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Table 1- Some physical and chemical properties of the test site soil in 2018 and 2019

Lo Depth  salinity OigF Ad by Abael ul-w o i S et
Years ©m) (dsm? N P K PH clay st sand ol
texture
(mg.kg™) (%)
2018 0-30 54 0.058 10.5 245 7.9 22 30 43 0.58 Lomy

2019 30-60 4.4 0.053 11.2 265 8 24 30 46 0.53 Lomy
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Table 2- Analyze variance of yield and yield component some cultivare quinoa influenced

by nitrogen, split in two years 2018 and 2019

Means squarewx yo ¢smsbu

SOV 2y ey aslaelas SIFEENE
I |'|' QG’LN C.E.w ..\9‘5 4y )‘}“b 039
% 2l O o] s Jesily 5o :
df e Height Number Number Number grain Wel ght.
SPAD 9 panicule per 9 1000 grain
plant branches area per panicule
JL Years(Y) 1 237.09° 39501.12" 40.04™  110251.9™ 3.12" 2256
(Jw) 1,55 R(Y) 4 27.90 83.45 33.65 201185 25.61 0.16
oo8 ol TT Nitrogen (N) 2 271.69° 213.41™ 4822 50340.7" 44,58™ 7.00™
L Split (S) 3 6496 303.79™ 2065 7851.9™ 1.93™ 0.42™
NxS 6 43347 158.22™  17.33 28592.6" 27.79™ 0.28™
YxN 2 460 14691 0.72" 7229.6"™ 16.36™ 5.00"
Y xS 3 192™ 14289  0.26™ 5165.4™ 6.90™ 0.08™
Y xNxS 6  142™ 137.89 3.74™ 2469.1™ 8.51™ 0.54
sbol slas Mainerror 44 3521 30.77 4.39 6324.6 8.08 0.15
5, Cultivar (C) 2 1871.07" 5341.62™ 21617 = 266674.1 46.47™ 0.59"
NxC 4 74.52*** 10727 4.03™ 5685.2" 6.69"™ 0.12"
SxC 6 32190 152.09™ 2.12 2377.8™ 4.49™ 0.013™
Y xC 2 594™ 84342" 3.17™ 4140.7" 22.64" 0.02"
Y xNxC 4  453° 7455 1.12™ 618.5™ 2.15"™ 0.33
Y xSxC 6 387 97.22" 0.30™ 2343.2™ 6.96™ 0.04™
NxSxC 12 32717 58.35™ 5.38" 4796.3" 10.77" 0.10™
Y xNxSxC 12 508® 189.80" 1.43™ 924.7™ 3.03™ 0.22"
S slks Suberror 96 24.87 20.16 252 5774.1 498 0.10
&l yanii g i C.V. (%) - 10.4 51 9.1 13.9 15.8 10.1

Aoy Sy g i ezl mhaw o s pae ls s e ol Sy e g NS

ns, * and **: non-significant, significant at probability levels 5 and 1%, respectively.

5 bl 5T 0)ls 03955 ho JIke 15558 L 5 )35 e o8 Dot (o3850 O35 Sl Sl 55l ln T
T1: Zero nitrogen was not included in the analysis of variance to avoid creating an imaginary plot between not

using nitrogen and splitting nitrogen
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Table 2- Continued

- Means square Ol po (pSileo
S.O.V. ’ l)'i 3 ySlas S ySlos . " bt
i 2l 2l . Cwld p s e s
df .4,|_~,. . ‘;"‘f’J i Harvest index 09 Sy
Grainyield Biologic yield NUE
Juw Years(Y) 1 115286050 120543390 3553.80" 11291.52"
(Jw) 1,5 R(Y) 4 46779 765928 11.62 1.61
5s5 ol TT Nitrogen (N) 2 33708413™ 109297847 239.63™ 3219.97™
b Split (S) 3 2766911™ 3269075™ 209.15™ 43357™
NxS 6 6169170 13264148™ 196.17™ 620.75
Y xN 2 4586462"" 1754049 495.07" 3370.15"
Y xS 3 398163™ 1267421 42.97" 68.64"
Y xNxS 6 1043803 4914225™ 47.75" 78.58"
kol s Main error 44 142539 310637 6.56 9.62
5, Clltivar (C) 2 55556123 167258860" 217.65™ 1778.67"
NxC 4 1413477 4110491™ 18.97™ 157.52™
SxC 6 534838™ 1013798"™ 14.03™ 44.20"
Y xC 2 6975860 8399814 87.36 1450
Y xNxC 4 156433™ 1368660 1854™ 75.20"
Y xSxC 6 475590 1958375 34.25 100.14
NxSxC 12 924011 1487292™ 48.25™ 80.82"
Y xNxSxC 12 389117 1228063 24.82 37.46
<55 s Suberror 96 151542 451769 9.95 11.72
Ol s e o CV. (%) - 8.8 7.1 6.9 134

