Advances in Bioscience and Bioengineering
2023; 11(4): 85-89

http://www.sciencepublishinggroup.com/j/abb

doi: 10.11648/j.abb.20231104.11

ISSN: 2330-4154 (Print); ISSN: 2330-4162 (Online)

(Y J' v I
otlencer

Science Publishing Group

Effect of Hydro-Priming on Early Vigour, Yield, and Yield
Components of Maize (Zea mays L.) at Mechara, Eastern
Ethiopia

Ababa Chimdi

Mechara Agricultural Research Center, Mechara, Ethiopia

Email address:
abebachimdi@gmail.com

To cite this article:
Ababa Chimdi. Effect of Hydro-Priming on Early Vigour, Yield, and Yield Components of Maize (Zea mays L.) at Mechara, Eastern
Ethiopia. Advances in Bioscience and Bioengineering. Vol. 11, No. 4, 2023, pp. 85-89. doi: 10.11648/j.abb.20231104.11

Received: October 9, 2023; Accepted: October 28, 2023; Published: November 11, 2023

Abstract: Seed hydro-priming is a quick and inexpensive method for increasing plant vigor in moisture-stressed locations.
The goal of the current study is to determine the ideal hydropriming time for maize by examining the impact of hydropriming
on the early vigor, yield, and yield component of maize. The Melkasa-2 maize variety was examined for early vigor, yield, and
yield components at the Mechara Agricultural Research Center using RCBD design with three replications. Before sowing, the
seeds were soaked in water for 12, 24, 36, 48, and 60 hours with unprimed seed as control and dried before sowing on the
surface for 3 hours. The results showed that seed hydropriming had a highly significant impact on the number of days to
emergence, the days to flowering, the height of the plant, the number of days to tasselling, and the number of days to silking,
while the stand count at emergence, the number of leaves per plant, and the number of days to maturity also had a significant
effect. The number of ears per plant, ear length, stand count at harvest, seed weight per hundred seeds, and yield were not
statistically significant. With respect to early days to emergence, stand count at emergence, early days to silking, stand count at
harvest, 100 seed weight, and grain yield, the favorable effects of hydro-priming were strongest at a 36-hours soaking time. In
general, the length of hydro-priming time markedly enhanced the performance of maize growth under moisture stress,
particularly during the early growth stages.
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agricultural production in most developing countries located
in arid and semi-arid regions of the world [9].

Seed priming is one of the most effective, feasible, and
quick strategies to enhance seed vigor and timing of
germination, which results in a uniform stand and improved
yield [15]. Seed priming is influenced by many factors, such
as the water potentiality of the priming agent, priming agent
duration, temperature, seed vigor, and seed storage
conditions [7].

Successful crop establishment and high seedling vigor are
considered decisive factors for the success of most field
crops, as these parameters contribute to uniform plant growth
and maturity, better competition with weeds, and high
productivity [6]. An important goal of seed production is to
increase seed vigor in order to improve the crucial and yield-
determining stage of crop establishment. Nevertheless, low
vigor of the seeds or adverse environmental conditions after

1. Introduction

Maize (Zea mays L., 2n = 2x = 20) is one of the most
important crops in the world, particularly in Africa, where it
is a common staple crop. However, the productivity of maize
and agriculture worldwide are under threat from climate
change and worsened irregular and repeated droughts.
Drought puts food security at risk, especially in sub-Saharan
Africa, where maize is mostly grown by poorly resourced
subsistence farmers under dry land conditions [1].

Environmental stress is one of the most important factors
in reducing the yield and production of crops. To increase the
yield of these products, dealing with the effects of stress is
considered one of the most useful methods [3]. Among
abiotic stresses, drought stress is one of the biggest
environmental constraints that reduces and limits crop
production [12]. It is one of the most important constraints on



86 Ababa Chimdi: Effect of Hydro-Priming on Early Vigour, Yield, and Yield Components of Maize (Zea mays L.) at
Mechara, Eastern Ethiopia

sowing may cause slow seed germination and unreliable
seedling emergence under field conditions [8].

Priming can be done in different ways: hydro-priming,
Osmo-priming, halo-priming, and hormones [22]. Seed
priming is a technology that has been shown to positively
influence the germination and establishment of crops [10]. It
is an efficient method for increasing seed vigor and
synchronization of germination, as well as the growth of
seedlings of many crops under stressful conditions [2].

Hydro priming is a special type of seed priming in
which seeds are soaked in water and dried before sowing
to accomplish seed hydration [21]. Soaking by
submerging seeds in water can be performed with or
without aeration [24].

