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3- Brace roots

4- Axile roots

5- Lateral roots
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Table 1- Selected properties of experiment site' soil (0-60 cm depth)
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Figure 1- Crop growth rate at stress time and 10 days after re-irrigation. N1:100 kg ha* Nitrogen N2: 200 kg ha™* Nitrogen.

W1is complete irrigation, W2 is moderate water stress at V4-6 and W3 is severe water stress at V4-6 growth stage. Column
with same letter(s) are not significantly different according to Duncan multiple range test at P<0.05 probability level.
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Table 2- Analysis of variance (mean of squares) of Crop growth rate, Crown root angle, Crown root number, number of
lateral root in crown root, brace root angle and brace root number
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*Significant at P< 0.05, **Significant at P< 0.01, ™: without significant difference
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Figure 2- Mean comparison of Nitrogen level on brace root angle, crown root angle, number of crown root and number of

lateral root in crown root. N1:100 kg ha™ nitrogen N2: 200 kg ha™* Nitrogen. Column with same letter(s) are not significantly
different according to Duncan multiple range test at P<0.05 probability level.
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Table 3- Mean comparison of main effects of Nitrogen and irrigation levels on number of brace roots, chlorophyll meter
reading (SPAD), leaf area index at silking, grain yield, agronomic Nitrogen use efficiency, Nitrogen absorption efficiency

auly 3o oW T pad b . b )b s 2,6
N oS e Sy WhaSles gy 0 e 039
Number of  Chlorophyll Leaf area Grain yield Agronomic Nitrogen
brace root index index at (kg.ha™) Nitrogen use absorption
(SPAD) silking efficiency efficiency
Nitrogen N1 13.58 b 43.32Db 3.46b 7914 b 39.57 a 44.06 a
o N2 1676 a 46.06 a 3.76a 8975 a 29.91b 3331b
Irrigation w1 16.63 a 47.06 ab 4.26a 10979 a 44.92 a 47.04 a
&bl W2 16.41a 46.9 ab 3.61lc 9800 ab 34.21b 35.97b
W3 16.03 a 48.21a 3.88 ab 8640 b 41.83 a 47.12 a
W4 14.13b 42.41 be 3.24c 7169 c 29.47 cd 34.67 bc
W5 14.01b 42.21 be 3.49 be 6369d 26.73d 30.81c
W6 13.79b 41.33¢c 351c 7647 be 31.67 bc 36.96 b
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In each column and factor, means with same letters are not significantly different, according to Duncan multiple range test at 5
percent probability level. N1: 100 kg ha™, N2: 200 kg ha™. W1: Complete irrigation. W2: Moderate water stress 55% Field capacity
at V4-V6 growth stage, W3: Severe water stress 45% at V4-V6 growth stage, W4: Moderate water stress 55% Field capacity at V4-
V6 growth stage followed by deficit irrigation (65% field capacity), W5: Severe water stress 45% in VV4-V6 growth stage followed

by deficit irrigation (65% field capacity), W6: Deficit irrigation (65% field capacity) after V6 growth stage.
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Table 4- Analysis of variance (mean of squares) chlorophyll index (SPAD), leaf area index at silking, grain yield, agronomic
Nitrogen use efficiency and Nitrogen absorption efficiency
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Source of Degree of i oy Agronomic Nitrogen
variation freedom Chlorophyll -~ Leaf a'flelj_ Grainyield Nitrogen use absorption
index (SPAD)  index at silking efficiency efficiency
Block <l 25.75™ 0.22™ 506801.29"™ 6.41™ 0.0007™
Nitrogen .59 67.51* 0.786* 7467740.38** 950.76** 0.117**
Irrigation (¢l 54.62* 0.909** 18787491.27** 306.26** 0.027**
bl # gyt
Nitrogen 5 4.59™ 0.28™ 927410.61™ 8.59"™ 0.001™
Irrigation™®
Error s 22 16.6 0.185 752421.3 12.43 0.0015
o “ .
(%6) ety e 2 9.1 11.9 10.3 10.1 10.1
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Table 5- Correlation coefficient of characters and indices
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*Significant at P< 0.05, **Significant at P< 0.01, "™: without significant difference
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Introduction

In recent years regulated deficit irrigation as a part of conservation and saving practices in water consumption

has received attention. Vegetative growth stage of corn has a relative tolerance to water deficit stress. Therefore,
yield loss is negligible. Nitrogen shortage stress leads to decrease in leaf area, leaf senescence and reduction of
photosynthesis as a result of decrease in chlorophyll content. Roots play an important role in soil searching for
water and nutrients. Root ability to change soil biochemical and physiological processes consider as a
remarkable mechanism to tolerate environmental stress. Considering the role of nitrogen in corn production and
irrigation in summer crops, understanding the response of corn to water stress and nitrogen consumption level
are important. Furthermore, corn growth recovery after water deficit stress is critical for better understanding of
water saving techniques. This study designed to determine morphological change in root of corn and their effect
on corn yield under different irrigation and nitrogen levels.

Materials and Methods

In order to evaluate the impact of different levels of nitrogen consumption and water deficit stress on corn
(SC 704) in field condition, an experiment conducted during 2015 in the experimental field of Ferdowsi
University of Mashhad. Nitrogen levels were, including 100 and 200 kg ha™and irrigation applied in 6 levels,
including W1: complete irrigation, W2: moderate water stress (55% of field capacity) at V4-V6 growth stage,
Wa3: severe water stress (45% of field capacity) at V4-V6 growth stage, W4: moderate water stress (55% of field
capacity) at V4-V6 growth stage followed by deficit irrigation (65% of field capacity), W5: severe water stress
(45% of field capacity) in V4-V6 growth stage followed by deficit irrigation (65% of field capacity), W6: deficit
irrigation (65% of field capacity) after V6 growth stage. Effect of water deficit stress and re-watering
concurrently with two levels of nitrogen consumption attested by crop growth rate index between stress time and
10 days after rewatering. Furthermore at silking stage, SPAD, leaf area index, the number and angle of crown
and brace roots, grain yield, agronomic nitrogen use efficiency, nitrogen uptake efficiency and nitrogen harvest
index measured and calculated.

Results and Discussion

Result showed that under severe water stress re-watering at the same time with applying nitrogen led to faster
growth. Effects of nitrogen and irrigation were significant on SPAD, leaf area index, the number of brace roots,
grain yield, agronomic use efficiency and nitrogen uptake efficiency in 5% probability level, while effect of
nitrogen on number of crown root, angle of crown root and number of lateral root in crown root were significant
at 5% probability level (p-value < 0.05). Grain yield had a significant and positive correlation with leaf area
index, the number of brace roots and SPAD, whereas yield had a negative correlation with brace root angle.
Despite highest yield obtained under the consumption of 200 kg ha™ nitrogen with complete irrigation, yield
reduction due to water deficit at V4-V6 growth stage was 6% which shows the relative tolerance of corn to water
deficit stress during aforementioned growth stage and effective tolerance of root and shoot of corn for
minimizing the consequences of water stress on our experiment condition.

Conclusions

Although highest grain yield obtained with consumption of 200 kg ha™ nitrogen with complete irrigation,
flexible management with considering availability of water and nitrogen during vegetative growth stage lead to
maximum profitability. Relative tolerance of corn seedling to water deficit stress and growth recovery of crop
makes it possible to save water. Flexibility of corn root number and angle can be used in breeding program to
obtain hybrids with more effective nitrogen use efficiency.
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