradability kinetics of maize 
forage as affected by different treatments of 
inorganic phosphorous and phosphate 
biofertilizers. The application of inorganic 
phosphorus secured the highest (34.2) readily 
degradable fraction (a), while the highest value of 
potential degradability (PD) and effective 
degradability at an outflow rate (ED 0.2%) 
obtained with the application of inorganic 
phosphorous+ Bacillus sp., while the highest 
value of degradation rate (c) was obtained by 
bacillus + mycorrhiza. These results were 
supported by [35] for the effect of phosphorous 
fertilization on Rhodes grass and Clitoria 
ternatea. They reported that phosphorous 
fertilization affects the potential degradability 
(PD) and the effective degradability (ED) at all 
outflow rates significantly (P <0.05). Level 2 of 
phosphorous fertilization recorded the highest 
mean value followed by level 1 and zero levels 
for (PD) and (ED). Readily degradable fraction 
(a), slowly degradable fraction (b) and 
degradation rate did not affect significantly by 
phosphorous fertilization, however, the ranking of 
phosphorous fertilization was as follows 2 > 1 > 0 
>3. These results were in conformity of [42] who 
worked on fertilizer application on the nutritive 
value of durum wheat Straw, and found that 
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Table 2. Effect of time of harvest on the proximate composition and digestibility of maize forage 
 

Harvest Time  OM CP EE DMD NDF ADF ADL 

Early Time 86.946
b
    12.506

a
   0.5232

b
    79.080

b
   55.554

b
    38.29

b
 16.98

b
 

Late time   89.321
a
   10.875

b
    0.8761

a
   68.990

a 
      65.595

a
   47.70

a
   21.07

a
 

SEM .0778 0.0626 0.0063 3.27 0.0377 0.0371 0.0468 
Means with different superscriptions are statistically different at (p<0.05) 

                               
Table 3. Effect of inorganic phosphorous and phosphate biofertilizers on the Proximate Chemical Composition and Fiber Fractions of Maize 

Forage 
 

Treatments  OM CP EE DMD NDF ADF 

Control 89.912
a
   9.701

e
   0.9500

a
   71.785

C 
64.175

a
   41.678

d
 

Inorganic phosphorus (P2O5) 86.525
d
  12.481

 Q
        0.6837

d
 77.0

ab 
56.837

e
       42.77

c
     

(P2O5) + Bacillus   88.750
c
     11.855

c
     0.7200

c
     76.18a

bc
 62.546

b
    39.976

f
 

(P2O5) +mycorrhiza 84.600
e
       11.544

d
      0.8500

b
    73.195

bc
 62.034

c
     45.58

a
   

 Bacillus 89.450
b
        11.992

c
     0.5850

e
       75.985

abc
 61.626

d
      44.151

b
 

Mycorrhiza  88.788
c
     11.350

d
      0.5063

f
        74.40

abc
 64.281

a
   45.58

a
  

Bacillus+mycorrhiza 88.913
c
     12.909 

Q
   0.6025       78.9

a
 52.519

 Q
        41.275

 Q
 

SEM 0.1456 0.1170 0.0113 2.31 0.0705 0.0694 
Means with different superscriptions are statistically different at (p<0.05) 

 
Table 4. Effect of Different Treatments of inorganic phosphorous and phosphate biofertilizers on Rumen Degradability Kinetics (%) 

 

Treatment a b c PD ED 0.2% ED 0.5% ED 0.8% 

Control 33.050
b
 50.800

e
 0.0150

a
 84.317

e
 54.08

de
 44.45

c
 40.98

b
 

Inorganic phosphorous (P2O5) 34.200
a
 50.133

e
 0.0140

b
 84.383

e
 54.10

d
 44.72

a
 41.35

a
 

(P2O5)+ Bacillus  31.050
e
 59.417

bc
 0.0130

cd
 90.050

c
 53.95

f
 43.00

f
 39.15

f
 

(P2O5)+ mycorrhiza  33.050
c
 64.667

a
 0.0110

e
 97.667

a
 55.80

a
 44.60

b
 40.75

c
 

Bacillus 32.800
c
 54.300

d
 0.0137

b
 87.150

d
 54.37

c
 44.18

d
 40.57

d
 

Mycorrhiza 30.500
f
 59.017

c
 0.0135

bc
 89.550

c
 54.00

ef
 42.90

f
 38.90

g
 

Bacillus + mycorrhiza  31.500
d
 60.333

b
 0.125

d
 91.850

b
 54.52

b
 43.45

e
 39.37

c
 

 0.1336 0.574 3.096e04 0.6627 0.0432 0.056 0.077 
Means with different subscription in the same column differ significant; a= readily degradable fraction; b= slowly degradable fraction; c= degradation rate; PD=potential 

degradability; ED=effective degradability. 
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Table 5. Rumen degradability kinetics (%) of two maize varieties as affected by inorganic phosphorous and phosphate biofertilizers treatments 
 

