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Table 1- Weather conditions of the study area during maize growth seasons

Ale Oyl dx > o

Jue obe Average monthly temperature (°C) > ‘”.‘3‘}"“
Year Month (Min) Jilis  (max.) 4Stas  (average) bawgia Evaporation (mm)
May — Cuigu)l 9.2 27.2 18.4 194.1
June Ryes 13.0 33.0 24.2 283.4
July I 17.6 38.9 29.2 328.4
2014 ay
Aug. Ssye 17.8 39.3 29.3 352.6
Sep.  yexed 13.8 30.3 21.7 250.5
Oct. R 10.3 26.9 18.6 146.9
May — Cuigus)l 9.0 284 19.3 275.4
June b3 14.1 36.9 26.0 359.2
July I 19.3 38.6 29.8 388.1
2015 a¥
Aug. o5 ye 19.6 39.9 30.6 396.6
Sep. e 15.9 346 258 294.5
Oct. A 11.0 29.2 20.1 199.2
Reference: www.fieldclimate.com
SK bows 9 (S50 SS9 - oo
Table 2- Physical and chemical properties of the soil
L S T
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J VR N T R R R GO ST ol e
S i s
S
Y Depth _ EC CEC oc _Total Available Avalla}ble
ear (cm) Soil texture pH (ds.m?) (meq1 (%) nitrogen  phosphorus  potassium
100g™) (%) (ppm) (ppm)
0-30 Clay ) 7.37 0.60 27.00 1.48 0.15 5.2 340
2014 v
30-60 Clay ) 7.40 - - 1.12 0.11 - -
0-30 Clay ) 7.69 0.55 27.00 1.00 0.10 5.1 350
2015  ay
30-60 Clay ) 7.60 - - 0.90 0.09 - -
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Table 3- Seasonal irrigation water volume and urea amount for each irrigation and nitrogen levels.

&S)lel Zobaw
Irrigation levels

S0 5
Description

S0 Ol ggoone
Total water distributed (mm)

2014  YYAY 2015 YY4g

|60%

IBO%

I 100%

I 120%

u’" )L.: Aoy £ u,m\.:

supplying 60% of total water requirement
&l Ao A el

supplying 80% of total water requirement
il oy Ve el

supplying 100% of total water requirement
il ey WWe el

supplying 120% of total water requirement

670.54 602.84
810.72 737.12
950.90 894.60
1091.08 1033.52

OF9r goka
Nitrogen levels

Description

Sras oyl 355 i
Urea fertilizer amount (kg ha™)

2014 yray 2015 yray

i 3 Joyd ¥e yels

N.2go . ] . 140 160
supplying 40% of total nitrogen requirement

Nioss ol Ben Vel 245 280
supplying 70% of total nitrogen requirement

N100% . Giss b 2o \ Fol . 350 400
supplying 100% of total nitrogen requirement

N1409% O39S 20,3 W+ el 490 560

supplying 140% of total nitrogen requirement
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Figure 1- Mean comparison of irrigation levels for relative water content in 2014 (uppercase letters) and 2015 (lowercase
letters). In per column, vertical bars represent the standard error.
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Table 4- Annual analysis of variance for measured traits (mean squares)
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2014 2014
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2014
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2014
0.0002™
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and ™ significant at 5% and 1% levels and non-significant, respectively.

