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A field experiment was carried out in clay soil to investigate the effects of gibberellic acid and
proline, and their interaction on the vegetative characteristics of Zea mays L. cultivar Fajir-1. The
experiments were carried out based on the Randomised Complete Block Design. Gibberellic acid and
proline were sprayed twice on the plant leaves at the concentration of 100 and 200 mg/l. The first
application was during the stage of 4-6 leaves, and the other application was at the beginning of
flowering stage. The results show that the addition of gibberellic acid at the concentrations of 100 and
200 mg/l, and the proline at the concentration of 200 mg/l significantly affected the studied
characteristics including: plant height, number of leaves per plant, leaf area and shoot and root fresh
weights. The results also show that the interaction between gibberellic acid and proline did not show
any significant effects on the studied characteristics except for the leaf area.
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INTRODUCTION

Maize is one of the major human food grains that has been
utilised since ancient times by people around the world. It is
considered one of the most important main cereal crops after
rice and wheat (Abdelmula ef al., 2007). It has many industrial
applications including as corn flakes, starch and oil dextrose,
acetone, gluten, lactic acid and grain cakes (Nabizadeh et al.,
2012). Recently, the demand for maize has increased
dramatically as it has gained a lot of attention due to its unique
economic importance as human food, food additive
(sweetener), beverage base, oil, starch, vegetable, animal feed,
petroleum fuels substitute, fibre and lipids (Ibrahim et al.,
2007). Therefore, it is essential to find more advanced methods
and means in order to increase corn production. Recently, great
attention has been given to the use of environmentally friendly
organic stimulators such as phytohormons to enhance plant
growth and increase their production. Among these
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phytohormons, gibberellic acid (GA;) has been broadly applied
by many researchers due to its role in increasing cell
elongation, cell division or both (de Souza & Macadam, 2001;
Roy et al., 2010), arousing the influence of long day lengths by
increasing runner production, improving vegetative
development in short day plants (Qureshi et al., 2013) and
altering the source-sink metabolism via their impact on sink
formation and photosynthesis (Igbal et al., 2011). On the other
hand, the application of environmentally friendly solutes such
as proline has great effect on plant growth and development
under salt and other environmental stress. It can be used to
overcome the high salinity in soil (Wang et al., 2003; Ashraf
et al., 2008). Therefore, the aim of this study is to investigate
the effects of the addition of GA and proline individually and
as a combination on the growth of Zea mayz L. cultivar
(Fajir-1).

MATERIALS AND METHODS

A field experiment was conducted in clay soil from March to
July 2014, in the northeast of Baghdad to study the response of
Zea mays L. cultivar (Fajir-1) to the addition of gibberellic acid
and proline regarding to the vegetative characteristics. The
experiments were carried out based on Randomised Complete



24940 Nagham Saddon and *Zuraini Zakaria. Effect of Gibberellic acid and Proline on vegetative characteristics of (Zea mays L.) cultivar (Fajir-1)

Block Design (RCBD). The design included nine treatments
(Table 1), and each treatment was replicated three times. The
treatments consisted of three concentrations of GA; (0, 100,
and 200 mg/l) and three concentrations of proline (0, 100, and
200 mg/1).

Table 1. Experimental treatments design for Fajir-1

Treatments Gibberellic acid  Proline
T1 0 mg/l 0 mg/l
T2 0 mg/l 100 mg/1
T3 0 mg/l 200 mg/l
T4 100 mg/1 0 mg/l
T5 100 mg/1 100 mg/1
T6 100 mg/1 200 mg/l
T7 200 mg/1 0 mg/l
T8 200 mg/1 100 mg/1
T9 200 mg/l 200 mg/1

Twenty seven experimental plots were created; each plot had
an area of 6 m” including 4 planting rows of 2 m in length at a
distance of 75 cm from one another. Each two plants were 20
cm apart according to the method of Elsahookie (1990). Soil
analysis of the experimental field is shown in Table 2.

