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Effect of water deficit and different nitrogen rates on growth and development

stages, yield and yield component of maize (Zea mays L.)
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Table 1. Development and Growth stages in different treatments based on days after planting in two locations,

Hamadan (L1) and Karaj (L2)

)5 g Jl e g Sae S roe3jls I o s st (S S s
Development & Growth E AP
stages (V8) (V10) (V12) (R1) (R4) (R6)
Treatment e Vit Yaikte  Viabte  Ydihte Vit Ydabte Vbt Yéaboe Vbt Yaake  Viihee  Yidl
i L1 L2 L1 L2 L1 L2 L1 L2 L1 L2 L1 L2
shen0) ST 258" 25
Water deficit stress
(Vegetative)
N 100 Sc-108 24 23 37 35 45 41 54 49 78 72 95 90
N 200 24 23 35 33 43 38 51 46 84 78 100 94
N 100 Sc-301 26 24 40 36 52 46 60 54 87 81 104 98
N 200 26 24 38 34 49 43 54 49 90 83 110 104
(al) OT 358 23
Water deficit stress
(Reproductive)
N 100 Sc-108 24 23 35 33 41 37 48 43 76 70 91 87
N 200 24 23 33 31 38 34 45 41 80 74 95 90
N 100 Sc-301 26 24 38 34 46 42 53 47 85 79 97 92
N 200 26 24 35 31 42 38 49 43 87 80 103 98
T A
(55 shosn J~10)
Water stress
(Veg. & Rep.)
N 100 Sc-108 24 23 37 35 45 41 54 49 74 68 85 80
N 200 24 23 35 33 43 38 51 46 78 72 93 87
N 100 Sc-301 26 24 40 36 52 46 60 54 83 78 95 90
N 200 26 24 38 34 49 43 54 49 85 77 101 95
(als) ST a5 0
Non-water stress
N 100 Sc-108 24 23 35 33 41 37 48 43 80 74 95 90
N 200 24 23 33 31 38 34 45 41 88 82 100 94
N 100 Sc-301 26 24 38 34 46 42 53 47 89 83 104 98
N 200 26 24 35 31 42 38 49 43 94 87 110 104
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Fig. 2. Mean of leaf, stem, kernel and total dry matter accumulation in Sc.108 with 100 kg nitrogen per hectare
under water deficit stress at the vegetative, reproductive and veg. & rep. growth stages and non-water stress in two

locations.
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Fig. 2. Mean of leaf, stem, kernel and total dry matter accumulation in Sc.108 with 200 kg nitrogen per hectare

under water deficit stress at the vegetative, reproductive and veg. & rep. growth stages and Non-water stress in two

locations.
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Table 3. The effects of Location, Hybrid and Nitrogen on Biological yield (Bio.Y), Grain yield (G.Y), Harvest index (HI), Kernel number per ear (KNE), Kernel Weight (K.Wt),

Leaf area index (LAI) at V10 and R4 stages in corn

Treatment e S5 m 5 Shas 6ls 5> Shae Sl e ls I s &ls sl 413 05 & o s & o et
j Bio.Y (kg/ha) G.Y (kg/ha) HI (%) (KNE) K.Wt (mg) LAI (V10) LAI (R4)
Location ke
Locationl \ aibote 1071.10a 4404.93 a 41.25a 535.60 a 101.12a 3.35a 2.39a
Location2 ¥ ailat 9643.10 b 4045.98 b 42.06 a 533.50 a 91.11b 2.88b 215a
Hybrid o5
Sc-108 9566.65 b 4014.09 b 4217 a 536.12 a 88.41b 3.03a 2.14b
Sc-301 1078.54 a 4436.82 a 4113 a 533.08 a 108.82 a 3.20a 240a
Nitrogen 0395
N 100 9249.08 b 3778.88b 40.88 a 508.12 b 90.99 b 2.90b 2.16 b
N 200 1110.10a 4672.02 a 4242 a 561.08 a 101.24a 3.32a 2.38a
Ois X by
HybridxNitrogen
o WenAA gge3 g0 d 3654.20a 41.16a 508.08 b 86.58 2.86 2 2.03b
Hybrid108xNitrogen100
o TenE A 96938 b 4374.00a 43.18a 564.16 a 90.24a 320a 2.25 ab
Hybrid108xNitrogen200
Rt T P2 3903.60 a 40.60a 508.16 b 95.40a 2.95a 2.28 ab
Hybrid301xNitrogen100
o TenAT e 1940834 4970.10a 41.66a 558.00 a 112252 3454 252a
Hybrid301xNitrogen200
Means followed by the similar letters are not significantly different (Duncan 5%). (10 o 53 SISAH10 5l me (oMl alis 3y > (51l (sl oSOl
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Table 3. The effects of Water deficit stress and Hybrid on Biological yield (Bio.Y), Grain yield (G.Y), Harvest index (HI), Kernel number per ear (KNE), Kernel Weight
(K.Wh), Leaf area index (LAI) at V10 and R4 stages in corn

