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Effect of planting date and planting pattern on yield and quality of forage maize
(Zea mays L.) in transplanting method
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Table 2. Mean comparison of yield and quality of maize forage in planting date, planting pattern and planting method treatments

S5l B s 5 e Slas oS5 4 4lo > Slos Bl e 055 Sl B3, e 53 Shee

Plant heightStem diameter Leaf. <, > Fresh forage Dry forage SaéseadNossowns  Leafistemweight Protein  Protein yield

Treatments alesT sl sles (cm) (cm) m? Earplant® (kg.ha?) (kg.ha®)  Ea: fresh forage weight (%) (%) (%) (kghal)
May 5 CagsfV 227.5¢C 257b  1266b  1.2a 52846b 16709.0b 37.5b 35.2ab 12.4b 2076.9b
May 31 sspz\e 251.6a 239%c 1337a 13a 65430a 19387.0a 42.1a 39.0a 12.5b 2436.4a
June 26 S0 2386b 248bc  1220b  1.0b 48331c 13317.0c 33.1c 31.3bc 13.4a 1784.9c
July 21 Sr 2240c 271a  1098c  0.9b 39943d 9884.0d 30.0d 30.3c 115c¢ 1137.0d
One-row planting aws, e s 241.7a 249 1205b  10b 46937b 13417.0b 32.9b 33.0a 12.8a 1733.0b
Two-row planting w3y sl 229.1b 258a  1256a  1.2a 56338a 16232.0a 38.5a 34.8a 12.1h 1984.9a
Direct seeding Sokoils  246.6a 238c  1206b  1.0c 49017c 13761.0c 33.8b 33.8b 12.8a 1775.5¢
Single seedling e 2257c 268a 127.3a  1.2a 54646a 15904.0a 36.7a 34.6a 12.3b 1968.3a
Double seedlings wee  2339b 255h  1212b  1.1b 51250b 14809.0b 36.5a 33.4b 12.3b 1832.9b
May 5 x One-row planting dis,y $Soxiges 1o 233.1a 253b 1251a 1.1b 48572b 15332.8b 349 339 12.9a 1970.3a
May 5 x Two-row planting a3, pxiges)0 221.8b 26la  1281a 13a 57116a 18085.2a 40.1a 36.4a 12.0a 2183.4a
May 31x One-row planting aps, oSoxals 2 257.9a 236a 1287b  1.2b 60622b 17450.0b 39.6b 38.5a 13.0a 2273.8b
May 31x Two-row planting 4>, gl 2\ 245.3b 241a  1387a 14a 70239% 21324.8a 44.5a 39.4a 12.1b 2598.9a
June 26 x One-row planting 4>, eSx 50 2455a 244b  1191b  0.9b 4267% 11778.6b 30.6b 30.3a 13.6a 1610.5b
June 26 x Two-row planting 4, x50 231.6b 2532 1250a 1.la 53984a 14855.8a 35.7a 32.2a 13.1a 1959.1a
July 21 x One-row planting wsyeSx sve 230.2a 264b  109.0a 0.8b 35874b 9107.0b 26.4b 29.4a 11.8a 1077.1a
July 21 x Two-row planting 4y s¥  217.7b 276a 1106a 1.0a 44013a 10661.0a 335a 31.2a 112a 1197.9a
May 5 x Direct seeding Sk caExoags e 234.0a 236c  1245ab 1.1b 47910b 15013.9b 35.8b 36.6a 12.8a 1930.3b
May 5 x Single seedling el Sxcags e 219.4b 278 13152 1.3a 57391a 18196.2a 38.4a 35.8ab 12.3a 2239.3a

