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Abstract
A field experiment was conducted at College of agricultural engineering Sciences research station, University of Baghdad,
Al-Jadriya in 2018 summer season, in order to compare the role of several plant growth regulators in reducing the effect of
irrigation with salty water on growth and yield characteristics of Rice (Amber-33). A randomized complete block design in
Split-plot distribution with 3 replicates was used. The main plots occupied by salinity levels of irrigation water (River water,
4, 6 and 8 dis m-1) which were symbolized as S0, S1, S2 and S3 respectively, while the sub-plots were occupied with plant growth
regulators (pgrs) (Naphthalene acetic acid, Kinetin, Abscisic acid, Brassinolide and distilled water) symbolized as NAA, KIN,
ABA, BR and C respectively. All soil and crop management processes were carried out according to the scientific
recommendations. Results revealed that salinity have significantly decreased all studied traits. The treatment of salt stress 8
dis m-1 (S3) has significantly decreased the plant height, leaf area, growth rate, total chlorophyll content, dry weight and total
tillers number by (48.59%), (50.57%), (44.97%), (50.32%), (53.84%) and (54.73%) respectively in comparison with S0, plant did
not give any yield at 8 dis.m-1 salinity level. Application of plant growth regulators has decreased the negative effect of
salinity in all studied traits. The foliar spray of NAA has increased plant height, leaf area, growth rate and dry weight by
(12.35%), (27.34%), (18.57%) and (13.09%) respectively. However, spraying KIN has significantly increased the total chlorophyll
content (32.65%) and total tiller number (34.74%) in comparison with (C). It can be stated that plant growth regulators have
a significant role in reducing salinity effect on the studied traits, especially at low salinity levels. Thus, it can be concluded
that application of NAA to the rice plant under salt stress can be recommended to improve its growth and yield.
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Introduction
Water salinity is a growing problem in Iraq because

of mainly poor management of water and soil. This has
been a major research effort to eliminate the negative
impact of salinity. It affects the growth and development
of all plants at all growth stages and the salt stress was
considered as one of the most important problems that
impedes the agricultural expansion as a result of the
continuous increment in the proportion of land affected
by salts, including irrigated areas due to excessive use of
irrigation water and the lack of regulation of drainage
networks (Zhang et al., 2010). The effect of salt stress
can be reduced by applying plant growth regulators as
an alternative solution in spite of their variable mode of
action. Cytokinin (CK) is one of the growth regulators
which play an important role in sustaining the plant to
various environmental stresses, by stimulating water and

nutrients absorption from soil and through improving
transmission of nutritional signals between roots and
vegetative growth, as well as regulating the transpiration
through control the mechanism of opening stomata and
stimulating the lateral buds growth (Carey, 2008 and Taiz
and Zeiger, 2008). NAA is one of the important auxins
that play a substantial role in cells division and enlargement,
as well as many physiological processes which effect
plant growth and development by stimulating apical
dominance (Bakhsh et al., 2012). ABA is a plant stress
hormone and one of the most important signaling
molecules in plants, the increment of ABA levels in plant
tissues under stress conditions can improve water content
through control the opening and closing of stomata as
well as in inducing specific genes that encode enzymes
and help to undertake stress (Culter et al., 2010 and
Raghavendra et al., 2010). However it has a role in
formation of membrane protein. The Brassinosetroids



(BR) are naturally occurring steroidal plant growth
regulator, BR has been found in a wide variety of plants
including dicots, monocots, gymnosperms, algae and in
various plant tissues such as pollen, leaves, flowers, seeds,
buds, tillers and stems. BRs contribute in sustaining the
biotic stresses and affect plant resistance to abiotic
stresses through its effect on the process of
Transcription of genes responsible for these stresses.
Therefore, this research was aimed to identify the effect
of each plant growth regulator on growth characteristics
and yield of rice grown under saline stress.