Table 2. Soil physical and chemical properties of the experimental

field
Soil texture  Ec PH CEC Available  Organic
nutrients matter
Particle size distribution
(%) (dsm™) (meq/ 100g)  (ppm) (%)
Sand Clay Silt N P K
228 420 352 Clay 76 71 201 80 975 458 08

Nitrogen and potassium fertilisers in the form of urea (46% N)
and potassium sulphate (51% K) were applied at a
concentration of 240 and 120 kg/hac respectively, during
planting and 45 days after planting. Triple super phosphate
(P,0s) (21% P) was applied during soil preparation at a
concentration of 160 kg/hac. Maize grains were hand sown 3
seeds/hole on the Ist of March 2014. Granular diazinon
pesticide (10% active ingredient) was used at a concentration
of 1.5 kg/hac to protect the plant from maize stalk borer disease
(Yousif, 2012). Gibberellic acid (GA;) and proline at two
concentrations (100 and 200 mg\l) were sprayed twice on the
leaves. The first application was during the stage of 4-6 leaves,
and the other application was at the beginning of flowering
stage. Tween 20, at a concentration of 0.05%, was added to the
foliar solution to act as a cohesive agent. Plants in the control
treatment were sprayed with water and Tween 20 only.
Harvesting was done manually during the mature stage of the
plant on 10th of July 2014. At the flowering stage, 10 plants
were taken randomly from each plot in order to measure the
following characteristics.

Plant height (cm)
Plant height was measured from the soil level (base of the

plant) up to the base of the flag leaf by using a tailor’s tape
(Elsahookie, 1990).

Number of leaves per plant

Number of leaves per plant was calculated from the same 10
plants mentioned above.

Leaf area (cm®)

Leaf area was determined by the non destructive length x width
method using the formula:

Leaf area = 0.75(length x width) (Saxena and singh, 1965).
Shoot and root fresh weights (g)

Ten plants were harvested and washed with tap water. Each
sample was then separated into shoots and roots and cut into
small pieces to measure the fresh weights of the shoot and root
using an electronic balance. The data were analysed using
variance analysis (ANOVA) by SAS software (version 9.0).
The means of treatments were compared using Duncan's test at
0.01 and 0.05 levels of probability (Duncan, 1955).

RESULTS AND DISCUSSION

Plant height (cm), number of leaves per plant and leaf area
(cm®)

The results in Figure 1 showed significant differences in plant
height, number of leaves per plant and leaf area due to the
addition of GA; at concentrations of 100 and 200 mg/l. The
highest averages of the plant height and number of leaves per
plant were observed using 200 mg/l with increment rates of
8.2% and 9.6% in plant height, and 5.9% and 9.2% in number
of leaves per plant as compared with 100 mg/l and the control
respectively. While the highest average for the leaf area was
obtained from the concentration of 100 mg/l with increment
rats of 4.8% and 5.4% as compared with concentration of 200
mg/l and control respectively.

® Plant height (cm) ® Number ofleaves per plant ™ Leaf area (cm2)

600 592.98a

562.73¢ 365.83b

GO Gl G2

GO = 0 mg/l GA3; G1= 100 mg/l GA3; G2= 200 mg/l GA;.

Figure 1. Effect of GA; on plant height, number of leaves and leaf
area

The significant increments which was obtained in plant height,
the number of leaves per plant and leaf area due to the addition
of gibberellic acid are in agreement with previous findings
from Afzal et al. (2008), Surendra et al. (2010) and Rohamare
et al., 2013. A study by Qureshi et al. (2013) on Fragaria
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ananassa also found a significant increment in the plant height, Table 3. Effect of double interaction between gibberellic acid
number of leaves and leaf area with an average of 18.37 cm, and proline on plant height, number of leaves per plant and
4.877, and 63.63 cm’ respectively compared with the control leaf area
grozup which recorded an average of 10.93 cm, 3.970 and 34.28 Gibberellic ~ Proline  Plant height =~ Number of Leaf area
cm” respectively, as a result of adding gibberellic acid at a acid (mg/l)  (mg/l) (cm) leaves (cm?)
concentration of 50 ppm. PO 156.917 a 15.583 a 558.327 f
GO P1 158.450 a 15917 a 563.572 de
Thig .increment is attr@buted to the role of GA in inc.reas.ing cell gg i%%g Z i%i; : 556867‘%%%1
division and elongation (Khan et al., 2006). This might be Gl P1 174.883 a 17.225 2 589468 b
occurring through the indirect influence of GA in increasing P2 177.358 a 17.867 a 602.172 a
the elasticity of cell walls, as the hormone works to maintain PO 158.750 a 16.008 a 561.298 ef
the level of auxin in the cells by increasing auxin formation, a2 Pl 159.967a 16.367a 567.205 cd
> P2 165.550 a 16.858 a 568.987 ¢

