Evaluation of Water and Nitrogen Use Efficiency of Dryland Barley (Hordeum
vulgare) Genotypes

Introduction

Precipitation and nitrogen are the most abiotic factors that greatly impact the yield of barley in arid and semi-arid regions.

Because with water restrictions in dryland conditions, Iran's drylands have low organic matter and mineral nitrogen (NO3; +
NH;) for barley plant nutrition. Researchers believe, the production of dryland barley is often influenced by the three factors
of planting date, soil available water and determining the exact nitrogen requirement of this crop. Therefore, many researchers
have reported the existence of interaction effects between water (supplemental irrigation) and nitrogen in barley plants.
Because nitrogen through the expansion of the plant's root system, it causes better absorption of nutrients and water and as a
result increases water use efficiency. Therefore, the main purpose of this experiment was to evaluate the interaction effects of
nitrogen and supplemental irrigation in the production of new barley lines, to increase yield and introduce them for cold areas.
Materials and Methods

The experiment was conducted in a split split-plot arrangement in a randomized complete block design (RCBD) with three
replications and for two cropping years (2021-2023) in the Dryland Agricultural Research Institute (DARI). Factors included
supplemental irrigation with two levels (50 mm in autumn and 50 mm in autumn + 30 mm in end of stem elongation stage
(ZS77)) in main plot, nitrogen 5 levels (0, 30, 60, 90 and 120 kgN.ha-1) in sub-plots and five rainfed barley genotypes (Artan,
Ghaflan, ERBYT 8-(96-93), ERBYT 8-(95-92) and ERBYT 22-(93-90) in sub sub-plots. The barley genotypes were planted
on a flat plot area by Hassia planter in 11-row plots with 15 m long and 2.2 m wide (20 cm row spacing). The sowing rate was
380 seeds per m2 based on thousand kernel weight (TKW) of each genotype. Seeds were treated by Penconazole fungicide.
The planting dates were September 22-28. Plant traits including water use efficiency (WUE), Agronomy nitrogen use
efficiency (NUE), nitrogen partial factor productivity (PFP), biological and grain yield, yield components, canopy temperature
(TC), were measured. To analyze the results, analysis of variance and, regression models were used.

Results and Discussion

The results showed that the effect of year was significant (P<0.01) on the biological and grain yield due to the increase in
rainfall (58 mm) in the early spring in the second year. An increase in early spring rainfall causes an increase in plant canopy
and number of spikes per m? and a significant decrease in the canopy temperature by 7.5 °C. With the increase of each
millimeter of rainfall, the nitrogen partial factor productivity (PFP) increased by 41 kg yield/kg N. A significant difference
was observed between the two supplemental irrigation levels in most of the plant characteristics including biological and grain
yield. This increase was due to a significant increase in the spikes.m?. The effect of nitrogen on biological and grain yield was
significant (P<0.01). With the increase of nitrogen application rate, nitrogen use efficiency (NUE) and nitrogen partial factor
productivity (PFP) decreased significantly. Nitrogen application reduced canopy temperature (TC) by 2 °C and NUE and PFP
by 47 and 104 kg yield/kg N, respectively. Nitrogen application reduced the effects of water and heat stress in the grain filling
stage and on average increased WUE by 48 and 56% for grain and biological yield, respectively. There was a significant
difference (P<0.01) between the barley genotypes in terms of biological, grain and straw yield. The highest biological yield of
8419 kg/ha was obtained from Artan cultivar and the highest grain yield was obtained from Artan, Ghaflan number 3 genotypes
with an average of 3635 kg/ha. These three genotypes had the highest partial factor productivity (PFP) with an average of 69.7
ka/kg. The average water use efficiency (rainfall + supplemental irrigation) for the production of biological and grain yield,
these three genotypes was 22.3 and 9.9 kg/ha/mm, respectively. WUE for the superior Artan genotype, 22.9 and 10 kg/ha/mm,
respectively. The interaction effect of supplemental irrigation and nitrogen on grain yield was significant (P<0.01). The
calculations showed that the contribution of nitrogen fertilizer in the production of barley grain yield 16.3% was more than
soil nitrogen. Finally, two stages of supplemental irrigation (50 mm at planting time + 30 mm at end of steam elongation) with
30 kg/ha nitrogen application was the best term.