Materials and Methods
This experiment was carried out at research station

at College of Agricultural Engineering Sciences, University
of Baghdad, Al-Jadriya during the summer season 2018,
in order to compare the negative effect of saline stress
on Rice crop (Amber-33). A randomized complete block
design in Split-plot arrangement with three replicates was
used. The main plots occupied with salinity concentrations
of irrigation water (4, 6 and 8 dis.m-1) as well as the
control treatment (0.65 dis.m-1), while the sub-plots were
occupied with the plant growth regulators (ABA, BR,
KIN and NAA) in concentrations of (3, 3, 5 and 200)
mg.l-1 respectively as well as the control treatment which
were sprayed with distilled water (0). All soil and crop
management processes were carried out according to
the recommendations; the field was divided into
experimental units spaced by 80 cm and 40 cm between
each sub plot, with area of (2×2) m2 for each experimental
unit. The field was planted at 16/6/2018, each line spaced
by 20 cm and each experimental unit occupied with 10
lines. The DAP fertilizer was applied before planting (120
kg.ha-1) and potassium sulfate (96 kg.ha-1) in three
batches, after a month of planting and after two months
of planting and during the flowering stag. Urea fertilizer
was applied (280 kg.ha-1) in three batches, after a month
of planting and after two months from sawing dates
planting and during the flowering stage. All agricultural
operations have been carried out until maturity.
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Results
Plant Height (cm)

Salinity stress treatments growth regulators and their
interaction had a significant effect on rice plant height
(Table 1). Irrigation with saline water with all its applied
levels (except S1) reduced plant height significantly
compared to control (river water, S0), where plant height
reached 106.4cm. While irrigation field with salinity level
S3 gave the lowest average trait of 54cm. Growth
regulators led to an increase in plant height (except ABA)
and there was a significant differences among plant
growth regulators in this trait. NAA gave the highest
average height of plant reading 93cm, while spraying
ABA gave the lowest average of 73.7cm (Table 1).
Looking at the interaction between the tested factors,
they showed an increase in plant height when spraying
rice with NAA with salinity S0, giving the highest plant
122.7cm compared to the combination of S3 salinity may
ABA application which gave the shortest plants (48.7cm).
Leaf area (cm2)

Salinity levels of irrigation water and plant growth
regulators significantly affected the flag leaf area (Table
2). Increasing irrigation water salinity caused continues
redaction in flag leaf area. S3 gave the lowest area
(11.60cm2) with redaction parentage of 50.57%, 46.47%
and 26.26% as S3, S2 and S1 respectively comparing to
control. The application of plant growth regulators has
an effective role in increasing the leaves area. Application

Table 1: Effect of salty irrigation water levels and plant growth
regulators on plant’s height (cm) of Rice.

Salt Plant growth regulators Average
level C NAA ABA KIN BR

S0 100.6 122.7 89.9 105.4 113.3 106.4
S1 92.7 117.0 80.7 97.3 104.5 98.5
S2 67.0 74.7 75.4 83.7 78.1 75.8
S3 53.3 57.5 48.7 54.5 59.5 54.7

L.S.D 0.05 15
9Average 78.4 93.0 73.7 85.2 88.8

L.S.D 0.05 7

Table 2: Effect of salty irrigation water levels and plant growth
regulators on leaf area (cm2) of Rice.

Salt Plant growth regulators Average
level C NAA ABA KIN BR

S0 22.00 25.33 22.01 24.33 23.67 23.47
S1 20.00 22.67 20.33 22.33 23.00 21.67
S2 13.67 17.00 14.67 16.00 17.33 15.73
S3 9.33 12.67 12.33 11.67 12.00 11.60

L.S.D 0.05 N.S
0.80Average 15.25 19.42 17.34 18.58 19.00

L.S.D 0.05 0.92

Table 3: Effect of salty irrigation water levels and plant growth
regulators on crop growth rate (gm m-2 day-1) of Rice.

