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Table 1- Results of chemical analysis of soil before cultivation

SK Gos
&35 £g Depth of soil
Analysis type P il Ye—e Fo gl Fe-Ye
0-30 Centimeters  30-60 Centimeters
(120 2 rimeiioms) 516 (S50 olio 0.3 0.3
Electrical conductivity of soil (dS/m)
ghedl 5 4zl 7.4 7.46
Saturated soil acidity
Total nitrogen percentage
(2 ) P> LB jaud 4 1
Absorbable phosphorus (p.p.m)
(fl 2t ) > BB ply 288 60
Absorbable potassium (p.p.m)
SE sL sL
Soil texture
o) e )d 10 8
Clay percentage
S o 33 24.5
Silt percentage
O 22 57 675
Sand percentage
(e sl 3 p5) SB (50l JIS>
T 1.33 141

Soil bulk density (-£5-)
er)) "“3)]’ >3 Sl wg]o) Lo)d 23 22
Moisture content at field capacity

SO b )3 (g Cagb) hoyd 14 135
Moisture content at wilting point

(yva) Jlows
2017) North

SoNa ][ S1No [ 5:Na || SoN; J[ SiNa I[ SN, I SN, J[ S:Ns ]

S, N, I 5N, " SpNp 5Ny I SN SaN, SoNa II $;N, " SN, I SaN.
_zz_anSN 5oy L SoNe 1 SoN: 052N, I SoNe 1SN, JLsaN, JLSoNs I SN, |
Sola ][ ol T 52Ne |0 5o, J0saN, JsaNs J05i |0 5aN, JLsNs SN, |
S;Np 1| SiNg SoNy SpNg 1l SiNo SaNp 1] SolNy S3Np 5:N, SNy

(yYay)
(2018

SN, || SaNo || SaNs |[ Sat, | SN,
SiNs || SzNp || SoNp || SgNp || SaMNy
SN |l SNy || SN || SsNg || SoNo
SiNs || SiN3 || SiNg || SalN; || SeN-
SoNs || sy || SaNz [ SabNs |[ SoMs
SaN, || SoNo || SoNa || SolYy |[ SiN
SalNo || SiNo || SoNa [ Saly |l SaMs
SNy || SaNp || SeNs || SeNs || SaNe
SoNy || SaN3 || SeM2 || SalNg || SeNo
SoNy || S2Ny || S2Ns

IFAY 5 IVAF Jlw 90 10 b jloud aSiud - IS
Figure 1- Network of treatments in 2017 and 2018

il




1AQ LT - 0 oF ojlod FF uls (S g ol s APY

Lo o Jolgd das S ()l b lojon g cudS adgl (sl
) b 00 Szadly ol 59y 9 45 (s 5] (5,00)
bl 5 piSe dagjodly SIS 4 aud )y ) b o )1
D92 Sy Cugh
v= ) b D, A )
PSSy cagby doy Bpe (i) bl O o v
OBl ey 3 SB- (Gg Cusby Mo yd By (5 bl das
Dy () S palls JLSs pb daass, dlaudl 5 Cooglis
D9 (M?) &S coluwe A 5 (MM)olS aiy, Gos

G5 — 25  yaSe sl

L ailig) ©jgot boyS S Cogb) daaidy) drwgs Bos 5
Eors | Jsb A (6,500 TRIME-FM Jus TDR" ol
i) b 0,8 de 50 S5 0 TDR oK «aghbs; ()l podls
lmodly cud y «SB as 9 g 49 o b (gylol casly Jleas! (¥
S oy93 Job o olaws 3,Slas jglate play il ansly L5t
O3 5503 som ) A oamlitia LIS 5 IMEST Lol 5 0 S olS
O S g b plodl (Ll Jgodl e o plosl 51 g
23125 8155 5 Cngo) S92y e el s Jlosl (St
o Ol 0d (o slaglg 29 5 S s glaaY
Sl U Ly 5 sl )3 .l 3gmg S 5 csloayY
) dmogi 3o 0 o ez Dy (s 9 SB g, 4y,
15 350 () 5 (V) Lslg, b ol lig, (5,05 — e ylade

(ETe); = (6j-1 — 6;).pb.Dy, ™)

B; (mm)sals o, S oS dljg,y 5w — s (ETL);
dald @8 50 (olol 5l gy slojyy o SB i Casb) o)
walds &, 0 S il cogby MR o> (01 — 6;)
(mm) olS e goe Dy, {5) S sl JS tpb
(ETeoagy), = (8'i1 — 6'1).pb. Dy, (v)
(mm) s cos @) 53 ol aljy) 35 — e ‘(ETc—adj)i
S 3 kel e o) 13 SB iy g 2o 0
2SS aljg,y Coghoy WS o> :(8'i_1 — 0')) (il cod
S o5 8
Jgens g yslac (g 180 il

olo ol )3 (o)s Jlo 93 2 )3 «)d Jpuamo o5 il
Sy cladie wuyd sladole cudlyy Gun & dx g b .ad plodl
W ok (e IS

