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Multi-Criteria Selection in Gram (Cicerarietinum L.) Germplasm   
 By Roshan Bind & Shri Niwas Singh   

 
Abstract-

 
An experiment involving 12 genotypes of Gram (Cicer arietinum

 
L) was carried out at B. 

R. D. P. G. college farm to select varieties close to ideal plant types through a multi-criteria 
selection. These genotypes were grown in three replications under standard package of 
practices to raise a good crop. These genotypes

 
were evaluated on 12 characters namely, plant 

height, days to 50% flowering, primary branches/plant, secondary branches/plant, days to 
maturity, number of pods/plant, number of seeds/plant, biological yield/plant, seed yield/plant 
and the harvest index. The normalized cumulative rank analysis was used to find out a 
preference order of these genotypes. The preference order is PUSA 362, P-3719, CSG-151, E-
100YM, ICCI6015, GNG1581, RADHA, IPC 94-94, ICC15850, ICC 3535, ICC1009 and KWR 108. 
The top five genotypes from these could be recommended to farmers for cultivation in this 
region. A single table is enough to present the results of such experiments. 
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I.

 

Introduction

 

hickpea (CicerarietinumL., 2n=2x=16) globally 
ranks third among the pulse crops and accounts 
for production of 10.1 million tons annually. This

 

ranking places chickpea behind beans (21.5 billion tons) 
and peas (10.4 million tons). These three pulses (beans,

 

peas, and chickpeas) account for about 70% of global 
pulse production with chickpea accounting for 
approximately 17% of the total annual production. 
Production of chickpea in terms of harvested area from 
1961 to 2013 ranged from a low of 8.9 million hectares 
in 1981 to a high of 13.5 million hectares in 2013. These 
global acreage and production figures gave a 
productivity of 748 kg/ha. Chickpea is produced in over 
50 countries with India being the largest producer. Other 
chickpea producing major countries after India are 
Pakistan, Turkey, Australia, Ethiopia, Malawi, Mexico, 
Morocco and Syria. The top chickpea producing states 
in India in descending order have been Madhya 
Pradesh, Maharashtra, Karnataka, Andhra Pradesh, 
Rajasthan, Chhattisgarh, Uttar Pradesh and Gujarat.

 

Chickpea is divided into two distinct types. The most 
prominent type is referred to as "Desi" and is 
characterized by relatively small seeds that range from 

light tan to black and with many variations including 
various markings of anthocyanin pigmentation. The 
relatively small seeds have rather thick seed coats and 
yellow cotyledons. The second type is “Kabuli” with bold 
and big seeds that are relatively white. It is important to 
study the traits of chickpeas based on which suitable 
plant types could be selected for higher yields and other 
improvements. The present investigation was under-
taken with the twin objectives of designing an objective 
way of selection and advocating precise varietal 
recommender system in chickpeas. This system is an 
effort to materialize the idea of crop ideotype of 
chickpea. Ideotype concept was given by Donald 1968. 

II. Materials and Methods 

A field experiment was conducted during Rabi 

season 2021-2022 with twelve germplasm lines of 
chickpea namely CSG 515, E-100YM, GNG 1581, ICC 
1009, ICC 15850, ICC 16015, ICC 3535, IPC 94-94, KWR 
108, P- 3719, PUSA 362, and RADHA that were 
procured from IIPR Kanpur, U. P., India for growing in 
BRDPG College, Deoria. These genotypes were grown 
in three replications in a randomized block design. 
Standard package of practices was adopted to raise a 
good crop. These lines were evaluated on 12 
parameters viz., days to 50% flowering(D 50% F), days 
to 50% podding (D 50% P), plant height(PH (CM)), 
primary branches/plant (PBPP), secondary branches 

/plant (SBPP), days to maturity (D 2 M), number of 
pods/plant (NPPP), number of seeds/plant (NSPP), 
biological yield/plant (BYPP), seed yield/plant (SYPP), 
harvest index (HI%) and the hundred seed weight (100 
SEED WT). Observations were recorded on five 

randomly selected plants and tagged to record the 
observation from each replication in each row on twelve 
parameters. Means of three replications were 
calculated. These average data were subjected to 
normalized cumulative ranks analysis as used by Singh 
2017, Singh et al., 2018, Yadav et al., 2020 and Kumar 
2021. The results of the NCR analysis are being given in 
five tables to comprehend the NCR analysis step-by-
step, although a single table (Table 5)is enough to 
present the results of such experiments as given in 
many theses of research students and many papers of 
this college for the sake of precision and paper 
economy. 

 
 

C
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Abstract- An experiment involving 12 genotypes of Gram 
(Cicer arietinum L) was carried out at B. R. D. P. G. college 
farm to select varieties close to ideal plant types through a 
multi-criteria selection. These genotypes were grown in three 
replications under standard package of practices to raise a 
good crop. These genotypes were evaluated on 12 characters 
namely, plant height, days to 50% flowering, primary 
branches/plant, secondary branches/plant, days to maturity, 
number of pods/plant, number of seeds/plant, biological 
yield/plant, seed yield/plant and the harvest index. The 
normalized cumulative rank analysis was used to find out a 
preference order of these genotypes. The preference order is 
PUSA 362, P-3719, CSG-151, E-100YM, ICCI6015, GNG1581,
RADHA, IPC 94-94, ICC15850, ICC 3535, ICC1009 and KWR 
108. The top five genotypes from these could be 
recommended to farmers for cultivation in this region. A single 
table is enough to present the results of such experiments. 
The top two varieties were compared with ideal plant type and 
the best one (PUSA 362) could be further improved by 
crossing it with CSG515, IPC 94-94, ICC3535 and KWR 108.
Keywords: ideotype, chickpea, cicer, normalized
cumulative ranks, selection.



 
III. Results and Discussion 

The mean data of the three replications are given in Table 1. 

Table 1: The Mean Data of three Replications

The ranks, cumulative ranks and normalized cumulative ranks are given in Table 2. 

Table 2: Ranks, Cumulative Ranks (CR) and the Normalized Cumulative Ranks

After sorting table 2 on the basis of CR or NCR in increasing order we get Table 3 which gives the 
preference order of varieties under investigation. 

Table 3: The Preference Order of Varieties based on CR or NCR Values

For the sake of precision and brevity Tables 1& 2 were combined to get Table 4. 
 

SN VARIETY↓ D 50% F D 50% P PH(CM) PBPP SBPP D 2 M NPPP NSPP BYPP SYPP HI%
100 SEED 

WT
Sort Order→ 1 1 0 0 0 1 0 0 0 0 0 0

1 CSG 515 89 114 43.89 5.33 12.8 129.67 17.87 18.47 9.88 3.94 37.07 17.83
2 E-100YM 89 116 61.87 4.63 5.53 130 22.8 25.4 12.17 3.36 27.64 18.3
3 GNG 1581 90 118 43.57 5.33 10.87 130 15.73 15.9 9.49 3.19 32.18 20.73
4 ICC 1009 98 115.33 44.65 4.4 7 128 13.21 15.05 6.4 2.45 37.91 16.8
5 ICC 15850 90 114 38.77 5.2 7.33 128.33 8.87 7.6 8.46 2.36 23.27 22.46
6 ICC 16015 89 114 43.19 3.67 8 129 15.45 19.67 9.54 3.58 34.37 18.83
7 ICC 3535 92 114.67 42.51 4.73 8 128.67 12.73 14.82 5.62 3.03 41.72 17.6
8 IPC 94-94 92 115.33 39.19 5.07 5.47 128 15.6 16.33 6.98 2.38 37.84 19.6
9 KWR 108 92 115.67 42.28 17.93 5.07 130 6.47 6.33 7.86 2.19 23.47 23.81
10 P- 3719 90 114 47.69 4.53 5.67 128.67 20.93 26.87 10.78 4.57 40.36 18.03
11 PUSA 362 89 112 49.89 4.87 5.03 129.33 20.95 20.82 14.15 4.47 34.44 25.6
12 RADHA 88 115 44.65 4.4 4.73 128.33 15.27 13.93 11.13 2.54 19.81 23.4

SN VARIETY D 50% F D 50% P PH(CM) PBPP SBPP D2M NPPP NSPP BYPP SYPP HI%
100 SEED 

WT
Sort Order→ 1 1 0 0 0 1 0 0 0 0 0 0

1 CSG 515 2 2 6 2 1 9 4 5 5 3 5 10 54 1.2
2 E-100 YM 2 11 1 8 8 10 1 2 2 5 9 8 67 1.49
3 GNG 1581 6 12 7 2 2 10 5 7 7 6 8 5 77 1.71
4 ICC 1009 12 8 4 10 6 1 9 8 11 9 3 12 93 2.07
5 ICC 15850 6 2 12 4 5 3 11 11 8 11 11 4 88 1.96
6 ICC 16015 2 2 8 12 3 7 7 4 6 4 7 7 69 1.53
7 ICC 3535 9 6 9 7 3 5 10 9 12 7 1 11 89 1.98
8 IPC 94-94 9 8 11 5 9 1 6 6 10 10 4 6 85 1.89
9 KWR 108 9 10 10 1 10 10 12 12 9 12 10 2 107 2.38
10 P-3719 6 2 3 9 7 5 3 1 4 1 2 9 52 1.16
11 PUSA 362 2 1 2 6 11 8 2 3 1 2 6 1 45 1
12 RADHA 1 7 4 10 12 3 8 10 3 8 12 3 81 1.8

CR NCR

SN VARIETY D 50% F D 50% P PH(CM) PBPP SBPP D2M NPPP NSPP BYPP SYPP HI%
100 SEED 

WT
Sort Order→ 1 1 0 0 0 1 0 0 0 0 0 0

1 PUSA 362 2 1 2 6 11 8 2 3 1 2 6 1 45 1
2 P-3719 6 2 3 9 7 5 3 1 4 1 2 9 52 1.16
3 CSG 515 2 2 6 2 1 9 4 5 5 3 5 10 54 1.2
4 E-100 YM 2 11 1 8 8 10 1 2 2 5 9 8 67 1.49
5 ICC 16015 2 2 8 12 3 7 7 4 6 4 7 7 69 1.53
6 GNG 1581 6 12 7 2 2 10 5 7 7 6 8 5 77 1.71
7 RADHA 1 7 4 10 12 3 8 10 3 8 12 3 81 1.8
8 IPC 94-94 9 8 11 5 9 1 6 6 10 10 4 6 85 1.89
9 ICC 15850 6 2 12 4 5 3 11 11 8 11 11 4 88 1.96
10 ICC 3535 9 6 9 7 3 5 10 9 12 7 1 11 89 1.98
11 ICC 1009 12 8 4 10 6 1 9 8 11 9 3 12 93 2.07
12 KWR 108 9 10 10 1 10 10 12 12 9 12 10 2 107 2.38

CR NCR
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Table 4: Combining Tables 1 and 2 Together 

Table 5: Same as Table 4 but after Sorting on CR or NCR Values in Increasing Order

On sorting the table 4 on CR or NCR in increasing order we get Table 5 which is enough to sum up the 
findings of this experiment. Thus, this single table (Table 5) is enough for poster as well as paper presentation of 
such experiments. 

From tables 3 & 5, it is clear that the preference order of evaluated chickpea genotypes is PUSA 362, P-
3719, CSG 515, E-100YM, ICC 16015, GNG 1518, RADHA, IPC 94-94, ICC 15850, ICC 3535, ICC 1009 and KWR 
108. Top five varieties viz., PUSA 362, P-3719, CSG 515, E-100YM and ICC 16015 could be recommended for 
cultivation by farmers of this region. Top two varieties were compared with ideal plant type and the graphical 
presentation shows how close are the top two varieties to the ideal plant type as shown in Figure 1. 

Figure 1: Graphical Comparison of Top Two Gram Varieties with Ideal Plant Type

SN VARIETY D 50% F D 50% P PH(CM) PBPP SBPP D2M NPPP NSPP BYPP SYPP HI%
100 SEED 

WT
Sort Order→ 1 1 0 0 0 1 0 0 0 0 0 0

1 CSG 515 89(2) 114(2) 43.89(6) 5.33(2) 12.8(1) 129.67(9) 17.87(4) 18.47(5) 9.88(5) 3.94(3) 37.07(5) 17.83(10) 54 1.2
2 E-100 YM 89(2) 116(11) 61.87(1) 4.63(8) 5.53(8) 130(10) 22.8(1) 25.4(2) 12.17(2) 3.36(5) 27.64(9) 18.3(8) 67 1.49
3 GNG 1581 90(6) 118(12) 43.57(7) 5.33(2) 10.87(2) 130(10) 15.73(5) 15.9(7) 9.49(7) 3.19(6) 32.18(8) 20.73(5) 77 1.71
4 ICC 1009 98(12) 115.33(8) 44.65(4) 4.4(10) 7(6) 128(1) 13.21(9) 15.05(8) 6.4(11) 2.45(9) 37.91(3) 16.8(12) 93 2.07
5 ICC 15850 90(6) 114(2) 38.77(12) 5.2(4) 7.33(5) 128.33(3) 8.87(11) 7.6(11) 8.46(8) 2.36(11) 23.27(11) 22.46(4) 88 1.96
6 ICC 16015 89(2) 114(2) 43.19(8) 3.67(12) 8(3) 129(7) 15.45(7) 19.67(4) 9.54(6) 3.58(4) 34.37(7) 18.83(7) 69 1.53
7 ICC 3535 92(9) 114.67(6) 42.51(9) 4.73(7) 8(3) 128.67(5) 12.73(10) 14.82(9) 5.62(12) 3.03(7) 41.72(1) 17.6(11) 89 1.98
8 IPC 94-94 92(9) 115.33(8) 39.19(11) 5.07(5) 5.47(9) 128(1) 15.6(6) 16.33(6) 6.98(10) 2.38(10) 37.84(4) 19.6(6) 85 1.89
9 KWR 108 92(9) 115.67(10) 42.28(10) 17.93(1) 5.07(10) 130(10) 6.47(12) 6.33(12) 7.86(9) 2.19(12) 23.47(10) 23.81(2) 107 2.38
10 P-3719 90(6) 114(2) 47.69(3) 4.53(9) 5.67(7) 128.67(5) 20.93(3) 26.87(1) 10.78(4) 4.57(1) 40.36(2) 18.03(9) 52 1.16
11 PUSA 362 89(2) 112(1) 49.89(2) 4.87(6) 5.03(11) 129.33(8) 20.95(2) 20.82(3) 14.15(1) 4.47(2) 34.44(6) 25.6(1) 45 1
12 RADHA 88(1) 115(7) 44.65(4) 4.4(10) 4.73(12) 128.33(3) 15.27(8) 13.93(10) 11.13(3) 2.54(8) 19.81(12) 23.4(3) 81 1.8