Treatment w S5 s 5,Ses als 3 Shes Csls e ls I 3 4ils sl PRI & o e s & o e s
o Bio.Y (kg/ha G.Y (kg/ha HI (% KNE K.Wt (m LAI (V10 LAI (R4
g g g
‘.’T z‘,:.«f JLJ
Water deficit stress
L. (2e50) T ;’_‘“5 o 10380.60 b 4255.34 b 41.02a 427.58 a 98.58 b 2.73b 2.36 b
Water deficit stress (Vegetative)
ST 9502.20 ¢ 4011.64 ¢ 4241a 539.45 b 91.54¢ 3.40a 215¢
Water deficit stress (Reproductive)
(B ) 2TageS 2 8592.60 d 3618.15 d 42.06 517.20 d 84.10 d 2.85b 1.91d
water deficit stress (Veg & Rep)
A o 12237.00 a 5016.69 a 4112 a 554.16 a 110.25a 3.48a 2.67a
Non -water stress
T 3 pS 15 ij)
Hybrid x Water deficit stress
(s2230) T 2 2371 A 9885.25 ¢ 4040.50 ¢ 40.96 a 548.50 b 87.33d 256¢ 218 cd
Sc-108 x Veg. Water stress
(8D 2T o STV 1054 3968.10 ¢ 43.73a 549,50 b 86.42 ¢ 340a 2.08d
Sc-108x Rep. Water stress
(ﬁlj)s':.{)))sfﬁ:}?asu:;;x\'/\vi)
478.83 f 24.1 42.7 7. 2.70 f 2.67 1.87
Sc-108 x Veg &Rep. Water stress 847883 36 0d Sa S07.33¢ 82.10 6re 87e
w0V AS 0797 92 442360 b 41252 539.16 b 97.20¢ 347a 2.44b
Sc-108 x Non-water stress
R ST 0876 00 b 447010 b 41.08a 506.66 ¢ 109.84 b 291b 254
Sc-301 x Veg.water stress
il X (35
Sc-301 x Rep. Water stress 9899.83 ¢ 4055.20 ¢ 41.09 a 529.41d 96.65 ¢ 3.40a 221c
sl st AT s 8706.33 3612.20 d 41372 527.08 d 85.49 3.02b 195¢e
Sc-301 x Veg &Rep. Water stress ' ' ' ' ' ' '
=l AE O T 3676 00 a 5609.70 a 41.00a 569.16 a 12330a 348a 290a
Sc-301 x Non-water stress
Means followed by the similar letters are not significantly different (Duncan 5%). 10 e 3 (SIS s me Ve wlie 35 - (51l (sla ool
\4Y
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Table 3. The effects of Water deficit stress and Nitrogen on Biological yield (Bio.Y), Grain yield (G.Y), Harvest index (HI), Kernel number per ear (KNE), Kernel Weight

