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ABSTRACT 
The commercial importance of Sorghum (Sorghum bicolor (L.) Moench) has attracted 
breeders to increase its seed yield using various breeding approach. Adverse soil factors 
however hampered progress made in crop development, especially micronutrient toxicity. 
Plant growth stimulators (PGS) have a significant role in enhancing growth parameters in 
Sorghum. In the present study, seeds were primed in 50, 150, and 250 ppm of each of 
gibberellic acid, indole acetic acid, and ascorbic acid respectively for 1 hr before sowing in 
Petri dishesmoistened with 10 ml of the iron-rich solution obtained as filtrate from a mix of 
distilled water and ferruginous soil (1:1 v/w). Results showed that although germination 
percentage in ferruginous medium was significantly reduced, there was enhancement in 
germination percentagewhen the seeds were primed in gibberellic acid (GA). Germinability 
in the iron-rich medium was 31.2 hrs; this was significantly reduced to 19.6 to 21.1hrs when 
these seeds were primed with growth stimulators.Although, shoot length was significantly 
reduced in plants exposed to ferruginous solutions, the root parameters were however 
enhanced. They were no significant changes in the total number of root branches regardless 
of ferrugenic status or use of growth stimulating agents. The utilization of growth stimulators 
as priming agents is called for to reduce stress impacts imposed by ferruginous soils during 
germination. 
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INTRODUCTION 
 
Sorghum (Sorghumbicolor(L.) Moench) is one of the major staple crops for the world’s 
poorest and most food insecure people. Sorghum is one of the leading drought-tolerant crops, 
and is thus used as risk-preventive and strategic crop in numerous developing countries to 
address household food security. It is one of the primary sources of energy, protein, vitamins, 
and minerals for multitude of the poorest people in semi-arid areas (Stefoska-Needham et 
al.,2015). Sorghum is one of the mostparamount cereals in West Africa. It is mostly grown in 
semi-arid regionof tropics and subtropics, and in most West Africa countries, it suffices for 
50% of total cereal crop land area. 
Soil is a crucial part of successful agriculture and it’s the primary source of the nutrient that is 
used in raisingcrops (Valeraa, 1977). It consists of minerals organic matter, microbes, water 
and air (Nnadi et al., 2019). These constituentsof soil immensely affectthe fertility, buildup 
and porosity of diverse soils and as well impact the plant distribution (Ikhajiagbe et al., 
2019). Inadequate soil nitrogen, limited phosphorus and iron toxicity are regarded as primary 
hindrances to the growth of several agricultural products (Adnan et al., 2018; Joshis et al., 
2007). Similar soil characteristics have been related with red soils of the humid tropics and 
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have always acted as indicators of severe weathering considering the wellspring of the 
parental materials as iron-rich mafic rock. These soils are also referred toas ferruginous 
ultisols (Cho and Ponnamperuma, 1971).Ferruginous ultisol are acidic red soils found in 
warm temperate, humid climates and in areas covered with deciduous or mixed forest (Yu et 
al., 2016). The total area of red soils is approximately 64 million km2, accounting for 45.2% 
of the earth’s surface area (Anumalla et al.,2019). In Nigeria, it is mainly seen in some 
southern state such as Edo state, occupying about seven zones, including extreme north and 
central Benin (Doyou et al., 2017). Humid climate tends to have high instances of red soil 
rich iron.  The high iron in ferruginous soils form complex with soil insoluble phosphates 
hence reducing the bio-availability phosphorus to plants (Gyaneshwar et al., 2002). Red soil 
also has low amount of phosphorus in soils solution and ensues in frequent phosphorus 
deficiency of plants (Wang et al., 2014).  
Yu et al. (2016), relates that red soil is generally derived from crystalline rock. There are 
usually malnourished growing soils with limited plant yield which affect productivity and 
food security. 
Soil heavy metal concentrations may not however be totally due to industrial activities as 
some soils are originally ferruginous and therefore have increasingly high quantities of iron 
yet some others have increased levels of aluminium which predisposes such soils to more soil 
acidity (Ikhajiagbe,2016). Plant growth regulation (PGRs) or stimulators are chemicals which 
changes the plant growth and are applied in minute amounts. The germination and 
developmental mechanisms in plants are coordinated and been by the action and balance of 
separate group’s regulators, which may act as promoters or inhibitors of these processes. 
Many studies have shown that application of growth regulators enhance plant growth and 
crop yield (Hernandel, 1997). Plant growth stimulators has immense effects on plant growth 
and development, the exact action depending on the concentrations of the substances present 
and the response of the organs concerned. Applied gibberellic acid and indole-acetic acid 
showed increases in growth conditions (germination percentage, plant height, number of 
branches and leaves, total chlorophyll content, dry weight) (Gehan and Mona, 2011). 
The fundamental priority for optimizing field production of any crop plant isthat it stands 
establishment. At suboptimal conditions the usual phenomenon include subsequent poor field 
establishment, poor seed germination. One of the mainhinderances to high yield and crop 
plant productionis the absence of synchronized crop establishment as a result of poor weather 
and soil conditions (Mwale et al.,2003). 
Poor and unsynchronized seedling emergences are occasionally sown in seedbeds having 
unfavorable moisture due to lack of rainfall during planting period(Agigadi and Entz, 2002). 
For several years, strategies for enhancing the growth and development of crop species have 
been investigated for positive crop establishment, fast germination and emergence are 
essential, for which seed priming could play a pivotal role. Seed priming is a peculiar 
technology to promote rapid and uniform emergence and to achieve high vigor, resulting to 
better stand establishment and yield. Seed priming is a simple and low-cost hydration 
technique in which seeds are partially hydrated to an extent where pre-germination metabolic 
processestakeplace without actual germination and the seed is re-dried until close to the 
original dry weight. For better crop stand and high yields in a range of crop seedling priming 
is utilized. 
Several studies have been carried out to reduce the period between sowing to emergence as 
this play a major role in crop production. Seed priming approach is one of the important 
developments in this area. The theory of seed priming was first proposed by Heydecker 
(1973). Harris et al. (2007) reported that seed priming yielded better establishment and 
growth, earlier flowering, higher seed tolerance to severe environmentalconditions and 
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greater yield in maize. The merit of seed priming has been demonstrated for many field crops 
such as mung beans, barley, wheat, sweet corn lentil etc. (Sadeghian and yavari,2004). 
Seed germination has been a triggeredconcern for several areasof theglobe; this is as a result 
of certain factors in the soil environment. The distribution of ferruginous soil all around the 
globe with high ironconcentrations which are more than the needed amount for plants to 
survive have been reported in severalrecent studies,a soil profile that is principally red and 
patchy yellow-red and possessstrong acid reactions. 
Seed priming involve the technique of pre-soaking of seeds in a solution mainlyaid to 
breakdown seed dormancy and thereby facilitate germination capacity. The seeds of sorghum 
bicolor will be used for priming purpose. The novelty of this study is that it will enable us to 
know if seed priming technique promote germination of sorghum bicolor in a ferruginous 
soil. The aim of the study therefore is to enhance growth and germinability of sorghum under 
iron toxicity associated with ferrugenicity. 
 