CR NCR

SN VARIETY D 50% F D 50% P PH(CM) PBPP SBPP D2M NPPP NSPP BYPP SYPP HI%
100 SEED 

WT
Sort Order→ 1 1 0 0 0 1 0 0 0 0 0 0

1 PUSA 362 89(2) 112(1) 49.89(2) 4.87(6) 5.03(11) 129.33(8) 20.95(2) 20.82(3) 14.15(1) 4.47(2) 34.44(6) 25.6(1) 45 1
2 P-3719 90(6) 114(2) 47.69(3) 4.53(9) 5.67(7) 128.67(5) 20.93(3) 26.87(1) 10.78(4) 4.57(1) 40.36(2) 18.03(9) 52 1.16
3 CSG 515 89(2) 114(2) 43.89(6) 5.33(2) 12.8(1) 129.67(9) 17.87(4) 18.47(5) 9.88(5) 3.94(3) 37.07(5) 17.83(10) 54 1.2
4 E-100 YM 89(2) 116(11) 61.87(1) 4.63(8) 5.53(8) 130(10) 22.8(1) 25.4(2) 12.17(2) 3.36(5) 27.64(9) 18.3(8) 67 1.49
5 ICC 16015 89(2) 114(2) 43.19(8) 3.67(12) 8(3) 129(7) 15.45(7) 19.67(4) 9.54(6) 3.58(4) 34.37(7) 18.83(7) 69 1.53
6 GNG 1581 90(6) 118(12) 43.57(7) 5.33(2) 10.87(2) 130(10) 15.73(5) 15.9(7) 9.49(7) 3.19(6) 32.18(8) 20.73(5) 77 1.71
7 RADHA 88(1) 115(7) 44.65(4) 4.4(10) 4.73(12) 128.33(3) 15.27(8) 13.93(10) 11.13(3) 2.54(8) 19.81(12) 23.4(3) 81 1.8
8 IPC 94-94 92(9) 115.33(8) 39.19(11) 5.07(5) 5.47(9) 128(1) 15.6(6) 16.33(6) 6.98(10) 2.38(10) 37.84(4) 19.6(6) 85 1.89
9 ICC 15850 90(6) 114(2) 38.77(12) 5.2(4) 7.33(5) 128.33(3) 8.87(11) 7.6(11) 8.46(8) 2.36(11) 23.27(11) 22.46(4) 88 1.96
10 ICC 3535 92(9) 114.67(6) 42.51(9) 4.73(7) 8(3) 128.67(5) 12.73(10) 14.82(9) 5.62(12) 3.03(7) 41.72(1) 17.6(11) 89 1.98
11 ICC 1009 98(12) 115.33(8) 44.65(4) 4.4(10) 7(6) 128(1) 13.21(9) 15.05(8) 6.4(11) 2.45(9) 37.91(3) 16.8(12) 93 2.07
12 KWR 108 92(9) 115.67(10) 42.28(10) 17.93(1) 5.07(10) 130(10) 6.47(12) 6.33(12) 7.86(9) 2.19(12) 23.47(10) 23.81(2) 107 2.38

CR NCR

SN↓ VARIETY↓ D 50% F D 50% P PH(CM) PBPP SBPP D2M NPPP NSPP BYPP SYPP HI%
100 SEED 

WT
1 1 1 1 1 1 1 1 1 1 1 1

1 PUSA 362 2 1 2 6 11 8 2 3 1 2 6 1 45 1
2 P-3719 6 2 3 9 7 5 3 1 4 1 2 9 52 1.16
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Ideal plant type

0

2

4

6

8

10

12

14

16

18

20

1 2 3 4 5 6 7 8 9 10 11 12

2 P-3719

1 PUSA 362

Ideal plant type

G
lo
ba

l 
Jo

ur
na

l 
of
 S

ci
en

ce
 F

ro
nt
ie
r 
R
es
ea

rc
h 

( 
D
 )
 X

X
II
I 
Is
su

e 
IV

 V
er
si
on

 I
 

 Y
ea

r 
20

23

3

© 2023 Global Journals

Multi-Criteria Selection in Gram (Cicer arietinum L.) Germplasm



The ideal plant type being visualized here, on 
the basis of twelve evaluated parameters, is early 
flowering, early podding, tall, having more primary and 
secondary branches, early maturing, more pods per 
plant, more seeds/pod, more biological yield per plant, 
more seed yield per plant, high harvest index and higher 
100 seed weight. From same data set we can select 
various plant types by changing selection criteria as per 
our farmers’ needs. From this NCR analysis it is also 
clear that top performer viz., PUSA 362 has scope for 
future improvement in parameters like secondary 
branches per plant (SBPP), days to maturity (D2M), 
harvest index (HI) and primary branches per plant 
(PBPP). These characters can be improved by crossing 
PUSA 362 with CSG 515 (ranking first in SBPP), IPC 94-
94 or ICC 1009 (both ranking first in D2M), ICC 3535 
(ranking first in HI) and KWR 108 (ranking first in PBPP) 
respectively. 
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plowing depth by 1 cm reduces the life of the plowshare by 16%.
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Annotation-

 

The article analyzes the "life" cycle of the 
plowshare and shows an effective solution to increase the 
resource. The analysis of complex factors affecting the wear of 
the ploughshare emphasizes their main ones. The working 
condition of the ploughshare is evaluated and the essence of 
the influencing forces on its wear is revealed. A mathematical 
model for determining the ploughshare resource is derived. 
Having solved the model using the example of a plowshare for 
different values of their components, it is determined that the 
resource of the plowshare decreases with increasing width 
and angle of the occipital chamfer, and at the same time, with 
increasing width, especially in hard soils, the resource 
decrease is observed at a more intensive rate. It is established 
that an increase in the width of the rear chamfer by 1 mm and 
the angle by 10 reduces the life of the plowshare by 33% and 
12%, respectively, and an increase in the plowing depth by 1 
cm reduces the life of the plowshare by 16%. It is proved that 
the reason for the plow surfacing due to an increase in the soil 
reaction is an increase in the parameters of the rear chamfer. 
A method of reducing the magnitude of the soil reaction is 
recommended.

 

I.

 

Introduction

 

s is obvious, the work of the plow is evaluated by 
its plowshare. Since when the plowshare is worn 
out and the agrotechnical indicators for the depth 

of plowing are not provided, the work of the plow stops. 
When the plowshare is restored or replaced with a new 
one, only then is the plow allowed to continue working. 
Therefore, when the plowshare is inoperable, the plow is 
also considered inoperable. From this it can be 
concluded that the operational and technological 
indicators of the plow are determined by the 
ploughshare, which are considered its working body.

 

II.

 

The State of the Issue Under Study

 

In order for the plow to consistently fulfill the 
agrotechnical requirement (ATT) for plowing, its 
plowshare must be constantly sharp –

 

self-sharpening. 
(A ploughshare is considered sharp when the thickness 
of the edge of its blade does not exceed 1 mm, the 
chamfer parameter formed from the rear side should 
have a minimum permissible value for these operating 

conditions, the angle of sharpening should not exceed 
1.5-2 times the initial values). 

The main issue here is to ensure that the 
sharpness of the blade is preserved for the longest time, 
i.e. the maximum resource of the ploughshare, since the 
productivity of the ploughshare unit is directly 
proportional to the resource of the ploughshare. 

Therefore, ensuring its high resource is 
considered very important. 

III. Methods and Results of the Study 

To develop a way to increase the resource of a 
plowshare used in production, consider the period of its 
“life” cycle. 

As you know, the work of the plow can be 
stopped mainly according to three criteria:  

• Technical (arrival of the ploughshare parameters to 
the limit values); 

• Technological (non-ploughshare ploughshare ATT); 
• Economic (sharp increase of zartat when using a 

plow). 
Of these three criteria evaluating the quality of 

the work of the ploughshare from an agro-technological 
point of view (in terms of the quality of work), we choose 
the second one. For this criterion, the main indicator is 
to ensure the depth of plowing. 

If by this indicator, having studied the work of a 
serial plowshare, we determine its resource by taking 
the change in the depth of plowing according to ATT 
equal to σ = ± 2 cm and taking into account the results 
of long-term research by scientists and expressing the 
change in the resource of serial and proposed 
plowshares with a curved graph, they can be studied 
and evaluated together (Figure 1).  

As is known, always in the initial period of time, 
both variants of the Т1 and Т1

1 ploughshares have 
working surfaces in which intensive wear occurs. Then 
comes the second period where the wear process of the 
serial plowshare slows down and normal operation 
begins with a stable wear intensity during time Т2, until 
the thickness of the cutting edge exceeds the maximum 
permissible value of      The period Т3 characterizes 
the work with a blunted blade. 

Thus, the time period Т2  can be considered as 
the main stage of the plowshare life cycle, after which it 
is necessary to replace it. 
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αпр. 



 

Figure 1: Life Cycles of the Serial and Proposed Plowshare 

Considering the wear rate stable for the blades 
of a serial plowshare, its resource can be determined by 
the following dependence: 

                                        (1) 

    
 

 

  

 

 

                                                 (2) 

where Т1
1- the period of operation of the proposed 

plowshare; Т1
2 - the period of stable operation of the 

proposed plowshare. 
The best way to increase the efficiency of the 

proposed ploughshare can be considered to increase 
only the normal period of operation to the service life of 
three serial ploughshares. This can be expressed by 

curve 2 in Figure 1. As noted above, the service life of a 
serial plowshare is set by the average wear rate of the 
blade of the plowshare. In this regard, in order to 
implement the recommended method of improving the 
efficiency of the proposed plowshare, it is necessary to 
ensure 3 times less wear intensity of the blade of the 
plowshare than that of a serial plowshare or to increase 
the resource reserve (reserve - structural wear 
resistance) by the same number of times. Having 
studied and analyzed the studies conducted by many 
scientists [1-10], it is possible to determine the flooding 
of the ploughshare blade by adding up four generalized 
factors: 

            (3) 

And so the intensity of wear is determined by 
the physical and mechanical properties of the soil (А1), 

physical and mechanical properties of the material and 
the solid (cutting) layer ((А2) and loading conditions (A3) 

as well as structural (A4) and technological (A5) 

parameters of the working body. 

All of the above factors can be quantified using 
several indicators. If we imagine the dependence of the 
wear intensity on certain components in the form of 
functions, we get:  

 

 
                                                    (4)

 

Where В,h,L-width, thickness and length of the 
ploughshare, m; h0- the thickness of the blade edge, m; 
α - angle of sharpening of the ploughshare blade; β - the 
angle of the ploughshare installation to the bottom of the 
furrow; υ - the speed of the ploughshare, m/s; Е - 
modulus of elasticity, MPa; kt- the coefficient of friction 
of the soil on the blade; σp - destructive contact stress 
on the edge of the ploughshare blade; a- plowing depth, 
m; Нt- soil hardness;wt, - soil moisture; сt- soil 
composition; Но - hardness of the main material of the 

ploughshare blade, HRC; Нэ - hardness of the 
deposited material of the ploughshare blade HRC; Р,R -
accordingly, the pressure on the blade of the 
ploughshare from the back and front sides, kg / m2. 

Based on numerous studies, it has been 
established that the total number of factors influencing 
the wear rate of the ploughshare is about twenty (Figure 
2). If we consider in detail, it can be noted that when the 
ploughshare is worn out, not all factors have a decisive 
influence on its bluntness. Based on the research data 

Тл = Т1+ Т2+ Т3

Т1
л = Т1

1+ Т1
2

I=f ( А1+А2 + А3+ А4+ А5)

I =f(А1)= f (Нt,wt,сt,); I =f(А2)= f (Но,Нэ);I =f(А3)= f (Р,R)
I =f(А4)= f (В,h,L,h0,α,β); I =f(А5)= f (υ,E, kt,σp,a) or
I =f (Нt,wt,сt, Но,Нэ, Р,R, В,h,L,h0,α,β, υ,E, kt,σp,a)
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where, Т1 - the run-in period of the serial plowshare;Т2 -
the period of stable operation of the serial plowshare;Т3-
the period of work with the worn blade of the serial 
plowshare. Analyzing the life cycle of a serial plowshare, 
it can be noted that the second period is the defining 
period of the components Т2. Therefore, it can be 
assumed that an increase in the service life of a serial 
plowshare is possible due to the lengthening of this 
period, and at the same time the third period of T3 can 
be excluded from the life cycle. 

Then the resource of the proposed plowshare 
can be determined by the following dependence:



[1-5] and the above, it can be concluded that, in relation 
to plows for basic tillage, the main parameters affecting 
the wear rate of the working surface of the blade and, 
accordingly, the resource of the plowshare are: 

• Properties of the material from which the plowshare 
is made (H); 

• The degree of change in the speed and pressure of 
the soil on the blades of the ploughshare (υ,Р); 

• Soilproperties(сt). 

IV. Discussion of the Results Obtained 

We will try to link the resource with the bluntness 
of the plowshare, which is associated with the study of 
the wear process under the action of resistance forces. 
Analysis of changes in the geometric dimensions of the 
ploughshares shows that the blade wears out under the 
influence of the pressure forces of the soil layer on the 
wedge Q and the reaction of the bottom of the furrow R 
(Figure 3). 

 

 

 

R,

 

wear occurs and during operation, the blade changes 
its geometric dimensions compared to the initial one, 
which can be seen by moving the sock from the origin O

 

to the point O1. At the same time, the reaction forces of 
the soil acting on the front and rear parts of the blade 
increase, the intensity of wear I

 

increases in both 
directions. It is determined by the formula [8].

 

                                                         (5)

 

Where

 

IQ, IR

 

–

 

the intensity of wear, respectively, of the 
front and back surfaces of the blade.

 

The intensity of wear of the ploughshare blade 
with unchanged mechanical composition and soil 
moisture, as well as unchanged properties of the 
material of the working body

 

depends mainly on soil 
pressure and is expressed by formulas

 

and

 

(6) 

Where Кп – the coefficient of proportionality, depending 
on the physical and mechanical properties, the state of 
the soil and the geometric dimensions of the blades of 

the ploughshares, 
Нга

мм
⋅

. 

According to formulas (5) and (6), you can write 
 

                       (7)
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2:
 
Factors Influencing to the Ploughshare Resource

 
 

,

,
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operation, it tends to reach a position perpendicular to 
the ordinate of the op. Under the action of forces Q and 

Evaluation of the Effectiveness of using the Plowshare

As a result, between the directions of these 
forces, the acute angle α  gradually transforms into a 
blunt angle θ. As the geometric shape of the blade of 
the ploughshare changes, the direction of action of 
these forces changes. With prolonged operation under 
the influence of reservoir pressure Q, the wear of the 
nose of the blade increases along the axis of the OX, in 
this regard, the surface of the OK tends to a position 
perpendicular to the abscissa of the OX. The direction of 
action of the force R also changes. After some 



 
 
 
 
 
 
 
 
 
 
 

Figure 3: Changing Blade Parameters the Ploughshare t

 

under wear under the Action of Forces Q

 

and R

 Consequently, the intensity of blade wear 
depends mainly on the magnitude of the forces

 

P

 

and R. 
Now we will try to determine their values through the 
physical and mechanical properties of the soil and the 
structural dimensions of the blade.

 
The component of the force Q

 

acting on the 
front surface of the ploughshare consists of the forces of 

normal pressure

 

P

 

and the weight of the soil G. The 
normal soil pressure

 

P

 

acting on the front surface of the 
ploughshare can be determined by the weight of the soil 
particles G

 

and the dynamic pressure on the surface of 
the blade of the ploughshare Nд, i.e.

 

                                 (8)

 Using the theorem on the change in the amount of motion and the results of the study of M.M. Severnev [8] 
and G.N. Sineokov [9], we determine the force of dynamic pressure on the direction of the normal to the surface О1К

   (9)

 Where

 

а

 

and

 

b–

 

thickness and width of the soil layer; δ–

 

soil density; Vп

 

–

 

translational speed of the working body; β

 
andγ

 

–

 

angles of installation of the working body relative to the bottom and wall of the furrow; α

 

–

 

blade sharpening 
angle.

 
The magnitude of the force projection vector G

 

on the direction of the normal to the blade surface can be 
defined as

                    (10)

 Where

 

лL –

 

blade length of the working body; g

 

–

 

acceleration of gravity.

 
Then substituting expressions (9) and (10) into (8) we get

 

.                    (11)

 

As can be seen from formula (11), the dynamic pressure to the blade surface is directly proportional to the 
parameters of the formation, the density of the soil and the speed of movement of the unit. In the presence of an 
occipital chamfer, the reactive force R

 
is determined by the formula [17]

  

(12)
 

Where
 
Н-

 
average soil hardness at the depth of treatment, Мпа;F –

 
the area of the deformable layer, sm2; К1-

 conversion factor that takes into account the influence of the shape and size of the occipital chamfer; b-the width of 
the ploughshare, hs-height of the occipital chamfer, ls-

 
width of the occipital chamfer, Vs-volume of the washed-off 

soil, g0- the coefficient of volumetric crumpling of the soil; 
1
0g -

 
the volumetric crumpling coefficient selected during 

static tests, i.e. at a deformation rate equal to zero; ϑK -
 
a coefficient that takes into account the change in the 

,

,

R= +
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coefficient of volumetric crumpling of the soil depending on the crumpling rate, s/m,
Э

ϑ -the rate of crushing of the 

soil by the occipital chamfer in the vertical direction m/s. 