ok

Sy )9, Culsa

292 o ne Sy (sljg) colia Sl 93 2 50 (o)l il
S )l olaw plos 53 (S145595 Culin pgd Jlo 53 (¥ Joi2)
sl Jlo pseles a5 T s s ¢ 39 a8 Jgf o
Fbar 9 S oSl ady 0)93 Jobo )3 I )l > 4y s
w‘.)_b ‘)_1@5 uT d)_.\m L) ‘JL.«.: 93 B yd g wﬁ])ﬁ LEAJ)'B)
FoIN o ay) 39 Yo sime (2l S oyd Ve g WWe el eyl
S b g Mo (15 Lol (45 50 @y yte 2 Jso ko OVIY
9 YYD o yan) Wad glasjey colis )b dxe (ol 4 e
Voo e L epgd Jlw 5 (4l ) opeyite 2 Jgo e VE/O
(48 > @este 2 Jgoiden YFIA) laijo) cobia (o o 2oy
VEIV) (=l 5l o )3 VYo ool Lol 51 j2e8 (65 ime ygbods
L lasje) calia (e cn oS 092 (458 3 @ya o 2 Joo e
VA e ia) ped S ) oS bas 55 g Mo i Jles!
S (Y J5s) ad e (4 50 mpeyie p Jsoidee VOIA
54 ol ) agb e g8 439, bablone sla sl 5l &S A 30
bl i 39 o it Lo ol (ol 4 g cola Jske
2 9 IS gS dijey Ailad g ol oS gy 4ijgy Ladlre (sl Jolu
ol Sl T 39008 4 STy 13 09Me 4y 395 po At oy
ajgy badlowe sla Jolw 4 g 4Bl zeos (hdgje slaJohw 5
25290 Gg lbgeay H 50 B L sl Syl ) o0
Wi g Ladlomo (sl ok I maliy (12 Z95 S Crge slis
San 5 135 (ANmadi et al., 2008) 35 o 4559, i
IS b babaly 3 1) aolie s o (Souza et al., 2013)
H2)S IS ) Slaie, calia
S sbea

)bl 75U o (glogine oo 4 Jlo g3 2 > Sy (slod
P> Jlo > S slod )lul golaw plos 3 (¥ Jouo) €85 1,8
Calin Jd> 4 5y Al (1 JS8) 591 il Jgl Sl & Cos
4o oo Jol Jlw d i pgd Jluw 13 oS yieS (514559,
o oS s Gialisl b Jlo 93 ja 0 s Sy les il
a9 e Jol Sl 3l pgd Jlw o wsllae (gl 4
Ve ool 4y Carnd dopd £ g Ae Voo ool Ll )3 a8 66k
VIAE g VIV < IVA e s ol Jlo 1> Sy slod o 5L do s
NIEF Span ped Jlaw jd ydlas oyl dgr YL OIS il as o
(¥ JS5) dol cowday 3,5 il as > F/0R 4 Y/55



OAL L lails @3 Sy S 3elg b s SS9 5 STy axlllao

801 02014 1303

02015 1394

Stomatal conductance (mmol.m 2.5 1)

70 o

60 o
50 -
40' C

Wlasgy ol

30 -
20 -
10 -

C

{—‘

160%

180%

1100% 1120%

Ogw 2 )3 (Sag5 Bgyn) WAL o (S50 B9 pa) VFAY sl j3 S (laiy, Calad o 1> (5Ll Zobaw (6Nl dmnnlio -T JSG
ol 3 )libiw] glas suiad yWis 53508 (sWbalno
Figure 2- Mean comparison of irrigation levels for stomatal conductance in 2014 (uppercase letters) and 2015 (lowercase
letters). In per column, vertical bars represent the standard error.
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Figure 3- Mean comparison of irrigation levels for leaf temperature in 2014 (uppercase letters) and 2015 (lowercase letters).
In per column, vertical bars represent the standard error.
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Figure 4- Mean comparison of irrigation levels (A) and nitrogen levels (B) for maximum photochemical efficiency of PSII in
2015. In per column, vertical bars represent the standard error.
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Introduction

Changes in water and nitrogen amounts cause different physiological reactions in plants. These changes are
created for respond to stress in order to reduce or eliminate the stress effects. Improper management of water and
nitrogen are main growth limiting factors of maize. The proper reaction of maize to nitrogen which leads to
higher yield, is reason of excessive amounts use of nitrogen fertilizers. Nitrogen losses are the results of high
nitrogen usage. The new irrigation methods, such as deficit irrigation, play important roles in preventing
leaching and nutrients maintenance in root zone. Under water deficit conditions, nutrients absorption decreases,
therefore fertilizer recommendation should be done according to existing water conditions. The study of
physiological reactions of maize to different amounts of water and nitrogen helps to estimate accurately the crop
need for water and nitrogen. Therefore, this research was conducted to evaluate the role of different amount of
water and nitrogen in causing physiological changes in maize leaves.