May 5 x Double seedlings ol Cixcaigas V0 229.08 257b  1239p  1.2b 53236a 16916.9a 38.2a 33.1b 12.2a 2061.3ab
May 31x Direct seeding ok oSyl 2 263.0a 221b 14152 1.3a 69468a 19916.8a 43.8a 42.9a 12.8a 2548.4a
May 31x Single seedling el eSxsls Ve 241.7C 250a 1325b  1.3b 65552a 19702.3a 41.5ab 39.3a 12.3a 2427.5a
May 31x Double seedlings el caals 21 250.2b 246a  1271b  12b 61271b 18543.2b 40.9b 34.8b 12.5a 2333.3a
June 26 x Direct seeding sl x 0 2534a 230c  1129b  0.9b 44275b 12195.6¢ 31.0a 28.8b 13.7a 1674.4b
June 26 x Single seedling e e 227.7¢ 264a 1281a 1la 51909 14410.8a 34.0a 32.1ab 134a 1934.2a
June 26 x Double seedlings wcax 50 2346b 251b  125.0a  1.0a 48810a 13345.3b 34.4a 32.9a 13.0a 1745.9b
July21 x Direct Seeding ks x v 236.0a 263b  1036b  0.73b 34416b 7917.0b 2470 26.9b 11.9a 949.0b
July21 x Single seedling eeSx sy 214.2¢ 282a 117.0a 10a 43733a 11306.0a 32.8a 31l.2a 11.2a 1272.0a
July21 x Double seedlings Wi cdex s 221.7h 266b  108.7b  1.0a 41682a 10429.0a 32.4a 32.8a 114a 1191.2a
One-row plantingx Direct Seeding s,k s xazs, ¢S 253.9a 231c  1176b  0.96b 44842b 12594.0a 31.0b 329 13.1a 1662.1a
One-row plantingx Single seedling el oSxaps, e, 231.9¢ 256a 12582 1la 49347a 17960.0a 33.8a 33.8a 12.7a 2324.5a
One-row plantingx Double seedlings s cisxass, o 239.3b 253b  1180b  1.0ab 46623ab 13194.0a 33.8a 32.3a 12.6a 1682.5a
Two-row planting x Direct Seeding  (s,d a8 xass, 52 239.3a 244c  1236a 1.1b 53193b 14927.3c 36.6b 34.7a 12.5a 1888.7b
Two-row planting x Single seedling ol ¢Soxans, 5 219.6D 272a  1287a  1.3a 59946a 17344.5a 39.6a 35.4a 11.9a 2082.4a
Two-row plantingxDouble seedlings s casxais,s:  228.5b 2570 1244a  1.2ab 55876b 16423.4b 39.2a 34.5a 11.9a 1983.3ab

L, gyl sme sl s s o |

Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Table 3. Mean comparison of yield and quality of maize forage in interaction effect of planting date, planting pattern and planting method treatments