It is a very simple, economical, and environmentally
friendly technique. The direct benefits of seed priming were
reported to be faster emergence, better and more uniform
stands, less need to re-sow, more vigorous plants, better
drought tolerance, earlier flowering, earlier harvest, and
higher grain yield [11]. And the indirect benefits reported
were earlier sowing of crops, earlier harvesting of crops, and
increased willingness to use inputs [20].

In hydropriming, the priming agent is water, and the
priming duration is determined by controlling the seed
imbibition [14]. It is not allow radicle protrusion and permits
seeds to dry back to their initial water content. However, it is
difficult to avoid the radicle growth since hydropriming is a
non-controlled water uptake [23].

In Hararghe, maize is one of the major crops widely
cultivated in the area. However, during the onset of cropping
season, it is challenged by inconsistencies in rainfall,
especially at sowing and the physiological maturity stage of
many crops. Sowing maize is frequently affected by moisture
stress during the cropping season, resulting in poor
emergence, poor uniformity, re-sowing of seed, less vigorous
plants, or even complete failure of the crop in the area.
Alternatively, seed priming is an efficient, practical, and
simple technique to increase rapid and uniform emergence,
high seedling vigor, and yield in many field crops under
unfavorable environmental conditions [17]. Therefore, this
study was aimed at the following objectives: (i) to study the
effect of hydro priming on early vigor of maize; (ii) to know
the effect of hydro priming on yield and yield components;
and (iii) to identify the optimum duration of hydro priming
suitable in the area for maize.

2. Materials and Methods
2.1. Description of the Study Area

The experiment was conducted at the Mechara
Agricultural Research Center of the West Hararghe Zone,
Eastern Ethiopia, during the 2021 cropping season. The site
is located 434 km to the east of Addis Ababa in the Daro
Lebu district and 115 km from Chiro (the zone capital town)
to the south, which connects to the Arsi and Bale zones. It is
located at latitude of 40°19.114"N, a longitude of

08°35'.589"E, and an altitude of 1760 m. a. s. 1. The research
center receives a rainfall of about 900 mm per year. The
mean minimum and maximum temperatures of the area are
14 and 26°C, respectively, with an average of 20°C. The soil
type is sandy clay loam, with low available phosphorous and
a pH ranging from 5.3 to 6. The most commonly grown crops
include maize, sorghum, groundnuts, coffee, khat, haricot
bean, and finger millet (Mechara Agricultural Research
Center, 2023).
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Figure 1. The chart shows the monthly average of rainfall and temperature
distribution during the cropping period.

2.2. Experimental Design and Treatments

The experiment was carried out on clean and healthy
Melkasa-2 maize variety seeds that were selected based on
their yield potential and adaptation in growing areas. One-
liter water-holding containers were used to soak 400 seeds
of each treatment for 12, 24, 36, 48, and 60 hours,
respectively, with unprimed seeds serving as the control
treatment. The containers were kept on a mechanical
shaker to prime the seeds uniformly. After treatment,
seeds were allowed to air-dry on a paper towel for an hour
(surface drying) to avoid clumping. The soaked treatments
were removed simultaneously in water, dried for 3 hours,
and then sown.

Seeds were then sown in a randomized complete block
design with six treatments (T1 = unpriming (Control), T2 =
12 hours, T3 = 24 hours, T4 = 36 hours, T5 = 48 hours, and
T6 = 60 hours of soaking) and three replications with 50
seeds per treatment per replication and ten seeds per row in
each plot. The treatments were randomly assigned to the
experimental units. The plot size was 9 m* (3m length x 3m
width), with five rows of 75c¢m inter-row and 30cm intra-row
spacing. The distance between plots, intra-blocks, and
replications was 0.5m, 1m, and 1.5m, respectively. All
recommended agronomic practices were followed as
suggested for maize production.

2.3. Data Recorded

The data were recorded for the following parameters: days
to 50% emergence; stand count at emergence; number of
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leaves per plant; days to 50% flowering; plant height (cm);
number of ears per plant; ear length (cm); 50% days to
tasselling; 50% days to silking; stand count at harvest; 75%
days to maturity; hundred seed weight (g); yield (Qt/ha).

2.4. Data Analysis

All data were analyzed using analysis of variance
(ANOVA), and the mean was separated by the least
significant difference (LSD) at the 5% level of significance
using Genstat software Version 18.

3. Results and Discussion
3.1. Analysis of Variance

The analysis of variance showed a highly significant (P <
0.01) effect on days to emergence, days to flowering, plant
height, days to tasselling, and days to silking. It also
significantly (P < 0.05) affects stand count at emergence,
number of leaves per plant, and days to maturity. While it has
a non-significant effect on the number of ears per plant, ear
length, stand count at harvest, hundred seed weight, and yield
(Table 1).