Materials and methods 
Collection and preparation of material for the experiment. 
Seeds of sorghum (Sorghum bicolor) were obtained from the seed collection unit of the 
Office of the Agricultural Development Programme, Benin City, Edo State, Nigeria. 
Ferruginous (or iron elevated) soil used in this present study was obtained from around the 
Life Sciences Faculty environment and pooled to obtain composite sample. In order to 
confirm ferrugenicity, samples were collected from random areas and iron content was first 
confirmed in the area before more samples were collected and pooled. Further nutrient 
analyses were conducted on the sample and confirmed before soil was put to use (Table 1).  
 
Soil Physiochemical Parameter 

pH, Electric conductivity, Total organic carbon, Total Nitrogen, Exchangeable acidity, Clay, 
Silt, Sand and Iron (Fe) were determined in the laboratory according to the methods of APHA 
(2008). 

Soil Priming Material 

The priming chemical agents used for the experiment were gibberellic acid, ascorbic acid and 
indole-acetic acid obtained in three (3) respective concentrations each (50, 150 and 250 ppm). 
 
Treatment and Experimental Design 
Three priming media treatments were used for this experiment (GA: 50ppm, 150ppm, 
250ppm; ascorbic: 50ppm, 150ppm, 250ppm;IAA: 50ppm, 150ppm, 250ppm). Water and 
ferruginous filtrate were used as control and negative control respectively. The duration of 
priming was set for three hours. The experiment was laid out incompletely randomized 
design in a factorial arrangement and replicated three times per treatment. 
Experimental Procedures 
Top ferruginous soil was collected randomly from the marked plot, the soil was sieved to 
remove debris material, then water and soil was measured in ratio 1:1 by volume and stirred 
for about five minutes to havean evenly mixture. The mixture was decanted to separate 
filtrate from the sand. The sorghum seeds were immerged with solutions and primed for 
about three hours. Two layers of filter paper were placed in a 12cm petri dish. The filter 
paper was moistened with about 7ml of ferruginous filtrate, the sorghum seed is gently 
removed from their various solution and air dried. Twenty seeds were placed in two layers of 
filter paper in a 12cm petri dish and were left in the laboratory for about a week.  
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Evaluations 
Parameters Considered 
The experimental set up, consisting of ferruginous soils in vitro and the priming seed were 
left in the laboratory for about one week, during this period; the following morphological 
parameters were assessed. 

1. Number of germinated seeds: determined by physical counting. 
2. Shoot length: determined by using a metric rule. 
3. Root length(cm): determined by using a meter rule. 
4. Sheath length(cm): determined by using a meter rule. 
5. Colar length(cm): determined by using a meter rule. 
6. Length of leaf blade(cm): determined by using a meter rule. 
7. Leaf length(cm): determined by using a meter rule. 
8. Leaf breadth(mm): determined by using a meter rule. 
9. Number of roots: determined by physical counting. 
10. Total number of leaves: determined by physical counting. 
11. Number of nodes: determined by physical counting. 
12. Chlorophyll content of the leaf(ccl): determined by using chlorophyll meter. 
13. Plant wet weight(g): determined by using electric weight meter. 
14. Plant dry weight(g): determined by using electric weight meter. 