Gy o & olis 5 osle s Shas oo She ddeadhiisie SladS 0500 B0 sy Ses
Plant height Stem diameter ~ Leaf. sy»Jd%  Freshforageyield  Dryforageyield Ear: fresh forage weight —Leaf:stem weight Protein  Protein yield
Treatments ElesT la s (cm) (cm) m?  Earplant® (kg.ha™) (kg.ha™) (%) (%) (%) (kg.hah)
May 5x One-row planting xDirect seeding  (s,d calS'xais, Soxcigas V0 239.6a  2.30c 123.8ab 1.0b 43770b 14119.0a 32.9b 35.5a 13.2a 1877.8a
May 5x One-row planting xSingle seedling ol $Soxansy SixcigesyN0 225.3b 2.79 129.5a 1.2a 51900a 16484.0a 35.4a 35.1a 12.6a 2066.3a
May 5% One-row planting xDouble seedlings L cisxass, sSoxcigss V0 234.5ab  2.51b 122.1b 1.16ab  50056ab 15396.0a 36.3a 31.0a 12.8a  1966.7a
May 5xTwo-row plantingxDirect seeding Gl Caxabs yexiges V0 22858 2.43C 125.1a 1.3b 52049b 15908.7¢c 38.7a 37.8a 12.4a 1982.2a
May 5xTwo-row plantingxSingle seedling ol oSOxaisygaxiges, V0 213.5b 2.78a 133.6a l.4a 62883a 19908.8a 41.5a 36.4ab 12.0a 2412.2a
May 5xTwo-row plantingxDouble seedlings ol cirxaisysoxciges Ve 223.5ab  2.62b 125.6a 1.3b 56417b 18438.0b 40.2a 35.1b 11.7a 2156.0a
May 31x One-row planting xDirect seeding ok axans, Sixsls 2\ 271.0a 2.16b 135.6a 1.3a 64782a 17872.3a 41.1a 41.7a 13.1a 2337.7a
May 31x One-row planting xSingle seedling ol Soxans, Sxsls 2V 247.6b 2.43a 129.1ab 1.1b 59274ab 18021.3a 38.7a 39.1ab 13.1a 2360.0a
May 31x One-row planting XDouble seedlings ol cuimxass, Sixsls 5V 255.1b  2.49a 121.5b 1.1bv 57810b 16456.3b 39.1a 34.7b 12.7a 2124.0a
May 31xTwo-row planting xDirect seeding Sk CaBxabs,gaxsls 2V 255.0a  2.25¢C 147.5a l.4a 74155a 21961.3a 46.5a 44.0a 12.5a 2759.2a
May 31xTwo-row planting xSingle seedling ol Soxaps ool 2 235.8b 2.56a 135.8ab l.4a 71831a 21383.2a 44.3a 39.4ab 11.6a 2495.0a
May 31xTwo-row planting xDouble seedlings ol Cmxans,gaxsls 2V 245.3ab 2.43b 132.8b 1.3a 64732b 20630.0a 42.7a 34.9b 12.2a 2542.7a
June 26x One-row planting xDirect seeding ok CalSxans, x50 262.1a 2.25b 108.3b 0.87b 39812b 10901.3c 28.5a 28.4a 13.9a 1524.8b
June 26x One-row planting xSingle seedling ol oSoxaps, oSix 50 234.6b  2.58a 127.6a 1.0a 46303a 12905.0a 31.8a 30.8a 13.5a 1753.8a
June 26x One-row planting xDouble seedlings ol Crxans, oSix 50 239.8b 2.49a 121.3a 0.9ab 41922b 11529.5b 31.5a 31.6a 13.4a  1553.0ab
June 26xTwo-row planting xDirect seeding Sk sxans, x50 2446 2.36C 117.5b 0.98b 48739b 13489.8b 33.4a 29.3b 13.5a 1824.0a
June 26xTwo-row planting xSingle seedling ol oSoxaisy x50 220.8b 2.69%a 128.6a 1.2a 57515a 15916.7a 36.3a 33.3a 13.2a 2114.7a
June 26xTwo-row planting xDouble seedlings 2l Cxabs,yx 50 229.5b  2.53b 128.8a 1.2a 55698a 15161.0a 37.4a 34.1a 12.7a  1938.8a
July 21x One-row planting xDirect seeding ok sxans, oSix s¥e 242.8a 2.53c 102.8b 0.63b 31004b 7485.0b 21.4b 26.1b 12.1a  908.2b
July 21x One-row planting xSingle seedling ol Soxansy Sx sv 220.1b 2.79a 117.1a 0.9a 39911a 10444.0a 29.4a 30.2ab 11.7a 1236.8a
July 21x One-row planting xDouble seedlings ol Crxans, $Sox s 227.8b 2.61b 107.1ab  0.9ab 36706ab 9394.0a 28.5a 31.8a 11.6a 1086.3a
July 21xTwo-row planting xDirect seeding Sk cslxabs,ox s¥ 229.3a 2.74a 104.5b 0.83a 37828b 8349.5b 27.9b 27.8a 11.8a 989.8b
July 21xTwo-row planting xSingle seedling ol ¢Soxapsyeox s 208.3b 2.85a 117.0a 1.0a 47555a 12169.3a 36.2a 32.2a 10.7a 1307.8a
July 21xTwo-row planting xDouble seedlings ol Camxabs,ox sY 215.6b 2.71a 110.3ab 1.0a 46657a 11464.5a 36.3a 33.8a 11.2a 1296.0a