Salt Plant growth regulators Average
level C NAA ABA KIN BR

S0 31.29 34.30 25.10 32.85 32.20 31.15
S1 24.70 37.34 24.56 30.87 23.85 30.06
S2 20.70 24.11 28.01 26.24 23.38 24.51
S3 15.07 17.08 18.94 18.35 16.25 17.14

L.S.D 0.05 4.41
3.48Average 22.97 28.21 24.15 27.07 26.17

L.S.D 0.05 1.81
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of NAA gave the highest value reached 19.42 cm2 in
comparison with control (C) which gave the lowest value
reached 15.25 cm2. Also results revealed that there is no
significant effect among the interaction treatments on leaf
area.
Crop Growth rate (CGR) (gm m-2 day-1)

Salinity levels and plant growth regulators and their
interaction has a significant effect on (CGR) which
represent the amount of material manufactured by the
plant in a specified area and time (Table 3). River water
treatment (S0) has significantly gave the highest value
reached 31.15 gm m-2 day-1, which were not significantly
different from S1 which gave 30.06 gm m-2 day-1, while
the treatment S3 gave the lowest value (17.14 gm m-2

day-1) in a significant difference among all the salinity
levels. However results showed a significant effect for
the application of plant growth regulators, the foliar
spraying of NAA gave the highest values reached 28.21
gm m-2 day-1, while the foliar application of distilled water
(C) gave the lowest value (22.97 gm m-2 day-1). The
interaction between river water (S1) and NAA gave the
highest value reached 34.30 gm m-2 day-1, comparing with
S3 and distilled water (C) which gave the lowest value
approaching 15.07 gm m-2 day-1.
Total chlorophyll content (µg gm-1)

Salinity levels, growth regulators and their interactions
had a significant effect on plant chlorophyll content (Table
4). River water (S0) gave the highest values reached
21.42 µg gm-1, while the salt stress treatment (S3) has
significantly decrease total chlorophyll content by giving
the lowest value (10.64 µg gm-1). However, results
revealed that applying KIN as provide highest values
reached 19.81µg gm-1, while distilled water treatment gave
the lowest amount of chlorophyll reached 13.54 µg gm-1,
with no significant differences among BR, ABA and NAA
on the studied trait. Data however, results revealed that
there is no significant effect of interaction between tested
treatments on plant chlorophyll content.

Total dry matter (TDM) (gm m-2)
According to the data in table 5, salinity levels, plant

growth regulators and their interactions significantly
affected the total dry matter of rice plant treatment (S0)
gave the highest values approaching (312 gm m-2) which
were not significantly different from S1 (287 gm m-2),
while S3 gave the lowest value approaching (144 gm m-2).
Data however shows that applying growth regulator
improves significantly plant TDM. NAA gave the highest
values approaching (252 gm m-2) with non-significant
difference with KIN, ABA and BR, while the treatment
of distilled water (C) gave the lowest value approaching
219 gm m-2. The interaction between salinity levels and
growth regulator gave the highest values at (S0 and NAA)
approaching 355 gm m-2, while (S3 and distilled water)
gave the lowest TDM value reached 126 gm m-2.
Total tillers number (tiller m-2)

Results in table 6, revealed that the application of
river water gave the highest number of tillers 888 tiller
m-2, while high salty water (8 dis m2) (S3) gave the lowest
value reached 402 tiller m-2, with non-significant
differences between S0 and S1. Also the foliar application
of KIN providing the highest number of tiller (733 tillers
m-2) while the foliar application of distilled water (control)
gave the lowest value reached 471 tiller m-2. The
interaction between S0 (river water) and KIN gave the
highest value approaching 959 tiller m-2, in comparison
with the interaction between distilled water and salinity

Table 4: Effect of salty irrigation water levels and plant growth
regulators on Plant total chlorophyll content (µg gm-1)
of Rice.