Table 1. Effect of Hydro Priming on Early Vigour, Yield, and Yield Components of Maize.

Trt

o) DE Sce NL FD Ph NE EL DT DS Sch DM 100SW YLD
0 10.67a 45.67b 12.73ab  75.67a 177.53¢ 1.27a 27.73a  7233a 76.33a  43.67b  142.67a 26.13a 47.9a
12 8b 47.67a 1227b  71.67bc 180.17bc 1.27a 2733a  69.66b 74.66ab 46.67ab  138ab 25.07a  56.4a
24 6¢ 47.67a 13.27a  72.33b 186.87abc  1.4a 27.07ab  69bc 72.66bc  45ab 138.67ab  24.3a 45.7a
36 4d 49.33a  12.8ab  69.67bcd  192.87ab 1.27a 26.47ab  69d 69d 49a 131.67b 28.1a 58.5a
48 5c 48a 12.93ab  67d 193.33ab 1.47a 25.67b  66d 71cd 45.67ab  135b 26.4a 52.3a
60 6¢ 48a 12.73ab  68.67cd 199.33a 1.4a 27.13ab  66.33d  69.66d  46.67ab 134.67b 27a 53.7a
Mean 7 47.72 12.78 70.83 188.35 1.34 26.9 68.38 72.22 46.1 136.78 26.17 52.46
(0\% 16.31 2.18 4.07 2.429 4.21 15.91 3.095 2.05 223 4.92 3.057 9.88 15.83
LSD 1.95%*  1.87* 0.94* 3.09%* 14.24%** 0.38ns  1.49ns  2.52** 2.89**  4.08ns  7.51* 46.47ns  14.92ns

Note that: ns = non-significant, * = significant, ** = highly significant, Trt = treatment; DE = 50% days of emergence; Sce = stand count at emergence; NL =
number of leaves per plant; FD = 50% flowering date. Ph = plant height (cm), NE = number of ears per plant, EL = ear length (cm), DT = 50% days to
tasselling, DS = 50% days to silking, Sch = stand count at harvest, DM = 75% days to mature, 100 SW = hundred seed weight (g), and YLD = yield in quintal

per hectare.

3.2. Effect of Hydro Priming on Early Vigor of Maize

Seedling vigor is the most important seed quality trait
under a variety of environmental conditions because it is
essential to the establishment of newly emerged seedlings in
a hostile field environment. Seedling viability is significantly
enhanced by priming. However, it is very dependent on the
accuracy and focus of optimum priming methods [6].

The effect of hydropriming on the early vigor of maize is
presented in Table 1. The days to the earliest mergence (4
days) for 36 hours of soaking and the latest days to
emergence (10.67 days) were recorded for unpriming. The
seed hydropriming suggested that soaking for 36 hours is the
earliest day to emergence. The stand count at emergence was
recorded at 49.33 plants for the 36-hour hydro priming
treatment and 45.67 plants for the control (unprimed seeds),
as described in Table 1.

Hydro-priming can encourage germination, especially in
unfavorable growing conditions, improving the germination
rate in numerous crop species [13]. According to the seedling
vigor index, primed seeds resulted in more robust seedlings
than non-primed seeds [5]. The potential for quick
germination, uniform emergence, and proper seedling
development is determined by seedling vigor [16].

3.3. Effect of Hydro Priming on Yield and Yield
Components of Maize

The number of leaves was significantly influenced by seed
hydropriming. The number of leaves that could be acquired

after 12 hours of soaking was the lowest (12.27), and the
number of leaves that could be obtained after 24 hours of
soaking was the maximum (13.27) (Table 1). The study on
sorghum indicated that hydroprimed seeds generated much
more plants and leaves [4].

Hydropriming had a significant impact on plant height; the
highest plant height (199.33 cm), which was obtained from
60 hours of seed soaking followed by 48 hours of seed
hydropriming, and the shortest plant height (177.53 cm),
which was obtained from unprimed seeds. This shows that
hydropriming enhances plant height in a good way when
compared to control. This is a result of the unprimed seed's
extended emergence. The study in Bambara groundnut
claims that hydroprimed seeds increased plant height,
facilitating efficient field growth [5].

The days to flowering were significantly influenced by
hydro-priming. The seed soaking for 48 hr, 60 hr, and 36 hr
significantly shortened the number of days to flowering (67
days, 68.67 days, and 69.67 days) as compared to the latest
days to flowering (75.67 days, 72.33 days, and 71 days) from
unprimed, 24 hr, and 12 hr seed soaking, respectively. The
study on chickpeas illustrated that primed seeds required
fewer days to reach 90% physiological maturity [18].