reduces its demolition rate by turning the tryp tophan to TAA, Each value is the mean of three replicates. Values with the same letters within a

and stop the action of TAA peroxidase and oxidase enzymes in column are not significantly different at 0.01 and 0.05 probability levels. GO =0
destroying the auxin. It has been speculated that auxin plays an mg/l GA3; G1= 100 mg/l GA3; G2= 200 mg/l GA3, P0= 0 mg/l proline; P1=
. . . . . . . 100 mg/1 proline; P2= 200 mg/! proline.
important role in reducing the calcium ion bonds with pectic
acid, and forming calcium pectate which helps in increasing the Table 4. Effect of double interaction between gibberellic acid
cohesion of the walls to each other (Cleland, 1960; Buckhout ez and proline on shoot and root fresh weights
al., 198_1)' Wlth regard to .prqllne app.hcatlon On_ Zea may. S{ the Gibberellic  Proline  Shoot fresh weight Root fresh weight
results in Figure 2 show significant differences in plant .h.elght, acid (mg/l)  (mg/]) (2) (2)
number of leaves per plant and leaf area due to the addition of PO 431317 a 71817 a
proline at concentrations of 100, 200 mg/l. The highest GO P1 440.775 a 72442 a
averages were recorded at 200 mg/l with increment rates of E (2) 3‘5‘;-2?2 a ;(3)-222 a

. . . . a B a
2.5% and 3.8% in plant height, 2.9% .and 4.8% in the number Gl Pl 460242 a 81750 a
of leaves per plant and 1% and 1.8% in leaf area, as compared P2 458908 a 84.608 a
to the concentration of 100 mg/l and the control treatment PO 436.733 a 72733 a
respectively. G2 Pl 442300 a 73.125a

P2 449.758 a 74.892 a

Each value is the mean of three replicates. Values with the same letters
: _ within a column are not significantly different at 0.01 and 0.05 probability
@ Plant height {(cm) ® Number ofleaves per plant ¥ Leaf area (cm2) levels. GO = 0 mg/l GAs; G1= 100 mg/l GAs; G2= 200 mg/l GAs, PO= 0

mg/1 proline; P1= 100 mg/I proline; P2= 200 mg/1 proline.

9897 568.974 ¢ 573.415b 579.149a
500 -
i Shootfresh weight(g) M Root fresh weight (g)
400
300 - 500

439.881b 457.656a 442.931b

200 1 142481 ¢

100 -
0 L
i T T 82.267a 73 .583b
PO Pi P2 r
P0= 0 mg/I proline; P1= 100 mg/I proline; P2= 200 mg/I proline. GO Gl G2

Figure 2. Effect of proline on plant height, number of leaves per

plant and leaf area GO =0 mg/l GA3; G1=100 mg/l GA3; G2= 200 mg/l GAs.