Aoy S g iy Jio e jo o pixe il g pf ol ey sk g% NS

ns, * and **: non-significant, significant at probability levels 5 and 1%, respectively.

s ilely 3BTl (5390 yho Mk (539500 bl 5 (30 By pae (o (sosRge S bl Sl 6 Sl (sl AT
t1: Zero nitrogen was not included in the analysis of variance to avoid cresating an imaginary plot between not using
nitrogen and splitting nitrogen.
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Table 3- Comper means of Number branches and Number grain per panicule influenced by

intraction nitrogen content x splitx cultivar

CHERIRES)
L OBRE el o (S osls ool liohas ghuasls 0 JsSel s sl e

Nitrogen (kg.ha) Split  cultivar SPAD Number branches Number panicule per area Number grain
per panicule

Gizal 43.07 14.33 433.3 234.7

0 - Q26 40.27 15.83 473.3 213.8

Titicaca 30.37 12.83 393.3 245.3

100 T, Gizal 45.87 16.17 433.3 264.1

Q26 52.33 18.17 613.3 122.7

Titicaca 39.63 15.00 406.7 268.6

T, Gizal 44.47 19.33 506.7 310.9

Q26 50.50 20.00 566.7 255.8

Titicaca 36.82 14.83 426.7 298.9

T3 Gizal 49.35 16.50 486.7 358.5

Q26 51.77 16.50 593.3 212.7

Titicaca 37.33 15.00 493.3 164.3

Ty Gizal 53.13 15.17 613.3 202.9

Q26 49.93 18.00 626.7 204.7

Titicaca 44.43 14.50 513.3 205.0

200 T, Gizal 42.93 17.83 566.7 196.0

Q26 51.53 17.83 653.3 158.7

Titicaca 44.63 15.33 513.3 195.2

T, Gizal 47.80 18.83 600.0 178.2

Q26 52.70 19.50 646.7 162.6

Titicaca 46.08 16.33 533.3 170.5

T3 Gizal 50.07 17.33 606.7 191.7

Q26 52.28 17.67 666.7 149.3

Titicaca 44.23 14.67 526.7 203.8

Ty Gizal 46.59 19.67 520.0 290.6

Q26 51.14 20.33 600.0 210.5

Titicaca 43.40 16.50 473.3 200.1

300 Ty Gizal 47.93 21.17 546.7 219.6

Q26 55.77 20.33 566.7 214.4

Titicaca 42.93 17.00 480.0 204.1

T, Gizal 50.97 19.33 586.7 168.5

Q26 53.63 18.50 620.0 137.1

Titicaca 42.10 17.33 533.3 156.6

T3 Gizal 53.17 18.00 566.7 180.4

Q26 54.37 19.33 586.7 181.7

Titicaca 46.17 15.67 466.7 214.1

Ty Gizal 48.47 18.83 506.7 228.8

Q26 60.13 19.00 566.7 192.9

Titicaca 46.16 14.00 480.0 174.0

LSD 0.05 391 1.23 31.25 1.78

i 2o )3 Bt il o0 YO T3 aalS Lawlgl 0o )0 YO + 5y (i 0o po YO + a3l suoy0 00 T ¢ 5y i 3o po B0 gy dopo B 2Ty

50% six-leaf + 25% mid-flowering and T,; 25% basic + 25% six-leaf + 50% mid-flowering.