The effect of seed hydropriming on days to tasselling was
found to be highly significant. Unpriming seed produced
tassels in 72.33 days, which was the longest time ever
recorded. The 48-hour seed soaking produced the shortest
days to tassels (66 days). The 36-hour seed soaking method
produced the earliest days to silking (69 days). The unprimed
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treatments produced the latest silking days (76.33 days).

Days to maturity were significantly impacted by seed
hydropriming. Early maturity was achieved by soaking the
seeds for 36 hours (131.67 days), whereas the unprimed
treatment produced late maturity. The time it took for soaked
seeds to emerge and mature was considerably shorter than
that of unprimed seeds [19]. The results demonstrated that
seed hydropriming shortened the time to maturity, which is
helpful in areas with moisture stress environment.

Ear length, stand count at harvest, and number of ears were
not significantly influenced by hydropriming, but there was a
numerical difference between treatments.

Seed hydropriming had no significant effect on the weight
of 100 seeds; however, there was a numerical difference
between treatments: 281.33g at 36 hours and 243g at 24
hours of seed soaking. In contrast to this study, hydropriming
study in pinto beans enhanced the weight of the hundred
seeds [8].

The hydropriming treatments had differing grain yields,
although this difference was not statistically significant. The
36-hour seed soaking produced the highest grain yield (58.5
qt/ha) while unprimed seed produced the lowest grain yield
(47.9 qt/ha).
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Figure 2. The chart shows the effect of hydropriming on early vigor, yield,
and yield components of maize.

Note: DE = 50% days to emergence; Sce = stand count at emergence; NL =
number of leaves per plant; FD = 50% flowering date. Ph = plant height
(cm), NE = number of ears per plant, EL = ear length (cm), DT = 50% days
to tasselling, DS = 50% days to silking, Sch = stand count at harvest, DM =
75% days to mature, 100sw = hundred seed weight (g), YLD = yield in
quintal per hectare, hrs = hours.

4. Summary and Conclusion

Growing a profitable crop depends on seed emergence and
the early stages of seedling growth since they have a
substantial impact on crop stand count and yield. Hydro-
priming is a simple, low-cost, easily adaptable, and
environmentally friendly technique for improving maize
production. This study showed that adopting a seed hydro-
priming technique can reduce poor emergence, poor
uniformity, re-sowing of seed, less vigorous plants, or even
complete failure of the crop in areas of inconsistencies of

rainfall. The results of the study indicated that maize early
vigor, yield, and yield components were positively enhanced
by seed hydro-priming technique under moisture stress
environment. The results of this study showed that seed
hydro-priming for 36 hours of soaking resulted in early
emergence days, silking days, maturity days, and a greater
stand count at emergence. The effect of hydropriming on the
early vigor, yield, and yield components of maize was
studied in the field. Therefore, it is essential to conduct the
present outcomes under the greenhouse in order to validate
the current findings.

References

[1] Cairns JE, Sonder K, Zaidi PH, Verhulst N, Mahuku G, Babu
R, Prasanna BM. 2012. Chapter one - Maize production in a
changing climate: Impacts, adaptation and mitigation
strategies. In Sparks DL (ed.), Advances in Agronomy
Academic Press, 114: 1-58.

[2] Carvalho, R. F., Piotto, F. A., Schmidt, D., Peters, L. P.,
Monteiro, C. C., Azevedo, R. A., and Medici, L. O. (n. d.).
2011. Seed priming with hormones does not alleviate induced
oxidative stress in maize seedlings subjected to salt stress. Sci.
Agric. (Piracicaba, Braz.), v. 68, n. 5, p. 598-602.

[3] Ceccarelli, S.; Grando, S.; Maatougui, M.; Michael, M.; Slash,
M.; Haghparast, R.; Nachit, M. 2010. Plant breeding and
climate changes. J. Agric. Sci. 2, 148, 627-637.

[4] Chivasa, W., Harris, D., Chiduza, C., Mashingaidze, A. B. and
Nyamudeza, P. 2000. Determination of Optimum onfarm seed
priming time for maize (Zea mays L.) and sorghum (Sorghum
bicolor (L.) Moench) for use to improve stand reestablishment
in semi-arid agriculture. Tanzanian J. Agric. Sci., 3 (2): 103-
112.

[5] Christos A. Damalas, Spyridon D. Koutroubas, and Sideris
Fotiadis. 2019. Hydro-Priming Effects on Seed Germination
and Field Performance of Faba Bean in Spring Sowing.
Agriculture, n. 9, pl1-11; doi: 10.3390/agriculture9090201.