Lk (613 gme g5 A 3 ey Jlesml a3 3 gime sl JBli 8505 bl i 2 O Shols & Gl Kols O 52 2 5o
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Table 4. Mean comparison of physical and economic water productivity and additional profit or loss in planting date, planting pattern and planting method of maize

Sran st

Sale s Sles Water

;.;Téj':éé)}aﬁ UA\BUJAT);

;kasaLazélé)}aje
oA T ol
Economic water

;.;T‘S:La;él S50
oA ATy bl
Economic water

s b b ol e o il (LS 05 L 35
Additional profit or loss

Fresh consumpti Physical water ~ Gross productivity based oA 1T productivity based Replacement of control
forage yield on productivity income on gross income  Net income on net income treatment by other treatments
Treatments T lasles (kg.ha®) (m3) (kg.m?)  (Toman.hat) (Toman.m) (Toman.ha?) (Toman.m3) (Toman.ha?)
May 5 cigesie 52846b 5408a 11.96b 116261200 2149.80b 9044220b 1672.38b 993300
May 31 s\ 65430a 5558a 14.18a 14394600a 2589.89% 11812700a 2125.35a 3761780
June 26 w0  4833lc 5671a 10.53b 106328200 1874.95b 8050920b 1419.66b 0
July 21 S 39943d 5371a 9.21b 8787460c 1636.09c 6205560c 1155.38¢c -1845360
One-row planting  4bay«S il 46937b 7558a 6.24b 103261400 1366.25b 6921990b 915.85b 0
Two-row planting w3y pesls 56338a 3446b 16.70a 12394360a 3596.74a 10634710a 3086.10a 3712720
Direct seeding Saeals  49017c 6169a 9.18b 107837400 1748.05b 8316990b 1348.19 0
Single seedling <lsess  54646a 5169b 13.04a 12022120a 2325.81a 9325070a 1804.04a 1008080
Double seedlings e 512500 5169b 12.19a 11275000a 2181.27a 8693100a 1681.78a 376110

LI ()l gme o gliS J..p)bc'._ygdla_’:—‘c]d.a)bj\}@m Sl sl Q}»)'Tu»l..»lj;)‘,;.» A3 88 i o b slasl
Numbers in each column with the similar letter(s) are not significantly different at 5% probability level, using LSD test
Llokd apmlmn als Lo Sl aTys y3lie 4y Comd lasles o SLOI DL L 3 g polin 5 it 5y oditns SIS 5 a3y &0 SIS (5 gy SIS )b als sla sl
Control treatments are planting date of 26 June, one-row planting and direct seeding and additional profit or loss of other treatments has been compared to net income of control treatments
Coad bilodd acnloen H1S0s 53 L g FVENY e s TRy (5 5 4 (Sl o ag) ol S 5 o lis &S5 CilS (gla g, 45 5 HUSe 55 Ole g VPFFD e s YYAL s 5 5w (oW (i (slayl 55 agd) sy 53 5 abis, oS5 ilS (ol ol a o
ol ods 3 8 53 Dlg VYo 5 5 b gle oSS a B
The cost of one-row and two-row planting (tape irrigation) was 328900 and 1644500 Toman.ha™, respectively and the cost of single and double seedlings (seedling tray) was 230300 and
376110 Toman.ha'l, respectively. The price of fresh forage was considered as 220 Toman.kg?
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Table 5. Mean comparison of physical and economic water productivities and additional profit or loss in interaction effects of planting date, planting pattern and planting method of maize

S s Bl LB L3 5w

T bl 5550 bl ploldals
T oolasl s 550, oAl )5 bl Additional profit or loss
gadesShe el T S5 oo DA 6T s bl Economic water replacement of control
Fresh forage Water Physical water a6 1.T,5  Economic water productivity ol 47,5 productivity based on net treatment by other
Yield  Consumption productivity Grossincome  based on grossincome  Netincome income treatments
Treatments T glales (kg.ha™) (m?) (kg.m®  (Toman.ha) (Toman.m?®) (Toman.ha?) (Toman.m?) (Toman.ha?)