 
Root and Shoot growth 
One seedling waschosen among the prominent height randomly from petri dish after 
germination test. Root and shoot were excised from the seedling and shoot and root length 
was measured with a transparent meter rule. The seedling was weighed to determine fresh 
weight. The seedling dry weight was measured after drying ofthe samples exposed to air. 
 
Assessment of Germination Indices 

First day of germination (or Germinability) (FDG) 
It is the time when the first germination was recorded. 
 
Last day of germination (LDG) 
This is the last day when the seed germination was reported. 
 
Finalgermination percentage  (FGP) 
This is the germination percentage attained by the plant even beyond the time period. 
 
Peak period of germination (PPG) or Modal time of germination (MTG) 
It is the time in which highest frequency of germinated seeds are observed and  

Median germination time (MeGT), or Days required for 50% germination, T50 
Days required for 50% germination, T50 
T50   = Days required for 50% germination of the total number of seeds 
 
Germination rate index (GRI) 
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Where GP1 is germination percentage at 1st day, GP2 is germination percentage at 2 
days,GPn is germination percentage at n days. GRI reflects the percentage of germination 
on each day of the germination period. 
 
Speed of accumulated germination, SAG 

 
Where GP1 is germination percentage at 1st day, GP2 is germination percentage at 2 
days,GPn is germination percentage at n days. GRI reflects the percentage of germination 
on each day of the germination period. 
 
Corrected germination rate index (GRIcorrected) 

 
 
Timson’s Index, (TI) or Germination Energy Index 

 
Where GP1, GP2, …GPn are the germination percentages at day 1, 2, … and n 
respectively. 
 
Modified Timson’s Index, (TImod) 

 
 
The seedling vigor 
SVI (I) = Seedling length x FGP 
SVI (II) = (Root length + Shoot length) x FGP 
SVI (III) = Seedling dry weight x FGP 
 
Time spread of germination, or Germination distribution (TSG). 
TSG = LDG - FDG 
This is the time (in days) taken between the first and last germination events. 
 
Germination index, GI 
GI = 10 x (S1+S2+S3+ … +Sn) / (1*S1 + 2*S2 + 3*S3 + … + n * Sn) 
WhereS1, S2, S3,Sn are number of seeds that germinated per lot (or petri dish) at day 1, 
day 2, day 3 … day n  
 
Mean dailygermination, MDG 
MDG = FGP/d, where d is the number of days it took to first arrive at the FGP 
 
Daily germination speed, DGS 
DGS = 1 /MDG. This is the reciprocal of MDG 
 
Mean germination time, MGT 
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Where S1, S2, S3,Sn are number of seeds that germinated per lot (or petri dish) at day 1, 
day 2, day 3, …day n.The lower the MGT, the faster a seed population has 
germinated.It is also called Length of Germination Time (LGT) or Germination 
Resistance (GR) or Sprouting Index (SI). It is the average length of time 
required for maximum germination of a seed lot. 
 
Germination Value (Czabator) 
GV = PV x MDG 
Where, PV is the peak value and MDG is the mean daily germination 
percentage  from the onset of germination. 
 
Mean germination rate, MGR 
 
MGR = 1 / MGT 
 
Coefficientof velocity ofgermination, CVG 
 
CVG = [(G1+G2+G3+ … +Gn) / (1*G1 + 2*G2 + 3*G3 + … + n * Gn)] * 100 
 
Where G1, G2, G3,Gn are germination percent per lot (or petri dish) at day 1, day 2, day 
3 … day n. CVG gives an indication of the rapidity of germination. 
 
Or, simply, CVG = MGR x 100 
 
Variance of germination time, VGT or S2

T 

 
 
Where, N1, N2, N3, … and Ni are the number of seeds germinated in 1st, 2nd, 3rd, …  
and ith day respectively 

 
Germination capacity, GC 
 
GC = FGP / N 
 
Where N is number of seeds used in the bioassay 

 
Variance of germination rate, VGR 

 
 
VGR = (MGR)4 x VGT 
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Synchronization Index 
Or Uncertainty of the germination process 

 
 
Data analysis 
The complete randomized design was done using the Microsoft excel-2010 statistical 
software. The mean significant difference was separated from the least significant difference. 
 

              
 

Plate 1: Seed emerged in 
ferruginous solution. 

Plate 2: Plumule emerged 
at day 2. 

Plate 3: Primary root seen at day 
3 

 
Results 
 
Table 1 shows the soil characteristics of soil used in the study. The soil was slightly acidic 
(pH = 5.39) and was somewhat reddish brown in colour. The iron content of soil was 382.09 
mg/kg for which it was termed ferruginous. 
 