BT Lalgl sy B0 + (S b o, d YO + w0l ao,0 YO Ty 5 (00l8 Lulgl oo ,0 YO+ 5y
T4; 50% basic + 50% six-leaf, T»;50% basic + 25% Six-leaf percentage + 25% mid-flowering, T3;25% basic +
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Jlo X 08, X s X (459 505 (e Joliie S50 1525 50 o5l 0550 Slao Sy 2Sike alie —F Jgaor
Table 4- Comper means of some traits of quinoa influenced by intraction nitrogen content x
splitx cultivarx year

L o oL £ w15 32 ¢339 g'f”’““‘_ o
v kg.hay it Plant height (cm) Weight 1000 grain (g) (r% ”hﬁl)
Nitrogen Gizal Q26 Titicaca Gizal Q26 Titicaca Gizal Q26 Titicaca
0 ~ 970 853 727 187 190 170 24586 24963 1664.6

T, 111.0 109.0 81.0 287 330 333 3664.3 3879.3 21827
T, 1170 1187 837 307 330 307 51247 6506.7 3880.3
Ts 1047 1047 853 333 380 328 6138.0 6528.0 3827.3
T, 1067 109.7 94.0 310 377 3.03 5660.0 6694.3 2946.7
T, 1003 109.3 920 303 347 343 6015.0 6266.0 4486.7
2018 T, 1040 1360 90.3 367 400 3.80 6379.0 6532.7 47320
T 1123 1147  96.0 390 317 3.80 6818.7 7673.3 4643.7
T, 1070 1037 877 363 317 363 6512.3 6779.3 38013
T, 1063 106.7 837 307 313 343 51413 4502.3 4173.7
T, 96.0 99.7 88.7 337 347 330 5300.0 57857 40713
T; 1063 1033 857 330 380 343 5488.3 5661.7 3637.0
T, 109.0 109.0 88.0 303 357 330 5147.0 52353 3023.7
0 - 46.7  50.7 56.3 140 153 117 1259.6 14403 11436
T1 840 76.7 63.3 277 280 267 2627.0 3340.0 2652.7
T2 700 853 66.3 260 263 263 45080 4961.7 28413
T3 720 677 65.0 267 300 323 4232.0 4480.7 3324.7
T4 770 850 70.0 237 290 3.03 4128.3 5256.7 3422.7
T1L 720 803 72.0 313 343 328 4313.3 4796.0 3368.3
2019 T2 950 797 77.0 337 347 320 4642.7 49447 3312.3

T3 763 683 64.3 337 350 328 5281.3 4722.0 4526.7

T4 747 860 62.0 320 337 303 44927 5180.3 3529.3

T1 790 753 76.3 257 260 243 3273.0 3910.7 27453

T2 843 873 66.3 207 223 260 2796.3 29170 2856.0

100

300

100

300 T3 763 663 73.3 207 193 197 28183 29813 21730
T4 723 737 66.7 187 193 173 2528.7 2520.0 1743.7
LSD 0.05 3.95 0.64 4155

i 2o )3 Bt il o0 YO T3 aalS Lawlgl 0o o YO + 5y (i 9o pd YO + a3l suoy0 00 T ¢ 5y i 3o po B0 iy aopo B 2T

(B Lalgl sy B0+ (S b o, YO + il ao 0 YO Ty 5 (00l8 Lwlgl as,0 YO+ Sy

T1; 50% basic + 50% six-leaf, T,;50% basic + 25% Six-leaf percentage + 25% mid-flowering, T3;25% basic +
50% six-leaf + 25% mid-flowering and T,; 25% basic + 25% six-leaf + 50% mid-flowering.
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Table 4- Continued

