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Abstract:- In order to investigate the effects of water stress 

and plant growth regulators PGRs  on yield and yield 

components in wheat, an experiment was conducted on the 

Demonstration Farm of the Faculty of Agriculture, 

University of Kassala at Halfa Elgadidah, Sudan. The 

experiment was arranged in split-plot design with three 

replications. The watering treatments in this study are 

designated as W1 and W2 where plants were irrigated 

every 10 and 20 days, respectively. The seven growth 

regulators levels are designated as G50, G75,G100 

(corresponding to gebbraline hormone  rates of 0,50,75 

and 100ppm), NA50, NA75, NA100 (corresponding to 

Nephethaline acitic acid rates of 50,75 and 100ppm) and 

control (GON0)with zero level of PGRs. The results 

revealed that, W1and application of G100 or low level of 

NAA increased plant height, leaf area and yield attributes 
(grain filling rate, spike length, number and weight of 

grains per plant and grain yield per unit area).further, 

application of GA3at 100 ppm increased grain yield 

(kg/ha) by more than 69% relative to NAA at the same 

 rate. It was concluded that plant growth regulator (GA100 

or NAA50) with W1 may be better to achieve higher seed 

yield and yield components in wheat. 
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I. INTRODUCTION 

 

Wheat (Triticum aestivum L.), is a winter 

annual grain grass of the family Graminae, 

generally common to temperate zones grassland 

Prairies and Savannas[1]. As wheat is an irrigated 

crop, its production is frequently exposed to water 

deficits at any stage of the crop development.[2] 

concluded that increasing irrigation frequencies 

increased wheat plant height.[3] attributed the 

decrease in leaf area index under water stress to 

reduction in leaf development. Different studies 

have shown that prolonged watering interval 

decreased grains yield per unit area in wheat [4-6]. 

Also,[7] stated that, under frequent watering 

 intervals the increase in grain yield of wheat  was 

associated with significant increases in yield 

components (number of tillers m-2, number of 

grains spike-1 and 1000-grain weight). Plants 

encounter a variety of external and internal envi-

ronmental changes. Among the external 

environmental factors critical for survival of plants 

are water, tempera-ture, light and other organisms. 

Internal environmental factors include plant 

hormones such as ABA, auxin, cytokinins, ethylene, 

gibberellic acid (GA3), Jasmonic acid, and 

brassino-steriods [8]. PGRs have been implicated in 

effici ent utilization of nutrients and translocation of 

photo-assimilates in established sink-source system 

[9,10].PGRs have potential to increase grain yield 

and may also alter grain prot ein levels of cereal 

crops especially wheat 11]. PGRs significantly 

increased all physiological and yield character[12].  

Due to diversity field use of productive land it is 

necessary to increase the food production and PGRs 

may be a contributor in achieving the desired goal. 

Thus combined application of PGRs and adequate 

irrigation can increase crop productivity. So,the aim 

of present investigation was to study the 

effectiveness of Nephtahaline acitic acid (NAA) and 

Gibberellin (GA3) under water stress condition on 

growth and yield of wheat crop. 

 
II. MATERIAL AND METHODS 

 
The proposed study was conducted on the 

Demonstration Farm of the Faculty of Agriculture, 

University of Kassala at Halfa Elgadidah, Sudan 

(Latitude 15° 19΄ N. Longitude 35° 36΄E and 

Altitude 45 m asl). The experiment was arranged in 

split-plot design with three replications. The main 

plots were allotted for watering treatments and the 
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subplots for hormones treatments. Seeds were sown 

manually at a rate of 120 kg/ha, in three lines 15 cm 

apart, on the second week of November in both 

seasons. The watering treatments in this study are 

designated as W1 and W2 where plants were 

irrigated every 10and 20 days, respectively. The 

crop received equal quantities of water at 12 days 

interval for establishment and the watering 

treatments were initiated 30 days after sowing. The 

seven growth regulators levels are designated as, 

GON0, G50, G75,G100 (corresponding to 

gebbraline hormone  rates of 0,50,75 and 100ppm), 

NA50, NA75, NA100(corresponding to 

Nephethaline acitic acid hormone  rates of 0,50,75 

and 100ppm),respectively. 

 
III. CHARACTERS STUDIED 

 

Growth attributes: Ten plants were randomly 

selected and tagged in each pot to determine the 

following growth parameters. 