Maize variety Treatment a b C PD  ED 0.2 ED0.5 ED 0.8 

 
 
 
Hudibia 

Control 36.10
a
 35.900i 0.018a 72.0

g
 53.07

h
 45.60

b
 42.67

a
 

Inorganic Phosphorous (P2O5) 36.100
a
 37.833

h
 0.0170

b
 74.03

f
 53.30

g
 45.57

b
 42.63

a
 

(P2O5) + bacillus 31.800
f
 48.300

g
 0.0150

d
 80.10

e
 52.60

j
 43.00

f
 39.50

e
 

(P2O5)+ mycorrhiza 35.400
b
 61.30

de
 0.0110

g
 96.63

b
 56.80

a
 46.20

a
 42.60

a
 

Bacillus 34.500
c
 59.700

e
 0.011

fg
 94.27

c
 55.73

b
 45.30

c
 41.77

b
 

Mycorrhiza 30.200
i
 68.433

b
 0.0110

g
 98.70

a
 55.2

cd
 43.00

f
 38.8

fg
 

Bacillus+mycorrhiza 30.100
i
 68.700

b
 0.0120

f
 98.80

a
 55.23

c
 43.00

f
 38.73

g
 

 
 
 
Mugtamaa 

Control 30.90
gh

 65.700
c
 0.0120

f
 96.63

b
 55.10

d
 43.30

e
 39.30

e
 

Inorganic phosphorous (P2O5) 32.300
e
 62.433

d
 0.0110g 94.73bc 54.90

e
 43.87

d
 40.07

d
 

(P2O5) + Bacillus 30.300
i
 70.533

a
 0.0110

g
 100.00a 55.30

c
 43.00

f
 38.80fg 

(P2O5)+mycorrhiza 30.700
h
 68.033

b
 0.0110

g
 98.70

a
 54.80

e
 43.00

f
 38.90fg 

Bacillus 31.100
g
 48.900

g
 0.0160

c
 80.03

e
 53.00

h
 43.07

f
 39.37

e
 

Mycorrhiza 30.800gh 49.600
g
 0.0160

c
 80.40

e
 52.80

i
 42.80

g
 39.00

f
 

Bacillus+ mycorrhiza 32.900
d
 51.967

f
 0.0130

e
 84.90

d
 53.80

f
 43.92

d
 40.40

c
 

 Se 0.189 0.834 4.378e-04 0.9705 0.065 0.079 0.107 
Means with different subscriptions in the same column differ significant; a= readily degradable fraction; b= slowly degradable fraction; c= degradation rate; PD=potential 

degradability; ED=effective degradability. 
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phosphorous fertilization had no significant effect 
on dry matter degradability. The effect of the 
application of different types of phosphate 
biofertilizers on the in situ degradation 
characteristics of the two maize varieties is 
shown in Table 5. The readily degradable faction 
(washing loss) for Hudibia variety when fertilized 
by inorganic phosphorous + mycorrhiza was the 
highest. The insoluble, but slowly degradable 
fraction was found to be the highest in Mugtamaa 
variety when fertilized by phosphorous+ bacillus. 
The highest potential degradability (PD) was 
found in Mugtamaa when fertilized by inorganic 
phosphorous+ mycorrhiza, while the highest 
value of effective degradability for all outflow rate 
was attained by Hudibia when fertilized by 
phosphorous+ mycorrhiza [43]. The forage with 
high soluble and degradable fraction content 
reflected the ability of the forage to supply 
sufficient quantities of N to meet rumen microbial 
requirements [35] [44] Justified these differences 
in degradation characteristics to the level of ADF 
and cellulose content in leaves of the different 
varieties [45] stated that a fast rate of 
degradation of feed may not always be desirable 
particularly with concerning the rate of N 
degradation. Extensive ruminal degradation of 
feed N to ammonia above the level that can be 
utilized for microbial protein synthesis or 
observed in the rumen is converted into urea and 
excreted in urine; this will put a limit on animal 
production [42] studied the effects of variety, and 
fertilizer application on in sacco DM degradability 
characteristics of wheat straw, reported that, the 
soluble fraction (washing loss) was the highest in 
Tikur sinde and the lowest in Arendeto. The ED 
was the highest inTikur sinde followed by 
Arendeto and it was the lowest in the improved 
varieties. 
 