According to research [13] we will be able to record

                                                                       

(13) 

where, a – depth of tillage, m; 0ρ  and ρ - soil density before and after treatment, kg/m3. Given the expression 

   we get           
                                                                                                

(14) 

or (15) 

Using the formula (15), it is possible to analyze the change in the reaction of the soil to the occipital chamfer 
depending on its main parameters.  

As noted above, the stability of the plow stroke in depth is violated if the condition is not met .            (16) 

Substituting the values yP and yR  into the formula (16) and after some transformations, we obtain a mathematical 

model of the change in the depth of plowing. 

                                    

(17) 

If we take into account that the stability of maintaining a given processing depth is determined by the 
suitability of the ploughshare for further operation, then it can be seen from formula (17) that the main influencing 
factor on the processing depth is the physical and mechanical properties of the soil and the geometric parameters 
of the blade. 
The resource of the ploughshare according to the constructive factor is determined by the formula [14] 

                                                                        (18) 

where nhh ,0
 – initial and maximum wear width of the part; dtdh  – intensity of blade width change. 

If we use the value of the average rate of wear, the resource of the working body is as follows 

                                                                  (19) 

After substituting the value of I from formula (7) into formula (13), we get 

                                                                    (20) 

If in formula (20), instead of P and R, substitute their values from formulas (11) and (12), taking into account 
the value hд [15] 

                            (21) 

hs= ls× sinε

R= +

.

,

.

.
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It can be seen from formula (21) and Figure 4 that the resource of the working body (at constant angles of 
installation of the working body to the bottom and walls of the furrow) is directly proportional to the maximum 
permissible wear and inversely proportional to the density and hardness of the soil, the angle of sharpening of the 
blade, the square of the speed of the unit and the parameters of the formation and the occipital chamfer. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4:

 

Graphs of the plowshare resource change. a –

 

from the maximum permissible wear (1, 2, 3,) width (4, 5, 6) 
and angle (7, 8, 9) of the occipital chamfer and at a soil hardness of 3.5 MPa (1, 4, 7): 5.3 MPa (2, 5, 8) and 7.1 MPa 
(3, 6, 9); b –

 

from the speed of movement of the unit (1, 2, 3) and the depth of treatment (4, 5, 6) with a soil hardness 
of 3.5 MPa (1, 4); 5.3 MPa (2, 5) and 7.1 MPa (3, 6).\

 

As can be seen from Figure 4, the parameters 
of the occipital chamfer have the main influence on

 

the 
resource of the ploughshare. The volume of the 
removed soil and, accordingly, the pushing force

 

R

 

depend on these parameters. However, these 
parameters change during operation (wear) arbitrarily 
and are considered unmanageable and. In this regard, a 
scientific hypothesis has been put forward about the 
possibility of developing such technical solutions for the 
ploughshare, which contributed to reducing the volume 
of crushed soil and, accordingly, the pushing force, 
which will eventually improve the self-sharpening of the 
blade and prolong the service life of the ploughshare 
[13,

 

14].

 

V.

 

Conclusion

 

The main criterion for the rejection of 
ploughshares is their failure to provide a given 
processing depth (quality of work) during operation, a 
deviation from which occurs, as a rule, due to an 
arbitrary increase in the parameters of the occipital 
chamfer of the ploughshare during operation. The 
resource of the ploughshare decreases with increasing 
width and angle of the occipital chamfer, and at the 
same time, with increasing width, especially in hard 
soils, the resource decrease is observed at a more 
intensive rate. It was found that an increase in the width 
of the rear chamfer by 1 mm and the angle by 10

 

reduces the life of the plowshare by 33% and 12%, 
respectively, and an increase in the plowing depth by 1 
cm reduces the life of the plowshare by 16%. It has been 
proved that the reason for the plough surfacing due to 

an increase in the soil reaction is an increase in the 
parameters of the rear chamfer and the depth of 
plowing. In order to minimize the influence of the 
parameters of the rear chamfer on the stability of the 
plow, it is necessary to develop such technical solutions 
for the plowshare, which contributed to a decrease in 
the volume of crushed soil and, accordingly, the 
pushing force during operation, which will eventually 
improve the self-sharpening of the blade and extend the 
life of the plowshare.
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Abstract-

 

Twenty wheat accessions were evaluated on 11 
parameters in an experiment at Center for Research and 
Development (CRD), Gaunar, Usaraha, Gorakhpur, U. P.

 

in

 

a 
randomized block design with three

 

replications.

  

The 
objectives of the experiment were to assess

 

the relative 
performance of

 

the accessions on various parameters and 
extent of Karnal bunt (KB) infestation.

  

Normalized cumulative 
ranks were used to assess the relative performance of 
accessions. KOH

 

seed soaking technique was used to assess 
the extent of Karnal bunt infestation. Based on normalized 
accumulating ranks the performance order of wheat 
accessions is BHU-25, HPST-16-17-16, HPAN-101,HPAN-57,

 

PBW-677,

 

CRD

 

Gehu

 

1,

 

BHU-31,

 

ANKUR,

 

HPST-16-17-07,

 

HPAN-111,

 

HPAN-127,

 

HPAN-65,

 

HPST-16-17-15,

 

PBW-Zn

 

1,

 

HPAN-42,

 

HPAN-164,

 

HD-2967,

 

WB-02,

 

ZINCOL

 

and

 

HPAN-
147.

  

All the 20 accessions of wheat

 

were susceptible to 
Karnal bunt and

 

infestation ranged from 3.67% (HPST-16-17-
15)

 

to

 

70.33%

 

(HPAN-147).

 

High

 

performers

 

and

 

least

 

bunt

 

infested

 

accessions

 

like

 

BHU-25,

 

HPST-16-17-16,

 

HPAN-101,

 

HPAN-57

 

and

 

PBW-677

 

could

 

be

 

further

 

investigated

 

or

 

directly

 

recommended

 

for

 

cultivation

 

in

 

this

 

area.

 

Keywords:

 

ideotype,

 

karnal

 

bunt,

 

normalized

 

cumulative

 

ranks,

 

selection.

 

I.

 

Introduction

 

heat is a very staple food crop of people in the 
world. However its production is limited by non-
availability of suitable varieties and infestation 

of diseases and pests. Therefore, plant breeders’ duty is 
to provide suitable varieties to farmers so that food 
production and food security can be insured. With these 
facts in mind, we evaluated 20-wheat accessions on 11 
parameters including a test for Karnal bunt infestation.  
The present paper reports the findings of this 
experiment.

 

II.

 

Materials and

 

Methods

 

The

 

experiment was conducted in Rabi season 
2019-20 at Center for Research and Development 
located at Gaunar-Usaraha, Gorakhpur, Uttar Pradesh. 
The experimental site is located at 26°

 

42' 45.5" N 
latitude, 83°

 

36'

 

36.6" 

 

E longitude and 86 m above mean 

sea level. The climate is semi-arid with hot summer and 
cold winter. Nearly 80% of the rainfall is received during 
monsoon and a few winter showers. 

Twenty wheat germplasm, included in this 
experiment, were taken from the germplasm stock 
available at CRD and BRD PG College, Deoria. HD2967 
was used as a standard check variety. These 
accessions were raised in a randomized block design in 
a timely sown condition with standard package of 
practices for wheat cultivation. Thus, 20 genotypes were 
evaluated on 11 parameters in three replications. The 
parameters evaluated are 1. 1000 seed weight or test 
weight, 2. 10 spikes’ weight, 3. yield per plot, 4. spikes 
per square meter, 5. effective tillers, 6. Plant height, 
7.yield per hectare, 8. biological yield per plant, 9.days 
to 50% flowering, 10. flag leaf area and 11. Karnal bunt 
infestation. 

Data collected on five randomly selected plants 
of all 20 genotypes were compiled to calculate means in 
three replications. These were further used to calculate 
replication mean. These values were subjected to 
normalized cumulative rank (NCR) analysis as 
discussed by Singh and co-workers in many papers 
(Sanoj Kumar 2021; Singh 2017; Singh et al. 2018; 
Yadav et al. 2020). The idea of this analysis came from 
the concept of crop ideotype as given by Donald 1968. 
That is why, in this analysis, we are looking for ideal 
plant types (=crop ideotypes) that would rank relatively 
well or first in all parameters. 

III. Results and Discussion 

Table 1 shows the average values of the replications. 
 
 
 
 
 
 
 
 
 
 
 
 
 

W
 

Author α σ ρ: Department of Genetics & Plant Breeding, B. R. D. PG 
College, Deoria, U. P. e-mail: singhshriniwas769@gmail.com
Author Ѡ: Centre for Research and Development, Gaunar-Usaraha, 
Gorakhpur, U.P.
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Table 1: Average Values of Three Replications 

 

Table 2 shows ranks, cumulative ranks (CR) and NCR values of genotypes.  

Table 2: Ranks, CR and NCR Values of Genotypes 

On sorting the table 2, on the basis of CR or NCR in increasing order, we get table 3.  
 
 
 
 
 
 
 
 
 

Test 
Weight

10 Spike 
Weight

Yield/ 
plot

Spikes/ 
m2

Effective 
Tillers

Plant 
Height

Yield/ ha
Biological 

Yield/ 
Plant

D2-50%F
Flag Leaf 

Area
Karnal 
Bunt

0 0 0 0 0 0 0 0 1 1 1
1 HPST-16-17-07 41.33 24.67 2.01 529.67 4.47 110.2 25.17 17.6 83 34.76 13.33
2 HPST-16-17-15 35.33 28.67 1.75 429 4.53 104.53 21.83 21.33 83 43.97 3.67
3 HPST-16-17-16 39.33 30 1.92 569.67 4.8 109.13 23.96 20.53 83 31.27 5
4 BHU-25 40 33.33 2.38 629.67 5.33 93.17 29.71 24.67 84 29.86 8
5 BHU-31 42.67 34.67 2.51 536.67 4.4 94.33 31.33 17.33 85.67 36.79 9
6 ZINCOL 36.67 31.33 1.56 439 3.73 103.93 19.46 17.87 91 32.01 6.67
7 ANKUR 40.67 30 1.72 451 4.53 105.9 21.46 19.73 87 34.72 4.67
8 PBW-Zn 1 38.67 27.33 1.88 464.33 4.53 105.43 23.5 18.4 83 38.91 18.33
9 WB-02 38 25.33 1.67 684.33 4.4 98.3 20.92 17.2 83 37.21 10

10 HPAN-101 44 24 2.22 552 5.2 104.77 27.71 28.13 87 33.85 7.67
11 HPAN-147 46 26 1.16 589.67 4.47 90.69 14.54 17.87 91 38.49 70.33
12 HPAN-164 35.33 25.33 1.92 586 3.73 102.2 23.96 19.07 87 36.6 7.33
13 HPAN-42 38 29.33 2.77 486.67 4.47 103.8 34.63 16.47 85 53.03 10.33
14 HPAN-57 43.33 28.67 1.83 559.33 4.6 99.9 22.82 21.87 83 34.99 7.33
15 HPAN-65 36.67 32.67 2.8 485 4.33 104.5 35 20.8 86 40.77 21
16 HPAN-111 42 24 2.31 506.33 5.53 101.03 28.88 22 87 40.14 16.67
17 HPAN-127 43.33 27.33 2.27 553.33 4.4 99.7 28.33 19.2 87 40 9
18 CRD Gehu 1 56.67 29.33 1.69 272.67 7.93 112.53 21.15 45.6 79 61.06 8
19 PBW-677 42.67 26.67 2.94 480.33 5.33 102.23 36.75 21.6 87 41.91 6
20 HD-2967 40 27.33 2.13 433 5 95.6 26.67 17.73 87 39.65 32.67

S.N.
Variety↓         

Sort Order→

Test 
Weight

10 Spike 
Weight

Yield/ 
plot

Spikes/ 
m2

Effective 
Tillers

Plant 
Height

Yield/ ha
Biological 

Yield/ 
Plant

D2-50%F
Flag Leaf 

Area
Karnal 
Bunt

0 0 0 0 0 0 0 0 1 1 1
1 HPST-16-17-07 9 18 10 10 12 2 10 17 2 6 15 111 1.63
2 HPST-16-17-15 19 9 15 19 9 7 15 7 2 18 1 121 1.78
3 HPST-16-17-16 13 5 11 5 7 3 11 9 2 2 3 71 1.04
4 BHU-25 11 2 5 2 3 19 5 3 8 1 9 68 1
5 BHU-31 6 1 4 9 15 18 4 18 10 9 11 105 1.54
6 ZINCOL 17 4 19 17 19 9 19 14 19 3 5 145 2.13
7 ANKUR 10 5 16 16 9 4 16 10 12 5 2 105 1.54
8 PBW-Zn 1 14 11 13 15 9 5 13 13 2 12 17 124 1.82
9 WB-02 15 16 18 1 15 16 18 19 2 10 13 143 2.1

10 HPAN-101 3 19 8 8 5 6 8 2 12 4 8 83 1.22
11 HPAN-147 2 15 20 3 12 20 20 14 19 11 20 156 2.29
12 HPAN-164 19 16 11 4 19 12 11 12 12 8 6 130 1.91
13 HPAN-42 15 7 3 12 12 10 3 20 9 19 14 124 1.82
14 HPAN-57 4 9 14 6 8 14 14 5 2 7 6 89 1.31
15 HPAN-65 17 3 2 13 18 8 2 8 11 16 18 116 1.71
16 HPAN-111 8 19 6 11 2 13 6 4 12 15 16 112 1.65
17 HPAN-127 4 11 7 7 15 15 7 11 12 14 11 114 1.68
18 CRD Gehu 1 1 7 17 20 1 1 17 1 1 20 9 95 1.4
19 PBW-677 6 14 1 14 3 11 1 6 12 17 4 89 1.31
20 HD-2967 11 11 9 18 6 17 9 16 12 13 19 141 2.07

S.N.
Variety↓         

Sort Order→
CR NCR

G
lo
ba

l 
Jo

ur
na

l 
of
 S

ci
en

ce
 F

ro
nt
ie
r 
R
es
ea

rc
h 

( 
D
 )
 X

X
II
I 
Is
su

e 
IV

 V
er
si
on

 I
 

 Y
ea

r 
20

23

14

© 2023 Global Journals

Relative Performance and Karnal Bunt Infestation of Wheat (Triticum Aestivum L. Em. Thell.) Accessions in 
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Table 3: Ranks, CR and NCR Similar to Table 2, but the Data are Sorted in Increasing Order based on CR or NCR

Top few accessions of table 3 could be 
recommended for cultivation as they might be close to 
ideal plant type we are looking for. From table 3, it is 
clear that top 5 or 6 genotypes viz., BHU-25, HPST-16-
17-16, HPAN-101, HPAN-57, PBW-677 and CRD 
Gehun-1 could be recommended to farmers for 
cultivation in this region. Standard check variety HD-
2967 is lagging far behind on 17th position in table 3. 
Therefore, top varieties are highly likely to replace the 
current standard check variety HD-2967gradually. 
However, it is also clear from table 1, 2 and 3 that none 
of these varieties are completely resistant to Karnal bunt. 
The extent of Karnal bunt infestation is ranging from 
3.67% to 70.3 3%. In worst case scenario, the less 
infested varieties with high relative performance could 
be recommended for cultivation. However, in a similar 
study at the same research station, another researcher 

(Sanoj Kumar 2021, personal communication) has 
found four accessions completely resistant to Karnal 
bunt out of 20 screened accessions. These are HPYT-
409, HPAN-153, HPYT-489 and HPYT 490. These 
varieties, totally resistant to Karnal bunt, should be 
recommended for cultivation in this region. Karnal bunt 
has shown its presence in this region and it should be 
controlled in its initial stages. 