Salt Plant growth regulators Average
level C NAA ABA KIN BR

S0 17.65 23.47 22.80 24.76 18.45 21.42
S1 15.02 19.88 14.98 19.95 20.45 18.06
S2 12.36 13.70 17.95 22.91 16.55 16.69
S3 9.12 10.94 10.22 11.62 11.28 10.64

L.S.D 0.05 N.S
1.90Average 13.54 17.00 16.49 19.81 16.68

L.S.D 0.05 2.47

Table 6: Effect of salty irrigation water levels and plant growth
regulators on Total branches number (branch m-2) of
Rice.

Salt Plant growth regulators Average
level C NAA ABA KIN BR

S0 852.4 948.6 747.2 958.8 931.2 887.6
S1 729.9 894.2 729.9 1018.2 858.0 846.0
S2 394.1 509.0 575.0 532.2 504.2 502.9
S3 307.3 433.1 424.9 424.5 420.9 402.1

L.S.D 0.05 104.2
66.1Average 570.9 696.2 619.2 733.4 678.6

L.S.D 0.05 49.6

Table 5: Effect of salty irrigation water levels and plant growth
regulators on Dry weight yield (gm m-2) of Rice.

Salt Plant growth regulators Average
level C NAA ABA KIN BR

S0 272.2 354.5 322.5 298.1 314.1 312.3
S1 259.9 297.2 276.7 334.3 268.2 287.2
S2 216.9 196.2 207.5 214.9 250.6 217.2
S3 126.1 160.6 144.6 143.0 146.2 144.1

L.S.D 0.05 21.0
28.0Average 218.8 252.1 237.7 247.6 245.8

L.S.D 0.05 44.0



level S3 which gave the lowest value tiller (307 tiller m-2).
Paddy rice yield (Kg ha-1)

Results revealed that the treatment S0 gave the
highest value paddy rice yield (1072 Kg ha-1), which is
not significantly different from S1 (1020 Kg ha-1), while
the treatment S2 gave the lowest value reached (422 Kg
ha-1 (Table 7). Also plant growth regulator NAA gave
the highest value reached (1010 Kg ha-1), with non-
significant difference from KIN which gave 899 Kgha-1,
while the foliar application of ABA gave the lowest value
reached 710 Kg ha-1. The interaction between S0 and
NAA gave the highest value peaked at 1319 Kg ha-1,
while the interaction between S2 and distilled water gave
the lowest value reached 298 Kg ha-1.

Discussions
Results revealed negative effect of salinity on all

studied traits. The salinity negative effects on vegetative
growth traits (plant height and leaf area) can be due to
the physiological stress on cells through decrease the
osmotic pressure, as well as increasing the ionic toxicity
stress which can make a poisonous effects on plant, that
can resulted in decreasing water and nutrients availability
in plant as amounts of salts increased. However, salinity
reduce cells volume which resulted in shrinking leaves
area (Hakim et al., 2014 and Amirjani, 2011), these results
are in agreement with Jamil et al., (2012) and Jini and
Joseph, (2017). The reason of chlorophyll destruction in
the plant under salt stress may due to the production of
Chlorophylase enzyme which naturally produced in the
plants under abiotic stresses, as well as the effect of
salinity on destroying the plastids protein and therefore
the chlorophyll (Fisarakis et al., 2001), Researches
mentioned that the high amounts of sodium and chloride
ions in leaf cells cytoplasm can directly affected the
photosynthesis enzymes and pigments formation (Ghanem
et al., 2008; Karpe et al., 2012; Nahar, 2018). The dry
weight might be affected by the decrement in all
vegetative growth traits including plant height, leaves area
and chlorophyll content (Tables 1, 2 and 4 respectively)
which affect the producing efficiency of plant tissues

and roots absorption ability, these results are in agreement
with Nahar, (2018) and Garcia morals et al., (2012). Also
the salinity has an effect on the total tillers number
decrement because the high levels of salt prevented the
new tillers ability to carry the salts to the vacuoles, which
lead to increase the salts concentration in cytoplasm to
the toxic level and desiccate the tillers, Also it decrease
the accumulation of nitrogen in plant which is important
in vegetative growth (Yongguang et al., 2015). These
results are in agreement with Alwagaa, (2018) and Rad
et al., (2012). The yield decrement can be due to the
negative effect of salt stress on all growth characteristics
which lead to decrease grains yield which reflected on
the total yield, these results are in agreement with Araf
and Rad, (2012) and Muhammad, (2000) and Hakim et
al., (2014).