(K.W), Leaf area index (LAI) at V10 and R4 stages in corn

Treatment - &,,Jf 5 Shes als s Slas Csls e ls IO s @l sl NS &y o el &y o e
j Bio.Y (kg/ha) G.Y (kg/ha) HI (%) (KNE) K.Wt (mg) LAI (V10) LAI (R4)
WP ST RS X055 5
Nitrogen x Water deficit stress
5y )T 45XV e 05
(ST e ATV 07 9661.50 e 3945.42 ¢ 40.85 b 521.00 90.67 ¢ 2.53d 2.27d
N 100 x Water deficit stress (Veg.)
(Ll )T S5 XY 0%
s G 8836.67 g 3573.13d 40.63b 505.16 d 90.05 e 3.19b 2.06¢
N 100 x Water deficit stress (Rep.)
(tal}s s )T S5 XY 0%
s )2l e AN 035 7 7947.75 h 3180.27 e 40.05 b 485.03 80.08 g 2.68d 1.75f
N 100x Water deficit stress (Veg. & Rep.)
T A5 s XV o 03
LS 10550.42 ¢ 4416.71b 42.01ab 521.25¢ 103.16 ¢ 321b 256b
N 100 x Non-Water stress
( L )uT 'S RN ETeN
(ST e AT 07 11099.75 b 4565.26 b 41.20b 534.16 ¢ 106.50 b 294¢ 245¢
N 200 x Water deficit stress (Veg.)
5T 25 XY 059 0
e UG 10167.75 d 4450.14 b 44192 573.75a 93.03d 3.6la 2.24d
N 200 x Water deficit stress (Rep.)
(tal}s s )T S5 XY 5
s sl 25T AT XY O 9237.42 4056.03 ¢ 44.07a 549.33 b 88.11 3.01bc 2.07e
N 200 x Water deficit stress (Veg. & Rep.)
(T A5 s XY s 035 2
SE b s 1392350 a 5616.67 a 40.24 b 587.08a 117.34a 3.75a 2.78a
N 200 x Non-Water stress
Means followed by the similar letters are not significantly different (Duncan 5%). (10 o 53 SUISAH1 Sl fme (oMl alin 3 - (sl sl ool
14¢
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Table 3. The effects of Water deficit stress, Hybrid and Nitrogen on Biological yield (Bio.Y), Grain yield (G.Y), Harvest index (HI), Kernel number per ear (KNE), Kernel
Weight (K.Wt), Leaf area index (LAI) at V10 and R4 stages in corn

(oh3)) ST 258 5 (2415) ST 58 25 (2l 5 oes0) 2T 258 25 ST a5 05
Water deficit stress (Vegetative) Water deficit stress (Reproductive) Water deficit stress (Veg & Rep) Non -water stress
olews
Traits Sc-108 Sc-301 Sc-108 Sc-301 Sc-108 Sc-301 Sc-108 Sc-301
N N N N N N N N N N N N N N N N
100 200 100 200 100 200 100 200 100 200 100 200 100 200 100 200
K5 s 5, Shes 3834.17 4246.92  4056.67 4883.61 3560.05 4376.16 3586.22 4524.13 3167.35 4080.77 3193.19 4031.28 4055.14 4792.14 4778.28  6441.20
Bio.Y (kg/ha) fc de ef t h cd gh i e ef ef k b a
als s Shes 9313.00 104575 10010.0 1174200 8618.17 9591.00 9055.17 107445 7951.67 9006.00 7943.83 9468.83 9572.83 12023.0 11528.0  15824.0
G.Y (kg/ha) g ( h k m k m i h k d a
IN s 4l sl 536.16 560.83 505.50 507.50 522.00 577.00 488.33 570.50 478.66 536.00 491.50 562.66 495.50 582.83 547.00 591.33
(KNE) g e i f h bc j i k g j de j ab f a
&3 05 88.33 91.33 98.01 121.66 87.11 85.73 92.98 100.33 78.73 86.68 81.43 89.55 97.17 97.23 109.16 137.45
K.Wt (mg) k g e b i j f d m ij | h e e c a
Sl el 41.16 40.76 40.53 41.63 41.18 46.28 40.08 42.10 39.80 45.70 40.30 42.45 42,51 40.00 4151 40.48
HI (%) c c c c c a c bc c ab c bc bc c c c
gf Sl
’(cf“ ;")’“ 2.45 2.67 2.62 3.21 3.28 353 3.1 3.68 2.54 3.80 2.82 3.22 3.16 3.79 3.26 371
o) ef ef c bc ab cd a ef e de c c a bc a
LAI (V10)
gf Sl
(’FJM “’a';u 2.05 2.30 2.48 2.59 2.01 2.15 211 2.32 1.72 2.02 1.78 2.12 2.36 2.53 2.77 3.03
als (6 e
eff d c c e ef a h fi h ef d c b a
LAI (R4) g g g g
Means of each row followed by the similar letters are not significantly different (Duncan 5%). (10 o 55 S Hls gme oMol altie Cog (sl sla o Sole Ly s
V4o
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Table 6. Stress index in different treatments at vegetative and reproductive growth