This analysis is shown step by step for the 
comprehension of students, but to be precise, table 1 
and table 2 could be merged into a single table and 
again the data could be sorted in increasing order 
based on CR or NCR. Thus, the whole paper could be 
summarized in a single table as given in table 4. This is 
being referred to as precise varietal recommender 
system. 

Table 4: Precise Varietal Recommender System 

Test 
Weight

10 Spike 
Weight

Yield/ 
plot

Spikes/ 
m2

Effective 
Tillers

Plant 
Height

Yield/ ha
Biological 

Yield/ 
Plant

D2-50%F
Flag Leaf 

Area
Karnal 
Bunt

0 0 0 0 0 0 0 0 1 1 1
1 BHU-25 11 2 5 2 3 19 5 3 8 1 9 68 1
2 HPST-16-17-16 13 5 11 5 7 3 11 9 2 2 3 71 1.04
3 HPAN-101 3 19 8 8 5 6 8 2 12 4 8 83 1.22
4 HPAN-57 4 9 14 6 8 14 14 5 2 7 6 89 1.31
5 PBW-677 6 14 1 14 3 11 1 6 12 17 4 89 1.31
6 CRD Gehu 1 1 7 17 20 1 1 17 1 1 20 9 95 1.4
7 BHU-31 6 1 4 9 15 18 4 18 10 9 11 105 1.54
8 ANKUR 10 5 16 16 9 4 16 10 12 5 2 105 1.54
9 HPST-16-17-07 9 18 10 10 12 2 10 17 2 6 15 111 1.63

10 HPAN-111 8 19 6 11 2 13 6 4 12 15 16 112 1.65
11 HPAN-127 4 11 7 7 15 15 7 11 12 14 11 114 1.68
12 HPAN-65 17 3 2 13 18 8 2 8 11 16 18 116 1.71
13 HPST-16-17-15 19 9 15 19 9 7 15 7 2 18 1 121 1.78
14 PBW-Zn 1 14 11 13 15 9 5 13 13 2 12 17 124 1.82
15 HPAN-42 15 7 3 12 12 10 3 20 9 19 14 124 1.82
16 HPAN-164 19 16 11 4 19 12 11 12 12 8 6 130 1.91
17 HD-2967 11 11 9 18 6 17 9 16 12 13 19 141 2.07
18 WB-02 15 16 18 1 15 16 18 19 2 10 13 143 2.1
19 ZINCOL 17 4 19 17 19 9 19 14 19 3 5 145 2.13
20 HPAN-147 2 15 20 3 12 20 20 14 19 11 20 156 2.29

S.N.
Variety↓         

Sort Order→
CR NCR

Test 
Weight

10 Spike 
Weight

Yield/ 
plot

Spikes/ 
m2

Effective 
Tillers

Plant 
Height

Yield/ ha
Biological 

Yield/ 
Plant

D2-50%F
Flag Leaf 

Area
Karnal 
Bunt

0 0 0 0 0 0 0 0 1 1 1
1 BHU-25 40 (11) 33.33 (2) 2.38 (5) 629.67 (2) 5.33 (3) 93.17 (19) 29.71 (5) 24.67 (3) 84 (8) 29.86 (1) 8 (9) 68 1
2 HPST-16-17-16 39.33 (13) 30 (5) 1.92 (11) 569.67 (5) 4.8 (7) 109.13 (3) 23.96 (11) 20.53 (9) 83 (2) 31.27 (2) 5 (3) 71 1.04
3 HPAN-101 44 (3) 24 (19) 2.22 (8) 552 (8) 5.2 (5) 104.77 (6) 27.71 (8) 28.13 (2) 87 (12) 33.85 (4) 7.67 (8) 83 1.22
4 HPAN-57 43.33 (4) 28.67 (9) 1.83 (14) 559.33 (6) 4.6 (8) 99.9 (14) 22.82 (14) 21.87 (5) 83 (2) 34.99 (7) 7.33 (6) 89 1.31
5 PBW-677 42.67 (6) 26.67 (14) 2.94 (1) 480.33 (14) 5.33 (3) 102.23 (11) 36.75 (1) 21.6 (6) 87 (12) 41.91 (17) 6 (4) 89 1.31
6 CRD Gehu 1 56.67 (1) 29.33 (7) 1.69 (17) 272.67 (20) 7.93 (1) 112.53 (1) 21.15 (17) 45.6 (1) 79 (1) 61.06 (20) 8 (9) 95 1.4
7 BHU-31 42.67 (6) 34.67 (1) 2.51 (4) 536.67 (9) 4.4 (15) 94.33 (18) 31.33 (4) 17.33 (18) 85.67 (10) 36.79 (9) 9 (11) 105 1.54
8 ANKUR 40.67 (10) 30 (5) 1.72 (16) 451 (16) 4.53 (9) 105.9 (4) 21.46 (16) 19.73 (10) 87 (12) 34.72 (5) 4.67 (2) 105 1.54
9 HPST-16-17-07 41.33 (9) 24.67 (18) 2.01 (10) 529.67 (10) 4.47 (12) 110.2 (2) 25.17 (10) 17.6 (17) 83 (2) 34.76 (6) 13.33 (15) 111 1.63

10 HPAN-111 42 (8) 24 (19) 2.31 (6) 506.33 (11) 5.53 (2) 101.03 (13) 28.88 (6) 22 (4) 87 (12) 40.14 (15) 16.67 (16) 112 1.65
11 HPAN-127 43.33 (4) 27.33 (11) 2.27 (7) 553.33 (7) 4.4 (15) 99.7 (15) 28.33 (7) 19.2 (11) 87 (12) 40 (14) 9 (11) 114 1.68
12 HPAN-65 36.67 (17) 32.67 (3) 2.8 (2) 485 (13) 4.33 (18) 104.5 (8) 35 (2) 20.8 (8) 86 (11) 40.77 (16) 21 (18) 116 1.71
13 HPST-16-17-15 35.33 (19) 28.67 (9) 1.75 (15) 429 (19) 4.53 (9) 104.53 (7) 21.83 (15) 21.33 (7) 83 (2) 43.97 (18) 3.67 (1) 121 1.78
14 PBW-Zn 1 38.67 (14) 27.33 (11) 1.88 (13) 464.33 (15) 4.53 (9) 105.43 (5) 23.5 (13) 18.4 (13) 83 (2) 38.91 (12) 18.33 (17) 124 1.82
15 HPAN-42 38 (15) 29.33 (7) 2.77 (3) 486.67 (12) 4.47 (12) 103.8 (10) 34.63 (3) 16.47 (20) 85 (9) 53.03 (19) 10.33 (14) 124 1.82
16 HPAN-164 35.33 (19) 25.33 (16) 1.92 (11) 586 (4) 3.73 (19) 102.2 (12) 23.96 (11) 19.07 (12) 87 (12) 36.6 (8) 7.33 (6) 130 1.91
17 HD-2967 40 (11) 27.33 (11) 2.13 (9) 433 (18) 5 (6) 95.6 (17) 26.67 (9) 17.73 (16) 87 (12) 39.65 (13) 32.67 (19) 141 2.07
18 WB-02 38 (15) 25.33 (16) 1.67 (18) 684.33 (1) 4.4 (15) 98.3 (16) 20.92 (18) 17.2 (19) 83 (2) 37.21 (10) 10 (13) 143 2.1
19 ZINCOL 36.67 (17) 31.33 (4) 1.56 (19) 439 (17) 3.73 (19) 103.93 (9) 19.46 (19) 17.87 (14) 91 (19) 32.01 (3) 6.67 (5) 145 2.13
20 HPAN-147 46 (2) 26 (15) 1.16 (20) 589.67 (3) 4.47 (12) 90.69 (20) 14.54 (20) 17.87 (14) 91 (19) 38.49 (11) 70.33 (20) 156 2.29

S.N.
Variety↓         

Sort Order→
CR NCR
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Abstract- The purpose of this study was to test the effectiveness of growing vegetables under 
diaper waste moisture conservation technology and to incentivise diaper waste management in a 
way which reduces its ecological footprint through water and plant nutrients harvesting and 
conservation in agriculture. Due to poor refuse collection in Chitungwiza which has encouraged 
improper disposal of diaper waste, people resorted to the dumping of used disposable diapers 
at various dumping sites that have sprouted in most residential areas in the urban areas of 
Zimbabwe. Diaper wastes currently not properly managed in a manner which adds value to the 
food chain while they contain significant amounts of nutrients coupled with their water holding 
capacity which is not being utilised to address challenges induced by climate change in the 
agricultural sector pertaining food security and climate resilience in urban agriculture hence the 
need to undertake this study. An experiment to compare growth of vegetables under diaper 
waste treatment and a control without diapers was conducted. Vegetable growth rate and soil 
moisture loss were monitored over 10 weeks. 
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Abstract-

 

The purpose of this study was to test the 
effectiveness of growing vegetables under diaper waste 
moisture conservation technology and to incentivise diaper 
waste management in a way which reduces its ecological 
footprint through water and plant nutrients harvesting and 
conservation in agriculture. Due to poor refuse collection in 
Chitungwiza which has encouraged improper disposal of 
diaper waste, people resorted to the dumping of used 
disposable diapers at various dumping sites that have 
sprouted in most residential areas in the urban areas of 
Zimbabwe. Diaper wastes currently not properly managed in a 
manner which adds value to the food chain while they contain 
significant amounts of nutrients coupled with their water 
holding capacity which is not being utilised to address 
challenges induced by climate change in the agricultural 
sector pertaining food security and climate resilience in urban 
agriculture hence the need to undertake this study. An 
experiment to compare growth of vegetables under diaper 
waste treatment and a control without diapers was conducted. 
Vegetable growth rate and soil moisture loss were monitored 
over 10 weeks. The results of the study showed that the 
moisture conservation technology is effective as evidenced by 
faster vegetable growth

 

rate and relatively low soil moisture 
loss under the experiment than the control. It was concluded 
that indeed diaper waste can be used in agriculture as a 
moisture conservation technology. In line with the research 
findings the researcher recommended the

 

adoption of the 
technology at small scale as a pilot project as it has the 
potential of going a long way in abating challenges due to 
water scarcity and climate

  

change.

 

I.

 

Introduction

 

isposable baby diapers have almost become 
indispensable in the list of baby care products as 
their use has been increasing steadily over the 

years [12]. Although disposable baby diapers were 
used traditionally for their convenience especially when 
travelling, nowadays they are generally used in many 
parts of the developed and developing world as a 
replacement for cloth diapers. In the developed world 
approximately between 90% and 95% of diapers used 
are disposable [23]. In a study done in Ottawa, Canada, 
disposable diapers were used by 82.3% parents and 
only 2% used cloth diapers. The developing world is 
adopting the use of disposal diapers because of their 
perceived advantages over the cloth diapers. It is 

therefore apparent that, the advent of disposable 
diapers has somehow resulted in the death of the 
napkin culture. [20] Claims that disposable diapers have 
become highly commoditized as they are regarded as 
an epitome of modernization. They have in actual fact 
become a necessity rather than a luxury in fast paced 
lives.  

The increased use of disposable diapers is 
associated with a number of environmental health 
challenges. The soiled diapers litter public spaces 
where they are an aesthetic nuisance [2]; [18]. Unlike in 
the developed countries where the disposal of waste is 
more developed, with separation at the source, 
developing countries such as Zimbabwe still use 
traditional methods of mixing waste and sometimes the 
diapers are dumped at illegals dumpsites [11]. 
Attributes this to inefficiencies by local authorities to 
manage solid waste. The refuse collection and disposal 
systems are inadequate and it is common to find refuse 
containing human waste such as disposable diapers 
mixed with other domestic waste. This negligent 
disposal of soiled disposable diapers therefore 
increases the chances of environmental pollution by 
waste which will otherwise be used in an ecological 
sustainable manner. It also exposes people who deal 
with solid waste such as municipal employees and 
waste scavengers to contaminants which could cause 
serious illnesses as they may handle raw faecal matter 
in the process of handling of soiled disposable diapers. 
The challenge of improper diaper disposal is affecting 
many towns and cities in the world and Chitungwiza 
town is not an exception. 

However, diaper waste can be recycled into 
scientifically proven use which can contribute 
significantly in waste management, nutrient recycling 
and moisture conservation for agricultural use. A model 
around these elements can be developed to in order to 
proffer solutions around use of diapers in a more 
sustainable manner and addressing climate change and 
irrigation water scarcity problems. Originally, diapers 
relied on the absorbency of cotton, paper and sponges 
to hold the liquid in place. Unfortunately, those materials 
could only hold about 20 times their weight in water. 
However, today there is a much better situation. The use 
of super absorbent polymer materials such as sodium 
polyacrylate has dramatically increased the liquid 
holding capacity of diapers. Sodium polyacrylate was 
originally developed as an agricultural product which 

D
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could be spread over crop fields to absorb moisture 
when it’s plenty and release it when needed. It is a 
super-absorbing polymer that can hold up to 800 times 
its weight in water. When water is added to the soil, the 
polymer will absorb and hold some water. As the soil 
dries, the polymer releases its water keeping the soil 
moist. These properties can be harnessed in a bid to 
conserve water for irrigation whilst addressing the 
challenge diaper waste management. 

a) Problem Statement 
The non-collection of refuse in Chitungwiza has 

encouraged improper disposal of diaper waste. 
Generally, people resort to the dumping of used 
disposable diapers at various dumping sites that have 
sprouted in most residential areas in the urban areas of 
Zimbabwe. This is because, responsible authorities fail 
to collect refuse on a regular basis. Walking through 
Chitungwiza one can observe soiled diapers that are 
disposed near residences and along the roads. Diapers 
that are recklessly dumped at illegal dump sites are 
usually ravished by stray dogs thereby exposing faecal 
matter which attracts the huge green flies. It takes 500 
years for disposable diapers to decompose [15]. There 
is acute water scarcity late alone water for irrigation. This 
study seeks to find out if hydrogels contained in diapers 
would make a significant difference in conserving water 
and retaining the moisture as well as supplying nutrients 
in the soil in a vegetable garden. 

b) Justification 
This study explores the subject of diapers, 

which are an iconic environmental problem associated 
with child rearing. It is generally regarded that waste 
management is the sole duty and responsibility of local 
authorities, and that the public is not expected to 
contribute. Contrary to this statement however, there is 
need for community involvement and participation in 
decisions regarding proper disposal of waste material to 
maintain a health and safe environment. In Zimbabwe, 
as in many developing countries, it appears that little 
information is available regarding handling and the 
proper disposal of disposable diapers despite a 
significant rise in usage of such during the last decade 
by women of child bearing age. Proper disposal of 
diapers reduces incidences of contamination of 
drainage water, which can subsequently lead to 
diarrheal diseases. There are a lot of diapers which are 
a nuisance and threat to environmental health around 
urban areas. Diaper wastes currently not properly 
managed in a manner which adds value to the food 
chain while they contain significant amounts of nutrients 
coupled with their water holding capacity which is not 
being utilised to address challenges induced by climate 
change in the agricultural sector pertaining food security 
and climate resilience in urban agriculture hence the 
need to undertake this study. 

c) Objectives 

i. General Objective 

 

ii.
 

Specific Objectives 
 

1.
 

To establish diaper waste handling practices in 
Chitungwiza.

 

2.
 

To compare growth rates of Brassica Napus L 
under diaper waste moisture conservation 
technology and the conventional farming method.

