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Effect of foliar application of ascorbic acid on quantitative and qualitative traits as
well as some biochemical changes in leaves of grain corn (Zea maize L.) under
water deficit stress
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ABSTRACT

In order to study the effects of water deficit stress and foliar application of ascorbic acid on some agronomic,
physiologic and biochemical traits of corn, an experiment was conducted in research field of Agriculture Faculty of
Islamic Azad University, Varamin Branch in Iran during 2014 growing season. The experimental design was laid out
in a randomized complete block arranged in split plots with three replicates. Irrigation at four levels (normal
irrigation according to the region, irrigation withholding at eight leafy stage, irrigation withholding at silking stage
and irrigation withholding at eight leaf stage and silking stages) as the main factor and ascorbic acid foliar application
at three levels (0, 50 and 100 ppm) as the sub-factor were allocated to main and sub plots, respectively. The results
showed that irrigation withholding at different growth stages significantly decreased seed yield and biological yield,
harvest index, oil and protein percentage, oil and protein yield, total chlorophyll content, increased proline content
and superoxide dismutase activity in the leaves. Foliar application of ascorbic acid could prevent quantitative and
qualitative yield loss and chlorophyll degradation. In addition, ascorbic acid foliar application decreased proline
accumulation and superoxide dismutase activity in the leaves. In general, considering the qualitative and quantitative
improvement in studied traits, it can be concluded that ascorbic acid application can scavenge reactive oxygen species
and reduce antioxidant enzyme activity and proline accumulation, which in turn, leads to increased seed yield and
quality with improving growth conditions.

Keywords: Grain protein, irrigation withholding, proline, superoxide dismutase enzyme.
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Table 1. Soil properties of the experimental site

EC 0.C T.N.V

Depth (ds m) %)

K P Total N

(ppm) (ppm) (%) Texture

0-30cm 35 7.1 0.71

285 25.9 0.079 Clay loam

25 4

20 -

15 -

10 -

Volumetric soil moisture content

y =0.0343x? - 1.3657x +22.714
R?=0.9928

0 =5 - 10

el -20 Tl

Soil water potential
5 5 lid Slmio olKiws jl sdwlawsdy S O Juwily slaosls 5l eolitul b soipm S cugb, oo ) JSi
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Figure 1. (a) Soil moisture curve. Depicted by soil water potential data obtained from pressure plate device and
volumetric water content obtained by TDR
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Table 2. Analysis of variance on corn attributes affected by irrigation withholding in different growth stages and
foliar application of ascorbic acid

Seed Biomass  Harvest Oil

Protein Protein Total Superoxide

S.0v d.f . . . Oil yield - Proline ~. Ascorbate
yield yield index percentage percentage  yield chlorophyll dismutase

R 2 18365025.00 39380033.30 108.46 0.48 42055.44 0.001 99999.17 0.009 0.00001 101.85 0.0005
Water stress (w) 3 61146718.50" 56771577.80"" 850.02" 2.25™ 230823.54 252" 506791.70™ 119.40" 0.0007" 103213.99” 0..006™
Error (a) 6  441488.00 1938022.20 2.96 0.05 4089.22 0.007 3796.48 0.11 0.00001 34.89 0.001
Ascorbic acid (a) 2 7740158.30” 3387225.00™ 132.99™ 0.78"  32614.03" 096" 69732.11" 40.41" 0.0005" 132109.52" 0.06"
wxa 6 508932.40™ 260380.60ns 14.26” 0.20”  2880.93"  0.18™  4552.32" 566" 0.0001™ 3319.34ns 0.001ns
Error (b) 16  114259.70 360683.30 2.38 3.62 311.44 0.001 708.01 0.03  0.00001 3865.37 0.005
C.V (%) 4.27 2.70 3.76 3.62 4.69 0.55 4.50 0.61 15.99 7.70 19.11
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*, ** ns: Significant at 0.05 and 0.01 probability levels, and nom significant, respectively.
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Table 3. Interaction between irrigation withholding in different growth stages and foliar application of ascorbic acid
on some attributes of corn

Ascorbic Seed  Harvest Oil Oil yield  Protein Protein Total Proline
Irrigation acid yield index percentage (kg.ha) percentage yield chlorophyll (mg.g-1
ppm__ (kgha') (%) (%) (%) (kg:ha') (mglit") FW)

Complete Irrigation 0 11143.3a 50.97ab  5.20a 579.63a 8.04a 897.28a  36.65b 0.013ef
50 11166.7a 50.92ab 5.13ab  574.18a 8.00a 898.05a  36.71b 0.016def

100 11866.7a 53.06a 5.1lab  611.48a 7.95a 948.72a  37.33a 0.010f

Irrigation withholding at 8- 0 7756.7c 4537d  4.73cd  367.66C 7.15e 554.89c  32.48e 0.023d
leaf Stage 50 8180.0bc 46.63cd 4.83bcd 395.25bc  7.25d 593.05c  32.99d 0.020de
100 8793.3b 48.88bc 4.96abc  436.44b 7.67b 674.65b  34.43c 0.020de

Irrigation withholding at silks 0 5803.3d 29.87f 4.13fg 239.99de 6.79g 394.9lef  27.35h 0.040b
appearance stage 50 6250.0d 31.06f 4.33ef  269.92d 6.90f  431.83de  29.42f 0.030c
100 8080.0bc 39.67e 4.86abcd 392.90bc  7.40c 599.06c 32.75de  0.020de

Irrigation withholding at 0 4463.3e  28.50f 3.50h 155.41f 6.29h 281.02g 26.22i 0.046a
both8-leaf and silks 50 4946.7¢  30.05f 3.90g 192.9%f  6.71g  332.15fg  27.94¢g 0.033c
appearance stages 100 6550.0d 37.90e  4.60de  299.44d 7.41c 485.72d 32.50e 0.020de

e IS e SO do,0 B s Ho g Lol a5l lasglar wsle S i slacd > aST gt jo cadosls sla ) Sl
Treatment means followed by the same letter within each common are not significantly different (P < 0.05) according to Duncan’s Multiple Range test.
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Figure 2. The effect of irrigation withholding on bioma yield.

11, 12, 13 & 14: Compelet Irrigation, Irrigation withholding at 8 leaf, Irrigation with holding at silks appearance stage
& Irrigation with holding at 8 leaf and silks appearance stage.
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Figure 3. The effect of ascorbic acid on biomass yield.
S1, S2 & S3: Oppm, 50ppm & 100ppm foliar application of ascorbic acid
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Figure 4. The effect of irrigation withholding on super oxide dismutase activity
11, 12, 13 & 14: Compelet Irrigation, Irrigation withholding at 8 leaf, Irrigation with holding at silks appearance stage
& Irrigation with holding at 8 leaf and silks appearance stage.
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Figure 5. The effect of ascorbic acid on super oxide dismutase activity
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Figure 6. The effect of ascorbic acid on leaf Ascorbate
11, 12, 13 & 14: Compelet Irrigation, Irrigation with holding at 8 leaf, Irrigation with holding at silks appearance stage
& Irrigation with holding at 8 leaf and silks appearance stage.
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Figure 7. The effect of ascorbic acid on leaf Ascorbate
S1, S2 & S3: Oppm, 50ppm&100ppm foliar application of ascorbic acid.
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