1- Time Domain Reflectometer
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Figure 3- Effect of nitrogen deficiency on water use efficiency, at different levels of salinity
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Figure 4- Effect of salinity increasing on water use efficiency, at different levels of nitrogen fertilizer
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Figure 5- Effect of nitrogen deficiency on maize yield and water used volume, in different salinity levels (2017)
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Figure 6- Effect of nitrogen deficiency on maize yield and water used volume, in different salinity levels (2018)
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Table 2- Variance analysis of traits studied in the 2 years research

1 Olaryo (uile
i golie g2l e Mean of squares
Sources of variance ?fgerggn:f Prae of g2 5,5os ol Bpan (590 0
Water used volume Yield Water use efficiency
)l’s . 2 14.82" 324.7™ 1Xx104"s
Replication
b 1 84.28 ™ 2900 0.0017 "
Year
= 3 4236032 9.6X 107+ 0.178**
Salinity
039 3 342393** 8.7 106%* 0.035**
Nitrogen
0o X o9 9 20964** 6.4X 105 0.01%*
Salinity x Nitrogen
s 77 4.1x104 0.001
Error

duo > S sl maws )3 (6)b pixe g (6)b xSy ik o NS
ns and =#: Non-significant and significant at the probability level of one percent, respectively.
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Table 3- Average interaction comparison of salinity stress and nitrogen deficiency on traits studied in 2 years research

Ol pan (559054

S (U 51 aSo ko) (o Clpzs (HUSd 41 0,5945) 3, e B
Treatment Water used volume (m3.ha?t) Yield (kg.hat) (< ’”’" r5S)
Water use efficiency (kg/mq)
SONO 35722 153732 4.322%
SON1 3492° 15024 ° 4317 %
SONZ2 3448 14807 be 4312
SON3 3372°¢ 14589 o 4.306 %
SINO 3351¢ 14528 ¢ 4,3 3¢
SIN1 3268 ¢ 14265 ¢ 4.296 ¢
SIN2 32254 14026 f 4,297 ¢
SIN3 3148 ¢ 136339 4,288 abcd
S2NO 3115¢ 134849 4,284 abcd
S2N1 3030f 13050 " 4,28 bed
S2N2 2979 f 12604 4.262 cde
S2N3 28679 121031 4,251 %
S3NO 2737" 11592 K 4,232 °f
S3N1 25621 10782 4.202 T
S3N2 2422 99305 ™ 4,186 9"
S3N3 2251 k 91160 " 4.154"
B 6y e gl (S yitie By > b aylogs
The treatments with common letters have not significantly difference.
4.5

=~
IS

Y = -56E-09X? + 0.0004X + 3.6
R?=0.996

=
w

S3NO
S3N1

Y=0.0002X
R2=10.98

S3N2
S3N3

B
HN

(S o o p)ShS) Ol G e (59 oy
Water use efficiency (kg/m?®)
B~
N

SaN3 S2N2 P4

ON3g ZSONISDN

N ON:

S2N1 s2N03! 3S}N231N131N(§ Ny ———
M Y=0.00006X

R2=0.99

Y=0.00009X
R2=0.99

Y=0.00015X
R2=0.97

2200 2400 2600 2800

3000 3200 3400 3600

(S 1 e o) (B pme 0 oo
Water used volume (m3/ha)
(Jlo 93 (L) (A5 Tabaw 13 (B e Of o 9 O B pao (5590540 ot b5 ,1 -V JSGS
Figure 7- Relationship between water use efficiency and water used volume, in stress levels (average of 2 years)
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Figure 8- Effect of salinity stress on nitrogen use efficiency, at different levels of nitrogen fertilizer
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Figure 9- Effect of nitrogen deficiency on nitrogen use efficiency, at different levels of salinity
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Table 4- Variance analysis of traits studied in the 2 years research

i gile
Sources of variance

&3l 4y
Degree of
freedom

Sl o (b
Mean of squares
Oj9rRe Span §590%¢
Nitrogen use efficiency

s
Replication
Jlo
Year
K9
Salinity
95
Nitrogen
039 X (59
Salinity x Nitrogen
s
Error

1x104ms

0.0008 "™

9.873**

0.53**

0.026**

0.009

2oy S Jlaisl o 13 (6510 ize g (60 sizme p oy 1 g NS
ns and =#: Non-significant and significant at the probability level of one percent, respectively.
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Table 5- Average interaction comparison of salinity stress and nitrogen deficiency on traits studied in 2 years research

S (e S9S 52 05 9kS) (159545 B 590 ¢
Treatment Nitrogen use efficiency (kg/kg)

SONO 5.0722

SON1 4,985 ®

SON2 4,917

SON3 4,82

SINO 4,72 %

SIN1 4.655 ¢

SIN2 4.652 ¢

SIN3 4501 f

S2NO 43927

S2N1 4,283 9"

S2N2 419"

S2N3 3.9771

S3NO 3.7161

S3N1 3.558 k

S3N2 3.397!

