Iranian Journal of Field Crop Science el el - bls
Vol 48, No 3, Autumn 2017 (763-776) O 0B P"h
DOI: 10.22059/ijfcs.2017.205843.654099 (YPY-YVF 2) VAP 5l ¥ 5 )leds (FA 850

@ PAS 33 O3k O 3 oaliw! 15l 9 Kid i 4 Jood 9 039 50 3 9ol S e Wb b3

F00 0 du 9 o JOle 9" ol (slad 9 ol Ao T S ks Ly chazro
5 b3l (Dlidos Blojle Ol S b mls 5 (5355LES B30l 5 Sl S 0 O 5 S Sl iy Hbskal )
Ol pl g him «($5,58 s 5
Ol o505 (63, 9LiS 5usCiils wbiiS1 op 5 cakewsl .Y
2555 @23 553 Oladed fewbe sl ¥
Oliws S o&ils (g5, 9LaS 8uSLiSls sl 0y S HLdils &

OYRO/NNV/YY 2 pdy s = VFRO/YNY il s oy 50)

oS>

ol 5 sl s s Dlsen 5 SB1an BL5T g5 (s paE s (S5 55 4 Jeod p 03558 220 Copde b s s shiten
3 b 03 05955 psK — T Ll 03 pamSS 5 5l 53 05975 pamss T2 smb 53 05978 S —To Jold 50 Ol 4w b eSS
b 2 p S Olgeas ol e 1 UK 53 p FAS Y 580 e v o Jold 035 58 haos gy b g ool O Ol o Jle 0o 090
ol 3 ATAY-AY 5 VFN-AY ol g3 s adds 5 L G S gt ol BlS sl o b B s S5 4
2l SRl e ¢.u§ 22 S P 4 Jes D358 D pan b aS ols DL b S | (ks 5) gl s (555508 Slidow
RIS N 55,8 ols Il s ok s 1y (KiS S 4 Jeod 5 O5n 58 ) 2B WOLL O 3l el o1,8 (359 58 5,8
Jos 53 S i STI jasls 5 0L T 5 03578 (85 2L ls 3 Khas 0 ks b (lans O9a0) sy 5> 03975 ,BSa s
Sl hse 55 g b il st 1A (S ) P Waily o5 50 esliy 5 03958 GBS G gy o puS (S5 5

33 0587 Ky Copa b 3 puiS (SKiS 5 4 e

A5 0L O 5T eslinal 118 (21,5 2118 (S5 o)l 1Sl Slvolg

Evaluation of nitrogen application management on drought tolerance and water
use efficiency of rain in rainfed wheat

Hossein Sedri Mohammad®, Ahmad Golchin? Vali Fieziaslasl® and Adel Sioseh-Mardeh*
1. Assistant Professor of Kurdistan Agricultural and Natural Resources Research and Education Center, AREEO, Sanandaj, Iran
2. Professor, Department of Soil Science, Faculty of Agricultural, University of Zanjan, Zanjan, Iran
3. Assistant Professor of Dryland Agricultural Research Institute (DARI), Maragheh, Iran
4. Associate Professor, Department of Plant Breeding, Faculty of Agricultural, University of Kurdistan, Iran
(Received: May 1, 2016 - Accepted: Feb. 15, 2017)