Table 1: Physical and Chemical Properties of soil used in the Study 
 

Parameters Soil (n = 3) 

pH 5.39 
Electrical conductivity (µs/cm) 311.72 
Total organic carbon (%) 0.51 
Total Nitrogen (%) 0.19 
Exchangeable acidity (meq/100 g soil) 0.22 
Na (meq/100 g soil) 9.93 
K (meq/100 g soil) 1.22 
Ca (meq/100 g soil) 16.01 
Mg (meq/100 g soil) 12.75 
Clay (%) 5.24 
Silt (%) 9.06 
Sand (%)  85.70 
Fe (mg/kg) 382.09 
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Figure 1: Germination percentage of test plant in (a) gibberellic acid (b) indole acetic acid 
and (c) ascorbic acid exposed seeds in a ferruginous medium  
 
Key: 
CTR: control  
Fe: ferruginous soil    IAA3: indole acetic acid 250ppm 
GA1: gibberelic acid 50ppm   VTC1: ascorbic acid 50ppm 
GA2: gibberelic acid 150ppm   VTC2: ascorbic acid 150ppm 
GA3:gibberelic acid 250ppm   VTC3: ascorbic acid 250ppm 
IAA1:indole acetic acid 50ppm   
IAA2: indole acetic acid 150ppm 
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Figure1 shows the germination percentage of the test plant in gibberellic acid, indole-acetic 
acid and ascorbic acid. Result shown that germination percentage ranged from 75% at first 
day after germination initiation to 95% on the fourth day after germination when the seeds 
were sub-emerged in gibberellic acid. Generally, germination percentage in ferruginous 
medium was significantly reduced; in the first day germination percentage was 75% and 90% 
on the third day after germination initiation. When seeds were exposed to indole acetic acid 
germination percentage ranged from 80% to 95% in four days compared to 75% to 95% in 
the same four days when seed were exposed to ascorbic acid. Generally, the highlight of the 
application of the growth stimulator was lag although they was significant reduction in 
germination percentage when seeds were exposed to ferruginous solution compared to the 
control; however, the application of gibberellic acid mostly enhanced germination percentage 
then indole acetic acid and ascorbic acid; germination percentage after fourth day was 80% 
and at the fifth day it was already 100% for at least gibberellic acid (GA50). However, the 
highlight for indole acetic acid was that it most likely reduced germination time compared to 
gibberellic acid and ascorbic acid; time taken to achieved 100% germination percentage was 
just 48 hours at least in indole acetic acid (IAA50) (Figure 1. b). 
 
 

 
 
Figure 2: Five (5) seedling dry weight of Sorghumat 7 days after germination initiation 
 
There was no significant difference in the 5 seedlings weight of Sorghum, as values ranged 
between 0.11 to 0.14 grams (Figure 2). 
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Table 1:Shoot Growth Parameters at 7 days after Initiation 

 Treatments  
Seedling 
length 
(cm) 

Sheath 
length(cm)  

Colar 
length 
(mm  

Length of 
leaf 
blade(cm)  

Leaf 
length(cm)  

Leaf 
breadth 
(mm)  

#Total 
number 
of leaf 

Leaf 
chlorophyll 
content 
index 
(CCI) 

CTR 7.6 1.4 0.3 1.9 7.9* 0.3 2 1.3 
Fe 6.3 1.4 0.2 1.6 10.7 0.3 3 1.3 
GA50 8.3* 1.9* 0.1 2.4* 11.6* 0.4 3 1.4 
GA150 8.1* 1.6 0.3 2.7* 11.2 0.3 3 1.6* 
GA250 9.3* 1.9* 0.3 2.3* 12.1* 0.3 3 1.1 
IAA50 8.9* 1.6 0.2 2.3* 10.5 0.4 3 1.3 
IAA150 8.8* 1.5 0.1 2.3* 9.9* 0.4 3 2.2* 
IAA250 8.8* 1.6 0.2 2.6* 10.3 0.3 3 1.5 
VTC50 8.7* 1.6 0.1 1.9 8.7 0.3 2 1.3 
VTC150 8.3* 1.6 0.1 1.3 10.3 0.4 2 1.7* 
VTC250 8.1* 1.8 0.1 2.4* 11.6* 0.3 3 1.4 
         

LSD (0.05) 1.6 0.5 0.2 0.4 0.8 0.2 2 0.3 
p-value 0.053 0.046 0.092 0.354 0.136 0.742 0.663 0.136 

*Mean is significantly different from the negative control (Fe) (p<0.05)presented to the 
nearest integer 
CTR: control    IAA2: indole acetic acid 150ppm  
Fe: ferruginous soil   IAA3: indole acetic acid 250ppm 
GA1:gibberelic acid 50ppm  VTC1: ascorbic acid 50ppm 
GA2:gibberelic acid 150ppm  VTC2: ascorbic acid 150ppm 
GA3:gibberelic acid 250ppm  VTC3: ascorbic acid 250ppm 
IAA1:indole acetic acid 50ppm 

 
 

The shoot growth parameter of Sorghum at 7 days after germination initiation was presented 
on Table 1. Result shown that, although they was reduction in seedling length in the seed 
exposed to ferruginous solution without the application of growth stimulators (6.3cm), it was 
not significantly different from that of the control (7.6cm) (P>0.05). However, when the 
growth stimulators gibberellic acid, indole-acetic acid and ascorbic acid were applied at 
various concentration, 50, 150, and 250 ppm, seedling height was significantly enhanced 
compared to the values obtained in the control and value obtained from ferruginous solution 
(8.1 to 9.3cm) (P,0.05), similarly sheath length in gibberellic acid enhanced plant in 
ferruginous solution was significantly higher (1.9cm) when compared with the negative 
control (1.4cm). In this study whereas the control solution didnot receive ferruginous 
application, the negative control had those seeds exposed to ferruginous solution but were not 
administered the three growth stimulating agents. Generally, they was no significant 
difference in colar length (0.1 to 0.3mm), leaf breadth (0.3 to 0.4mm) and the total number of 
leaf after 7 days (2 to 3cm). However, the higher concentration of growth stimulator 
significantly promoted leaf chlorophyll content index when compared to both control and 
negative control (Table 2). 
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Table 2: Root Growth Parameters at 7 days after Initiation 