 

3.
 

To determine
 

the effectiveness of diaper waste-
moisture conservation technology in moisture 
conservation.

 

d)
 

Research Questions
 

1.
 

What are the waste handling practices in 
Chitungwiza residential area?

 

2.
 

What is the plant growth rate of Brassica Napus L
 

under the conservation
 
conditions?

 

3.
 

How effective is diaper waste-moisture conservation 
technology in moisture conservation?

 

e)
 

Definition of Terms
 

Diaper Waste Moisture Conservation 
Technology – a technique used to conserve moisture 
and harvest nutrients from soiled diapers for small scale 
agricultural purposes.

 

II.
 

Materials and
 
Methods

 

a)
 

Study Site Description
 

Chitungwiza City is located about 20km South 
East of Harare Main Post Office, covering 49km2. It 
shares boundaries with Harare City and Mashonaland 
East Province. Chitungwiza town has an estimated 
population of about 354,472 according to the 2012 
census. It is popularly known for a hospital named 
Chitungwiza Central Hospital, Aquatic complex, Town 
Centre complex and its Delta Chibuku super plant, 
Chitungwiza came into existence

 
in the late1970s.

 

The town has four administrative districts, 
namely Seke North, Seke South, Zengeza and St Mary’s 
as shown in the map below. The oldest of the suburbs is 
St Mary's which is divided into two sections, Manyame 
Park (New St Mary's) and Old St Mary's. St Mary's is 
popularly known for being the oldest suburb in 
Chitungwiza town. Zengeza is divided into 5 sections i.e. 
Zengeza 1, 2, 3, 4 and 5. Zengeza 4 being relatively the 
largest section. Seke is another suburb and it is divided 
into many sections i.e. Unit A up to Unit P.
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To incentivise diaper waste management in a 
way which reduces its ecological footprint through water 
and plant nutrients harvesting and conservation in 
agriculture.



 

 

 

Figure 2.1: Showing Location of Chitungwiza 

Some of the popular shopping centers in Chitungwiza include Chikwanha, PaGomba, Pazvido, PaJambanja, Chigovanyika, 
PaDaddy, unit j shopping Centre, Zengeza 2 shopping Centre. 

b) Study Area 
The study was conducted in Old St Mary’s 

Chitungwiza, ward 5 lying on coordinates 17o59’51’’S 
31o2’35’’E. It is bounded by other wards in Chitungwiza, 
namely in the North by Manyame park, on the North 

West by Zengeza 2 and on the South Zengeza 5. It is 
characterised by a continental temperate climate and it 
has a rocky geology which is characterised by big 
granite rocks. 

 

Figure 2.2: Study Area Map 

c) Research Design 
A cross sectional case study on the assessment 

of improper solid waste collection, handling and 
disposal practices among residents of Old St Mary’s, 
Chitungwiza. The case study was appropriate for the 
researcher because it allowed an in depth study of 
aspects of the problem within a limited time scale. Hand 
administered questionnaires, interviews and 
observations were used for the study. [7] Defines 
research design as a deliberately planned arrangement 
of conditions for analysis and collection of data in a 
manner that aims to combine relevance to research 
purpose with the environmental procedure. The two 
common types of research design are the case study 
and the descriptive research and in this particular study 
the Case study method will be used. A descriptive case 

study research design was used in order to achieve the 
research objectives. A descriptive case study research 
design helps in gaining adequate insight and an in-
depth analysis of occupational noise at the organization. 
Due to the case study approach that was used the 
research was confined to the mentioned area of study.  

This is a cross sectional research that will use 
both mixed research method methodology involving the 
use of both quantitative and qualitative research 
methods. Observational check list and structured 
interviews with the selected respondents will be 
employed. Experiments to assess the feasibility of 
utilizing soiled diapers in vegetable beds will also be 
conducted. 
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d) Sampling Frame/Population 
The target population of the study are 

caregivers of infants and toddlers who are still using 
diapers and environmental health promoters. The study 
will be conducted in two residential areas of Chitungwiza 
town namely St Marys and Manyame Low Density. 
Twenty mothers with children below the age of two years 
will be interviewed from each of the above mentioned 
suburbs and they will be randomly selected. 

e) Method of Data Collection 
The study will also look at the municipal solid 

waste disposal site as it is s the destination of disposal 
sites that were collected in the town. This study will 
triangulate a number of qualitative techniques in 
gathering data including interview guide and 
observation guide. The use of qualitative methods 
enable the study to have access to the perspectives of 
the people in sampled areas on their views and handling 
practices of disposable diapers. The use of qualitative 
techniques will enable the research observe the social 
life of women using diapers and where the diapers are 
being utilised. This will provide the study with a deeper 
appreciation of what is going on with regards the use of 
diapers.  

i. Questionnaires Surveys 
40 questionnaires were self-administered 

systematically selected households (target population) 
to collect adequate information to determine household 
that use disposable diapers and the method of disposal, 
to establish the amount of disposable diaper as a 
proportion of the total waste, asses the effectiveness of 
current strategies used in managing the disposal of 
diapers and assesses the environmental impacts of 
improper disposal of diapers. The questionnaires keep 
away from interviewer bias, guiding the areas that can 
impact the legitimacy and reliability of data collection. 
They comprised of closed type questions whereby 
answers to the questions were availed and open ended 
type questions which gave room for respondents to 
explain and describe their feelings about the issues 
requiring clarification. Open ended questions allowed 
the respondents to formulate their own answers. Closed 
ended questions entailed the respondents to choose 
answers from given options. The questionnaires are of 
critical importance in research since the research study 
can be swiftly done and data analysis can begin right 
away and they are a less costly way of reaching people. 
Questionnaires allowed responses to be gathered in a 
standardized way and in this case the questionnaires 
will be more objective. 

This research adopted a mixed method 
approach and hence the nature of data collected and 
analysed was both qualitative and quantitative. A 
questionnaire with semi structured questions were used 
in the study because questionnaires allow the recording 
of both qualitative and quantitative data and this is 

important for this study because it adopted a mixed 
method [5]. A questionnaire also promotes high validity 
and reliability than other instruments. The data collected 
through questionnaires is easily quantifiable especially 
through the use of software packages such as SPSS 
and Excel which were also utilised in this study. This 
instrument was used because it is flexible and allows in-
depth understanding of issues under study and a 
greater exploration of the issues [5]. Furthermore 
questionnaires can be analysed more scientifically and 
objectively than other instruments. A questionnaire has 
its own shortfalls that include its inability to allow 
interaction or discussions during data collection [10]. 

ii. Field Observations/ Reconnaissance 
This is non-verbal way of collecting data was 

used by the researcher. It emphasizes on discovering 
the meanings of the reactions exhibited by people 
towards actions of other people or change of situations. 
It allows the researcher to look at people’s actions and 
situations’ noting what is going on without asking 
questions. In the case of the research under study, 
observations assisted the researcher to view day to day 
disposable baby diaper waste management activities 
that are being undertaken by residents in Chitungwiza. 
The observations are aimed at allowing the study to 
obtain firsthand information through purposeful, 
systematic and selective way of watching the state of 
diaper handling and disposal at the illegal dump sites. 
The researcher will also participate in the municipal 
assessment of solid waste generation rates and waste 
characteristics, specifically focusing on data on soiled 
disposable diapers. 

iii. Experimental Method 
A piece of land to which measures 

approximately 1.5 m2 was used to run the experimental 
gardening under the soil moisture conservation 
technique. Soil was excavated from an area which 
measures 1.5m x 1m up to a depth of 0.5m. The 
hydrated super absorbent polymer will come from used 
biodegradable diapers which are usually socked in urine 
rich nitrates which are required for optimum plant 
growth. These were in the ratio of 1:1 by weight. 
Overland flow filled in the depression during rainy 
season such that water was harvested and stored for 
future use. Short maturity variety will be growth and 
growth performance measured. Soil moisture was 
determined weakly during the short maturity plant 
growing season using a soil tensiometer. A tensiometer 
measures soil water suction (negative pressure), which 
is usually expressed as tension. This suction is 
equivalent to the force or energy that a plant must exert 
to extract water from the soil. The instrument must be 
installed properly so that the porous tip is in good 
contact with the soil, ensuring that the soil-water suction 
is in equilibrium with the water suction in the tip. The 
suction force in the porous tip is transmitted through the 
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water column inside the tube and displayed as a tension 
reading on the vacuum gauge. 

The researcher used two vegetable beds. The 
control and variable was set up as follows: 

Control A: Include diapers and watered after every seven 
days. Moisture was measured on a daily basis. Plant 
growth was measured on a weekly basis. 

Control B: No diapers included in the vegetable bed and 
watered after every seven days. Moisture was measured 
on a daily basis. Plant growth was measured on a 
weekly basis.  

 Materials 
• Watering cans 
• Tape measure 
• Used diapers 
• Recording chart 
• Rape seeds (Brassica Napus L) 
• Tensiometer 

f) Data Presentation and Analysis 
The collected data has been presented in 

different forms through the use of tables, graphs and 

figures.  The data was then critically analysed through 
assessing trends, increases, decreases and 
consistencies. The data was also analysed using 
statistical tools such as SPSS Kersim 20 and Microsoft 
Excel.  

III. Results and Discussions 

This section presents the findings of the study. 
Results shown in this chapter show the diaper waste 
handling practices in Chitungwiza, growth rate of 
Brassica Napus. L and the effectiveness of the moisture 
conservation technology. The results are presented in 
various forms such as tables, bar graphs and pie charts 
which can be easily interpreted and understood. The 
data was then critically analysed and interpreted. 

a) The Number of Diapers used Per Day  
The responses to this question are shown in 

table 3.1. The responses to this question were gathered 
from all those who still have babies that are still using 
diapers within the targeted population of Chitungwiza. 

Table 3.1: Daily Diaper Usage 

 Frequency Percent Valid Percent Cumulative 
Percent 

Valid 

>2 5 12.5 12.5 12.5 

2-5 33 82.5 82.5 95.0 
6-8 2 5.0 5.0 100.0 

Total 40 100.0 100.0  

 

 

Figure 3.1: Showing the Number of Diapers used by Mothers Per Day 

Table 3.1 and Fig 3.1 above show the total 
percentages of diapers used per day. Out of the total 
population surveyed, 12.5% of the sample uses less 
than 2 diapers per day.82.5% uses 2-5 diapers per day 

and only 5% uses a minimum of 6-8 diapers per day. 
The results show that the average usage of diapers per 
day is 2-5 diapers.  
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b) Age up to Which Diapers are Used 

Table 3.2: Age 

 

 
Frequency

 
Percent

 
Valid Percent

 
Cumulative Percent

 

Valid
 

2
 

27
 

67.5
 

67.5
 

67.5
 

3
 

11
 

27.5
 

27.5
 

95.0
 4

 
2
 

5.0
 

5.0
 

100.0
 Total

 
40

 
100.0

 
100.0

  

 

 Table 3.2 and Fig 3.2 shows the age group of 
children which uses diapers the most. The bar graph 
shows that 67.5% of the children that uses diapers the 

most are 2 years old followed by 27.5% which are 3 year 
old babies and the least being the 4 year old children 
with 5%.

 Used Diapers Handling Practices
 Table 3.3:

 
Used

 
Diapers

 

 
Frequency

 
Percent

 
Valid Percent

 

Cumulative 
Percent

 

Valid
 

Burn
 

9
 

22.5
 

22.5
 

22.5
 Dumpsite

 
10

 
25.0

 
25.0

 
47.5

 Bin
 

8
 

20.0
 

20.0
 

67.5
 Burry

 
13

 
32.5

 
32.5

 
100.0

 Total
 

40
 

100.0
 

100.0
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Fig 3.3: How Mothers Manage their used Diapers in Chitungwiza

Table 3.3 and Fig 3.3 show results on how 
mothers manage used diapers in Chitungwiza. The 
various methods used for disposal include Burning, 
Throwing diapers at illegal dumpsites, Waste bins and 
Burying them. The bar graph shows that 32.5% of the 
targeted population burry their soiled diapers. 25% of the 
population dispose of their diapers at illegal dumpsites 
This was mainly attributed by poor municipality services 
which have led to open dumping. Out of the 40 
respondents 22.5% burn the diapers, however, burning 
of diaper waste by residence is mainly attributed to 
ignorance and also irregular waste collection by the 
municipality. The open burning practices reduce the 
volumes of diaper waste but it also actually promotes 
health hazards to the public through inhalation of smoke 
and odour. Hazardous toxins like furan and dioxin are 

also produced when there is incomplete combustion on 
diaper waste. Residents tend to use paraffin, methylated 
spirit and diesel as catalyst to burn diapers because it is 
difficult to burn in their wet condition with faeces. 
Therefore, burning of paraffin and other fuel increase the 
number of greenhouse gases in the atmosphere leading 
to global warming. Moreover, dioxin and furan are the 
deadliest toxins that can be produced when there is 
incomplete combustion. [4] Also commented that 
carbon monoxide and chlorine are the greenhouse 
gasses generated when disposable diapers are 
incinerated and open burning of refuse pose health risk 
of inhalation of smoke and odour. Ashes may be 
leached to the ground or dispersed by wind which 
results in respiratory problems and water contamination 
by toxics. Lastly 20% dispose the diapers in waste bins. 

c) Why do you Prefer Diapers to Nappies 

Table 3.4: Diapers vs Cloth Nappies 

 Frequency Percent Valid Percent Cumulative 
Percent 

Valid 

Easy 22 55.0 55.0 55.0 
Affordable 7 17.5 17.5 72.5 

Saves water 11 27.5 27.5 100.0 
Total 40 100.0 100.0  
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Fig 3.4: Showing Why Mothers Prefer using Disposable Diapers to Cloth Nappies 

Table 3.4 and Fig 3.4 show results on why 
mothers prefer using diapers to nappies. 55% of the 
targeted population uses disposable diapers because 
they are easy to use. 27.5% suggest that they save 
water whilst 17.5% pointed out that disposable diapers 
are affordable. These results show that disposable 
diaper use is dominant in Chitungwiza as most women 
revealed that diapers are convenient in saving time than 
traditional reusable nappies which are difficult to handle 

and require a lot of laundry. In actual fact cloth diapers 
are difficult to deal with as they require a lot of water and 
unavailability of water up to four days worsens the 
situation, power shortage also initiates women to use 
disposable diapers since cloth diaper require ironing 
before use. The research conducted by Mutowo (2015) 
established that 78% women are in use of disposable 
diapers and the reasons cited were convenience 70% 
and cost 30%. 

d) What Can Be Done to Improve Diaper Waste Management? 

Table 3.5: Waste Management 

 Frequency Percent Valid Percent Cumulative Percent 

Valid 

Burn 14 35.0 35.0 35.0 

Burry 5 12.5 12.5 47.5 

Gardening 7 17.5 17.5 65.0 
Education/awareness 12 30.0 30.0 95.0 

Recycling 2 5.0 5.0 100.0 
Total 40 100.0 100.0  
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Fig 3.5: Showing How Waste Management Can be Improved 

Table 3.5 and Fig 3.5 show the responses on 
how waste management can be improved in 
Chitungwiza. 35% suggests that diapers should be 
burned, 30% suggests that there should be education 
and awareness on how to properly dispose these 
diapers. This is supported by he only sure method to get 
people to change their habits is through education and 

creating awareness. 17.5% of the targeted population 
suggests that soiled diapers should be used for small 
scale gardening. Out of the 40 respondents12.5% 
suggests that soiled diapers should be buried whilst 5% 
suggests that they should be recycled in order to 
improve waste management practices in Chitungwiza. 

e) The Growth Rates of Brassica Napus L under Diaper Waste Moisture Conservation Technology and the 
Conventional Farming Methods 

 

 

Fig 3.6: Showing the Growth of Leaf Length Against Time 
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Fig 3.7: Showing the Growth of Leaf Width Against Time 

 

Fig 3.8: Showing the Growth of Plant Height Against Time 

 

Fig 3.9:
 
Showing the Growth of the Stem Diameter Against Time

 

The above diagrams show the growth rate of 
Brassica Napus L. The results were extracted from two 
different vegetable beds thus one with diapers

 
and the 

other one without diapers. The growth measurements 
were taken from the growth of the stem diameter, leaf 
length, leaf width and plant height. The above results 
therefore show that the vegetables grow on a faster rate 
under the diaper waste moisture conservation 
technology.