 

Plant height (cm)  

Plant height was measured using a meter tape 

from the base of the stem to the youngest leaf or to 

the tip of the spike. The average plant height was 

determined from the ten tagged plants in each sub-

plot.  

  

Leaf area (LA)   

Leaf area per plant will be computed according to 

[13]method as follows: 

Leaf area (LA) = L × W × K 

 

Where: 

 L ≡ maximum leaf length (cm) 

W ≡ maximum leaf width (cm) 

K ≡ Adjustment factor (0.8)  

 

Yield attributes: The ten tagged plants in each 

sub-plot was used for the determination of the 

following yield components.  

 

Grain Filling Rate (GFR): calculated as following 

GFR=  highest  dry grain weight(g) / period of 

grains filling 

Spike length (cm) 

Ten spikes from each pot selected and the 

average length of spike was measured. 

 

Number of grains spike-1 

The previous spikes will be threshed manually 

and the average number of grains per spike was 

determined.  

 

Grains weight (g plant-1) 

Grains obtain from the 10 randomly selected 

plants will be weighed using sensitive balance to 

determine the average grain weight per plant.  

 

Grain yield (kg ha-1) 

Grains resulted from the previous harvested 

plants in the sub-plot were weighed and the average 

grain yield per unit area was determined.   

Data were statistically analyzed according to the 

analysis of variance (ANOVA) and mean 

comparisons at 5% level of probability for split plot 

experiment using MStat-C computer software 

package [14]. 

 
IV. RESULTS AND DISCUSSION 

 

The effects of  water stress  and growth 

regulators(PGRs) on plants height was highly 

significant (P < 0.01). Frequent watering (W1) 

significantly increased wheat  plant height 

particularly in second season while application of 

 gebbraline GA3 at 100 ppm gave the tallest plant 

(57.85 and 47.31 cm) as compared to other PGRs 

treatments in both seasons(Table1). Moreover, the 

magnitude of GA3 at 100 ppm on wheat  plant 

height was significantly greater under frequent 

watering regime. The increase of plant height might 

be due to increase of stem internodes under frequent 

watering as reported by [15]. Also, application of 

GA3 at high rate increased  division and 

enlargement  of cells and as a result increased plant 

height. The results were agreement with those 

reported by[16,17] who stated that, Gibberellines 

(e.g., GA3) primarily enhance cell division in the 

sub-apical region of the rosette axis, leading to stem 

elongation. Irrigation wheat plant every 10 days 

(W1) significantly increased leaf area (LA).further, 

application of gebbraline GA3 at  higher rates 
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(75,100 ppm)gave the highest value of  LA 

followed by NAA at rates of 50 and 75 ppm.The 

increased in LA due to these treatments dominant 

under frequent watering regime in both seasons 

(Table 2). The increase in this character with 

frequent watering interval  and GA3 or NAA might 

be due to the positive effect of water and  PGRs on 

cell enlargement and cell division  as reported 

by[18]. 

On the other hand, grain filling rate(GFR) 

significantly increased by more than 6% due to W1 

relative to W2 (Table 1). Increasing GA3 rates 

resulted in higher GFR while no significant 

differences observed between NAA treatments on 

GFR. Moreover, the magnitude of GA3 at 100 ppm 

 on GFR was clear under W1  as compared to other 

interaction treatments in both seasons(Table 1). The 

increased in GFRmight be due to increased in LA. 

Also, supporting evidences were reported by[19] in 

watering  and by [20] in growth hormone. 

 Data presented in table 2  showed means of  

yield related traits of wheat as affected by water 

stress, growth regulators (GA3and NAA) and their 

interactions. Water stress W2 significantly reduced 

spike length, number (by more than 15%)and 

weight of grains per plant (by more than 9%) 

relative to W1. Application of GA3 at  high rates( 

75 and 100ppm) or NAA  at low rate (50 ppm) 

increased spike length. Also, Application of GA100 

increased  number of grains per plant by more than 

24% relative to NA 75  and  increase grains weight 

per plant  by more than 19% relative to NAA at the 

same rate (Table2). The reduction of spike length 

due to water stress might be due to reduction of leaf 

area under water stress conditions. Similarly,[21] 

noticed that application of GA at 75 and 100 ppm 

increased spike length while higher rateof NAA 

decreased spike length. The decreased of number 

and weight of grains per plant under water stress 

condition could be attributed to the fact that water 

deficit severely affected pollination process and 

caused floret abortion ,while lack of assimilate 

needed for grain filling may reduce grain weight per 

plant. The increased of aforementioned characters 

due to application of PGRs at these rates might be 

due to positive effects of PGRs on leaf area. 