Treatments Root length 
(cm) 

Total number of 
root branching 

CTR 7.9* 5 
Fe 9.7 6 
GA1 7.3* 7 
GA2 7.3* 8 
GA3 7.4* 6 
IAA1 8.7 5 
IAA2 8.9 9 
IAA3 5.7* 10* 
VTC1 6.1* 9 
VTC2 5.1* 9 
VTC3 6.3 8 
   
LSD (0.05) 1.4 4 
p-value 0.029 0.009 

*Mean is significantly different from the negative control (Fe) (p<0.05) 

Key: 

CTR: control  
Fe: ferruginous soil     
GA1:gibberelic acid 50ppm    VTC1: ascorbic acid 50ppm 
GA2:gibberelic acid 150ppm   VTC2: ascorbic acid 150ppm 
GA3:gibberelic acid 250ppm   VTC3: ascorbic acid 250ppm 
IAA1:indole acetic acid 50ppm   
IAA2: indole acetic acid 150ppm 
IAA3: indole acetic acid 250ppm 

 

When considering the roots parameter, it was observed that shoot length were significantly 
reduced in plant exposed to ferruginous solution without growth stimulating agentsbut the 
root parameter were enhanced (Table 2). Root length in ferruginous solution was (9.7cm), 
however, when the seeds were exposed to the three-growth stimulating agents there was 
significant reduction in root length from (5.1 to 8.9cm, P<0.05). However, they were no 
significant changes in the total number of root branches irrespective of ferrugenic status or 
application of growth stimulating agents (Table 2). 
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Table 3: Measurement of Germination Time 

Parameters CTR Fe GA1 GA2 GA3 IAA1 IAA2 IAA3 VTC1 VTC2 VTC3 LSD(0.05) p-value 

First day of germination (or Germinability) 
(FDG) (hr) 

22.3* 31.2 22.4* 23.1 21.2* 32.1 22.4* 25.4 22.1* 19.6* 31.2 8.4 0.302 

Last time of germination (LDG) (hr) 71.9 71.9 61.2 61.2 63.9 50.2* 35.1* 34.5* 71.9 49.0* 63.9 12.4 0.004 
Time spread of germination, or Germination 
distribution (TSG) (hr) 

51.3 43.2 39.4 42.3 45.4 24.2* 12.3* 13.2* 51.3 31.2 34 14.7 0.035 

Peak period of germination (PPG) 
or Modal time of germination (MTG) 

71.9 71.9 71.9 52.3* 42.3* 51.3* 34.0* 35.4* 71.9 49.0* 36.4* 18.4 0.028 

Median germination time (MeGT), 
or Days required for 50% germination, T50 

22.5 24.3 21.5* 24.3 22.5 26.4 21.5* 24.6 25.3 23 25 2.5 0.135 

Germination rate index (GRI) 183.8 186.5 156.7 207.9 122.5 132.5 201.5 130.0 137.5 197.9 161.7 NA NA 
Mean daily germination, MDG 23.8 19.0 31.7 20.0 47.5 47.5 19.0 31.7 47.5 20.0 31.7 NA NA 
Daily germination speed, DGS 0.0 0.1 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.1 0.0 NA NA 
Mean germination time, MGT 2.5 3.1 2.1 3.1 1.6 1.5 3.0 2.0 1.5 3.1 2.0 NA NA 
Mean germination rate, MGR 0.4 0.3 0.5 0.3 0.6 0.7 0.3 0.5 0.7 0.3 0.5 NA NA 
Speed of accumulated germination, SAG 350.8 403.9 253.3 453.2 160.0 175.0 439.6 262.5 182.5 430.3 262.5 NA NA 
Corrected germination rate index (GRIcorrected) 1.9 2.0 1.6 2.1 1.3 1.4 2.1 1.4 1.4 2.0 1.7 NA NA 
Coefficient of velocity of germination, CVG 39.3 32.1 48.6 32.6 64.2 65.5 32.8 49.1 66.1 32.2 49.1 NA NA 

*Statistically different from the negative control (Fe) 

CTR: control      IAA2: indole acetic acid 150ppm     
Fe: ferruginous soil    IAA3: indole acetic acid 250ppm 
GA1:gibberelic acid 50ppm   VTC1: ascorbic acid 50ppm 
GA2:gibberelic acid 150ppm   VTC2: ascorbic acid 150ppm 
GA3:gibberelic acid 250ppm   VTC3: ascorbic acid 250ppm 
IAA1:indole acetic acid 50ppm 
 .
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Presentation of germination time in germination indices is shown in (Table 3). The result showed 
that it took between 19.6 hours to 32.1 hours for first day of germination to occur in Sorghum. 
Result also showed that when seeds were subjected to ferrugenicity, germinability was 31.2 
hours compared to 22.3 hours in the control.However, when the seeds in ferruginous solution 
were enhanced with growth stimulators, they was significant reduction in germinability from 
31.2 hours to between 19.6 hours and 21.1 hours in GA50,GA250, GA150, IAA150, VTC50, 
and VTC150 ppm respectively. 