ABSTRACT

In order to study the effects of rates and timing of nitrogen application on grain yield, drought tolerance (DT) and
water use efficiency of rain (WUE) in rainfed wheat, two experiments were carried out including rainfed and
suplimental irrigation conditions. Treatments were different rates of nitrogen consist of 0, 30, 60, 90 and 120 kg.ha™
as sub-plots and time of nitrogen application included T;- total in the fall, T,- 2/3 in the fall + 1/2 in the spring and
Ts- 2/3 in the fall + 1/3 in the spring as main-plots with three replications in splitplot test as randomized complete
block design in Kurdistan province during (2012-2014). The results showed that application of nitrogen was
increased drought tolerance of wheat rainfed. Nitrogen increased water use efficiency (WUE) of rain, nitrogen
agronomic efficiency (NAE) and DT of rainfed wheat. Fall application of 60 kg N.ha™ had the highest grain yield,
NAE, WUE and STI index and was the best treatment with respect to DT. There was synergistic relationship between
N and K concentrations in leaf. This is could be confirmed increasing of DT of rainfed wheat by nitrogen optimized
management.
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Table 1. Soil properties (0-30 cm depth) of experiment location in 2012-2013 and 1213-2014
K.ava P.ava NH," NOs  Total Nitrogen H EC OC TNV Sp Year
(mg kg™) P (@s.m?) %)
205 8.18 511 14.26 0.06 7.63 0.67 0.76 3475 41.76 1
224 11.78 4.56 14.7 0.09 7.61 0.48 096 33.00 46.71 2

bl o,8lee ! asLi (Tolerance) TOL
Rosille & ) ol Sias 15 5 ollas Ll s o
Sl 0 dlxe (F) &by, 5l 9 (Hambilin, 1981
S R 4 e Sgules Wi TOL (oYL

el TOL oS olie B4 jlews SLl 5 00
TOL=Yp-Ys )

31 el ! «(Stress Susceptibility Index) SSI
{(Fischer & Maurer, 1978) o awloe (8) dlal,
SSI = (1- (Ys/Yp) 1 SI) )

SI=1-(Ys /Yp) aba, 5l (oo  5xw) SI ol 5ue
oSl i 4 TP 5 Vs 0T 0 o5 0b alne
Oliee el Dol 5 (25 Ll 5o s o Shoe
s8lee oS s sazmsslis SSI jasli jieS
2 g e byld 4 cons 5 lalid ol
OF (So5 (55 & Cuaglin) by ()bl e
Ll jleus

aS Cewl oa>Li «Stress Tolerance Index) STI
) dal, 51 o1 e g 1)) (1992) Fernandez lawgs
O 4 Fpglie e el ol Bl ol alre
Syl ) ST jasls 5V polie o Sis
STI=(Yp * Ys) / (Yp)® *)

ST esls s b Ko 5 Ki oy,

2 (O39559) 955 camlio loj g (lime (g WS
I BRSNS WPP VR VI L B PR E RNL
Modified Stress-Tolerance ) MSTI oo foss

5 4l pzn S Hged (pAS LT Ao o
P9y b el g (S By, L) (g cdale
Al s Sl (G regisd meld) lalad (s
Wosgas ails Cugb) L) pouS (S, oloj o
g Bi> (0,8 S o sleml 9 5l e 1D (e
o, 8les g oy S g Siwd Ojgody S A
~>)§.Lo.c ‘(5’550'0)} )l = W uu.’.) eéyw)
o Slae Jolay 5l wdS o Slee g e alo
5 om 5T 50 o dule ails o Shas g 0095
agb, buls o cuiga il o Sles s
(YP) (oSS skl Gialejl 9 (YS) oo Lol
2 0395 o)l ooy g polie b byl sl
GMP i3 25 4 Cowles b Caglis
@iz glo,les ;0 MSTI STI SSI . TOL .MP
Mean ) MP .aials auglin ¢ dwlone ¢y59 505 0,5
gl ade Sl el (Productivity
Lyl o 6085 Jlad o8lee gl (Slo
MP YL ,olie (Rosille & Hambilin, 1981)
ool (Sis i 4l Gl &l
MP = (Ys + Yp) /2 ™

«(Geometric Mean Productivity) GMP
(") daly 5l g ol ads wiin oSl als
GMP YL ,olie (Fernandez, 1992) ol acwlxe
el (S5 G5 4y e Sl ALES
GMP = (Ys*Yp)" D)