[6] Finch-Savage WE, Bassel GW. 2016. Seed vigour and crop
establishment: extending performance beyond adaptation. J.
Exp. Bot. 2016; 67: 567-591.

[71 Ghassemi-Golezani, K.; Chadordooz-Jeddi, A,
Nasrullahzadeh, S.; and Moghaddam, M. 2010. Influence of
hydropriming duration on field performance of pinto bean
(Phaseolus vulgaris L.) cultivars. African Journal of
Agricultural Research, 5 (9), 893-897.

[8] Ghassemi-Golezani, K.; Dalil, B.; Moghaddam, M.; Raey, Y.
2011. Field performance of differentially deteriorated seed
lots of maize (Zea mays L.) under different irrigation
treatments Not. Bot. Hort. Agrobot. Cluj-Napoca, 39, 160-163.

[9] Golbashy, M.; Ebrahimi, M.; Khorasani, S. K.; Choukan, R.
2010. Evaluation of drought tolerance of some corn (Zea mays
L.) hybrids in Iran. Afr. J. Agric. Res. 5,2714-2719.

[10] Harris D. 1992. Staying in control of rain fed crops. In
““Proceedings of the First Annual Scientific Conference of the
SADCC/ODA Land and Water Management Programmed’’:
Private Bag 00108, Gaborone, Botswana, October 8-10, 1990,
pp. 257-262.



[11]

[12]

[13]

[14]

[15]

[16]

[17]

Advances in Bioscience and Bioengineering 2023; 11(4): 85-89 89

Harris, D., Pathan, A. K., Gothkar, P., Joshi, A., Chivasa, W.
and Nyamudeza, P. 2001. On-Farm Seed Priming: Using
Participatory Methods to Revive and Refine a Key
Technology. Agricultural Systems, 69, 151-164.

Hassan, M. H.; Arafat, E. F. A.; Sabagh, A. E. 2016. Genetic
studies on agro-morphological traits in rice (Oryza sativa L.)
under water stress conditions. J. Agric. Biotechnology. 1, 76—
84.

Jisha, K. C.; Puthur, J. T. 2018. Seed hydropriming enhances
osmotic stress tolerance potential in Vigna radiata. Agric. Res.
7, 145-151.

Kaur, S.; Gupta, A. K.; Kaur, N. 2002. Effect of osmo-and
hydropriming of chickpea seeds on seedling growth and
carbohydrate metabolism under water deficit stress. Plant
Growth Regulator. 37, 17-22.

Kaya, M. D., Okcu, G., Atak, M., Cikili, Y., and Kolsarici, O.
2006. Seed treatments to overcome salt and drought stress
during germination in sunflower (Helianthus annuus L.)
European Journal of Agronomy, 24 (4),291-295.

McDonald, M. B. 1993. The history of seed vigor testing. J.
Seed Technology. 17, 93-101.

Mohapatra, S., Sirhindi, G., and Dogra, V. 2022. Seed priming
with  brassinolides improves growth and reinforces
antioxidative defenses under normal and heat stress conditions
in seedlings of Brassica juncea. Physiol. Plantarum 174 (6),
el13814.

[18]

[19]

[20]

(23]

[24]

Musa AG, Harris D, Johansen J, Kumar J. 2001. Shorter
duration chickpea to replace fallow after aman rice: the role of
on farm seed priming in the high Barind Tract of Bangladesh.
Exp. Agric. 37 (4): 430-435.

Rajpar, I., Y. M. Kanif and A. A Memon. 2006. Effect of seed
priming on growth and yield of wheat (Triticum aestivum L.)
under non-saline conditions. Int. J. Agric. Res., 1: 259-264.

Ruan S, Xue Q, Tylkowska K. 2002. The influence of priming
on germination of rice (Oryza sativa L.) seeds and seedling
emergence and performance in flooded soils. Seed Sci
Technology, 30: 61-67.

Soon, L. S. and Kim, J. H. 2000. Total Sugars a-Amylase
Activity, and Germination after Priming of Normal and Aged
Rice Seeds. Korean Journal of Crop Science, 45, 108-111.

Subedi KD, Ma BL. 2005. Seed priming does not improve
corn yield in a humid temperate environment. Agron. J. 97:
211-217.

Taylor, A. G.; Allen, P. S.; Bennett, M. A.; Bradford, K. J.;
Burris, J. S.; Misra, M. K. 1998. Seed enhancements. Seed Sci.
Res. 8,245-256.

Thornton, J. M. and Powell, A. A. 1992. Short-term aerated
hydration for the improvement of seed quality in Brassica
oleracea. Seed Science Research, 2, 41-49.