. . . . . Figure 3. Effect of GA; on shoot and root fresh weights
The findings of this study are in agreement with previous
findings from HM et al. (2010), Faraj and Jumily (2012) and
Al- Hamdany and Mohammad (2014). Mohamad (2007) found
significant increments in plant height, number of leaves and 500 - . R, -
leaf area of Ziziphus cv. Tuffahi by the addition of proline at 400 - '
concentrations of 75 and 150 mg/l, and that the increment 300
effects were in a dose-dependent manner. The reason behind
the increments in plant height and number of leaves per plant in
this study attributed to the role of amino acids in changing the 74.997b 75.772b 77.803a
osmotic potential of the plant tissue. It has been found that 0 r— r r-
amino acids reduce the osmotic potential which leads to ' E
reduced cell water potential and increases cell viability to pull PO Pl P2
water and nutrients dissolved in it from the centre of growth Val - ot  emificantly different at 0.01 and 0.05
ind Evmour. 2005, Clusean 2009 T ety e - et i P10 itk 2 20 v

& Shootfreshweight (g)  ©Root fresh weight (g)

Figure 4. Effect of proline on shoot and root fresh weights
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While the significant increment that occurred in the leaf area as
a result of proline addition, might be attributed to the effect of
proline in increasing the plant's ability to photosynthesise by
controlling the opening and closing of stomata which helps to
balance between the taking in of CO, and the loss of water
during transpiration, and preventing chlorophyll pigment
decomposition, thus increasing leaf area per plant (Raven,
2002). The results also showed that there was no significant
difference from the double interaction of these factors in the
plant height and number of leaves per plant, while significant
differences in leaf area were obtained from the combination of
(G 100 mg/1 + P 200 mg/l). The lowest average was from the
combination of (G 0 mg/1+ P 0 mg/1) (Table 3).

Shoot and root fresh weight (g)

Significant differences in shoot and root fresh weights were
found due to the addition of GAj; at concentrations of 100, and
200 mg/l. The highest averages of shoot and root weights were
obtained using the concentration of 100 mg/l with increment
rates of 3.3% and 4.0% for shoot fresh weight and 11.8% and
13.1% for root fresh weight , compared to 200 mg/l and the
control treatment respectively (Figure 3). This result confirmed
previous results from Srinivasa (2006), Hussein (2009) and
Ghoname ef al. (2011). Ghodrat and Rousta (2012) confirmed
that soaking the seeds of Zea mays L. in different
concentrations of gibberellic acid before planting led to a
significant increment in the fresh weight of the shoots of the
developing plants under salinity and natural conditions equally.

The reasons of these increments in the fresh weights of shoots
and roots with the use of gibberellic acid, are attributed to the
effect of the hormone in stimulating the plant growth, increase
the division and elongation of plant cells which lead to
increased plant height, number of leaves per plant and leaf area
with the positive impact on the fresh weight increment as the
final result. The stimulation of gibberellic acid also builds the
DNA and RNA nucleic acids, and thus an increment in protein
synthesis and biological processes within the plant cells, which
lead to the fresh weight increment (Devlin et al., 1998).
Furthermore, a significant increment was obtained in shoot and
root fresh weights due to the addition of proline at
concentrations 100, 200 mg/l. The concentration of 200 mg/l
gave the highest averages of these characteristics with
increment rates of 1% and 2.6% of fresh weight of shoot, and
2.7% and 3.7% of fresh weight of root compared with the
concentration of 100 mg/l and control respectively (Figure 4).

This result was in tandem with results from Khedr ez al. (2003)
and Jain ef al. (2010). Nounjan ef al. (2012) found a significant
increment in the vegetative weight of Oryza sativa L. seedlings
after the plants resisted the negative impact of salts for 5 days
by the addition of proline at dfferent concentrations. These
changes in the fresh weight of plants when treated with proline
are due to the role of proline as a source of nitrogen which is
essential in building proteins and to generate the necessary
power for various vital activities. The double interaction of
(GA + proline) did not show any significant effect on fresh
weight of shoot and fresh weight of root . The highest average
of fresh weight of shoot was obtained from the combinations of
(G 100 mg/1 + P 200 mg/l), while the lowest average was from

the combination of (GO mg /1 + P 0 mg/l) as shown in Table 4.
It can be concluded that the addition of GA and proline at a
concentration of 100 mg/l and 200 mg/l respectively plays a
major role in plant growth and development. The properties
and characteristics of the plant were influenced positively by
the addition of these factors. While the addition of these factors
as a compound caused noticeable increments in the studied
characteristics, but they were not significant.