 

f)
 

The Effectiveness of Diaper Waste-Moisture 
Conservation Technology In Moisture Conservation

 

The results shown in Fig 3.10 show the 
measurements of moisture taken from Control A and 
Control B.
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Fig 3.10: Showing Moisture Conservation 

The measurements were taken from a depth of 
10cm-15cm. According to the graph in Fig 3.10, 10cb 
(centibars) corresponds to the saturation for loam soils 
which were used in this study. As a rule of thumb the 
tensiometer is installed in the plant row, where roots are 
concentrated, and taking up the most water. The 
operation of the tensiometer represents suction force 
needed to draw water from the soil is such that the 
higher the measurement the less the moisture. The 
tensiometer used measures from 0-85 cb with 0 
indicating saturation point and 85 showing dry soil 
conditions. Around 60cb the crops begin to wilt. The 
moisture content is inversely proportional to the 
tensiometer centibars reading.  The trend on the graph 
therefore shows that under diaper treated soils moisture 
decreased by a factor of 15 cb whilst under the control it 
decreased by a factor of 45 cb. This result shows less 
moisture loss rate under the treatment than the control. 
This demonstrates capacity of diaper hydrogels to 
conserve water. The results clearly show that diapers 
are highly effective in conserving moisture when 
compared to the control of the experiment. 

IV. Conclusion and Recommendations 

a) Conclusion 

From the findings of the study it can be 
concluded that there is improper diaper waste handling 
in the study area. The most common diaper waste 
disposal methods used are illegal dumping, burying and 
dumping.  This cause for concern and an environmental 
health risk is looming. Majority of babies consume 
between 2-5 diapers per day. It was also established 
that diaper waste generation is most to babies 2 years 
and below and the conclusion is that as child grow 
diaper consumption decreases. The major reason why 
disposable diapers are preferred to cloth diapers is that 
disposable diapers are easy to use. It can also be 
concluded that there is environmental illiteracy calling for 
the need for environmental awareness and educational 
programs as indicted by the public misconception that 

burning of diaper waste could improve waste 
management yet this causes air pollution. The 
comparison between the growth of Brassica Napus L 
under the moisture conservation technology and the 
control showed that the technology is effective in 
improving plant growth. It can also be concluded that 
the technology is an effective moisture conservation 
technique as evidenced by the less moisture loss rate 
under the treatment than the control after irrigation. This 
shows that irrigation scheduling or irrigation frequency 
can be reduced when the moisture conservation 
technology is applied due to the water holding capacity 
of diapers. 

b) Recommendations 
• To use the diaper waste moisture conservation 

technology in small scale farming 
• Marketers to insert disposable plastic papers inside 

the diapers,   
• Regular refuse collection,   
• Health promotion awareness on proper disposal of 

diapers  
• Manufacturers to include information leaflets in 

diapers packs on proper disposal of disposal 
diapers 

• To keep abreast with current trends in waste 
management, the local authorities should invest in 
resources to promote proper disposal of refuse. 

• Diaper waste disposal awareness campaigns 
should be carried out in tandem with Family Health 
Care Services at Clinics and social gathering so that 
maximum numbers of mothers are reached.  

• Communities to be empowered through Community 
Based Organization to manage their own refuse 
instead of relying on the local authorities, who are 
facing financial constraints. 

• Solid waste management authorities should invest 
more effort in upgrading waste collection capacity 
and improve disposal mechanism which in turn shall 
help to reduce the environmental burden and to 
treat hazardous wastes like soiled diapers 
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economically and eco-friendly through developing 
community based composting facilities for 
disposable diapers and others at least per each sub 
city.  

• As disposable diapers are the choices of almost all 
diaper users in the current situation, the demand is 
expected to increase in the future. So, government 
should support and encourage importing 
companies in tax related issues so as to import 
biodegradable and eco-friendly diapers. 
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Abstract- Fish meal (FM) has excellent protein and lipid profile. However, FM is losing its 
acceptability and substituted with plant protein due to high price, high demand, and 
sustainability issues in global aquaculture production. In this study, experimental diets were 
prepared by substituting FM with soybean meal (SM) to assess the effects on growth 
performance. The study was carried out by rearing 240 Oreochromis niloticus fries (0.1g) in 12 
hapa in earthen pond for 65 days in Kathar, Chitwan. The fishes were fed with four 
isonitrogenous (27% protein) and isocaloric experimental diets viz. Treatment T1 (100% fish meal 
protein), Treatment T2 (50% fishmeal protein and 50% soybean meal protein), Treatment T3 (25% 
fishmeal protein and 75% soybean meal protein) and Treatment T4 (100% soybean meal 
protein). Among the treatments the weight gain, mean harvest weight, specific growth rate was 
obtained with no significant difference (p>0.05) was observed between treatment T1, T2 and T3 
but shows statistically significance difference with treatment T4. Treatment T3 (1.35) have higher 
B: C ratio than other treatment implies to economical farming composition.  

Keywords: growth performance, fish meal, soybean meal. 
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Abstract-

 

Fish meal (FM) has excellent protein and lipid profile. 
However, FM is losing its acceptability and substituted with 
plant protein due to high price, high demand, and 
sustainability issues in global aquaculture production. In this 
study, experimental diets were prepared by substituting FM 
with soybean meal (SM) to assess the effects on growth 
performance. study was carried out by rearing 240

 

Oreochromis niloticus

 

fries (0.1g) in 12 hapa in earthen pond 
for 65 days in Kathar, Chitwan. The fishes were fed with four 
isonitrogenous (27% protein) and isocaloric experimental diets 
viz. Treatment T1

 

(100% fish meal protein), Treatment T2

 

(50% 
fishmeal protein and 50% soybean meal protein), Treatment T3

 

(25% fishmeal protein and 75% soybean meal protein) and 
Treatment T4 (100% soybean meal protein). Among the 
treatments the weight gain, mean harvest weight, specific 
growth rate was obtained with no significant difference 
(p>0.05) was observed between

 

treatment T1, T2

 

and T3 but 
shows statistically significance difference with treatment T4. 
Treatment T3 (1.35) have higher B:

 

C ratio than other treatment 
implies to economical farming composition. All water quality 
parameters like temperature, dissolved

 

oxygen, pH, turbidity 
and ammonia etc. measured during the experimental period 
were

 

found at the desired level. So, the

 

study concludes that 
fish meal protein can be replaced upto 75% 

 

by soybean meal 
protein in the diet of O. niloticus

 

without affecting the growth 
performance.

 

Keywords:

 

growth performance, fish meal, soybean 
meal.

 

I.

 

Introduction

 

eed are highest cost occupied material in fish 
farming. Fish meal constitutes the major protein 
source used in commercial feeds. Fish meal has 

traditionally been used as the main feed ingredient in 
preparation of aqua feeds, due to  high protein content 
and balanced amino acids profile (Mahmoud et al.,

 

2014). Because of its recent sparseness in global 
production, coupled with increased demand and 
competition for its use in livestock and poultry feeds, its 
prices have become unaffordable (Poudel et al.,

 

2020). 
As fishmeal is a scarce source, sole used of fish meal in 

aquaculture feed can lead to scarcity. So, for the 
sustainability in aquaculture feed system, alterative plant 
by product can be used as protein source. Past 
researches such as Al-kenway, Naggar and Zead (2008) 
and  Shiau et al. (1990) have suggested to use plant 
protein sources to partially or completely replaced fish 
meal without reducing the growth performance on 
Tilapia (Agbo et al., 2011).  

Tilapia (Oreochromis niloticus) is important 
aquaculture species in South Asia and is consumed 
regularly by locals when available (Shrestha et al., 2018). 
Tilapia belongs to Cichlidae family, it is warm water fish 
species. Because of its fast growth, tolerance to wide 
range of environmental condition, ready market, 
resistance to disease and stress, admissible to artificial 
feed, and ability to reproduce in captivity and short 
regeneration time all those aspects make it highly 
embrace by farmer in their farm.  

Monosex tilapia O. niloticus does not 
breed/multiply, which makes it easy for fish farmers to 
avoid uncontrolled breeding in their farms. 

The shortage of the fishmeal resource has 
posed to develop some substitute protein sources to 
diminish feed cost and meet the protein necessitate of 
fish as well. Plant-based protein diet can be alternative 
to fishmeal as they are locally and readily available and 
cheaper in cost. Since aquaculture sector uses 2–5 
times more fishmeal to feed farmed species than what is 
supplied by the farmed product , study can prove 
beneficial to formulate fish diet to reduce fishmeal 
reliance and substitute it with widely available soyabean 
meal (Ogunji, 2004). However, deficiency or imbalance 
of some essential amino acids, as well as the existence 
of anti-nutritional factors in soyabean (such as trypsin 
inhibitors, phytic acid and tannins) can have pernicious 
effects on fish growth performance, intestinal health and 
immune response (Tadele, 2015). Tilapia are omni-
vorous fish feeding on wide range of natural food 
available in pond, and also aggressively feed on 
formulated feed. Fish are fed with 24-26% CP feed @ 
2% body weight daily on monoculture system (Abdel-
Aziz et al., 2021). So, feed occupies major portion in 
cost of production (COP). Poor budgetary plan, not 
proper management strategies and lack of quality fish 
feed are major problem of Nepalese fish sector (Karki, 
2016).  

F

 
Author α σ: Department of Aquaculture, Institute of Agriculture and 
Animal Science, Tribhuvan University, Nepal.
e-mail: mahataramina72@gmail.com
Author ρ: Department of Aquaculture, IAAS, Paklihawa Campus, 
Bhairahawa, Nepal.
Author Ѡ: Department of Aquaculture, Agriculture and Forestry 
University, Rampur, Nepal.

G
lo
ba

l 
Jo

ur
na

l 
of
 S

ci
en

ce
 F

ro
nt
ie
r 
R
es
ea

rc
h 

( 
D
 )
 X

X
II
I 
Is
su

e 
IV

 V
er
si
on

 I
 

 Y
ea

r 
20

23

31

© 2023 Global Journals

The



 

 

 Therefore, the study can prove to be beneficial 
to gain understanding of proportion of soybean meal 
that can be integrated in fishmeal-based diet without 
reducing growth and development of fish. The study 
also provides insight on economic benefit of the plant-
based feed. 

II. Materials and Methods 

a) Location 

The experiment was conducted at Centre for 
Aquaculture-Agriculture Research and Production Pvt. 

Ltd. (CAARP), Khairahani-10, Kathar, Chitwan for65 
days (from July 2021 to Sept 2021). The site is located 
30 km east from Narayanghat. The latitude is 27.5290 N 
and longitude is 83.35420 E.   

The center has necessary infrastructure as large 
sized earthen pond and equipment’s as breeding hapa, 
aerators, feeders etc. Fry was raised within the center 
which was economical and also ensure only healthy 
fries were used for research. Feed material required was 
easily available and economical in Chitwan district as it 
is one of the large producers of fisheries. 

b) Experimental Design 

The experiment was conducted in 12 hapa of 
1m×1m×1m with 20 fries in each hapa. The experiment 
was conducted in completely randomized design (CRD) 
having four treatments and three replications. 

c)
 

Research Set up
 

Necessary facilities like inlet, outlet, screening 
mesh, outlet valve etc. were cleaned and managed in 

pond and water level maintained as per requirement. In 
pond, water depth was maintained at 30cm. 

d) Experimental Fish 
Already prepared monosex  tilapia fry on an 

average 0.1±0.01 gram from hatchery was used for the 
research. 

e) Experimental Diet Preparation 
Four different types of experimental diets were 

formulated for feeding to tilapia fry during experiment. 
Shrimp fish were crushed into fine powered. 
Step in soybean meal preparation:  

1. At first, soybean was cleaned by removing waste 
material present in it. 

2.  

 
3. Finally, small size fine powder was made by 

crushing in the mincer. 

While preparing the diets, dry ingredients of 
maize flour, rice flour and mustard oil cake was first 
grounded to a small fine size and mixed thoroughly 
according to calculated percent of each ingredient as 
shown in the table 1 to make required crude percent for 
each treatment. Four diets with same levels of dietary 
protein 27% for Nile tilapia fry were formulated. 
Composition of experimental diet is shown in Table 1. 

f) Packaging and Storage of Feed 
Prepared experimental feeds were packed in air 

tight plastic bags of capacity of 1 kg and stored in a 
refrigerator at 4°C.  

Table 1: Ingredients and Composition (%) of the Experimental Diets 

Ingredients 100% FM (T1) 50% FM+ 50% SM 
(T2) 

25% FM +75% SM 
(T3) 

100% SM (T4) 

Shrimp meal 45 30 20 0 
Soya full roasted 0 30 50 65 

Maize flour 15 15 12.5 2.5 
Rice bran 15 15 12.5 2.5 

Mustard oilcake 25 10 5 30 

g) Hapa Preparation 
Hapa was set at 30 cm above water surface. 

Water was enriched with organic and chemical fertilizer. 
Each hapa was set at distance of 15 cm from each 
other. Bamboo was used for staking and support. Stone 
was placed at the edge of hapa for the settlement of 
hapa. 

h) Feeding 
 In 1st week = Feeding rate 20% of body weight 

and frequency was 5 times (6 AM, 9 AM, 12 noon, 3 PM, 
6 PM)  

2nd week= Feeding rate 15% of body weight 
and frequency 4 times (6 AM, 10 AM, 2 PM and 6 PM). 

3rd week and then onwards= Feeding rate 10% 
of body weight and frequency 3 times (6 AM, 2 PM and 
6 PM).   

i) Stocking 
Altogether 240 tilapia fries of 0.1g size were 

procured from CAARP for stocking in hapa. Fries were 
stocked at a density of 20fries/1m3

 early in the morning 
at 7.00 am. 
j) Sampling 

Sampling was done fortnightly. Random 
sampling of 10% population of stocked fry was done 
from each hapa and weighted (Digital pocket weighing 
machine) and growth measurements were recorded and 
required measurement was performed. Behavior of 
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Soybean was roasted (heat treatment) to remove 
antinutritional factor (trypsin inhibitor, phytase 
inhibitor) present in it.