Supporting evidences were reported by[22,23]. 

Furthermore, Irrigation wheat plant every 10 days 

(W1)  significantly increased  grain yield (kg/ha)by 

more than 13% relative to W2 while application of 

GA3at 100 ppm increased grain yield (kg/ha) by 

more than 69% relative to NAA at the same 

 rate(Table 2). Also, under frequent watering while 

application of GA3at high rates increased grain 

yield (kg/ha) as compared to their relative 

treatments. Grain yield enhancement resulted in this 

study could be mainly attributed to positive effects 

of both frequent watering and PGRs on yield 

components( spike length, number and weight of 

grains per plant) reported earlier. Also, supported 

results reported by[24] in watering treatments and 

[25,10] in PGRs effects on grain yield per unit area. 

 
V. CONCLUSION 

 

Generally, by application of 100-ppm GA3 was 

found as the best for all of the parameters related to 

growth and yield. It was concluded that plant 

growth regulator ( GA100 or NAA50) with W1 may be 

better to achieve higher seed yield and yield 

components in wheat. 

 

REFERENCES 

 
[1]. Wall, G.W.; Garcia, R.L.; Kimball, B.A.; Hunsaker, D.J.; 

Printer, P.J.; Long, P.; Osborne, C.P.; Hendrix, D.L.; 

Wechsung, F.; Wechsung, G.; Leavitt, S.W.; LaMorte, 

R.L. and Idso, B.(2006). Interactive Effects of Elevated 

Carbon Dioxide and Drought on Wheat. Agron. J., 

98:354-38. 

[2]. Abdou, S.M.M.; Farrag, F.R.; Al Akram, M.F. and 

Ashry, M.R. (2011). Water relation and yield of different 
nitrogen fertilizer forms and scheduling irrigation. 

Journal of Soil Science, 2(1):25-41. 

[3]. Waraich, E.A.; Ahamed, R.; Saifullah ,M.; and Sabir, 

M.(2007). Nutrition and water stress effects on growth 

and yield of wheat. Pak, J. Agric. Sci., 44(1): 67-74. 

[4]. Fragi M, Siadat A, Fathi G, Asoodar M.A; Effectof 

nitrogen on wheat grain yield under terminal drought 

stress. J. Bonglatish Agric. Unver, 2004; 30:102-110. 

[5]. Althabit S.S; Promotive effects of 5-amino levulinic 

acid.on growth andyield of wheat grown under dry 

conditions. J. Agron. 2006; 5(1):45-49. 

[6]. Attia M.A, Barsoum M.S; Effect of Supplementary 

Irrigation and Fertilization on Wheat Yield Productivity 

under Rainfed Conditions, 2013. 

http://www.ijisrt.com/


Volume 3, Issue 5, May – 2018                                                     International Journal of Innovative Science and Research Technology 

                                 ISSN No:-2456-2165 

 
IJISRT18MY497                www.ijisrt.com                                694  

[7]. Ahmed ,B.A.; Ahmed,F.E.and Dessoug,H.I. (2016). 

Interactive Effect of Chicken Manure with Nitrogen 

Fertilizer and Watering Regimes on Yield and its 

Components of Bread Wheat .Sch J Agric Vet Sci., 

3(3):234-237. 

[8]. Hong SW, Jon JH, Kwak JM, Nam HG (1997). 
Indentification of a receptor-like protein kinase gene 

rapidly induced by abscisic acid, dehydration, high salt, 

and cold treatments in Arabidopsis thaliana. Plant 

Physiol. 113:1203-1212. 

[9]. Khan, M.S.K. 1997. Effect of di fferent levels of nitrogen 

on growth, yield and quality of wheat. M.S.Thesis. Dept. 

of Agronomy, Bangladesh Agric. Univ. Mymensingh. 

[10]. Patrick, J.W. and K.H. Steains, 1987. Auxin 

promoted transport of metabolites in stem of Phaseolus 

vulgaris: Auxin dose response curves and effect of 

inhibitors of polar auxin transport. J. Exp.Bot. 38: 203-

210. 

[11]. Ma, B.L., S. Leibovitch and D.L. Smith. 1994. Plant 

Growth Regulator Effects on Protein Content and Yield 

of Spring Barley and Wheat. J. Agron. Crop Sci. 72(1): 

9–18.  