ysY VWAS 5ol o 5yLes FA 8,00 ool sl LS psle

ol gz ¢ ialojl sloools (551055 51 g
5 ol STATG 5 MSTATC (sl 38l 5 L

Pl

Jol obejl laosls 8 ye uibly djow @l
S 0ol Gl e (o usb, Ll
0 8kee p Jlo yu5b wols s ciolejl slaslos!
O<+/+V) cslop jale g (P<+/+0) 005}
odd s mSoilul o Ty o p g 0o o g
PO P C R PO AU L P Ot SRV A g PN
P9 p g (P</0)) wd b pme by el
2 Ohsre polie b 0gs Jloiee la Sy
Wlolze (59 S g Al wesgiien ) slas Shoe
sleslinal oL g (5905 (o5 5 cdlyyy aSlo
15 Jbo Jlize 1oy (<014 1) Jlssime o)l
ciloy el sly b sy ol ol
S sl Shy 5l plSme o vn b
2 Oir polie po o blie S1ogs lo see
obey blite Sl 0gs jlodne b S 5l plaS s
S5 o gie &ils o Shos ()35 polie ;o 018
Alais logae Sy S0 » oy (P<4/40)
2 Oiare ol o 08 ey e Jle Jlite
» by pasls g IS5 esgicen ) oo Shee
P<14V) Oigrs =l @bl 2 g P<:/+Y)
@bl 5 alsjla 59 wils 3 Mo 2 5 09 I3 ime

(Y Jgaz) aid lo g o)LL S 5l oolai!

ails 8 ySlos  ylod il (gl puKiloo dnng Lio
eSS AV Qe Fe (Yoo )5 L ails o Slee
O ke jsbar vals 4 Cans ig LSe
30 eSS AD- g V- AF Q8N VA e 4 i 3
o gme S pl a5 sals il LS
S0 3958 e Al (T Jga2) 0 (p<-/+0)
Sl 5l aeys A b plas als o, Slee L
0 ,8das (i 5 09 (38 4y Alanly ails 5 Slas
Cowd ay US55 (5555 o5 9kS AV 0,15 L il
08kee p 39 0 p)l5 ooy Sl () JS2) ]

Sedice byre KoSTI 4 KySTI & yg0a a5 (Indlex
5039 ST Laslss 50iiS memas (sl y5 Ko 5 Ky
Lulyd ssp Jliml 5 e Ll 4 azg L
o) el b (i 25 9 wglhae
b dpale @Bl 5 b dihie n) e (Sas
Ki= Y/ slaalal, 51Ky o Ky locy po polis
5 Y polie .wiad aculxe Ky = Y25/ 5% 4 §7p
2 O sl e 0 Skes @iy i 4 Y
i F 4TS s TP 5 S 5 g oslle Ll
3 O3 sbyled den o Sles (Sl @pe
e ssbied Sl (S S g ol Ll il
g polie) el slojled 50 Comsy dunlio
O s paiS (S A5 p (Gers ) oo
liiw )50l 51y a2im 90 g alins j5pds Al> 50 0
03 (Ui b)) mo Lulyl o Lilejl sl S
3 S 0 (RWE) Ol oo (s 5 angs S o0s

A Al (V) dlal,
9%RWC = )

SrFez—SpSis e

Sp ol oz = S SiS o

Sl 52 sl b TWUE) O 5l esliad o118
(French & Schultz, 1984) o arwlxs (A) kil 5
ohlb ol 5l eslizul oLl WUE akal, cpl jo
sy slews 45 ails ,Skee GY «(kg.mm™.ha™)
mm) )5 Jlo ys oL ol RF «(kg.ha™)

_ Y
WUE = - )

oS el TINAE) 09 25 2

LS NAE wlal, ol o b dle (1) dla,
5 als o ,Skee GY(N) «(kg.kg™h) 39,58 2ly)
als o Slee :GY(Check) «(kg.ha™) 59, Lo
G pae 955 955 NF 5 (kg.ha!) sals les o

(kg.ha™) Sl o 40 00

_ GY(N) — G¥check (ﬁ)
NAE = — N

1. Relative Water Content
2. Water Use Efficiency
3. Nitrogen Agronomic Efficiency



IRPIIA CE R T P N TS ot SCSeR LRV R VUL | i PR R P L OV S S W Y#A

iy 4 T3 9 T2 (59 (Jaadi (B9, 90 &
il il o SokS 1o p,SehS B/-Ys YIVY i
(¥ USS) 093 (<14 0) Slo gine BB ol a5

ooliiw! (1,5 2 (3395 T SRl dunlie
(WUE) o,k T 3!