4. CONCLUSION 
 

Based from the results of this study it could be 
concluded that: 
 

Variety Mugtamma had the highest values of CP, 
OM, EE and DMD. 
 

Early time of harvest secured the highest value 
of CP, OM, EE and DMD. 
 
The combination of Bacillus sp and mycorrhiza 
recorded the highest value of CP and DMD and 
the lowest value of NDF. 
 
For ADF the combination between inorganic 
phosphorous and Bacillus sp. secured the lowest 
value. 

5. RECOMMENDATIONS 
 
Delaying harvest time had a negative impact on 
the nutritive value of maize, so it

’
s recommended 

for silage making to put this factor into 
consideration. 
 
Variety Mugtamma exhibited the best nutritive 
value, so it is recommended to conduct 
additional research for i1mproving this               
variety. 
 
Additional research is also recommending a 
better combination of phosphate biofertiluzers 
which contributed better to maize production and 
quality. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Tilak KVBR, Ranganayaki NL, Pal KK, De 

R, Saxena AK, Nautiyal CS et al. Diversity 
of plant growth and soil health supporting 
bacteria. Curr Sci. 2005;89:136. 

2. Weeks JJ, Hettiarachchi GM. A review of 
the latest in phosphorus fertilizer 
technology: possibilities and pragmatism. J 
Environ Qual. 2019;48(5):1300-13.  

3. Mažylytė R, Kaziūnienė J, Orola L, 
Valkovska V, Lastauskienė E, Gegeckas 
A. Phosphate solubilizing microorganism 
Bacillus sp. MVY-004 and its significance 
for biomineral fertilizers’ development in 
agrobiotechnology. Biology. 2022;11(2): 
254. 

4. Pradhan A, Pahari A, Mohapatra S, Mishra 
BB. Phosphate-solubilizing 
microorganisms in sustainable agriculture: 
genetic mechanism and application. Adv 
Soil Microbiol Recent Trends Future 
Prospects Microorganisms Sustain. 
2018;4.  

5. Khan AA, Jilani G, Akhtar MS, Naqvi SMS, 
Rasheed M. Phosphorus solubilizing 
bacteria: occurrence, mechanisms and 
their role in crop production. J Agric Biol 
Sci. 2009;1(1):48-58. 

6. Mehrvarz S, Chaichi MR. Effect of 
phosphate solubilizing microorganisms and 
phosphorus chemical fertilizer on forage 
and grain quality of barely (Hordeum 
vulgare L.). Am Eurasian J Agric Environ 
Sci. 2008;3(6):855-60. 



 
 
 
 

Amasaib et al.; Int. J. Environ. Clim. Change, vol. 12, no. 12, pp. 1328-1337, 2022; Article no.IJECC.95308 
 
 

 
1336 

 

7. Ryan J. Methods of Soil, Plant, and water 
Analysis: A manual for the West Asia and 
North Africa region. International Center for 
Agricultural Research in the Dry Areas 
(ICARDA); 2013. 

8. Richards LA. Diagnosis and improvement 
of saline alkali soils, agriculture. Vol. 160, 
Handbook 60. Washington, DC: United 
States Department of Agriculture; 1954. 

9. Olsen SR, Cole CV, Watanabe FS, Dean 
LA. Estimation of available phosphorus in 
soils by extraction with sodium bicarbonate 
[circular], 1954;939;19). Washington, DC: 
United States Department of Agriculture. 

10. Bremner JM, Mulvaney C. Nitrogen—total 
1. Methods soil analysis. Part 2. Chem 
Microbiol Prop. 1982;2:595-624. 

11. Walkley AJ, Black IA. Estimation of soil 
organic carbon by the chromic acid titration 
method. Soil Sci. 1934;37(1):29-38. 