[12]. Meera, S. and S. Poonam 2010. Response of growth 
regulators on some physiological traits and yield of wheat 

(Triticum aestivum L.). Prog. Agric. 10(2): 387-388. 

[13]. Sestak, Z.;  Catsky, J. and Japris, P.G.( 1971). Plant 

Analysis in Production Manual of Methods. pp.343-

381.(eds.) Dr. W. Jund, N.V.N.V. Publication, The 

Hague, Holand.  

[14]. Nielsen G (1992) Microsoft Program for Design, 

Management and Analysis of Agronomy Research 

Experiment. Michigan State University, USA, pp. 11-29. 

[15]. Mirbahar, A,A.; Markhand, G.S.; Mahar, A.R.; Abro, 

S.A. and Kanhar, N.A.(2009). Effect of water stress on 

yield and yield components of wheat (Triticum aestivum 

L) varieties. Pak. J. Bot., 41(3): 1303-1410. 

[16]. Salisbury, F.B. 1983. The Flowering Process. 

Pergamon Press, Oxford, UK. 172–218. 

[17].  Farooqi, A.H.A., R. Kumar, S. Sharma and S. 

Kumar. 1999b. Effect of plant growth regulators on 
flowering behaviour of pyrethrum (Chrysanthemum 

cinerariaefolium) in northern Indi an plains. 

J. of Medicinal and Aromatic Plant Sci., 21: 681–685. 

[18]. Khan, N.A., Ansari, H.R., Khan, M. Mir, R. and 

Sanuiullah.) 2002(. Effect of  phytohormones on growth 

and yield of Indian mustard.  Indian  J. Plant Physiol., 7 

(1): 75-78. 

[19]. Ahmedi, A.; Marde, A.S.; Poastini, K.; Esmaili, M. 

and Jahromi, P.(2009). The rate and duration of grain 

filling and stem reserve remobilization in wheat cultivars 

as a response of water deficit. Iranian J. Field Crops 

Science, 40(1):133-145. 

[20]. Young, T.E., D.R. Gallie and D.A. DeMason, 

(1997). Ethylene-mediated programmed cell death during 

maize endosperm development of wild-type and 

shrunken2 genotypes. Plant Physiol., 115: 737‒751. 

[21]. Dasgupta DK )1975(. Effect of NAA on crop plants 

in Sierraleone. I. Groundnut  Expl. Agril. II: 209-213. 

[22]. Singh ,H. and HS Gill )1985(. Effect of foliar spray 

of NAA on the  growth and  yield of late sown wheat and  

barley. Ind. J. Eco. 12:  267-272. 

[23]. Ullah, M .J, QA Fatttah and F Hossain  )2007(. 

Response of growth,      yield  attributes and yield to the 

application of K Nap and NAA in cowpea (Vigna 

 unguiculata (L.) Walp.). Bangladesh J. Bot. 36(2): 127-

132. 

[24]. Zahir ZA, Malik MAR and Arshad M. Improving 

crop yield by the application of an auxin precursor L-

TRP.  Pak. J. Biol. Sci.(2000) ; 3: 133-135. 

[25]. Khan, N.A., H.R. Ansari and M. Mobin, )1996(. 

Effect of gibberellic acid and nitrogen on carboni 
canhydrase activity and mustard   biomass. Biol. Plant, 

38:  601-603. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ijisrt.com/


Volume 3, Issue 5, May – 2018                                                     International Journal of Innovative Science and Research Technology 

                                 ISSN No:-2456-2165 

 
IJISRT18MY497                www.ijisrt.com                                695  

Grain filling rate )2Leaf area (cm Plant height (cm) 
 