obl 2l 5l eslimal L (35,55 sk Shal33l L
555 & Cared NOO 5 N6O ooy Lol il l3dl
plaisl og a |, 2l Gle YL ol
bt ol 5l eolaiwl SIS Sl (F Jgoz) aisls
4T3 9Ty Jarnds hgy 99 4 Somd Tr gyloj 4o
i kg.mm™hat cAE g VEY e 4 o s
.(Yljjuk?) S92 (p<:‘/‘ \) )‘QLS;*A ué:ils;‘c)i‘ as Sg
58 T1 oles 5o ol ol 5l eolaal L Sl
Ol 4 o 5 4 dals 4y Cui N6O g NOO glans
ol &S se i kgmmlthal oNF 5 O/FF
(F USSS) ol (p<e/+ 0) Sl pixe B

3000 -
2500 +
2000 -
1500 -

1000 -

Grain Yield (kg.ha?)

500 -

JUSe 50 0 Sl S VAV g YAV (e 4 i 4T
sl Ll (¥ Jgaz) ol olas o Slae o33l
A slosme 0525 (nl b g o gme (5 Lol Ll
oo plas Gieys polie j3 0p)5 ey Jlie
smb 58 Oiare SS9l LNBO 5 NOO zshaw
N e 4 iy 4 vell 4 el (Ty)
Azl ails o Slee ]38l (LS jo 0 S4lS 10
S a1 kel WSS 50 SRt j5bas

(Y JS5) 59 (P<+/+B) l sine S !

=3 @S 2 03er U Slaoile dulic

(NAE) (339 50
PSS P s ¥ sk )0 39 sy 2L
b sy vl b anglie ;o (e oyt 0 )IS
zobw 30 38 Gl ol (Figrs 058 o)l Sl
(F Jsaz) cdl hals [iSe jo p,55LS Y5 4
S T 05 Gloj 5o 039755 =) @D ek

y=-0.14x>+ 24.7x+ 1685.3

R* = 0.98

0 30

90 120

Nitrogen Rate (kg.ha)

poiS &lo o Slae 9 ()39, gobaw o Jlaogi (b A, N S8
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Table 2. Mean squares the effect of year, rates and application time of nitrogen on biomass, grain and straw yields, harvest
index, thousand kernel weight (TKW), nitrogen agronomic efficiency (NAE) and water use efficiency of rain (WUE)

SOV

Mean Squar

df Biological Yield Grain Yield Straw Yield Harvest Index TKW NAE  WUE of rain

Year 1 142046072 * 7545238 n.s 84113533 n.s  0.073 ** 550n.s 154.7ns 249.8n.s
Error 2 5163012 1116569 1479911 0.001 3.37 44.8 16.3
Time 2 1895103 n.s  1023772n.s 227897 n.s 0.004 ** 18.11ns 1956ns 155ns
Year x Time 2 2849888 n.s 1093187 n.s 622039 n.s 0.002 * 848ns 1112ns 16.7ns
Error 8 3525033 355146 1706283 0.001 4.48 57.9 45
N 4 34574775 ** 3494677 ** 16265379 **  0.008 **  134.12 ** 837.6**  46.1 ***
Year x Nitrogen 4 537688 n.s 103993 321107 0.001 9.13 19.3 0.98
Time x Nitrogen 8 1459309 n.s 243500 *  971775n.s 3.747ns 6.69ns 66.6ns 34ns

Year x Time x Nitrogen 8 1113528** 77813 n.s 803895 ** 1.906 ** 210ns 486* 1.22ns
Error 48 3623334 58178 241992 0.001 6.27 20.8 0.78
CV (%) 9.21 10.04 11.90 7.93 6.75 44.16 10.02

Aoy ) 50 il maw )8 ls e Cadle oS 4y

*n.s, * and ** indicated non-significant, significant at 5% and 1%, respectively.