g 0595 U9l o o clls p p Ll 039558 S pan 21,
v (kg.hat) "I't Biological yield (kg.ha®) Harvest index (%) NUE(kg.kg™)
S Nitrogen ' Gizal Q26 Titicaa Gizal Q26 Titicaca Gizal Q26 Titicaca
0 - 71153 81773 57670 345 303 291 ; o
T, 87330 88340 62740 414 437 348 137 190 151
100 T, 110047 12737.7 87247 464 529 445 336 364 190
T, 121963 117027 65223 559 559 564 312 407 226
T, 104070 117157 67950 544 555 452 299 315 253
T, 118313 132970 97380 503 491 445 431 480 337
2018 T, 126890 148757 106683 520 516 463 464 494 331
Ts 120487 122417 92717 542 534 508 528 518 453
T, 113300 127037 77673 532 512 494 449 472 353
T, 110010 105243 82240 480 520 485 282 252 275
200 T, 102697 8646.7 75087 533 538 501 280 292 286
Ts 96600 109153 85553 536 530 47.6 327 391 217
T, 98793 96583 68497 522 542 445 253 298 174
0 - 43023 47296 42276 292 304 270 ; ; ;
Tl 67897 84333 65300 387 396 406 121 138 52
100 T2 04180 103083 7050.7 422 456 442 262 508 289
T3 88830 10899.3 69753 465 486 473 436 408 251
T4 99747 98233 64227 424 482 485 311 387 119
T1 96427 108333 8311.0 447 443 368 182 202 141
2009 T2 106253 113847 89807 437 435 405 196 303 1658
T3 106487 122313 88720 525 534 495 198 20.7 145
T4 100560 96977 76267 488 386 398 178 191 143
T1 80957 107920 66413 365 362 36.0 95 96 84
200 T2 76723 79450 9150.7 405 367 430 88 106 7.6
T3 72517 74413 6037.0 389 401 396 101 111 77
T4 73207 77520 54877 345 325 289 87 87 70
LSD 0.05 685.5 5.9 6.35

O Q0,0 B0+ il aoy YO :T3‘6¢_.\lf Ll aw s YO + (S p il 0o )0 YO + 4l a0 0 :Tzﬁu’fﬁg;..:m)oaw ab so,e 00 Ty

(2F Lalgl sy B0+ (S i 0,3 YO+ il ao,0 YO Ty 5 (20l8 Lulgl a0 YO+ Sy
T1; 50% basic + 50% six-leaf, T,;50% basic + 25% Six-leaf percentage + 25% mid-flowering, T3;25% basic +
50% six-leaf + 25% mid-flowering and T,; 25% basic + 25% six-leaf + 50% mid-flowering.
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Abstract

To evaluate the effect of nitrogen rate and its split application on seed yield and
nitrogrn use efficiency (NUE) of quinoa cultivars, experiments were performed during
2018-2019 and 2019-2020 growing seasons as factor split plot based on randomized
complete block design with three repetitions at Khuzestan Agricultural and Natural
Resources Research and Training Center Station. Experiment treatments were nitrogen
fertilizer (0, 100, 200 and 300 kg.ha') as the main factor and four levels of split
nitrogen fertilizer applications (50% basic + 50% six-leaf, 50% basic + 25% Six-leaf
percentage + 25% mid-flowering, 25% basic + 50% six-leaf + 25% mid-flowering and
25% basic + 25% six-leaf + 50% mid-flowering) and three cultivars of quinoa (Gizat,
Q26, Titicaca) as sub-plot. The results showed, SPAD, height plant, number of plant
branches, number of panicules per area unit and seeds per panicule as influenced by
nitrogen content x split x cultivare, interaction. The yearsx nitrogen ratexsplit
applicationx cultivar intractions were significant on plant height, 1000 seed weight,
seed yield, biological yields, harvest index and NUE. The highest seed yield under all
different levels of nitrogen was related to cultivar Q26, in both years by the use of 200
kg of nitrogen, the highest seed yield in the first year belonged to at 25% base
application + 50% at six-leaf staget 25% at mid-flowering stage and in the second year,
to at 50% as base application+ 25% at six-leaf staget+ 25% mid-flowering stage. Highest
NUE belonged to Gizal (52.8 g.kg?) and Q26 (51.8 g.kg™) cultvars from 200 kg.ha™
nitrogen by split applications of 25% base + 25% at six-leaf staget 50% at mid-
flowering stage, while in second year from 100 kg.ha’ nitrogen. In general, climatic
conditions and split application of fertilizer were effective roles in increasing the
efficiency of nitrogen consumption. Thus by the use of proper management seed yield
can be increased and the risk of its production decreased.

Key words: Cultivar, Height plant, Nitrogen use efficiency, Photosynthesis, Seed
per panicle.
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