Conclusion

The interaction effect of supplemental irrigation and nitrogen in the production of barley genotypes was obtained by improving
plant health indices, reducing the canopy temperature and increasing the number of spikes per m2. Supplying the nitrogen
requirement of barley under supplemental irrigation conditions to reduce the effects of moisture and heat stress on the plant
was proved in this research.
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Table 1- Meteorological information for station of Dryland Agricultural Research Institute (DARI) in cropping seasons and long
term (28 years)

Jw Rainfall Mean Min. Mean Max. Mean Relative I‘E'ev{::raﬁtio‘n
Year (mm) Temperature Temperature Temperature s humidity (Fr)nm)
(°C) (°C) (°C) Days of blow zero (%)
1400-01 (2021-22) 302.4 2.2 12.0 7.1 127 60.0 1100.0
1401-02 (2022-23) 290.7 3.2 12.7 7.9 113 60.0 1217.7
Long term wa. sl 367.5 2.2 11.2 7.0 124 57.2 1082.0
Rainfall Av. Min. Temp. Av. Max. Temp. Av. Temp. (B) Rainfall Av. Min. Temp. Av. Max. Temp. Av. Temp. (A)
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Figure 1- Variation of rainfall and air temperature in 2021-2022 (A) and 2022-2023 (B) cropping seasons
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Table 2- Soil physical and chemical properties of experiment location (0-25 cm)

Colaa EWsl  (Halge (p)S - o
Jlo Wawl S S ol N R A e A T Feex }
P(av) Kf(av) Fe Mn Zn Cu .
Year pH EC S.P TNV 0.C Soil texture
(dSm™) (%) (mg kg™)

1400-01 7.1 0.74 42 10.5 0.81 3.0 436 52 125 10 1.8  Silty loam
2021-22 : : : : : : . . _ y
1401-02
2022-23 7.7 0.15 47 5.1 0.72 4.0 677 7.6 136 11 23  Clayloam
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Figure 2- Relationship between nitrogen rates with yield (A) and number of spike per m?(B)
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Table 3. . Combined analysis of variance for measured traits in experimental treatments
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YHI*G s xylolbx Jlo 4 1076000ns 122165ns 5ns 22091ns 3.0ns 1139* 332ns 0.5ns 10.0ns 198ns 1508*
Y*N*G aigix oy mix o 16 3663000ns 590539ns 3ns 14488ns 5.9ns 435ns 339* 4.3ns 27.6ns 53ns 410ns
PENFG asgiix g sx sl 16 3063000ns 614378ns 3ns 5470ns 5.1ns 791* 524%** 4.5ns 23.2ns 106ns 439ns
Y*PN*G wgixojswxsslc b 16 3017000ns 545167ns 7ns 7651ns 4.2ns 562ns 209ns 3.9ns 23.3ns 19ns 148ns
Residual Lol slas 160 2731000 558866 5 12884 4.3 360 185 4.3 19.9 95ns 569ns
CV (%) 20.9 21.2 4.8 18.5 11.4 74.3 20.5 21.5 20.7 23.9 26.6

o> Sy g gy Jlan] o )3 o stae 5 )l e i e 4 FF 5 F NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively
*Means those followed by at least one letter in common are not significantly different at the 5% of probability level- using Duncan’s Multiple Range Test.
NUEB: (s 5,Shas ) 35> 59 o4 :PFPG (Partial factor productivity (for grain yield) ¢« »>,Slae (¢l,) o595 B pmae oI, :NUEG: Nitrogen use efficiency (for grain yield)

WUEG: (s 5,8kes ¢lp) Wl B pao o), WUEg: Water use efficiency (for grain yield) (<590am 5,Slae (sly) o595 B pmae oI, :Nitrogen use efficiency (for biological yield)
5,Sles g3 3 S 459,55 waw :CSNa: Contribution of soil nitrogen efficiency (for grain yield) {(<G59am 3,Kkee ) Ol G pae 1,8 :Water use efficiency (for biological yield)
Soldam 3,5ee 13 3 S 39,55 wew :CSNa: Contribution of soil nitrogen efficiency (for biological yield) <l
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Table 4. Mean comparison of measured traits in experimental treatments