Stress index (%) 4,5 = (SI) o jesls

Treatment Sl _ _ _
(Lot . ; SNV E oL S3snsh S es 5 S 2
o SN ST e85 ol o Emergence-V12 V12-R6
Water deficit stress Nitrogen Hybrid
N (he30) ST 2508 25 2710 )
Water deficit stress (Veg.)
L E TS Sc-108 - 10.18
Water deficit stress (Rep.)
(535 st T 258 55 26.89 1331
Water deficit stress(Veg.&Rep.)
Non-water stress O 55 0 0 0
(30 ST 25008 25 315 )
Water deficit stress (Veg.) '
AT, Sc-108 - 19.85
Water deficit stress (Rep.)
(835 5t T 258 55 29.80 22,87
Water deficit stress(Veg.&Rep.)
Non-water stress O 55 0 0 0
)T 100 Sc-301 28.61 -
Water deficit stress (Veg.)
AT - 30.48
Water deficit stress (Rep.)
(gsfi‘-)JsiiJJ) RTINS 29.40 31.24
Water deficit stress(Veg.&Rep.)
Non-water stress O 55 0 0 0
N (h00) ST 25008 5 26.43 )
Water deficit stress (Veg.)
BT - 29.04
Water deficit stress (Rep.)
(535 st T 258 55 200 Sc-301 25.10 35.50
Water deficit stress(Veg.&Rep.)
Non-water stress O 55 0 0 0
o et s b g 53 $SU 5P g 50 Oy U Uil 31 (Bolanos, 1995) sV S S
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Effect of water deficit and different nitrogen rates on growth and development

stages, yield and yield component of maize (Zea mays L.)

A. Sepehri', S. A. Modarres Sanavi’, B. Gharehyazi’ and Y. Yamini*
ABSTRACT

Plants are exposed to environmental stresses. Water and nitrogen availability are two major factors for crop
production under different conditions. In order to determine the effects of water deficit and different nitrogen
rates on growth and developmental stages, yield and yield components of corn, two field experiments were
conducted using a randomized complete block design in 2001 growing seasons. Two corn hybrids (KSC 108
and KSC 301) were used under water and nitrogen stresses at vegetative and reproductive growth stages in two
locations (Hamedan and Karaj). The result indicated that phenological stages delayed under water and nitrogen
stresses in different treatments. Leaf area index decreased as availability of water and nitrogen decreased.
Significant differences were observed between two hybrids for biological yield, grain yield and yield
components. The lowest biomass and grain yield were produced in water stressed plants at both vegetative and
reproductive stages. The different rates of nitrogen utilization shown significant effect on grain yield. Water
deficit at vegetative and reproductive growth stages decreased the grain yield by 15% and 20%, respectively in
comparison with controls. Relative water content reduced by 15-18% under water and nitrogen stresses. There
were no significant differences in harvest index, but stress index (SI) was different between stressed treatments.
The maximum stress index (SI) belonged to KSC 301 under water stress at the vegetative and reproductive
growth stages.

Key words: Maize, Water stress, Nitrogen, Growth and development, Grain yield, Yield components.
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