2016/017 2015/016 2016/017 2015/016 2016/017 2015/016 Treatments 

5.12 4.91 123.49 48.29 46.42 51.65 W1 

4.82 4.73 98.21 45.69 45.36 47.04 W2 

0.18 0.65 22.92 5.77 2.60 8.68 0.05LSD 

3.98 4.25 103.41 48.41 44.08 46.40 GON0 

5.18 5.18 122.25 43.34 46.45 48.76 G50 

6.75 5.38 123.37 52.66 46.60 49.33 G75 

5.71 5.15 136.91 50.28 47.31 57.85 G100 

4.57 4.70 99.33 49.67 45.98 48.75 NA50 

4.50 4.43 99.03 39.89 45.61 45.90 NA75 

4.11 4.68 91.67 44.70 45.20 48.43 NA100 

0.46 0.90 9.92 4.42 2.12 4.58 0.05LSD 

4.66 4.40 99.86 49.03 46.16 49.56 GON0 

W1 

5.30 5.26 141.83 50.86 46.70 52.06 G50 

5.93 5.26 144.27 51.64 47.06 51.66 G75 

7.06 5.63 165.88 53.49 48.86 58.80 G100 

4.72 5.23 120.10 49.58 46.33 52.00 NA50 

4.46 4.46 91.33 32.91 45.46 46.53 NA75 

3.70 4.13 101.19 50.54 44.36 50.93 NA100 

3.30 4.10 102.47 46.86 45.76 45.26 GON0 

W2 

5.06 4.73 106.97 45.97 45.83 47.00 G50 

5.50 5.06 107.34 50.98 46.50 46.60 G75 

6.43 5.50 107.95 53.68 46.03 56.90 G100 

4.43 5.00 102.66 40.37 45.80 45.43 NA50 

4.53 4.40 77.96 36.14 44.90 43.23 NA75 

4.53 4.36 82.16 45.85 42.70 44.86 NA100 

0.63 1.31 24.72 6.08 3.60 10.71 0.05LSD 
 

  
Table 1. Mean of Plant height (cm), Leaf area (cm2) and Grain filling rate as affected by  water stress, growth regulators (GA3and 

NAA) and their interaction on wheat. 
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Grains yield (kg/ha) Grains weight per plant(g) Grains number per plant Spike length (cm) 
 

2016/ 

017 

2015 

/016 

2016/ 

017 

2015 

/016 

2016/ 

017 

2015 

/016 

2016/ 

017 

2015 

/016 

Season 

 

Treatments 

5.51 4.51 9.83 8.99 41.69 35.77 5.58 6.55 W1 

4.87 4.04 8.96 8.06 36.08 30.05 5.39 6.39 W2 

0.57 2.56 0.33 5.11 2.19 21.97 0.344 2.21 0.05LSD 

4.73 3.95 9.00 7.88 36.98 29.51 5.40 6.07 GON0 

5.74 4.62 9.50 9.34 38.50 33.85 5.86 6.68 G50 

5.87 4.76 9.68 9.49 43.26 35.78 6.00 6.75 G75 

6.05 4.69 10.55 9.20 44.70 38.58 6.32 7.11 G100 

5.19 4.61 9.11 9.20 36.81 33.46 5.85 6.52 NA50 

5.17 3.96 9.10 7.88 35.93 27.18 5.55 6.16 NA75 

3.57 3.36 8.81 6.70 36.01 32.01 5.31 5.98 NA100 

0.35 1.18 0.31 2.35 3.04 9.72 0.363 0.96 0.05LSD 

5.41 4.29 9.20 8.54 39.60 36.00 5.75 6.31 GON0 

 

 

 

1W 

6.19 4.90 9.91 9.77 40.86 36.66 5.98 6.75 G50 

6.09 5.16 10.21 10.28 46.56 40.33 6.41 6.95 G75 

6.29 4.93 11.89 9.83 47.53 41.36 6.86 7.08 G100 

5.56 4.50 9.20 8.96 40.06 32.96 5.95 6.43 NA50 

5.09 4.11 9.17 7.37 38.43 30.13 5.36 6.30 NA75 

3.92 3.70 9.19 8.19 38.80 32.93 5.23 6.01 NA100 

4.05 4.22 8.80 7.56 33.90 30.20 5.40 5.95 GON0 

 

 

 

 

2W 

5.30 4.29 9.08 8.56 36.13 31.06 5.78 6.75 G50 

5.65 4.74 9.14 9.45 39.96 31.70 5.73 6.55 G75 

5.82 4.62 9.22 9.21 41.86 36.83 5.78 7.48 G100 

5.29 3.79 9.04 8.41 35.20 30.26 5.58 6.28 NA50 

4.79 3.63 8.41 6.03 32.26 24.23 5.73 5.90 NA75 

3.22 3.03 9.02 7.23 33.23 26.10 5.06 5.83 NA100 

0.69 2.80 0.50 5.59 4.41 23.82 0.563 2.39 0.05LSD 
 
Table 2. Mean of yield attributes characters as affected by water stress, growth regulators (GA3and NAA) and their interaction on 

wheat. 
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