 

 

tilapia was regularly observed especially after feeding in 
the morning and in the evening to determine their 
conditions such as movement, infection, colorations and 
diseases. Sampling was continued until harvest. 

k) Final Harvesting 
Final harvesting of tilapia was done by draining 

each hapa completely on Oct 6, 2021. Weight of 20% 
population of stocked fry were measured using digital 
pocket weighing machine. Fish were counted and, their 
batch weight was recorded. 

l) Proximate Analysis of Experimental Diet 
Quadrant sampling of prepared diets was done 

to draw representatives for proximate analysis. 
Proximate analysis of each experimental diet was done 
at National Animal Nutrition Research Centre, 
Khumaltar, Lalitpur. Proximate composition (dry matter, 
crude fiber, crude protein, crude fat, total ash, gross 
energy cal/g) of four treatment diet was calculated.  

m) Water Quality Analysis  
Temperature, pH, and Dissolved oxygen (DO) 

were recorded in daily basis (6 am, 2 pm, 6 pm) in 
pond. Temperature and dissolve oxygen were measured 
by using dissolve oxygen meter (Hanna HI 9147 DO 
meter) and pH was measured by Hanna HI 98128. While 
ammonia, were measured fortnightly by using 
instrument called Hach Ammonia test kit of pond 
between 7:00 to 7:30 am. Five ml sample in the vial with 
the help of 5 ml syringe was taken and 1 drop Ammonia 
Reagent I in the Vial sample was added and shake. 
Then 3 drops of Ammonia Reagent II were added and 
finally the observed color was immediately compared 
with Ammonia color chart. Turbidity was measured 
fortnightly by Secchi disk.  

n) Economic Analysis 
Economic analysis was conducted to determine 

economic returns of the four treatments tested during 
the experiments. The economic analysis was based on 

the farm gate price for the harvested fish and current 
local market prices for the all-other inputs. The benefit 
cost ratios of the different treatments were calculated by 
using following formula; 

Total cost = ∑Cost of feeds+ labor cost 

Labor cost= Hapa preparation and installment 
Total Income = Total number of monosex fingerlings 
production × Price of monosex fingerlings 
(NRs/individuals)  

B: C ratio = (Total Income) ⁄ (Total Cost) 

The economic analysis was mainly based on 
farm gate price for the stocked and harvested fish and 
current local market prices for all other inputs in Nepal.  

o) Statistical Analysis 
The data was collected during the course of 

time and statistical analysis of data was carried out with 
Gen-Stat 15th edition. Effect of treatment was carried 
out using one-way analysis of variance (ANOVA), 
followed by a post hoc Duncan's multiple range tests. 
Differences were considered significant at the 95% 
confidence level (p<0.05). All means were given with ± 
standard error (S.E.). 

III. Results and Discussion 

a) Proximate Analysis of Experimental Diet 
Proximate analysis of experimental diet is 

shown in Table 3. Fresh Dry matter percentage was 
highest in 100% Soybean meal-based diet followed by 
75% Soybean meal+ 25% Fishmeal, 50% Fishmeal + 
50% Soybean meal and 100% Fishmeal. Fish meal-
based diet had the highest crude protein (27.07%) than 
the other treatments. Highest ash percentage and crude 
protein was found in 100% Fishmeal.  Similarly, Energy 
was highest in 75% Soybean meal followed by other 
treatments. 

Table 2: Proximate Analysis of Experimental Diets 

Constituents  Fresh Dry Matter (%)  Crude Protein (%)  Ash (%)  Crude fiber (%)  
Energy 
(cal/g)  

T1  88.55  27.07  14.46  7.44  30961.9  
T2  88.64  26.9  10.04  5.57  40445.7  
T3  90.39  26.3  7.43  7.26  42195.3  
T4  91.29  26.3  4.89  6.72  40856.2  

T1= control diet, Diet-1; T2= 50% replacement of fishmeal by soybean meal (SBM), Diet-2; T3= 75% replacement of fishmeal by 
soybean meal, Diet-3 and T4= 100% replacement of fishmeal by soybean meal, Diet-4. 

b) Growth Parameter 
A mean weight of about 0.1g size fry were 

stocked at the beginning of the experiment in all 
treatments which were not significantly different 
(p>0.05) with each other. The analysis of variance 
indicated that there was no significant difference in 
weight gain among T1, T2, T3 and lowest was found in 
T4. Up

 

to 75% replacement, methionine is supplied by 

fishmeal. Replacement by soybean meal (100%) may 
have drastically reduced methionine

 
content in diet. 

Insufficient dietary methionine reduced the growth 
performance and protein utilization (Sveier et al., 
2001).Low growth in complete replaced fishmeal diet 
with soybean meal could also due to increase in 
carbohydrate component (Chou

 
et al.,

 
2004). 
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There was no significantly different in specific 
growth rate of Tilapia between T1, T2, and T3and lower 
specific growth rate was obtained in T4. The data are 
also supported by other authors. Sharda et al. (2017) 
have also found significant difference on specific growth 
rate when fishmeal was completely replaced by soybean 
on Tilapia fish. Studies shows that replaced proportions 
of feed can be used for tilapia production.  

Similarly, there was no significant difference in 
survival rate (p>0.05) with each other. Jahan et al. 

(2007) reported that 75% fishmeal protein in the diet of 
Tilapia fingerlings could be replaced by defatted 
soybean meal without any significant reduction in 
growth. Davies et al. (1989) suggested that commercial 
soybean meal could be replaced up to 75% of fishmeal 
protein in diet of tilapia with no significant reduction of 
average final weight. Shiau et al. (1990) also observed 
that defatted or full fat soybean meal could be used to 
replace 30 % fishmeal protein in a diet for tilapia (Jahan 
et al., 2007). 

Table 3: Mean Value of Growth Parameters of Nile Tilapia Fry during the Experimental Period of 65 Days 

Treatments Initial weight (g) Weight gain (g) Survival Survival (%) Specific 
growth rate 

T1 0.1±0.00a 12.16±1.52a 17.33±0.88a 86.67±4.41a 7.37±0.18a 
T2 0.1±0.00a 11.54±1.90a 16.00±1.00a 80.00±5.00a 7.28±0.24a 
T3 0.01±0.00a 9.78±1.83a 17.67±1.45a 88.33±7.26a 7.01±0.28a 
T4 0.1±0.00a 5.1±0.74b 17.33±1.20a 86.67±6.00a 6.05±0.21b 

F-test 
 

* 
  

* 

T1= control diet, Diet-1; T2= 50% replacement of Fishmeal by Soybean meal, Diet-2; T3= 75% replacement of Fishmeal by 
Soybean meal, Diet-3 and T4= 100 % replacement of Fishmeal by Soybean meal, Diet-4 
Mean value with a different superscript letter within same row are significantly different at p <0.05 
* Indicates significant at 5% level of significance 

  

 

 

 

  

  
   

Table 2: Mean Value of FCR, PER, FE and CF of Nile Tilapia Fish during 65 Days  

Treatments Food Conversion 
Ratio (FCR) 

Protein Efficiency 
Ratio (PER) Feed Efficiency Condition Factor (CF) 

T1 0.43±0.03a 0.42±0.05ab 0.71±0.08 a 1.50±0.23a 
T2 0.37±0.11a 0.44±0.07a 0.64±0.10 a 1.28±0.24a 
T3 0.32±0.12a 0.37±0.06ab 0.54±0.10 a 1.09±0.17a 
T4 0.30±0.02a 0.19±0.02b 0.64±0.09a 1.78±0.04a 

F-test 
 

* 
   

T1= control diet, Diet-1; T2= 50% replacement of Fishmeal by Soybean meal, Diet-2; T3= 75% replacement of Fishmeal by 
Soybean meal, Diet-3 and T4= 100 % replacement of Fishmeal by Soybean meal, Diet-4 
Mean value with a different superscript letter within same row are significantly different at p <0.05 
* Indicates significant at 5% level of significance 

d) Water Quality 
Mean temperature, dissolved oxygen of the 

water was measured daily in morning, noon and 
afternoon, pH, turbidity and ammonia were measured 
fortnightly are shown in the following figures: 

e) Temperature 
Temperature play role in fish metabolic rate and 

thus their energy balance and behavior, including 
locomotor and feeding behavior. Temperature strengths 
the ability of the fish to obtain food, and how they 
process food through digestion, absorb nutrients within 

the gastrointestinal tract, and store excess energy 
(Makori et al., 2017). 
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c) FCR, PER, Feed efficiency, Condition Factor 
The result show that analysis of variance 

indicated no significant difference on FCR, Feed 
efficiency and condition factor among the different 
treatment means (Table 6).

The data also supported by other articles. Yanti 
et al. (2019) in his research in Lates Calcarifer shows 
that feed conversion ratio and feed efficiency were not 
significantly different (p>0.05) between the treatment.  

In the case of protein efficiency ratio, the lowest 
PER was seen in 100% SBM (T4) and highest was seen 
in 50% FM+50% SBM (T2) which was significantly 
different (p<0.05) with each other. Protease inhibitors 
and Phytic acid in soyabean reduce protein
digestibility by inhibiting protease activity and destroying 
the structure of the intestinal mucosa, leading to the low 
availability of dietary protein (Kuba et al., 2005; Francis 
et al., 2001)

Replacement of Fish Meal with Soybean Meal on Growth Performance of Monosex Nile Tilapia 
(Oreochromis Niloticus) Fish Diet



 

 

Figure 1: Fortnightly Mean Temperature (°C) during Experimental Period 

Figure 1 shows that mean temperature at 
morning, afternoon and evening in pond which was in 
desirable range. Average temperature requirement for 
tilapia culture is in range of 20- 32°C. Makori et al. (2017) 
give a range of between 20 and 35 °C as ideal for tilapia 
culture. 

  

 

Figure 2: Fortnightly Dissolved Oxygen of Pond during Experimental Period 

Figure 2 shows that dissolved oxygen level was 
at desirable range throughout the culture period. Makori 
et al. (2017) in his research found that tilapia can grow 
best in level of 5mg/l. Generally, fish growth and yields 
are greater in ponds with higher DO concentration (Bar-
tholomew, 2010). 
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f) Dissolved Oxygen
Dissolved oxygen (DO) is a critical environ-

mental indicator in aquaculture. Depleted DO is the 
leading cause of fish kills, and fish farmers know that 
low-oxygen conditions are their worst enemy.



 

 

pH 

Figure 3: Fortnightly Mean pH of Pond during Experimental Period 

Figure 3 shows that pH range was favorable 
during the entire research period. Bryan et al. (2011) 
concurs that most fish would do better in ponds with a 

pH near 7.0 and that ponds with a pH less than 6.0 may 
result in stunting or reduced fish production. 

Ammonia 

Figure 4: Fortnightly Ammonia of Pond during Experimental Period 

Figure 4 shows that ammonia level was in 
desirable range during the research period. Tumwesigye 
et al. (2022) The concentration of Ammonia was higher 
than the 0.6 mg/L reported to kill fish at short exposure 
and cause damage to gills and kidney cells on chronic 
exposure. The high concentration of Ammonia in pond 
could be associated with over-feeding of the fish, 
irregular de-silting of ponds, and nutrient enrichment 
from agricultural fields (runoff). 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

pH
 

Date(mm/dd/yyyy)

0

0.01

0.02

0.03

0.04

0.05

0.06

04/07/2021 19/07/2021 03/08/2021 18/08/2021

A
m

m
on

ia
 (m

g)

Date (dd/mm/yy)

G
lo
ba

l 
Jo

ur
na

l 
of
 S

ci
en

ce
 F

ro
nt
ie
r 
R
es
ea

rc
h 

( 
D
 )
 X

X
II
I 
Is
su

e 
IV

 V
er
si
on

 I
 

 Y
ea

r 
20

23

36

© 2023 Global Journals

Replacement of Fish Meal with Soybean Meal on Growth Performance of Monosex Nile Tilapia 
(Oreochromis Niloticus) Fish Diet



 

 

Turbidity 

Figure 5: Fortnightly Turbidity Level of Water in Experimental Period 

Figure 5 shows the turbidity level of water 
during experimental period. The number of feeding 
attempts made by tilapia was not affected by turbidity, 
suggesting that its propensity to initiate feeding may be 
higher in turbid water while its overall foraging success 
may be unaffected (Wing et al., 2021). 

g) Economic Analysis 
Analysis of variance on Benefit cost ratio 

indicated significant difference (p<0.05) among the 
different treatment means. The higher B: C ratio 
(1.350±0.11) of feed was recorded in T3 followed by T1 

and T2. Along with it, relatively lower B: C ratio was 
found in treatment four. Poot‐López and Gasca‐Leyva 
(2009) when fed meal by partially substituting meal with 
O. niloticus with tree spinach (Cnidoscolus chayamansa) 
also found substantial reduction in cost of management 
and operating costs without any negative effect on 
growth of fish. Subedi et al. (2019) states that in tropical 
fish production food constitute major expense, so 
replacement of fishmeal by soyabean based meal would 
minimize the cost of production by optimizing the cost 
benefit ratio while scaling up the production. 

Table 3: Economic Analysis of Benefit-Cost Ratio of Different Treatments at the End of the Experiment 

Treatment B: C Ratio 
T1 1.323±0.06b 
T2 1.31±0.09b 
T3 1.350±0.11a 
T4 1.30±0.07c 

IV. Conclusion 
The findings of the present study concluded 

that there was no significant difference in weight gain by 
replacing fish meal up to 75% and lowest weight gain 
was obtained by 100 % fish meal replacement. The total 
feed cost was minimized by replacing soybean meal in 
fish meal diet. It can be concluded that fish meal can be 
replaced upto 75% soybean meal in the diets without 
decreasing the growth performance and survivability at 
low cost. Soybean grain should be roasted and dehulled 
before feeding to inactivate the negative effect of 
different phytoestrogen activity present in it.  
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FELLOWS/ASSOCIATES OF SCIENCE FRONTIER RESEARCH COUNCIL 
FSFRC/ASFRC MEMBERSHIPS  

Introduction 

FSFRC/ASFRC is the most prestigious membership of 

Global Journals accredited by Open Association of 

Research Society, U.S.A (OARS). The credentials of 

Fellow and Associate designations signify that the 

researcher has gained the knowledge of the fundamental 

and high-level concepts, and is a subject matter expert, 

proficient in an expertise course covering the professional 

code of conduct, and follows recognized standards of 

practice. The credentials are designated only to the 

researchers, scientists, and professionals that have been 

selected by a rigorous process by our Editorial Board and 

Management Board. 

Associates of FSFRC/ASFRC are scientists and 

researchers from around the world are working on 

projects/researches that have huge potentials. 

Members support Global Journals’ mission to advance 

technology for humanity and the profession. 
 

FSFRC 
FELLOW OF SCIENCE FRONTIER RESEARCH COUNCIL 

FELLOW OF SCIENCE FRONTIER RESEARCH COUNCIL is the most prestigious membership of Global Journals. It 

is an award and membership granted to individuals that the Open Association of Research Society judges to have 

made a 'substantial contribution to the improvement of computer science, technology, and electronics engineering. 

The primary objective is to recognize the leaders in research and scientific fields of the current era with a global 

perspective and to create a channel between them and other researchers for better exposure and knowledge 

sharing. Members are most eminent scientists, engineers, and technologists from all across the world. Fellows are 

elected for life through a peer review process on the basis of excellence in the respective domain. There is no limit 

on the number of new nominations made in any year. Each year, the Open Association of Research Society elect 

up to 12 new Fellow Members. 
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A FSFRC member gets access to a closed network of Tier 1 researchers and 
scientists with direct communication channel through our website. Fellows can 
reach out to other members or researchers directly. They should also be open to 
reaching out by other.

Fellows receive a printed copy of a certificate signed by our Chief Author that may 
be used for academic purposes and a personal recommendation letter to the dean 
of member's university.

Fellows can use the honored title of membership. The “FSFRC” is an honored title 
which is accorded to a person’s name viz. Dr. John E. Hall, Ph.D., FSFRC or 
William Walldroff, M.S., FSFRC.

All the Fellow members of FSFRC get a badge of "Leading Member of Global Journals" on the Research 
Community that distinguishes them from others. Additionally, the profile is also partially maintained by our team for 
better visibility and citation. All fellows get a dedicated page on the website with their biography.
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Fellows receive discounts on future publications with Global Journals up to 60%. Through our recommendation 
programs, members also receive discounts on publications made with OARS affiliated organizations.

GJ Internal Account

Fellows get secure and fast GJ work emails with unlimited forward of emails that 
they may use them as their primary email. For example, 
john [AT] globaljournals [DOT] org.

To take future researches to the zenith, fellows and associates receive access to all 
the premium tools that Global Journals have to offer along with the partnership with 
some of the best marketing leading tools out there.