wedls el ils i g S g alo ongiiuns ) sbos Sl 459,55 0 )5 ey Sl laKilkeo duslio ¥ Jgux

ohb <l 5l eslial S 5 (5955 25 2Ll
Table 3. Mean comparisions of effect of nitrogen rates on biological, grain and straw yields, harvest index, thousand
kernel weight (TKW), nitrogen agronomic efficiency (NAE) and water use efficiency (WUE) of rain

Biological Yield

Grain Yield

Straw Yield

Time . : B Harvest Index TKW NAEr1 WUE o)‘lraip1
(kg.ha™) (kg:ha™) (kgha™) (%) ()] (kg-kg™) (kg.mm™.ha™)
T, 6761 a 2597 a 4163 a 0.39a 37.8la 13.10a 9.60 a
T, 6264 a 2230a 4035 a 0.37b 36.27b 9.83 ab 8.17b
Ts 6580 a 2380 a 4201a 0.37b 37.21ab 8.07b 8.76 ab
LSD5% 1118 354.8 771.7 0.018 1.260 4.531 1.266

ol 00,0 0 ozl o )8 5055 ls e e luen slald >

b obeyen b 53 Gierd bl 9 p)lS T Gl 30 S Syt K03 oS 5 b 43 B3a pewss 3 To b 50 039S JS 08 T

Dl 50 S s Doy 0 aal g cdlS

* Different letters within a column indicates significant difference (P < 0.05)
Total nitrogen in the fall (T,), nitrogen spliting 2/3 in the fall +1/3 in the spring (T,) and nitrogen spliting 1/2 in the fall +1/2 in the spring (T3).
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Table 4. Mean comparisions of effect application time of nitrogen on biomass, grain and straw yields, harvest index,
thousand kernel weight (TKW), nitrogen agronomic efficiency (NAE) and water use efficiency (WUE) of rain

Nitrogen Rate Biological Yield Grain Yield Straw Yield Harvest Index TKW NAE WUE of rain
(kg-ha™) (kg-ha™) (kg-ha) (kg-ha) (%) @ (kgkg")  (kg.mm™.ha™)
0 4319 ¢ 1727d 2593 ¢ 041a 40.96 a od 6.4d
30 6027 b 2205 ¢ 3822b 0.37b 38.91b 16.2a 81lc
60 7405 a 2688 ab 4717 a 0.37b 35.80¢c 16.1a 9.9 ab
90 7604 a 2813 a 4791 a 0.37b 3447¢ 12.1b 10.3a
120 7319 a 2577b 4742 a 0.36 b 35.35¢ 731c 95b
LSD5% 403 162 329 0.021 1.68 3.06 0.59

* Different letters within a column indicates significant difference (P < 0.05).
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Table 5. Drought stress tolerance and sensitivity indices of nitrogen treatments during 2012-2013 and 2013-2014

Year Time N Yp Ys MP GMP TOL SSI STI KiSTI KoSTI
NO 2493 2244 2368 2365 249 0.41 0.44 0.21 0.30

N30 2947 2529 2738 2730 418 0.58 0.59 0.39 0.50

T N60 4102 3727 3914 3910 375 0.37 1.21 1.55 2.23
N90 4212 3722 3967 3960 490 0.48 1.24 1.67 2.28

N120 3744 3199 3471 3461 545 0.60 0.95 1.01 1.29

NO 2165 1736 1950 1938 429 0.81 0.30 0.11 0.12

N30 3683 2470 3076 3016 1213 1.35 0.72 0.74 0.58

2012-13 T, N60 4000 2529 3264 3180 1471 151 0.80 0.97 0.68
N90 3768 2430 3099 3026 1338 1.46 0.72 0.78 0.57

N120 4459 2515 3487 3348 1944 1.79 0.89 1.34 0.74

NO 2542 2330 2436 2434 212 0.34 0.47 0.23 0.34

N30 3355 2492 2923 2891 863 1.05 0.66 0.57 0.55

Ts N60 3737 2823 3280 3248 914 1.00 0.83 0.89 0.88
N90 3974 3079 3527 3498 895 0.92 0.97 1.16 1.22

