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Table 1- Average climate indices of the site during the growing season of grain millet
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Average daily minimum Average daily maximum . Total rainfall .
Month . . Average daily Average daily Average hours
temperature (°C) temperature("C) (mm) o ~
temperature("C) humidity (%) of sunshine (hr)
ols >
May 16.8 344 25.6 0 24 375.2
)
June
| 21.3 38.1 29.7 0.2 25 363.2
S Q)n
July
16.3 337 25.0 0 29 371.0
DR
August
12.7 315 221 0 25 339.9
2
September 10.5 30.3 20.4 0 32 296.4
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Table 2- Physicochemical properties of the soil of experiment local
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Sl Electrical 4R i Total . .
. . Organic i Phosphor  Potassium Iron Copper Zinc
Soil texture conductivity pH matter (%) nitrogen (mg kg™ (mg kg™ (mg kg (mg kg (mg kg
(ds.m?) (%)
ey
3.97 8.12 0.39 0.022 25 190 6.52 0.78 0.91
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Table 3- Results of analysis of variance (average of squares) for grain millet traits (Var. Pishahang) as affected by irrigation regim
and nitrogen

UL
Sy Slasi ity olaxi 7o
132 53 < s 2 Srae
PN . Lo . . PD aNCIL N S oo )

Gl gl L e T ey PO Uit e ’{JL"‘ e e o8y
Source of !yl Spel Jedo s Plant oy Seed 1000- ue . ) Water use  Yvater
variation df Relativ Chlorophy height Panicle number seed Seed Biological efficiency use

e water 1lindex number per weight yield yield for seed efficiency
content per m? panicle for
biomass
e

Replication 2 4554™ 3996™ 2696"™  332.67™ 8757"™  0.43™ 273129™ 252919™ 0.07™ 0.07™
c_é‘)L:%»l 099 (A)
Irrigation regim

(A) 1 3708'17 1703.64" 1278.96 © 44032.67"" 25540.69" 13.51* 16938365" 45606294 177" 0.03™
Jol sl

E
. 5}: (B) 2 68.79 26.86 22.24 354.67 69.45 0.18 214190 189727 0.04 0.049
[G)) ™

Nitrogen (B)

R IN| 0.44™  25.41™ 57.82"  4093.06™ 1605.08™ 0.91™ 233917 1172274 0.07™ 0.34™
09X " Sl 490

Ax B
s 3 15" 3228 74227 77.56" 111.3" 0.22™  80406™  485165" 0.01" 0.17"
£3° S
E, 12 15.56 2.5 9.05 20.06 28.11 0.015 9927 122266 0.002 0.037
Ol aats
TR e - 5.5 6.32 9.7 11.01 15.3 6.64 16.24 16.96 15.62 11.42
CV (%)

*

Abl o 0 e il g o) gy oy S mha (o o Sixe pagie cod 5 4 g FF
*, ** and ™ show significance at 5 and 1% level and non-significance, respectively
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Table 4- Comparison of the average effect of irrigation on the relative water content of grain millet

6okl zobaw Sy O (o Sgine

Irrigation levels (%) content Relative water

(5w Vo) ol s ]

Full irrigation (100% water requirment) 845a

(o 5l 2y 0°) o o5 25
Water deficit stress (50% water requirment)
P00 5505 K085 b g lo s M Sils (glasals aiz 503l elsl 5 S i g 6lls sla Sl (Jule o gl g g ,2 40
In each column, with at least one similar letter(s) are not significantly different at 5% probability level using Duncan's Multiple Range Test

59.7b

S50 05350 33 3395 3 3l 23y T o aalllan 9 )90 Wlio (5 2 (T (S Ty S0 00 9591 slo yhal )l ~0 Jgu

Table 5- Estimated parameters of regression models for some of study traits of millet under irrigation and nitrogen regime