The last time of germination in seeds exposure to ferrugenicity was 71.9 hours. However, when 
these seeds were exposed to indole acetic acid and ascorbic acid, last time of germination was 
reduced significantly from 71.9 hours to between 34.5 hours and 49.0 hours IAA50, IAA150, 
IAA250, and VTC150 respectively. That ordinarily implied that germination distribution in time 
was significantly reduced by the application of indole acetic acid from 43 hours in seeds exposed 
to ferrugenicity to between 12.3 and 24.2 hours (P<0.05). Generally, also the peak period of 
germination or modal time of germination which indicated the time when the higher germination 
percentage was first recorded in the experiment occurred with seeds treated with GA150 (52.3 
hours), GA250 (43.3 hours), IAA50 (51.3 hours), IAA150 (34.0 hours), IAA250 (34.4 hours), 
VTC150 (49.0 hours), and VTC250 (36.4 hours) respectively. Germination rate index were 
lower in the seeds that were exposed to ferrugenicity but latter enhanced with growth stimulator 
when compared with those that ordinarily left in ferruginous solution. 
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Table 4: Measurement of Germination Capacity 

Parameters CTR Fe GA1 GA2 GA3 IAA1 IAA2 IAA3 VTC1 VTC2 VTC3 

Timson’s Index, (TI) or Germination 
Energy Index 

915.0 1340.0 545.0 48060.0 265.0 275.0 1370.0 550.0 280.0 1430.0 550.0 

Modified Timson’s Index, (TImod) 228.8 268.0 181.7 9612.0 132.5 137.5 274.0 183.3 140.0 286.0 183.3 
Germination Value (Czabator) 2256.3 1805.0 3008.3 2000.0 4512.5 4512.5 1805.0 3008.3 4512.5 2000.0 3008.3 
Germination capacity, GC 4.8 4.8 4.8 5.0 4.8 4.8 4.8 4.8 4.8 5.0 4.8 

 

Table 5: Measurement of Seedling Vigour due to Treatment Exposure 

Parameters CTR Fe GA1 GA2 GA3 IAA1 IAA2 IAA3 VTC1 VTC2 VTC3 

The seedling vigor, I 703.0 598.5 788.5 810.0 883.5 807.5 836.0 836.0 703.0 830.0 760.0 
The seedling vigor, II 1168.5 1349.0 1235.0 1240.0 1301.5 1349.0 1396.5 1092.5 997.5 1040.0 1111.5 
The seedling vigor, III 3.8 3.8 4.8 5.0 4.8 2.9 2.9 3.8 4.8 5.0 3.8 

 

CTR: control      IAA2: indole acetic acid 150ppm     
Fe: ferruginous soil    IAA3: indole acetic acid 250ppm 
GA1:gibberelic acid 50ppm   VTC1: ascorbic acid 50ppm 
GA2:gibberelic acid 150ppm   VTC2: ascorbic acid 150ppm 
GA3:gibberelic acid 250ppm   VTC3: ascorbic acid 250ppm 
IAA1:indole acetic acid 50ppm 
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The measurements of germination capacity were achieved in Table 4. Timson’s index which 
measured germination energy was high in seed exposed to ferrugenicity (1340). However, 
with the application of growth stimulators, germination energy reduced to as low as (265) in 
gibberellic acid 250 ppm. Result from modifiedTimson’s index showed that seedling in 
ferruginous solution was 268 compared to 181.7 index when seeds were exposed to 
gibberellic acid 50ppm and 132.5 when seeds were exposed to gibberellic acid 250 ppm. 
Germination value were significantly low in seeds exposed to ferruginous (1805.0) compared 
to the control (2256.3). However, application of the growth stimulator up to at least 100ppm 
increase germination value to values above 2000. However, no difference observed in the 
germination capacity as value ranged between 4.8 to 5.0 (Table 4). 

Table 5 showed the measurements of seedling vigor due to treatment exposure, result showed 
very low seedling vigor using seedling vigor 1 whichdetermined by (Baki and Andersen, 
1972). Reduced seedling vigor in the seed exposed to ferrugenicity (598.5)were eventually 
enhanced when these same seeds were treated with either gibberellic acid, indole-acetic acid 
and ascorbic acid during where seedling vigor were increased by more than 50% compared to 
initial value in ferrugenicity (Table 5). However, minimal difference in seedling vigor was 
obtained when vigor was determined as a factor of seedling weight. Since earlier result 
showed no significant difference in seedling weight, seedling vigor III as presented on table 5 
indicated minimal difference as value ranged from 2.9 in IAA50 to 5.0 in both GA150 and 
VTC 150; whereas values in ferruginous solution without stimulator was 3.8. 
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Table 6: Synchronization Index 

Time (days) Ni Fi log2(Fi)  - (Fi)*log2(Fi) 
Control 

 1 17 17.00 4.09 68.49 
2 18 6.00 2.58 14.51 
3 18 3.00 1.58 3.75 
4 19 1.90 0.93 0.76 

Total  87.51 
Fe 
1 15 15.00 3.91 57.60 
2 16 5.33 2.42 11.88 
3 18 3.00 1.58 3.75 
4 18 1.80 0.85 0.53 
5 19 1.27 0.34 -0.57 