S3N3 3.192m

) gyl pime glds oS e gy b lajles
The treatments with common letters have not significantly difference.
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Figure 10- Relationship between nitrogen use efficiency and fertilizer used, in stress levels (average of 2 years)
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Figure 11- Relationship between water and nitrogen use efficiency, in stress levels (average of 2 years)
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Introduction: Supplying human and animal nutritional needs requires suitable use of water resources. Due to
the decrease of fresh water resources for agriculture, saline water resources cannot be ignored. Increasing water
salinity reduces the water absorption by plant, due to decreasing the water potential. On the other hand, soil
infertility (such as nitrogen deficiency) decreases the evapotranspiration and crop yield. The present study was to
increase the water and nitrogen fertilizer use efficiency of maize, under salinity stress condition. This was done
by managing the consumption of saline water and nitrogen fertilizer. In this research, irrigation requirement was
determined proportional to the plant evapotranspiration to avoid excessive saline water use.

Materials and Methods: In this research, two treatments of water salinity and nitrogen deficiency in four
levels and three replications were implemented as a factorial experiment in a randomized complete block design.
The studied plant was maize (S. C. 704 cultivar) sown in plots with dimensions of 3 x 3 meters and 1.5 meters
distance. In this research, fertility stress was in the form of nitrogen fertilizer consumption and at four levels.
Treatments of N, N; N, and Nj consisted of consumption of 100, 75, 50 and 25% of nitrogen fertilizer,

respectively. Salinity stress has been applied by irrigation of the plant with saline water. Water salinity
treatments were selected based on the yield potential of maize, at four levels of 100, 90, 75 and 50%. According
to the above four performance levels, treatments of S, S; S, and S included irrigation water with electric

conductivity of 0.5, 1.2, 3.5 and 7.5 (dS/m), respectively. The soil moisture content was measured at the depth of
root development during the interval between two irrigations. Daily maize evapotranspiration was measured by
the volumetric balance of water at the depth of root development. The stomata resistance of maize leaf was
measured by the AP4 porometer device between two irrigations interval. Variance analysis and mean
comparison of data were done by SPSS software and Duncan's multiple range test, respectively.
Results and Discussion:

Water use efficiency

In this research, the evapotranspiration and dry matter yield of maize decreased under salinity stress and
nitrogen deficiency treatments. This seems to be caused by the water potential decrease (due to salinity stress)
and the nitrogen deficit in the soil. Under these conditions, optimum use of water and fertilizer increased water
use efficiency. At first without water and fertilizer management, water use efficiency in different treatments
(SoN, to S3N3), ranged from 2.74 to 4.4 kg/m3 (in 2017) and from 2.57 to 4.35 kg/m3 (in 2018). With suitable
management of irrigation, water use efficiency, however, increased in stress treatments and approached to
optimum treatment. The range of water use efficiency was from 4.2 to 4.4 kg/m? (in 2017) and from 4.15 to 4.32
kg/m® (in 2018). The reason for this was the management of irrigation volume based on actual
evapotranspiration in stress treatments. On the other hand, increasing soil nitrogen was an appropriate strategy to
increase water use efficiency. But in high salinity stress, despite the optimum use of water and fertilizer, it was
not possible to achieve optimal water use efficiency. This is explainable by the harmful effect of salinity on the
reduction of nutrient uptake (especially nitrogen) by the plant.
Nitrogen use efficiency

Soil nitrogen deficiency and increasing water salinity reduced nitrogen use efficiency. In different stress
treatments, nitrogen use efficiency ranged from 3.34 to 5.11 kg/kg (in 2017) and from 3.06 to 5 kg/kg (in 2018).
The results showed the destructive effect of salinity on nitrogen uptake by the plant. Under these conditions, the
ions in the soil (especially the sodium and calcium) caused the plant to be unable to absorb nitrogen from the
soil. Therefore, the production of plant matter was reduced. The results showed that proper management of
nitrogen can increase nitrogen use efficiency under salinity stress. At high salinity levels, the nitrogen fertilizer
was not, however, absorbed by the plant and accumulated in the soil.

Conclusion: The results showed that water use management could increase the water use efficiency under
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stress treatments, by controlling evapotranspiration. On the other hand, soil fertility increased nitrogen fertilizer
use efficiency under salinity stress. Among all treatments, S;N, had optimum water and nitrogen use efficiency.
Overall, the volume of water used in the field should be adjusted to the actual requirement of the plant to prevent
excessive consumption under salinity stress. In addition, increasing soil nitrogen, rather than more irrigation
water, appears to be a suitable strategy to increase crop yield.
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