The foliar application of plant growth regulators (pgrs)
has increased plant resistance to saline stress which is
affected all growth and yield traits. Spraying NAA has
increased plant height, leaf area and total dry matter
(TDM) which may be due to the role of growth regulators
in increasing the water and nutrients absorption which is
positively reflected on the photosynthesis process and
contribute in cells division and enlargement and stimulate
the lateral roots (Azad et al., 2004 and Woodward and
Bartel, 2005) also it has a role in genetic decoding against
plant shortage (Hayat and Ahmed, 2011 and Sharma,
2011). The plant growth regulators have an important
role in improving the distribution process between source
and sink in plant (Nataraj, 2016) these results are in
agreement with Jahn and golam, (2011) and Khan et al.,
(2016). KIN also play an important role increasing total
chlorophyll content because it has a positive effect in
reducing the effects of environmental stresses, including
moisture, salt and its effect on the accumulation of ions
by reducing Na and Cl ions in plant tissue which lead to
decrease the saline potential by increasing root cells
division and enlargement (Kaya et al., 2010). Also KIN
has an important role in increasing tillers number by
stimulating the differentiation of buds vascular tissues,
as well as inhabiting the apical dominance and stimulating
lateral root growth, also It prevents the nutrient deficiency
by promoting their absorption and transport and reduces
plant sensitivity to abiotic stresses (Carey, 2008 and Taiz
and zeiger, 2002). NAA however has a positive role in
increasing the total yield by stimulating the transport of
photosynthesis products and increasing the hydrolysis
enzyme activities, which has a positive effect on the total
yield (Elankavi et al., 2009) by observing the interaction
treatments, it can be concluded that growth regulators
have a role in increasing most growth traits at low salinity
levels, but as salinity levels increase, they become less effective.

Table 7: Effect of salty irrigation water levels and plant growth
regulators on Paddy yield (Kg ha-1) of Rice.

Salt Plant growth regulators Average
level C NAA ABA KIN BR

S0 956.1 1319.4 838.5 1135.3 1111.7 1072.4
S1 885.6 1312.2 733.7 1021.9 1048.3 1020.5
S2 298.3 400.6 458.1 541.4 414.9 422.4

L.S.D 0.05 237.3
185.2Average 713.3 1010.7 710.5 899.5 857.3

L.S.D 0.05 123.6
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Conclusions
1. Saline irrigation has a negative effect on growth,

yield and qualitative characteristics
2. The irrigation under salinity level 4 ds m-1 didn’t

have a negative effect in most traits, which makes it the
upper limit (threshold) in the economic impact of salinity
in the yield and quality of rice, the irrigation at level 6 and
8 ds M-1 had an adverse effects on the studied traits

3. The application of plant growth regulators has
reduced the negative effect of salinity in most studied
traits and NAA has the most significant effect among
the growth regulators in reducing the impact of salt stress
on most growth traits.

4. The effect of salinity levels and plant growth
regulators have been interacted in most of the studied
traits and the growth regulators have a better influence
under the lower salinity levels.

References
AL-Wagaa, Enas and M.M.A. Abdul-Razak (2020). Effect of

anti-transpiration in improving growth characteristics of
rice under salt stress, magazine of Educational and
Scientific Studies., 2(15).

Amirjani, M.R. (2011). Effect of salinity stress on growth, sugar
content, pigments and enzyme activity of rice.
International Journal of Botany., 7(1): 73-81.

Aref, F. and H.E. Rad (2012). Physiological characterization of
rice under salinity stress during vegetative and
reproductive stages. Indian Journal of Science and
Technology., 5(4): 2578-2586.