12. Page AL, Miller RH, Keeney DR . Methods 
of Soil Analysis. Part 2. Chemical and 
Microbiological Properties. American 
Society of Agronomy. Soil Science Society 
of America. 1982;1159. 

13. AOAC. Officinal Method of Analysis 
Association of Officinal Analytical Chemists 
Pp: 66-88 .15 th. Edition Washington , D.C. 
USA; 1990. 

14. Goering HK, Vansoest PJ. Forage fiber 
analysis (apparatus, reagent, procedures 
and some application). Agricultural Hand 
Book No. 379. USA, Washington, DC: 
Agricultural Research Service; 1970. 

15. Qrskov ER, McDonald I. The estimation of 
protein degradability in the rumen of 
incubation measurement weighted 
according to rate of passage. J Agric Sci 
(Camb.). 1979;92:499-503. 

16. Tilley JMA, Terry RA. A two-stage 
technique for the in vitro digestion of 
forage crops. J Br Grassl Soc. 
1963;18(2):104-11.  

17. Faji M, Kebede G, Tsegahun A, 
Mohammed K, Minta M, Feyissa F et al. 
Evaluation of maize (Zea mays L.) 
genotypes for forage biomass yield and 
nutritional quality Ethiop. J Agric Sci. 
2021;31(1):65-81. 

18. Lonsdale C. Raw materials for animal feed 
compounders and farmers. Chalcombe 
Publications.1989;88. 

19. Machogu C. A comparative study of the 
productivity of Brachiaria hybrid cv. Mula to 
II and native pasture species in semi-arid 
rangelands of Kenya:. Sc.,Thesis paper. 
Nairobi, Kenya; 2013. 

20. Abaker LH, Alhussein MB, Idris AE, 
Ahmed AM, Abdel-Rahman NA, Eltayeb 
AH et al. Investigation of quality traits in 16 
Sudanese forage maize (Zea mays L.) 
genotypes. Int J Appl Pure Sci Agric 
(IJAPSA). 2019;05(3). 

21. Datt C, Niranjan M, Chabra A, 
Chattopadhyaya K, Dhiman KR. Forage 
Yield, Chemical Composition and in vitro 
Digestibility of Different Cultivars of maize 
(ZeamaysL.). Indian J Dairy Sci. 
2006;59(3):54-7. 

22. Van Soest PJ, Robertson JB, Lewis BA. 
Symposium: Carbohydrate methodology, 
metabolism, and nutritional implications in 
dairy cattle. J. Dairy Sci. 1991;74:3583-
3597. 

23. Van Saun RJ. Determining forage quality: 
Understanding feed analysis. Lamalink. 
com. 2006;3(8):18-9. 

24. Costa HJU, Janusckiewicz ER, Oliveira 
DC, Melo ES, Ruggieri AC. Yieldand 
morphological characteristics of corn and 
Brachiaria brizantha cv. Piatã cultivated in 
consortium system. Ars Vet Jab SP. 
2015;28(2):134-43. 

25. NRC National Research Council (NRC). 
Nutrient requirements of beef cattle. 7th 
ed. Washington, DC: National Academy 
Press. 2001;381. 

26. Mandic V, Bijelic Z, Krnjaja V, Simic A, 
Petricevic M, Micic N et al. Effect of 
harvesting time on forage yield and quality 
of Maize. Bio Anim Husb. 2018;34(3):345-
53.  

27. Hatew B, Bannink A, van Laar H, de Jonge 
LH, Dijkstra J. Increasing harvest maturity 
of whole-plant corn silage reduces 
methane emission of lactating dairy cows. 
J Dairy Sci. 2016;99(1):354-68.  

28. Horst EH, Bumbieris Junior VHB, 
Neumann M, López S. Effects of the 
harvest stage of maize hybrids on the 
chemical composition of plant fractions: an 
analysis of the different types of silage. 
Agriculture. 2021;11(8):786.  

29. Salama HSA. Yield and nutritive value of 
maize (Zea mays L.) forage as affected by 
plant density, sowing date and age at 
harvest. Ital J Agronomy. 2019;14(2):114-
22.  

30. Kwabiah AB. Frost and harvest date 
effects on yield and nutritive value of  
silage maize (Zea mays L.) in a short-
season environment. J New Seeds. 2005; 
7(3):15-29.  