May 5% One-row planting xDirect seeding ok calSxan s, Sxcigus,i Vo 43770b 8100a 5.40b 9629400b 1188.81 6340400b 782.77b 870760b
May 5% One-row planting xSingle transplant ol $Sxab s,y Soxciga syl 0 51900a 7100b 7.31a 11418000a 1608.17 7898700a 111249 2429060a
May 5% One-row planting xDouble transplant olis Curxais, Sxcigss) 10 50056ab 7100b 7.05a 11012320a 1551.03 7608170a 107157a 2138530a
May 5xTwo-row plantingxDirect seeding Gk sl x4 s gax g s, V0 52049b 4050a 12.85b 11450780b 2827.35 9806280b 2421.30b 4336640b
May 5xTwo-row plantingxSingle seedling el Soxab s, gax g )l V0 62883a 3050b 20.62a 13834260a 4535.82 11959460a 3921.13a 6489820a
May 5xTwo-row plantingxDouble seedlings oLt G ai s, gox i )10 56417h 3050b 18.50a 12411740a 4069.42 10652090a 3492.49 5182450a
May 31x One-row planting xDirect seeding Sk sl xai s, Sxsls £V 647822 8300a 7.8la 14252040a 1717.11 10963040a 1320.85a 5493400a
May 31x One-row planting xSingle seedling ol $Soxaps, SKxsls £V 59274ab 7300b 8.12a 130402800 1786.34 9520980b 1304.24a 4051340b
May 31xOne-row planting xDouble seedlings ol Cdaxais, Sxsls £V 57810b 7300b 7.92a 127182000 1742.22 9314050b 1275.90b 3844410b
May 31xTwo-row plantingxDirect seeding Sy CalS'xai sy gox sl £V 741558 4150a 17.87b 16314100a 393111 14669600a 3534.84b 9199960a
May 31xTwo-row plantingxSingle seedling ol oSoxans,gaxsls £V 71831a 3150b 22.80a 15802820a 5016.77 13928020a 442159 8458380a
May 31xTwo-row plantingxDouble seedlings o Clmxaisyaxals 2. 64732b 3150b 20.55a 142410400 452097 124813900 3962.35a 7011750b
June 26x0One-row planting xDirect seeding G Chl Ay &Kx W 39812b 8450a 4.71b 8758640b 1036.53 5469640b 647.29% -

June 26x One-row planting xSingle seedling ol Sxans, x50 46303a 7450b 6.22a 10186660a 1367.34 6667360a 894.95a 1197720a
June 26x0One-row planting xDouble seedlings ol Carxans, x50 41922b 7450b 5.63a 92228400 1237.97 58186900 781.03b 349050b
June 26xTwo-row plantingxDirect seeding Godk sl xai s, 9% 50 48739b 4225a 11.54b 107225800 2537.89 9078080b 2148.66 3608440b
June 26xTwo-row plantingxSingle seedling el Gxaigs,gox 56 57515a 3225h 17.83a 12653300a 392350 10778500a 3342.17a 5308860a
June 26xTwo-row plantingxDouble seedlings oW Caexabs,gax 50 55698a 3225b 17.27a 12253560a 3799.55 10493910a 3253.93a 5024270a
July 21x One-row planting xDirect seeding Sl CalSxais, Sox v 31004b 8050a 3.85b 68208800 84731 35318800 438.74b -1937760b
July 21x One-row planting xSingle seedling ol Soxans, x5 39911a 7050b 5.66a 8780420a 124545 5261120a 746.26a -208520a
July 21xOne-row planting xDouble seedlings ol Cdexais, x5 36706ab 7050b 5.21a 8075320a 114544 4671170a 662.58a -798470a
July 21xTwo-row plantingxDirect seeding Sods CalS'xai s, g0x 5¥ 37828b 4025a 9.40b 83221600 2067.62 66776600 1659.05b 1208020b
July 21xTwo-row plantingxSingle seedling ol $Sxais,gox 5¥ 475552 3025b 15.72a 10462100a 3458.55 8587300a 2838.78a 3117660a
July 21xTwo-row plantingxDouble seedlings ol Crxabs,eax 5T 466572 3025h 1542a 10264540a 339324 8504890a 2811.53a 3035250a