Materials and Methods

This experiment was done at Razi University, Kermanshah, Iran, during 2014 and 2015. The experiment was
conducted as split plot with three replications. Main-plot was four irrigation levels included supplying 60, 80,
100 and 120% water requirement (lgoo, lsom%, l100% and lisge, respectively), and sub-plot included four nitrogen
levels 40, 70, 100 and 140% (N4ge, N70s%, N1gos and Niaoee, respectively) recommended amount based on the soil
test. To calculate water requirement, Penman-Monteith-FAO equation was used. For each treatment the amount
of water was measured. Partitioning of nitrogen at times the two-leaf stage, the six-leaf stage and before tassel
emergence was equal. Leaf physiologic traits included relative water content, stomatal conductance, temperature,
photochemical efficiency of PSII, SPAD, photosynthesis rate, transpiration rate and photosynthetic water use
efficiency measured. Statistical analysis and mean comparisons were performed using SAS software and LSD
method.

Results and Discussion

Air temperature during the crop growth in 2014 was less than 2015. Therefore relative water content (82.5
and 70.4% in 2014 and 2015, respectively) and stomatal conductance (47 and 23 mmol.m2.s™) in 2015 were less
than 2014, but leaf temperature was higher (38.6 and 43.1 °C). In 2014, PSII activity was not affected by
irrigation treatment, but negative effect of deficit irrigation on PSII activity was observed in 2015. In 2014, there
was no significant difference between stomatal conductance in Iy and Iy, (60.8 and 57.3 mmol.m2.s?,
respectively), but mild and severe deficit irrigation caused to significant reductions in stomatal conductance
(43.5 and 26.5 mmol.m2s™, respectively). In 2015, Stomatal conductance in i Was significantly less than
from 500 The lowest stomatal conductivity was recorded with mild and severe deficit irrigation in 2015 (14.9
and 15.8 mmol.mzs* respectively). In 2014, leaf temperature in gy, lgow and lge, (0.78, 1.70, and 1.84°C
respectively) was higher than I, and these values were obtained 2.66, 3.66 and 4.60°C in 2015 respectively. In
|120%1 Iloo%, Igo% and IGO%! COZ stabilization rate was 29, 261, 17.7 and 14.9 umol.m"z.s"l, respectively. Nitrogen
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consumption up to crop requirement had a positive effect on photosynthesis rate. The photosynthesis rate in
N 140%, N10os, N7oss and Nage, Was 25.5, 23, 20.6, and 18.6 pmol CO, m2.s™ respectively. Mild and severe deficit
irrigation reduced transpiration rate. However, in Iy, using 70% nitrogen demand, transpiration rate was
significantly higher than other nitrogen levels. By reducing water amount and less nitrogen consumption,
photosynthetic water use efficiency was decreased. Nitrogen deficiency in 1509, and lyoq9, reduced photosynthetic
water use efficiency. In gy, photosynthetic water use efficiency reaction to different nitrogen levels was varied.
In g, effect of different nitrogen levels was not significant.

Conclusions

Leaf area, relative water content, stomatal conductance, photosynthesis and transpiration rate were reduced
with increasing water deficit. Increasing nitrogen up to the crop requirement led to increased leaf area and
photosynthesis rate. Under adequate water condition, nitrogen consumption up to recommended amount led to
increased photosynthesis rate, decreased transpiration rate and finally improved photosynthetic water use
efficiency. Hiwever under deficit irrigation, there were no significant differences in traits among nitrogen levels.
In the first year, the highest and lowest grain yield (980 and 294 g.m™) belonged to0 11205N140% and lsoN700
treatments, respectively. In the second year, the highest and lowest grain yield (903 and 277 g.m™) was observed
iN 112006N1000 @nd lgesNagos treatments, respectively.

Keywords: Photosynthesis, Stomatal conductance, Transpiration, Water deficit