slowd
Treatment o
15, =
s e UV S S R Y
Dependent variable Model
Irrigation Nitrogen Model
regim (kg ha™) significance
el 50 zobw 4o Q - 0.00005 45.08 0.98 <0.01
Plant height 100 All levels L 0.09 - 53.3 0.99 <0.01
Jedo IS el 50 Toh aen - - - - - n.s
Chlorophyll index 100 All levels L 0.07 - 28.47 0.93 <0.01
o) 3 Shes — Tobaw don - - - - - n.s
Biological yield 100 All levels
Q 2.96 -0.01 538.7 0.98 <0.01
als e 059 50 Tobw don - - - - - ns
1000-seed weight 100 All levels L 0.008 - 3.67 0.91 <0.01
JoSaly jo ails slass 50 ol don - - - - - ns
Seed number per panicle 100 All levels L 0.31 - 224.3 0.91 <0.01
i 5> JoSl ol 50 Tsks don - - - - - ns
Panicle number per m? 100 All levels Q 0.83 0.0026 193/58 0.97 <0.01
ails 5 Slos 50 Tobw don L 0.12 - 66.61 0.93 <0.01
Seed yield 100 All levels L 0.47 - 208.73 0.91 <0.01
s ol bpae SIS 50 Tobw oo L 0.001 - 0.54 - n.s
Water use efficiency for seed 100 All levels L 0.002 - 0.99 0.93 <0.01
R UL 50 L 0.002 - 2.83 097 <0.01
. T goheees
Water use efficiency for 100 Al levels Q 001 000007 257 0.98 <0.01

biomass

Quadratic) Y a0 Sgs,5, Jow Q «(Linear) as Ssew S Jow:L
L: Linear regression model, Q: 2nd degree regression model (Quadratic).
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Table 6- Comparison of the mean interaction of irrigation and nitrogen on some agronomic traits of studied millet

- 1o of s S s
30 Al slass o) 3 -
e e Jsst i gy SSes SSes TIEET
N S
loud ; % J ’ . ) 365 Cand §
o St o eed S eed Biologican Vateruse %
Treatment Chlorophyll = &Er°7*  number 1000-seed ", 08 efficiency Water use
ind height Panicle ioht yield yield f a4 efficiency
index (cm) per weight (g) (kg ha') (Kg ha™!) or see -
number  panicle g g (kg m?) for blomsass
per m’ (kg m™)
6)L:-.'] C?J“‘“’ C_))ﬁﬁ
Nitrogen

Irrigation levels (kg ha?)

(&5 2ay3 Vo) el 5L
requirment)

50 33.1b 61.2b 250.1a 210.2b 46a 2486b 6785a 1.20b 324 a
100 37.3a 64.1ab 2423ab 265.0a 44b 2741a 6790a 127a 3.23a
150 384a 66.2a 243.0ab 2705a 40¢c 2753a 6798a 129a 3.24a

(& 55 2oy0 00) ol o5 iss
Water deficit stress (50% 0 16.1d 475cd 160.1c 1781c 3.3d 643e 3409c 0.53 f 2.78b
water requirment)

50 16.2d  452d 160.3c 177.2c 32d 685de 3410c 0.56 d 321a
100 16.1d 435d 1604c 177.3c 3.3d 733d  3405c 0.56 d 3.22a
150 16.0d 421d 160.1c 1785c 3.1d 751d 3403c 0.57d 3.23a

(P <./+0) u\i)lu\i Jfa.,\g.l L: d)bu’;’"’ el QSJ'& Lg‘d.;.ab Recy u?"j u..;Lul » “54“""“ ij 6‘)“ A_gL(au.._f.lL..a ‘J.aLc S A5‘)'.‘ 9 OFw O
In each column, with at least one similar letter(s) are not significantly different at 5% probability level using Duncan's Multiple Range Test
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Table 7- The Pearson correlation coefficient of millet traits as affected by irrigation regim and nitrogen

ol 1 2 3 4 5 6 7 8 9 10
Traits
Ol (o S0 ) 1
1- Relative water content
agy 5L&J)\ -—Y 0.70™
2- Plant height
Jeb S ela Y 082%  0910% 1

3- Chlorophyll index
o\)yw) u] d,.a.a 6_\1)5 -f
4- Water use efficiency for biomass

0.47" 0429  0.315™ 1

) 28ee -0 085" 08957 0921  0.482" 1
5- Biological yield

als o G yae IS -F
6- Water use efficiency for seed

0.77" 0.873" 0.859™ 0433" 0.942" 1

s 3 See -V 0.86™ 0.882° 0898" 0.340° 0962" 09877 1
7- Seed yield
. lim *itg — « e - *x ok o
> 152 035 A 074" 0908 0880" 0535 0961" 0976”  0.961 1

8- 1000-seed weight

oSl 5 ails ol A 078" 0843 0855 0412° 0931" 0970" 0962" 0.953" 1
9- Seed number per panicle

é""’h_ﬁ oSy shass - 0.75**  0.887" 0.902™  0.472"° 0.939™ 0.938™ 0.934" 0961” 09417 1
10- Panicle number per m?