Conferences & Events

Fellows are authorized to organize symposium/seminar/conference on behalf of Global Journal Incorporation 
(USA). They can also participate in the same organized by another institution as representative of Global Journal. 
In both the cases, it is mandatory for him to discuss with us and obtain our consent. Additionally, they get free 
research conferences (and others) alerts.

Get discounts on the future publications 

Unlimited forward of Emails 

Access to all the premium tools 

Organize seminar/conference 

All fellows receive the early invitations to all the symposiums, seminars, conferences and webinars hosted by 
Global Journals in their subject.



And Much More 
Get access to scientific museums and observatories across the globe 

 

Access to Editorial Board 
Become a member of the Editorial Board 

Reviewers 
Get a remuneration of 15% of author fees 

 
Publishing Articles & Books 
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Fellows can publish articles (limited) without any fees. Also, they can earn up to 
60% of sales proceeds from the sale of reference/review books/literature/
publishing of research paper. The FSFRC member can decide its price and we can 
help in making the right decision.

Fellow members are eligible to join as a paid peer reviewer at Global Journals Incorporation (USA) and can get a 
remuneration of 15% of author fees, taken from the author of a respective paper.

Fellows may join as a member of the Editorial Board of Global Journals Incorporation (USA) after successful 
completion of three years as Fellow and as Peer Reviewer. Additionally, Fellows get a chance to nominate other 
members for Editorial Board.

All members get access to 5 selected scientific museums and observatories across the globe. All researches 
published with Global Journals will be kept under deep archival facilities across regions for future protections and 
disaster recovery. They get 10 GB free secure cloud access for storing research files.
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ASSOCIATE OF SCIENCE FRONTIER RESEARCH COUNCIL

 

ASSOCIATE OF SCIENCE FRONTIER RESEARCH COUNCIL is the membership of Global Journals awarded to 

individuals that the Open Association of Research Society judges to have made a 'substantial contribution to the 

improvement of computer science, technology, and electronics engineering. 

The primary objective is to recognize the leaders in research and scientific fields of the current era with a global 

perspective and to create a channel between them and other researchers for better exposure and knowledge 

sharing. Members are most eminent scientists, engineers, and technologists from all across the world. Associate 

membership can later be promoted to Fellow Membership. Associates are elected for life through a peer review 

process on the basis of excellence in the respective domain. There is no limit on the number of new nominations 

made in any year. Each year, the Open Association of Research Society elect up to 12 new Associate Members. 
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A ASFRC member gets access to a closed network of Tier 1 researchers and 

scientists with direct communication channel through our website. Associates can 

reach out to other members or researchers directly. They should also be open to 

reaching out by other. 

 
Associates receive a printed copy of a certificate signed by our Chief Author that 

may be used for academic purposes and a personal recommendation letter to the 

dean of member's university. 

 

Associates can use the honored title of membership. The “ASFRC” is an honored 

title which is accorded to a person’s name viz. Dr. John E. Hall, Ph.D., ASFRC or 

William Walldroff, M.S., ASFRC. 

 

All the Associate members of ASFRC get a badge of "Leading Member of Global Journals" on the Research 

Community that distinguishes them from others. Additionally, the profile is also partially maintained by our team for 

better visibility and citation. All associates get a dedicated page on the website with their biography. 
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We accept the manuscript submissions in any standard (generic) format. 

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio. 
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global 
Journals do the rest. 

Alternatively, you can download our basic template  

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables. 
Authors who are not able to submit manuscript using the form above can email the manuscript department at 
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before 
submission. 

Before and during Submission 

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the 
following checklist before submitting: 

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code 
of conduct, along with author responsibilities. 

2. Authors must accept the privacy policy, terms, and conditions of Global Journals. 
3. Ensure corresponding author’s email address and postal address are accurate and reachable. 
4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email 

address, name, phone number, and institution), figures and illustrations in vector format including appropriate 
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references. 

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper. 
6. Proper permissions must be acquired for the use of any copyrighted material. 
7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the 

submission. 

Declaration of Conflicts of Interest 

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and 
organizations that could influence (bias) their research. 

Policy on Plagiarism 

Plagiarism is not acceptable in Global Journals submissions at all. 

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about 
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines: 

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize 
existing research data. The following, if copied, will be considered plagiarism: 

• Words (language) 
• Ideas 
• Findings 
• Writings 
• Diagrams 
• Graphs 
• Illustrations 
• Lectures 
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• Printed material 
• Graphic representations 
• Computer programs 
• Electronic material 
• Any other original work 

Authorship Policies 

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to 
its guidelines, authorship criteria must be based on: 

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings. 
2. Drafting the paper and revising it critically regarding important academic content. 
3. Final approval of the version of the paper to be published. 

Changes in Authorship 

The corresponding author should mention the name and complete details of all co-authors during submission and in 
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication 
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for 
changes in authorship. 

Copyright 

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which 
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible 
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after 
acceptance to choose your copyright policy. You may follow this form for copyright transfers. 

Appealing Decisions 

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be 
appealed before making the major change in the manuscript. 

Acknowledgments 

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding 
for the research can be included. Suppliers of resources may be mentioned along with their addresses. 

Declaration of funding sources 

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research 
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making 
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its 
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global 
Journals and submitting to the respective funding source. 

Preparing your Manuscript 

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including 
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and 
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is 
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their 
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese, 
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and 
abstract should be in English. This will facilitate indexing and the pre-peer review process. 

The following is the official style and template developed for publication of a research paper. Authors are not required to 
follow this style during the submission of the paper. It is just for reference purposes. 
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Manuscript Style Instruction (Optional) 

• Microsoft Word Document Setting Instructions. 
• Font type of all text should be Swis721 Lt BT. 
• Page size: 8.27" x 11'”, left margin: 0.65, right margin: 0.65, bottom margin: 0.75. 
• Paper title should be in one column of font size 24. 
• Author name in font size of 11 in one column. 
• Abstract: font size 9 with the word “Abstract” in bold italics. 
• Main text: font size 10 with two justified columns. 
• Two columns with equal column width of 3.38 and spacing of 0.2. 
• First character must be three lines drop-capped. 
• The paragraph before spacing of 1 pt and after of 0 pt. 
• Line spacing of 1 pt. 
• Large images must be in one column. 
• The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10. 
• The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10. 

Structure and Format of Manuscript 

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words. 
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers 
are reports of significant research (typically less than 7,000 words, including tables, figures, and references) 

A research paper must include: 

a) A title which should be relevant to the theme of the paper. 
b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.  
c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus. 
d) An introduction, giving fundamental background objectives. 
e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit 

repetition, sources of information must be given, and numerical methods must be specified by reference. 
f) Results which should be presented concisely by well-designed tables and figures. 
g) Suitable statistical data should also be given. 
h) All data must have been gathered with attention to numerical detail in the planning stage. 

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any 
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed. 

i) Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also 
be summarized. 

j) There should be brief acknowledgments. 
k) There ought to be references in the conventional format. Global Journals recommends APA format. 

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much 
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow 
instructions. They will also be published with much fewer delays than those that require much technical and editorial 
correction. 

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity. 
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Format Structure 

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to 
published guidelines. 

All manuscripts submitted to Global Journals should include: 

Title 

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with 
spaces), names of the authors and co-authors, and the place(s) where the work was carried out. 

Author details 

The full postal address of any related author(s) must be specified. 

Abstract 

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the 
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon. 

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing 
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be 
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper. 

Keywords 

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find 
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval, 
mining, and indexing. 

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list 
of possible keywords and phrases to try. 

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search 
should be as strategic as possible. 

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most 
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a 
research paper?” Then consider synonyms for the important words. 

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases, 
the keywords under which a research paper is abstracted are listed with the paper. 

Numerical Methods 

Numerical methods used should be transparent and, where appropriate, supported by references. 

Abbreviations 

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them. 

Formulas and equations 

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality 
image. 
 
Tables, Figures, and Figure Legends 

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable 
format and not as images. References to these tables (if any) must be mentioned accurately. 
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Figures 

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic 
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it. 

Preparation of Eletronic Figures for Publication 

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent 
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only. 
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF 
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi              (line drawings). Please give the data 
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and 
with a TIFF preview, if possible). 

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line 
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi. 

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that 
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and 
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the 
color fee after acceptance of the paper. 

Tips for Writing a Good Quality Science Frontier Research Paper 

1. Choosing the topic: 

 

In most cases, the topic is selected by the interests of the author, but it can also be suggested by the 
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking 
several questions of yourself, like "Will I be able to carry out a search in this area? Will I find all necessary resources to 
accomplish the search? Will I be able to find all information in this field area?" If the answer to this type of question is 
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also, 
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed 
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that 
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So 
present your best aspect.

 

2.

 

Think like evaluators:

 

If you are in confusion or getting demotivated because your paper may not be accepted by the 
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your 
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or 
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your 
outline must be related to the topic you have chosen.

 

3.

 

Ask your

 

guides:

 

If you are having any difficulty with your research, then do not hesitate to share your difficulty with 
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you 
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list 
of essential readings.

 

4.

 

Use of computer is recommended:

 

As you are doing research in the field of science frontier then this point is quite 
obvious.

 

Use right software: Always use good quality software packages. If you are not capable of judging good software, 
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can 
get through the internet.

 

5.

 

Use the internet for help:

 

An excellent start for your paper is using Google. It is a wondrous search engine, where you 
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research 
paper or find a model research paper. You can download books from the internet. If you have all the required books, place 
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big 
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should 
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit 
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will 
make your search easier. 

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it. 

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a 
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your 
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any 
important thing like making a research paper, you should always have backup copies of it either on your computer or on 
paper. This protects you from losing any portion of your important data. 

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. 
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to 
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do 
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant 
to science, use of quotes is not preferable. 

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have 
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in 
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete. 

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying. 

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and 
unable to achieve your target. 

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of 
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment 
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice. 

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish 
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly) 
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward. 
Put together a neat summary. 

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should 
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain 
your arguments with records. 

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will 
degrade your paper and spoil your work. 

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research 
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a 
particular part in a particular time slot. 

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere, 
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you 
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and 
food. 

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This 
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you 
acquire colleagues, they can give you ideas which will be helpful to your research. 
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think 
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their 
descriptions, and page sequence is maintained. 

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs." 
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never 
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove 
quotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never 
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies. 
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands, 
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or 
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review. 

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies 
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical 
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot 
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include 
examples. 

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings. 
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the 
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A 
good quality research paper format is essential because it serves to highlight your research paper and bring to light all 
necessary aspects of your research. 

Informal Guidelines of Research Paper Writing 

Key points to remember: 

• Submit all work in its final form. 
• Write your paper in the form which is presented in the guidelines using the template. 
• Please note the criteria peer reviewers will use for grading the final paper. 

Final points: 

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the 
following sections, submitted in the order listed, with each section starting on a new page: 

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that 
directed you to make a study. As you carry out the process of study, the method and process section will be constructed 
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar 
intellectual paths throughout the data that you gathered to carry out your study. 

The discussion section: 

This will provide understanding of the data and projections as to the implications of the results. The use of good quality 
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings. 

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent 
preparation, and controlled record-keeping are the only means to make straightforward progression. 

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general 
guidelines. 

To make a paper clear: Adhere to recommended page limits. 
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Mistakes to avoid: 

• Insertion of a title at the foot of a page with subsequent text on the next page. 
• Separating a table, chart, or figure—confine each to a single page. 
• Submitting a manuscript with pages out of sequence. 
• In every section of your document, use standard writing style, including articles ("a" and "the"). 
• Keep paying attention to the topic of the paper. 
• Use paragraphs to split each significant point (excluding the abstract). 
• Align the primary line of each section. 
• Present your points in sound order. 
• Use present tense to report well-accepted matters. 
• Use past tense to describe specific results. 
• Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives. 
• Avoid use of extra pictures—include only those figures essential to presenting results. 

Title page: 

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have 
acronyms or abbreviations or exceed two printed lines. 

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported 
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in 
itself. Do not cite references at this point. 

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer 
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant 
conclusions or new questions. 

Write your summary when your paper is completed because how can you write the summary of anything which is not yet 
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability 
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The 
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any 
summary. Try to limit the initial two items to no more than one line each. 

Reason for writing the article—theory, overall issue, purpose. 

• Fundamental goal. 
• To-the-point depiction of the research. 
• Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of 

any numerical analysis should be reported. Significant conclusions or questions that emerge from the research. 

Approach: 

o Single section and succinct. 
o An outline of the job done is always written in past tense. 
o Concentrate on shortening results—limit background information to a verdict or two. 
o Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important 

statistics) are just as significant in an abstract as they are anywhere else. 

Introduction: 

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background 
information to be capable of comprehending and calculating the purpose of your study without having to refer to other 
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive 
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the 
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if 
needed, but do not present any particulars about the protocols here. 
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The following approach can create a valuable beginning: 

o Explain the value (significance) of the study. 
o Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon 

its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it. 
o Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose 

them. 
o Briefly explain the study's tentative purpose and how it meets the declared objectives. 

Approach: 

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job 
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you 
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The 
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad 
view. 

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases. 

Procedures (methods and materials): 

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a 
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of 
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped 
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit 
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of 
subheadings is suggested and ought to be synchronized with the results section. 

When a technique is used that has been well-described in another section, mention the specific item describing the way, 
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad 
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of 
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders. 

Materials: 

Materials may be reported in part of a section or else they may be recognized along with your measures. 

Methods: 

o Report the method and not the particulars of each process that engaged the same methodology. 
o Describe the method entirely. 
o To be succinct, present methods under headings dedicated to specific dealings or groups of measures. 
o Simplify—detail how procedures were completed, not how they were performed on a particular day. 
o If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all. 

Approach: 

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the 
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third 
person passive voice. 

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences. 

What to keep away from: 

o Resources and methods are not a set of information. 
o Skip all descriptive information and surroundings—save it for the argument. 
o Leave out information that is immaterial to a third party. 
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Results: 

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective 
details of the outcome, and save all understanding for the discussion. 

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to 
present consequences most efficiently. 

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data 
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if 
requested by the instructor. 

Content: 

o Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables. 
o In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate. 
o Present a background, such as by describing the question that was addressed by creation of an exacting study. 
o Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if 

appropriate. 
o Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or 

manuscript. 

What to stay away from: 

o Do not discuss or infer your outcome, report surrounding information, or try to explain anything. 
o Do not include raw data or intermediate calculations in a research manuscript. 
o Do not present similar data more than once. 
o A manuscript should complement any figures or tables, not duplicate information. 
o Never confuse figures with tables—there is a difference.  

Approach: 

As always, use past tense when you submit your results, and put the whole thing in a reasonable order. 

Put figures and tables, appropriately numbered, in order at the end of the report. 

If you desire, you may place your figures and tables properly within the text of your results section. 

Figures and tables: 

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached 
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and 
include a heading. All figures and tables must be divided from the text. 

Discussion: 

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded 
based on problems with the discussion. There is no rule for how long an argument should be. 

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the 
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results 
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The 
implication of results should be fully described. 

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain 
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have 
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the 
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded 
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain." 
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results 
that you have, and take care of the study as a finished work. 

o You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea. 
o Give details of all of your remarks as much as possible, focusing on mechanisms. 
o Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was 

correctly restricted. Try to present substitute explanations if they are sensible alternatives. 
o One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go 

next? The best studies unlock new avenues of study. What questions remain? 
o Recommendations for detailed papers will offer supplementary suggestions. 

Approach: 

When you refer to information, differentiate data generated by your own studies from other available information. Present 
work done by specific persons (including you) in past tense. 

Describe generally acknowledged facts and main beliefs in present tense. 

The Administration Rules 

Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc. 

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to 
avoid rejection. 

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your 
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to 
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and 
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript. 

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is 
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid 
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your 
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read 
your paper and file. 
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Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data,

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring

                                          

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals.
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