Acknowledgment

We would like to thank the Biology Department Laboratories,
Education College for Pure Science, Diyala University, Iraq for
material support during this research work. We would also like
to thank Biology program in School of Distance
Education, Universiti Sains Malaysia for supporting this
research.

REFERENCES

Abdelmula, A.A. and Sabiel, S. A. 1. 2007. Genotypic and
differential responses of growth and yield of some maize
(Zea mays L.) genotypes to drought stress. In proceedings
of the ‘Conference on International Agricultural Research
for Development’. University of Kassel-Witzenhausen and
University of Gottingen, Germany, 9 October 2007

Afzal, 1., Basra, S., Shahid, M., Farooq, M. and Saleem, M.
2008. Priming enhances germination of spring maize (Zea
mays L.) under cool conditions. Seed Science and
Technology, 36(2): 497-503.

Al-Hamadany, S. A. W. and Mohammed, S. M. 2014. Effect of
salinity of irrigation water and spraying amino acids
(proline, arginine) in the growth and yield of potato
Salanum Tuberosum L. Diyala Journal of Agricultural
Science, 6(2): 154-163.

Amini, F. and Ehsanpour, A. A. 2005. Soluble proteins,
proline, carbohydrates and Na?/K? changes in two tomato
(Lycopersicon esculentum Mill.) cultivars under in vitro
salt stress. Am. J. Biochem. Biotechnol., 1: 212-216.

Ashraf, M., Athar, H. R., Harris, P. J. C. and Kwon, T R. 2008.
Some prospective strategies for improving crop salt
tolerance. Advances in Agronomy, 97: 45-110.

Buckhout. T. J., Young, K. A., Low, P. S. and Morré, D. J.
1981. In vitro promotion by auxins of divalent ion release
from soybean membranes. Plant physiology, 68(2): 512-
515.

Claussen, W. 2005. Proline as a measure of stress in tomato
plants. Plant Science, 168(1): 241-248.

Cleland, R. 1960. Effect of auxin upon loss of calcium from
cell walls. Plant physiology, 35(5): 581-584.

de Souza, I. R. and MacAdam, J. W .2001. Gibberellic acid and
dwarfism effects on the growth dynamics of B73 maize
(Zea mays L.) leaf blades: a transient increase in apoplastic
peroxidase activity precedes cessation of cell elongation.
Journal of experimental botany, 52(361): 1673-1682.

Devlin, R. M. and Frances, H.W .1998. Plant physiology (4th
ed.). Al-Qahira: Dar Al-Arabia press.

Duncan, D. B. 1955. Multiple range and multiple F tests.
Biometrics, 11(1): 1-42.



24943

International Journal of Current Research, Vol. 08, Issue, 01, pp.24939-24943, January, 2016

Elsahookie, @ M.M. 1990. Maize  Production and
Breeding. Ministry of Higher Education and Scientific
Research. University of Baghdad, p. 400.

Faraj, A. H. and Jumily, A. W. A. R. 2012. Effect of soil and
spray application of different amino acids on growth of
tomato in desert zubair soil. Iraqgi Journal of Agricultural
Sciences, 42: 94-107.

Ghodrat, V. and Rousta, M.J. 2012. Effect of priming with
gibberellic acid (GA3) on germination and growth of corn
(Zea mays L.) under saline conditions. International
Journal of Agriculture and Crop Sciences, 4 (13): 882-885.

Ghoname, A. A., Saleh, S. A, Riad, G. S, Fawzy, Z. F. and
El-Abd, S. O. 2011. Enhancement of carrot seed yield and
quality by root dipping in gibberellic acid. Journal of
Applied Sciences Research, 7(12): 1821-1827.

HM, A. E., MAK, S. and Barakat, N. 2010. The role of amino
acids in improvement in salt tolerance of crop plants.
Journal of Stress Physiology and Biochemistry, 6(3): 25-37.

Hussein, M. 2009. Effect of gibberellic acid and chemical
fertilizers on growth and chemical composition of
Cryptostegia grandiflora, R. Br. plants. Mansoura
University Journal of Agricultural Sciences, 1(2): 27-38.
Retrieved from: http://www.idosi.org/jhsop/1(2)09/2.pdf.