Ko

Abl o 0 re juf g o) gl o yd S mha [ o Sire pagie cod 5 4 5 FF
*, ** and ™ show significance at 5 and 1% level and non-significance, respectively
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Abstract

Introduction: Millet is one of the drought tolerant plants that nitrogen fertilizer plays an important
role in its yield. Water deficit stress as the most important abiotic stress has very adverse effects on
nutrient uptake, plant growth and yield. Iran is climatically regarded as an arid and semi-arid region
in the world, where the lack of precipitation and its inappropriate distribution, high temperature and
extensive evaporation makes the irrigation the main way for meeting plants water demand. Nitrogen
is one of the effective factors on the development of the leaf surface and consequently the
development of the shade of the plant, which improves the economic yield of the plant by increasing
the leaf surface index, leaf area duration and photosynthesis. Therefore, this research was conducted
in order to study the effect of irrigation regimes and nitrogen fertilizer rates on the yield and water
use efficiency of millet.

Materials and Methods: This research as a split plot experiment was conducted based on a
randomized complete block design with three replications in research farm of Birjand branch, Islamic
Azad University, Birjand, Iran in 2016. In this experiment, irrigation regim (50 and 100 percent of
water requirement) as main factor and nitrogen rate (0, 50, 100, 150 kg N ha) as sub factor were
considered. Each sub-plot consisted of 4 planting lines with a length of 5 meters and a row spacing
of 30 cm and a plant spacing of 3 cm (density of 111 plants m). Land preparation was done with
moldboard in the early spring; the tillage operation included shallow plowing, double disc plow, and
full leveling. Seed millet planting was done on June 1st. Millet seeds of Peshahang variety
(Pennisetum miliaceum) were used for planting. The first irrigation was done immediately after
planting. After the complete establishment of the plant (four-leaf stage), irrigation treatments were
applied. The water requirement was determined with the help of the FAO method and using
evaporation statistics from the class A pan. The amounts of water consumed in two irrigation
treatments of 50 and 100 percent of the plant's water requirement in the entire growth period were
122.9 and 210.3 liters per m?, respectively. Traits of plant height, chlorophyll index, relative water
content, panicle number per m2, number of seeds per panicle, 1000-seed weight, seed yield, biological
yield, and water use efficiency for seed and biomass were measured. Finally, the data were analyzed
by the software MSTAT-C for each trait, and the means were compared by the Duncan Multiple
Range Test at the 5% level.

Results and Discussion: The results showed that water deficit stress reduced the relative leaf water
content by 29.4%. Under optimal irrigation conditions with increasing nitrogen application from zero
to 100 kg N ha* chlorophyll index, plant height, number of seeds per panicle, seed yield, and water
use efficiency for seed significantly increased by 32.7, 20.4, 23, 35.4, and 27%, respectively. Also, in
optimal irrigation conditions, the application of 50 kg N ha'!, the number of panicles per m?, the 1000-
seed weight, the biological yield, and the water use efficiency of biomass increased by 9.7, 26.8, 26.5,
and 12.7%, respectively. In conditions of supply of 50 percent of the water requirement with
increasing nitrogen application from zero to 50 kg N ha* seed yield, water use efficiency of seed and
biomass significantly increased by 24.9, 17.3, and 7.7%, respectively, compared to the control. In
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general, the results showed that in order to achieve maximum seed yield by considering water use
efficiency, optimal irrigation treatment and 100 kg N ha? in the Birjand region can be used.
Conclusion: In general, the results of this research showed that drought stress can lead to a significant
decrease in seed yield and the efficiency of water consumption for seed production due to the
inhibitory effect of stress on plant reproductive growth. Also, the lack of nitrogen (as one of the most
essential nutrients for plants), in the presence of sufficient moisture, plays an important role in
reducing yield and yield components and water use efficiency for seed production. However, in
conditions of water deficit stress (supply percent of water requirement), due to the disturbance in the
effective absorption of applied nitrogen, the use of this fertilizer did not result in significant changes
in most of the traits. Based on the results of this research, in order to achieve the maximum seed yield,
taking into account the efficiency of water consumption, the optimal irrigation treatment and
application of 100 kg N ha* can be used in Birjand region.
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