Total 73.20 
GA50   
1 16 16.00 4.00 63.00 
2 18 6.00 2.58 14.51 
3 19 3.17 1.66 4.27 

Total  81.78 
GA150 
1 17 17.00 4.09 68.49 
2 19 6.33 2.66 15.87 
3 19 3.17 1.66 4.27 
4 19 1.90 0.93 0.76 
5 20 1.33 0.42 -0.45 

Total  88.93 
GA250 
1 15 15.00 3.91 57.60 
2 19 6.33 2.66 15.87 

Total  73.47 
IAA50 
1 17 17.00 4.09 68.49 
2 19 6.33 2.66 15.87 

Total  84.35 
IAA150 
1 17 17.00 4.09 68.49 
2 18 6.00 2.58 14.51 
3 18 3.00 1.58 3.75 
4 18 1.80 0.85 0.53 
5 19 1.27 0.34 -0.57 

Total  86.71 
IAA250 
1 17 17.00 4.09 68.49 
2 18 6.00 2.58 14.51 
3 19 3.17 1.66 4.27 

Total  87.26 
VTC50 
1 18 18.00 4.17 74.06 
2 19 6.33 2.66 15.87 

Total  89.92 
VTC150 
1 15 15.00 3.91 57.60 
2 19 6.33 2.66 15.87 
3 19 3.17 1.66 4.27 
4 19 1.90 0.93 0.76 
5 20 1.33 0.42 -0.45 

Total  78.05 
VTC250 
1 17 17.00 4.09 68.49 
2 18 6.00 2.58 14.51 
3 19 3.17 1.66 4.27 
      Total  87.26 

 

The synchronization index in any germination experiment is very important because it show 
the possibility that germination will not occur. When synchronization index is low that 
implies the higher capacity indicative that germination may not occur. In table 6, 
synchronization index presented revealed an index of 73.2 when seedswere exposed to 
ferrugenicity compared to 87.5 in control. This ordinarily implies that the presence of 
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ferruginous solution hasasignificantly impeding impact on the germination performance of 
Sorghum. However, in spite of the impeding capacity of ferruginous nature of the solution 
used in this germination experiment, synchronization was significantly increased from 73.20 
to as high as 89.92 when there were exposed growth stimulating agents. This implies 
therefore that in spite of the impudence attributed to ferrugenicity, the application of growth 
stimulators enhanced the capacity of germination. Plates 4 and 5 show seedlings on day 6. 

 
 

 
Plate 4: (a)Seedling at day 4. (b) Seedling at day 5 
 

 
Plate 5: Sorghum plant placed at whiteboard to determine the height of each treatment 
Key: left to right 
Control(water), ferruginous, gibberellic acid 50ppm, gibberellic acid 150ppm, gibberellic 
acid 250ppm, indole acetic 50ppm, indole acetic 150ppm, indole acetic 250ppm, ascorbic 
50ppm, ascorbic 150ppm, ascorbic 250ppm.  
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Discussion 

The presence of iron toxicity in plants is linked with increasedFe2+ uptake by roots and its 
movement to leaves through transpiration stream. ExcessiveFe2+ causes free radical 
production that hampers cellular structure irredeemably and destroys membranes, DNA and 
proteins (Arora et al., 2002; Dorlodot et al., 2005). Iron toxicity in tobacco, canola, Soybean 
and Hydrillaverticillata are followed with adecrease of plant photosynthesis, yield and 
increase of oxidative stress and ascorbate peroxidase activity (Kampfenkel and Montagu, 
1995; Caro and Puntarulo, 1996). 
There was significant reduction in germination indices with ferrugenicity. In seedling 
exposed to ferruginous solution the pace of root growth (measured in cm) was increased 
considerably in ferruginous treatment after germination initiation. It was obvious from the 
data that there was a threshold Fe concentration above which the growth 
of Sorghum seedlings was seriously inhibited.Root growth measurement in cm confirmed the 
inhibitory impact of elevated concentrations of Fe.   

Seedlings exposed to ferrugenicityreally showed stimulation of root growth. These seedlings 
suffered a decline in Fe supply; hence the plants may have reallocated resources to increase 
root growth in a bidto locate new sources of this vital nutrient. Previous researchstudiesof 
wetland species including P. australis, have shown glaring effects of high iron concentrations 
liken to those found here (Snowden and Wheeler, 1995). Generally red soils are usually poor 
growing soil with low plant yield (Yu et al., 2016). 

Even though available iron in solution reduced germinability of seeds, introduced growth 
stimulator facilitated the germination outcome. This is even more obvious in the 
synchronization index. Poor and unsynchronized seedling emergences are occasionally sown 
in seedbeds having unfavourable moisture as a result of lack of rainfall at sowing time 
(Agigadi and Entz, 2002). Plant growth stimulators in this present study had shown to 
enhance seedling index in ferruginoussoilin vitro, as similar study showed that GA3 and 
Ethrelenhanced the seed quality and showed improved seedling length, seedling dry weight 
which in turn improved higher seedling vigour index, germination speed and mean 
germination time (Sarika et al., 2013). Plant growth stimulators appear to play a paramount 
role in the source-sink relations in the plant. Gibberellic acid promotes the sink activity of the 
shoot, gibberellic acid is among the most widely utilized plant growth regulators which 
facilitates stem elongation along with plant height dry matter build-up, growth as well as 
yield in various crops (Harrington et al.,1996; Akter et al., 2007 and Emongor,2007). Hence, 
the present investigation was carried out to study the effect of gibberellic acid, indole acetic 
acid and ascorbic acid on plant growth, dry matter and yield parameter of Sorghum. Growth 
stimulator snowballed the growth activities of theplant, as the result showed that there was a 
compensatory growth between the shoot length and the root length (Table 1 and 2) as this is 
more in IAA. Similar studies had been done in Hibiscus sabdariff (Ali et al., (2012). 