 
 
 
 

Amasaib et al.; Int. J. Environ. Clim. Change, vol. 12, no. 12, pp. 1328-1337, 2022; Article no.IJECC.95308 
 
 

 
1337 

 

31. Gaile Z. Effect of harvest Timingon maize 
(Zea mays Zea mays L.) QualityL Quality. 
Multifunctional grasslands in a changing 
world 2008;2. 

32. Opsi F, Fortina R, Borreani G, Tabacco E, 
López S. Influence of cultivar, sowing date 
and maturity at harvest on yield, 
digestibility, rumen fermentation kinetics 
and estimated feeding value of maize 
silage. J Agric Sci. 2013;151(5):740-              
53.  

33. Cone JW, Van Gelder AH, Van Schooten 
HA, Groten JAM. Effects of forage maize 
type and maturity stage on in vitro rumen 
fermentation characteristics. J Life Sci. 
2008;55(2):139-54.  

34. Salimpour S, Khavazi K, Nadian H, 
Besharati H, Miransari M. Enhancing 
phosphorous availability to canola 
(Brassica napus L.) usingP solubilizing and 
sulfur oxidizing bacteria. Aust J Crop Sci. 
2010;4(5):330-3. 

35. Amasiab EO, Fadal Elseed AMA, 
Abusuwar AO. In- situ degradability and in 
vitro gas production of Rhodes (chloris 
gayan) and butterfly (Clitoria ternatea) as 
affected by stage of growth, phosphorous 
fertilization and intercropping. Int J Dev, 
(Research). 2016;06(11):10265-71. 

36. Ibrahim HE, Kerim MG, Kamil H, Ali K. 
Subisittion possibility of some bio-fertilizer 
for mineral phosphorous fertilizer in pea 
cultivation. Turk J Field Crops. 2014; 
19(2):175-82. 

37. Rashid M, Iqbal M. Effect of phosphorus 
rtilizer on the yield and quality of maize 
(zea mays l) fodder on clay loam soil. J 
Anim Plant Sci. 2012;22(1):199-203. 

38. Ayub M, Nadeem MA, Shararand N. 
Mahmood. Resp Maize (Zea mays L.) 
fodder to different levels of nitrogen 

andphosphorus. Asian J. Pl. Sci.. 
2002;1:352-4. 

39. Rubio ARR, Barea JM. Selective 
sustainable agriculture. Interactions 
between different species of mycorrhizal 
fungi and Rhizobium meliloti strains and 
their effects on growth, N -fixation (N) and 
nutrition of Medicago sativa L. New Phytol. 
2006;117:399-404. 

40. Chand K, Dixit ML, Arora SK. Yield and 
quality of forage sorghum as affected by 
phosphorus fertilization. J Indian Soc Soil 
Sci. 1992;40:302-6. 

41. Pholsen, Suksri. Effects of phosphorus and 
potassium on growth, yield and fodder 
quality of forage sorghum (Sorghum 
bicolor L.). Pak J Biol Sci. 2004;10:1604-
10. 

42. Tolera A, Tsegaye B, Berg T. Effects of 
variety, cropping year, location and 
fertilizer application on nutritive value of 
durum wheat straw. J Anim Physiol Anim 
Nutr (Berl). 2008;92(2):121-30.  

43. Mupangwa JF, Ngongoni NT, 
Hamudikuwanda H. Effects of stage of 
maturity and method of drying on in situ 
nitrogen degradability of fresh herbage of 
Cassia rotundifolia, Lablab purpureus and 
Macroptilium atropurpureum. Livest Res 
Rural Dev. 2003;15(5). 

44. Elseed F, Nor Eldaim AMA, NI, Amasaib 
EO. Chemical composition and in situ dry 
matter degradability of Stover fractions of 
five sorghum varieties. J Appl Sci Res. 
2007;3(10):1141-5. 

45. Atta Elmnan BA, Fadal Elseed AMA, 
Mahala AG, Amasiab EO. In-situ 
Degradability and in vitro Gas Production 
of Selected Multipurpose tree Leaves and 
alfalfa as Ruminant Feeds. World's Vet. J. 
2013;3(2):46-50. 

 

© 2022 Amasaib et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/95308 

http://creativecommons.org/licenses/by/2.0