N120 4208 2551 3380 3276 1657 1.62 0.85 1.14 0.73

NO 1468 1160 1314 1305 307 1.03 0.24 0.07 0.07

N30 2319 1807 2063 2047 512 1.09 0.60 0.43 0.42

T, N60 2814 2476 2645 2640 339 0.59 0.99 1.05 1.30
N90 3008 2671 2839 2834 337 0.55 1.14 1.39 1.75

N120 3068 2437 2752 2734 631 1.01 1.06 1.34 1.35

NO 1706 1531 1618 1616 175 0.50 0.37 0.15 0.19

N30 2472 1996 2234 2221 476 0.95 0.70 0.58 0.60

2013-14 T N60 2664 2205 2434 2423 459 0.85 0.84 0.80 0.87
N90 3137 2493 2815 2797 644 1.01 111 1.47 1.48

N120 3507 2393 2950 2897 1114 1.57 1.19 1.97 1.47

NO 1616 1360 1488 1483 256 0.78 0.31 0.11 0.12

N30 2302 1936 2119 2111 367 0.78 0.63 0.45 0.51

Ts N60 2810 2371 2590 2581 438 0.77 0.95 1.00 1.14
N90 3128 2483 2805 2787 644 1.01 111 1.45 1.46

N120 3740 2371 3056 2978 1370 1.80 1.26 2.37 1.52
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Table 6. Equations the effect of nitrogen retes and application time on STI during 2012-2013 and 2013-2014 and
means of two years

Factor Year Equation R

2012-13 Y=-7x10"x" + 0.013x + 0.38 0.98

Nitrogen rate 2013-14 Y=-5x10"%x*+ 0.01x + 0.30 0.99
Mean Y = -6x10°x*+ 0.013x + 0.34 0.99

2012-13 Y =-9x10°x°+ 0.02x + 0.21 0.98

Total nitrogen in the fall (Ty) 2013-14 Y =-1x10"x*+ 0.02x + 0.34 0.93
Mean Y =-1x10"x*+ 0.02x + 0.28 0.93

2012-13 Y =-9x10°x” + 0.01x + 0.38 0.98

Nitrogen spliting 2/3 in the fall +1/3 in the spring (T>) 2013-14 Y = -5x10"°x* + 0.01x + 0.35 0.83
Mean Y = -4x10°x* + 0.01x + 0.37 0.97

2012-13 Y = -4x10°x* + 0.01x + 0.31 0.98

Nitrogen spliting 1/2 in the fall +1/2 in the spring (Ts) 2013-14 Y =-5x10°x* + 0.001x + 0.45 0.96
Mean Y =-5x10"x* + 0.01x + 0.38 0.99
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concentrations in flag leaf
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Table 7. Mean squares the effect of application time and nitrogen rates on Relative Water Content (RWC) in leaves at
heading and two weeks after heading

Mean Squar
SOV df RWC, RWC,
Replication 2 437.774n.s 2864.413 n.s
Time 2 21.056 n.s 309.70 n.s
Nitrogen 4 33.837n.s 257.868 *
Time x Nitrogen 8 67.800 n.s 133.335n.s
CV (%) 12.39 17.92

el (§l8 Fme 39 g aoy3 ) 50 Jlossl mdans )0 ls e Cdle i 5 4 NS g

*, ** ns: Significantly difference at 5 and 1% probability levels, respectively.
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Table 8. Mean comparison the effects of nitrogen rates on Relative Water Content (RWC) in leaves at heading and
two weeks after heading

Nitrogen Rate RWC, RWC,
(kg.ha™) % %
0 66.83 a 41.88b
30 69.64 a 54.50 a
60 70.46a 53.96 a
90 66.81 a 5192 a
120 70.75a 54.47 a
LSDsy, 8.304 8.944

el 00,8 0 ozl o )0 110525 I8 e codle yluon (slald >

Different letters within a column indicates significant difference (P < 0.05).
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