Overall indole acetic acid produced the best germination response in all concentrations 
utilized. An experiment carriedout in cowpea seeds showed that indole acetic acid (IAA) 
accelerated seed germination percentage reaching value of 85% and 89% respectively (Luma 
et al., 2019), which is more or likely the same when seeds were exposed to indole acetic acid 
germinationas percentage ranged from 80% to 95% in four days compared to 75% to 90% in 
the same four days when seed were exposed to ferruginous solution (Figure 1). A study in 
barley cultivars showed that indole acetic acid successfully promoted plant growth and 
reduced adverse effect of water stress (Ashraf et al., 2006) as it shown in this study with 
seeds exposed to ferruginous solution which happened to contain iron.  
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As an essential stimulator, IAA plays a vital role in the growth and development of cotton 
plants (Min et al., 2014; Zhang et al., 2011).  In this study, it was shown that germination 
rate, index, and speed were all significantly enhanced after IAA priming in Sorghum. These 
results are in consonancewith the previous research that seed priming by chemicals can 
facilitate seed germination (Espanany et al., 2016;Rahimi, 2013; Seyyedi et al., 2015).  The 
study also revealed that IAA stimulator had an advantageouseffect on both the initial 
germination and the continued growth of Sorghum seedlings suggesting that IAA used as 
seed stimulator may increase stand formation and eventually promote plant production. 
Compared with germination stage, biomass including fresh and dry weight was significantly 
more built-up in IAA than ferruginous solution in seedling stage, which might bebecause 
photosynthesis was more activated by IAA stimulator. During the germination stage, IAA 
priming might cause more fresh weight and size based on water uptake, but the dry weight 
was still the same. Previously, some studies were carried out to address the impact of seed 
priming on seedling growth, and concluded that different chemicals could increase seedling 
growth by different mechanism. 

 

Priming with melatonin, the root and plant weight snowballed under salt stress in basil by 
counteracting the effects of salinity regarding metabolites and promoting antioxidant capacity 
(Bahcesular et al.,2020). In this study, it was portrayed that IAA priming could enhance the 
seedling growth in Sorghum by modulating the endogenous phytohormones synthesis and 
balance. 

Priming with polyethylene glycol, silicon, and selenium could significantly enhance 
performance during water stresscondition (Nawaz et al., 2012; Paryeen et al., 2019; Rahimi, 
2013). Priming with melatonin and CaCl2, the tolerance against salt stress were significantly 
enhanced (Bahcesular et al., 2020; Tabassum et al., 2017). Seed priming technique also could 
significantly enhance the germination rate and germination average time (Espanany et al., 
2016; Nakaune et al., 2012; Rahimi 2013), which has a huge positive significance in 
agriculture production. The result in the present study showed that IAA priming could 
significantly enhance seed germination and seedling vigor, which could aid plants to meet the 
demands of undesirable growing conditions, such as cold and drought stress after seed 
sowing, as quicker seed germination and stronger seedling vigor would permit early planting 
and rapid establishment of seedlings to have a longer span of reproductive growth and 
potentially anincreased yield.  

In plants, it has beenobserved that the most essential antioxidant is ascorbate which in 
combination with other defense system components, safe guidesplants against oxidative 
impairment resulting from aerobic metabolism, photosynthesis and avariety of pollutants.It 
inhibits membrane peroxidation, thereby shielding cell from harm and prolonging their 
scenescene (Zhang,2013).Ascorbic acid affects several physiological mechanisms, including 
plant metabolic differentiation and increased availability of water and nutrients, thus enabling 
plants to be guided against environmental stresses such as salt stress (Khan et al., 2011). In 
this experiment growth stimulators promoted seed germination as a result of early initiation 
and improved stress tolerance by increasing the build-up of enzymes and antioxidant 
activities under stress condition (Chen and Arora, 2013). Again, growth stimulator promoted 
transcription factor of isoezymes and gene expression and antioxidants, carbohydrate 
metabolism and cell development and response to oxidative stress under stress condition 
(Chen and Arora, 2013). Many studies had demonstrated that pretreatment with ascorbic acid 
facilitates the retention stay green qualities, primarily leading to increased leaf area trapping 
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sunlight (Keskitalo et al., 2005).The experiment proves this truth, ascorbic acid aid plant to 
do better in any adverse conditions (Torres et al., 2006). 

 
Conclusion 

 
This present study clearly demonstrated that growth stimulators have a fundamental impact in 
the initiation of various growth parameters in Sorghum. The plant growth stimulators could 
be successfully harnessed for enhancement of seed yield, directly or indirectly, through its 
component.  
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