Ibrahim, S. and Kandil, H. 2007. Growth, yield and chemical
constituents of corn (Zea Maize L.) as affected by nitrogen
and phosphors fertilization under different irrigation
intervals. Journal of Applied Sciences Research, 3(10):
1112-1120.

Igbal, N., Nazar, R., Khan, M. 1. R., Masood, A. and Khan, N.
A. 2011. Role of gibberellins in regulation of source-sink
relations under optimal and limiting environmental
conditions. Current Science (Bangalore), 100(7): 998-1007.

Jain, M., Mathur, G., Koul, S. and Sarin, N .2001. Ameliorative
effects of proline on salt stress-induced lipid peroxidation in
cell lines of groundnut (Arachis hypogaea L.). Plant Cell
Reports, 20(5): 463-468.

Khan, M. M. A., Gautam, C., Mohammad, F., Siddiqui, M. H.,
Naeem, M. and Khan, M. N. 2006. Effect of gibberellic
acid spray on performance of tomato. Turkish Journal of
Biology, 30(1): 11-16.

Khedr, A. H. A., Abbas, M. A., Wahid, A. A. A., Quick, W. P.
and Abogadallah, G.M. 2003. Proline induces the
expression of salt stress responsive proteins and may
improve the adaptation of Pancratium maritimum L. to salt
stress. Journal of Experimental Botany, 54(392): 2553-
2562.

Mohamad, Kh. M. 2007. Effect of proline treatment on salinity
tolerance of Ziziphus spp seedling cv. Tuffahi. Basra
Journal of Science, 25(2): 89-102.

Nabizadeh, E., Banifazel, M. and Taherifard, E. 2012. The
effects of plant growth promoting on some of traits in maize
(cv. SC 704) under drought stress condition. European
Journal of Experimental Biology, 2(4): 875-881.

Nounjan, N., Nghia, P. T. and Theerakulpisut, P .2012.
Exogenous proline and trehalose promote recovery of rice
seedlings from salt-stress and differentially modulate
antioxidant enzymes and expression of related genes.
Journal of plant physiology, 169(6): 596-604.

Qureshi, K. M., Chughtai, S., Qureshi, U. S. and Abbasi, N.
A. 2013. Impact of exogenous application of salt and
growth regulators on growth and yield of strawberry. Pak.
J. Bot, 45(4): 1179-1185.

Raven, J. A. 2002. Selection pressures on stomatal evolution.
New Phytologist, 153(3): 371-386.

Rohamare, Y., Nikam, T. and Dhumal, K. 2013. Effect of
foliar application of plant growth regulators on growth,
yield and essential o0il components of Ajwain
(Trachyspermum ammi L.). International J. Seed Spices,
3(2): 34-41.

Roy, R., Rahim, M. A., and Alam, M. S. 2010. Effect of starter
solution and GA3 on growth and yield of cabbage. J.
Agrofor. Environ., 3 (2): 187-192.

Saxena, M. C. and Singh, Y. 1965. A note on leaf area
estimation of intact maize leaves. Indian Journal of
Agronomy, 10:437-439.

Srinivasa, V. 2006. Effect of fertilizers on leaf nutrient content
in Anthurium cv. Chaco. Crop Research-HISAR, 31(1): 78.

Surendra, P., Nawalagatti, C. M., Chetti, M. B. and Hiremath,
S. M. 2010. Effect of plant growth regulators and
micronutrients on morpho-physiological and biochemical
traits and yield in okra. Karnataka Journal of Agricultural
Sciences, 19(3): 694-697.

Wang, W., Vinocur, B. and Altman, A.2003. Plant responses
to drought, salinity and extreme temperatures: towards
genetic engineering for stress tolerance. Planta, 218(1): 1-
14.

Yousif, D. B. 2012. A Guide to Corn Cultivation and
Production. Baghdad: Al-Ddewan Company Press, p.137.

sk skoskosk koo