Sl 0yKhes &l 3,Shes G5y Awwola iy ol é.:w ‘f-z';”lf w» 90 ! d;f» S Spae 2 R e SE 59 s
B Biological yield Grain yield &>, &0y 4D Aluw («15) Q9 («ts) Q9 (aits) (u“‘*’%-’) < &b adyi 2 S ologm Mg 3
Treatment TKW No. No. NUEG PFP¢ WUEG WUEg CSNg CSNs
(kg ha) (53] spike/m?>  grain/spike (kg kg™") (kg ha' mm™) (kg kg™
I 2021-2022 4736b 2198b 47.8a 3700 17.5a 33.8a 46.2b 5.9b 12.5b 21.0b 48.7b
Year 2022-2023 11086a 4845a 49.3a 854a 18.8b 30.3a 87.3a 13.4a 30.6a 60.8a 130.7a
LSD5% 1402 714 15 36.0 0.9 15.6 9.6 1.99 3.98 10.3 26.2
e 50 6622b 2892b 44.6b 564b 17.9a 22.8b 52.7b 8.30 18.9b 38.1b 82.2a
At 80 9200a 4151a 52.4a 661a 18.4a 38.1a 82.3a 10.9a 24.2a 43.7a 97.1a
Irrigation LSD5% 1523 305 0.9 792 18 184 78 0.87 43 4.9 30.1
0 5447b 2502b 49.2a 493b 17.7a 6.9b 14.9b
o 30 8651a 3903a 48.6a 600a 17.9a 61.8a 130.1a 10.6a 23.5a 77.5a 169.4a
0 60 8322a 3758a 48.5a 609a 18.5a 28.6b 62.6b 10.2a 22.7a 39.7b 85.8b
Nitrogen 90 8616a 3723a 48.2a 670a 18.3a 19.4b 41.4¢ 10.1a 23.5aa 26.2¢ 57.6¢
120 8518a 3720a 48.1a 690a 18.7a 14.2b 31.7¢ 10.2a 23.2a 20.0d 45.8d
LSD5% 1256 463 11 98.2 1.0 139 108 1.30 3.49 3.2 8.8
Artan 8419a 3634a 48.7a 598a 177a 32.7a 69.7a 10.0a 22.9a 40.7b 87.7b
. Ghaflan 8020ab 3602a 48.7a 644a 18.3a 31.0a 69.1a 9.8a 21.8ab 40.9b 91.9ab
) G3 8172ab 3667a 48.1a 626a 18.8a 30.6a 70.0a 10.0a 22.3ab 45.3a 97.1a
Genotype G4 7662bc 3483ab 48.7a 600a 18.1a 38.0a 67.4a 9.5ab 20.9bc 39.4b 84.6b
G5 7281c 3220b 48.5a 594a 18.1a 27.7a 59.8b 8.8b 19.9¢ 38.1b 86.9b
LSD5% 596 270 0.8 40.9 0.7 6.9 4.9 0.74 161 35 8.6
0 5332a 2485b 46.9b 4543 177a 7.2bc 15.1a
ol 30 6956a 3115b 45.0¢ 507a 17.3a 46.7b 103.8b 8.9b 19.8a 71.1b 153.3b
Irrigation 60 6977a 3040b 44.2¢ 609a 18.8a 20.1cde 50.7d 8.7bc 20.0a 38.0cd 80.1cd
(50 mm) 90 6690a 2804b 43.6¢ 623a 17.8a 10.9de 31.2¢ 8.0bc 19.2a 24.6e 53.8e
120 7155a 3013b 43.4¢ 626a 18.1a 10.4de 25.1ef 8.6bc 20.5a 18.5¢ 41.5e
0 5562a 2519b 51.5a 533a 17.7a 6.6¢ 14.6a
ol 30 10345a 4690a 52.2a 692a 18.4a 72.4a 156.3a 12.3a 27.1a 84.0a 185.4a
Irrigation 60 9668a 4476a 52.8a 609a 18.2a 34.2bc 74.6¢ 11.8a 25.4a 41.5¢ 91.5¢
(50+30 mm) 90 10542a 4642a 52.8a 717a 18.6a 24.6¢d 51.6d 12.2a 27.8a 27.8de 61.5de
120 9880a 4428a 52.8a 755a 19.2a 17.0cde 39.7de 11.8a 25.9a 21.5e 50.2e
LSD5% 1968 625 15 136.8 18 226 147 176 550 38.1 82.2

5 I ixe Coglis o yd B Jlass] grdaw 43 5SSl (glaiels aix 9ol bl ksl oo S it By K JBlas (gl a8 ola ke Jole ya (gly g et pa 50
Means with similar letters in each column are not significantly different at P<0.05 based on Duncan’s Multiple Range Test.
NUEB: «(als >Sles ¢lp) 35> )9 040 :PFPG (Partial factor productivity (for grain yield) «(«ls 5,Slas (¢ly) o950 Gpae oI5 :NUEG: Nitrogen use efficiency (for grain yield)

WUEG: ¢« 5Shee (gly) o Gpas ), WUEG: Water use efficiency (for grain yield) {590 3,5les sly) o595 Bpae o118 :Nitrogen use efficiency (for biological yield)
aily > Slae Ao > SB 53955 e :CSNa: Contribution of soil nitrogen efficiency (for grain yield) (<G59an 5,Kkee <ly) Ol Gpae 1,8 Water use efficiency (for biological yield)
Sodam 3,5dee 13 3 S 39,55 waee :CSNa: Contribution of soil nitrogen efficiency (for biological yield)
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