Wlookd drnlomn dals o5 allot Ty sslie & S Laslos sl SLSIOL5 b 3 g polin 5 citn 5 ooits

L, gyl e sl .,Lp).sc;;d\.a:.’\ch.»).sjbd'u Sslas Jolu Q}.)'Twl..«lj';)};.a A5 ES gha oy o b sliel
Numbers in each column with the similar letter(s) are not significantly different at 5% probability level, using LSD test

Bl ks, &G CAE S ph AIS b el gl les

Control treatments are planting date of 26 June, one-row planting and direct seeding and additional profit or loss of other treatments has been compared to net income of control treatments

Cad . Llod s dnlous 5 53 Olo i PYENY ¢ 5 YF e s (5 5 0 (ClS i ag) ol G 5 o5 &S5 a8 (oo S sy a5 )ESKn 5 Olo i VPFFD s s TYAS s (5 (LT o Lol 55 angd) diiny 55 5 ad, &S5 CilS (gl ol au o
o 3 3 B YV 3 e ¢ S kS a
The cost of one-row and two-row planting (Tape irrigation) was 328900 and 1644500 Toman.ha™t, respectively and the cost of single and double seedlings (seedling tray) was 230300 and
376110 Toman.ha't, respectively. The price of fresh forage was considered as 220 Toman.kg*
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Effect of planting date and planting pattern on yield and quality of forage maize
(Zea mays L.) in transplanting method

Mottaghi, M.!, A. Mahrokh? and S. M. Seyedan®

ABSTRACT

Mottaghi, M., A. Mahrokh and S. M. Seyedan. 2022. Effect of planting date and planting pattern on yield and quality of
forage maize (Zea mays L.) in transplanting method. Iranian Journal of Crop Sciences. 23(4): 341-356. (In Persian).

To investigate the effect of planting date and planting pattern on yield and quality characteristics of forage
maize cv. KSC703 in transplanting method, split plot factorial arrangement in randomized complete block
design with three replications was employed at Ekbatan research station of Agriculture and Natural Resources
Research and Education Center of Hamedan, Iran, in 2018 and 2019 growing seasons. Planting date at four
levels; 05 May, 31 May, 26 June and 21 July with planting pattern at two levels; one-row with row spacing of 70
cm (conventional planting pattern) and two-rows with row spacing of 140 cm assigned to main plots and
planting method at three levels; direct seeding, single and two seedlings were randomized in sub-plots. Plant
density was 102,000 plants per hectare for all treatments. The highest fresh forage and protein yield obtained in
the second planting date (65430 and 2437 kg.ha™!, respectively). In two-rows pattern, the fresh forage and protein
yield were 20% and 14.5% higher than one-row pattern, respectively. Fresh forage and protein yield in single
transplant were 11.5% and 10.8% higher than direct seeding and 6.6% and 7.4% higher than two seedlings,
respectively. In early and late planting dates, single transplant had the highest fresh forage and protein yield (first
planting date: 62883 and 2412 kg.ha! and third planting date: 57515 and 2115 kg.ha* and fourth planting date:
4755 and 1308 kg.ha't, respectively). The rates of physical water productivity, net income and economic water
productivity based on net income in two-rows pattern were 167.6%, 53.6% and 237% higher than in
conventional one-row pattern, respectively. The rates of the above traits to replace direct seeding with single
seedling increased by 42%, 12.1% and 33.8%, and to replace with two seedlings increased by 32.8%, 4.5% and
24.7% increase, respectively. Due to the significant increase in forage yield and water productivity as well as
with 50% reduction in costs of irrigation tape under transplanting in two-rows pattern, this method (preferably as
two seedlings for reducing production costs) is recommended as a suitable alternative method for direct seeding
of forage maize production.

Key words: Forage maize, Net income, Transplanting, Two-rows planting pattern and Water productivity
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