Azad, M.A.K., S. Yokota, S. Yahara and N. Yoshizawa (2004).
Asian J. plant sci., 3: 522-528.

Carey, J.W. (2008). Communication as culture, revised edition:
Essays on media and society. Routledge.

Elankavi, S., G. Kuppuswamy, V. Vaiyapuri and R. Raman (2009).
Effect of phytohormones on growth and yield of
rice. ORYZA-An International Journal on Rice., 46(4):
310-313. Environmental salt stress on the growth of Zea
mays L. plants by exopolysaccharides producing bacteria.
J. Appl. Sci. Res., 8(4): 2034-2044.

García Morales, S., L.I. Trejo-Téllez, F.C. Gómez Merino, C.
Caldana, D. Espinosa-Victoria and B.E. Herrera Cabrera
(2012). Growth, photosynthetic activity and potassium and
sodium concentration in rice plants under salt stress. Acta
Scientiarum. Agronomy., 34(3): 317-324.

Hakim, M.A., A.S. Juraimi, M.M. Hanafi, E. Ali, M.R. Ismail, A.
Selamat and S.R. Karim (2014). Effect of salt stress on
morpho-physiology, vegetative growth and yield of rice.
Journal of environmental biology., 35(2): 317.

Hayat, Q., S. Hayat, M. Irfan and A. Aqil (2010). Effect of
exogenous salicylic acid under changing environment. J.
Enviro. Exp. Bot., 68(1): 14 25.

Jamil, M., S. Bashir, S. Anwar, S. Bibi, A. Bangash, F. Ullah and
E.S. Rha (2012). Effect of salinity on physiological and
biochemical characteristics of different varieties of rice.
Pak. J. Bot., 44: 7-13.

Jini, D. and B. Joseph (2017). Physiological mechanism of
salicylic acid for alleviation of salt stress in rice. Rice
Science., 24(2): 97-108.

Kaper, A., A.N. Ashok, P.C. Krunal, B.K. Sachin, G.K. Prashant,
B. Harinath, M.D. Rachayya and S. Penna (2012).
Differential responses salinity stress of two varieties (CoC
671 and Co 86032) of sugarcane (Saccharum officinarum
L.). Afr. J. Biotechnol., 11(37): 9028-9035.

Kaya, C., A.L. Tuna and A.M. Okant (2010). Effect of foliar
applied kinetin and indole acetic acid on maize plants grown
under saline conditions. Turkish Journal of Agriculture
and Forestry., 34(6): 529-538.

Khan, S.U., A.R. Gurmani, A. Qayyum, K.S. Abbasi, M. Liaquat
and A. Zahoor (2016). Exogenously applied gibberellic acid,
indole acetic acid and kinetin as potential regulators of
source-sink relationship, physiological and yield attributes
in rice (Oryza sativa) genotypes under water deficit
conditions. International Journal of Agriculture and
Biology., 18(1).

Mohammed, L.S. (2000). Screening and evaluation of number
of rice lines for tolerating salt stress, Ph.D. Dessertation,
Collage of Agriculture, university of Baghdad, 120.

Rad, H.E., F. Aref and M. Rezaei (2012). Evaluation of salinity
stress affects rice growth and yield components in northern
Iran. Am. J. Sci. Res., 54: 40-51.

Sharma, I. (2011). Effect of brassinosteroids on antioxidant
defense system of (Raphanus sativus L.) under heavy
metal stress employhng biochemical and molecular
approaches. Ph.D. Thesis faculty of life, Guru Nanak Dev
University Amritsar. 125.

Woodward, A.W. and B. Bartel (2005). Ann. Bot., 95: 707-73.
Yongguang, M.U., L.I.N. Jixiang, M.U. Chunsheng and G.A.O.

Zhanwu (2015). Effects of NaCl stress on the growth and
physiological changes in Oat (Avena sativa) seedlings.
Not. Bot. Horti. Agrobo., 43(2): 468-472.

1734 S. F. Hadi and M. M. A. Abdul-Razak


