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Effect of Planting Arrangement on Forage Yield, Protein Content and
Some Morpho-physiological Characteristics of Forage Amaranth
(Amaranthus hypocondriacus) Under Gorgan Environmental Conditions
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Table 2. Meteorological information of Gorgan agricultural research station during 2017 and 2018 growing seasons

BT Dol § gama Cragdhs) b § saes (51 Kl aor55) s slos 5 Kla (1 Kl ay3) aS” slos . Kle
Sunny hours Precipitation (mm) Average maximum temperature(cC)  Average minimum temperature (°C) ¢
Month 2017 2018 15years 2017 2018 15 years 2017 2018 15 year 2017 2018 15 years
May 275 221 219 250 235 472 27.5 27.1 26.6 14.3 14.1 13.9
June 283 267 265 0.0 105 357 32.6 31.8 29.9 18.2 19.7 18.5
July 295 272 281 50 234 521 344 38.0 343 22.5 24.0 23.6
August 333 292 305 0.0 23.1 433 373 35.1 35.8 23.7 254 24.6
September 241 236 245 203 92 493 314 33.1 30.4 21.3 20.4 20.0
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Table 2. Physical and chemical soil properties of experimental site

Depth (em)  (jesle) Ges
2017 2018

Soil properties S Sy 0-30 30-60 0-30 30-60
pH adl 7.3 7.30 7.7 7.6
EC (dS m) (o g insjeomd) S S ol 1.27 1.42 1.35 1.28
Organic carbon (%) ) Jeps 110 0.60 1.30 1.10
Total nitrogen (%) () IS 03525 0.11 0.06 0.15 0.10
Auvailable Phosphorus (ppm) (Ogbs )5 Caand) o jrws b6 ,a 4.8 2.0 8.6 6.8
Auvailable potassium (ppm) (O 35 Caand) o s BB ol 220 108 333 290
Bulk density (g cm™3) (s jasile pp 5) g alh jogaie 0js 141 1.40 1.42 1.38
Water content S OT (gl s
Saturation point (%) (Om) (o= doo)d) plsldes 5220 5190 4990  53.40
Field capacity (%) (6m) (o= Ao 3) sy s b 27.00 627 27.70  6.33
Permanent wilting point (%) (6m) (o doy3) B30 dbs 1230 9.80 13.10  8.80

ol Joline Sy Cisy gs) a p alols I
or Sy 1 LaaS gy oy ol X o)
‘éufu‘uﬁtw,\)wusu.»c;u«a
Bl 5 05508 eSas 035088 5 05
5 ke (5 abgle 3 Shee il it 09
3 8kee 5 Bl i 8 s (S ke
Ot b (7 i) 3 Dl (e (055
DS e i Slis wes i,
o o eman (V Jgds) 550 s e Bl
o dl 148 513 3L s o3ls S e il
Bl 5055 jor ds i g 2950 Dlio oIS
Jw i G Jol S 555 Hlo —xe
55 Do 3 13 ne T35l o e 3
a0 (F Jpd) b Sl b o 0 (5,5 o510
Jsl o 53 oT Slele (5130 dy o b
o=l d=¥s 5l K (0va8) s lasT (ol
Ol s oalS 4l (Y Jde) ails g =2 5

L (0749) (2alaST sl ol st Jw s 20l

\4

53 edes il slasles Sl sl 565 )
VY S a3 Kl am 53 80 slas L 0T
Sis (3 aS By.o S 5 cela
03la o DLy (I gte 025 55 53 53 1o o
L s s ot (8l 5 &8 ) Laplast oSCes
osla ;,Swuc\u;l(wfo;w_@j:
s S 4D ga i S dlone ¢St
G5 Ao s U s Jame oKt 3T 4 s
338 um 55 0T

SAS (55T 531 p 5 b Waosls il s 4
(Tukey) S 55 0 03T L Lo Klie alio
05315 Jeol 2 Sl ST s ks plon
O B P Sy {1 WSO 2 PRGN 1
5 s s e dole)T lalbs sl oS
55T @2l 315 S e il sls s OB

o g W
aS sl Olai b esls S e il ylg 4 o0



20,7 3

...4&,1;;,41‘.;),.;,.:1{

105 sl Jhas 53 sl bgle s 5 U (S5 e Slio sy S50 b g o abol 5 s o ahol SIS e bl 4 e Y J s
\YAA 5 YAV

Table 3. Combined analysis of variance of row spacing and inter plant spacing on morpho-physiological traits of forage

amaranth in 2017 and 2018 growing seasons

o3l 57055 &Ly 3 Slas
)3 G5 i) Gl s 505 & oSas 035 Sl 5 053 Sl oS 035 S bl oS
&7 Plant Stem Leaf fresh Leaf dry Stem fresh Stem dry Total dry S asgle s Sles Leaf: Protein
S.0.V. e e df height diameter weight weight weight weight Matter weight Fresh forage yield stem ratio yield
Year (Y) J 1 3651.70™ 92.59" 132514594™ 2070852" 83404798 8019130™ 18229496™ 426179737 0.062" 346142™
Replication (Y) W) L1, 4 48.70 17.15 2626388 137056 23664601 377314 907305 39805799 0.001 12201
Row spacing (A) Gy o Aol 2 2924.20™ 126.01™ 131568812™ 3326162 1150088728™ 9051081™ 23140889™ 2067988364™ 0.002 328735"
Y xA Cassy o abhols x Jlo 2 0.06 0.009 495852 1665 510756 10411 19046 84784 0.000 2849
Inter plant spacing (B) Cusy sy By o ol 5 2961.90™ 66.90" 337244935 11159521™ 1186535170™ 9747095 41330618™ 13859905031 ** 0.046™ 599142™
Y xB Cassy S35 4 o dbolx Jlu 5 3.60 0.215 1325447 23030 359460 14770 69981 756237 0.000 1628
AxB Gy Gao W o alols X (s y o bl 10 118.98" 7.90" 5291772 186561 95213616™ 822189 1364061 126604340™ 0.005™ 18807
YxAxB G35 535 bl g o abol X sy oy alole x Jlu 10 3.70 0.10 37048 2129 231828 2721 5996 144194 0.000 593
Error alasT oladl 68 50.20 2.48 4161584 144114 25542306 301187 766434 47472340 0.057 10859
C.V. (%) (1) Sl oo @ — 4.8 6.57 17.78 20.03 14.67 14.29 15.26 15 8.87 15.84

“and ™: Significant at the 5% and 1% probability levels, respectively.
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Table 4. Mean comparison of year and row spacing X inter plant spacing interaction effects on morpho- physiological characteristics of
forage amaranth

Szt asle JS 055
S i) &, 505 oK 6Ses 03y Wl 5053 il oSis 035 OB 53 ) PP I 55 Slas
(rails) (o oho) il Lo OB 55 5) (s 5559 (s 55 5) (s 55 ) GBS 33 5) 5 dbgle 5 Sl Total dry matter (Ao y) (S 30 S 48)
Plant height ~ Stem diameter ~ Leaf fresh weight Leaf dry weight Stem fresh weight Stem dry weight Fresh forage yield weight Leaf: stem ratio Protein yield
(cm) (mm) (tha™) (tha') (tha™) (tha™) (tha™) (tha™) (%) (kg. ha)
Year J
2017 1529a 192b 12.6a 2.3a 353a 4la 479a 6.1a 0.35a 714a
2018 1413 b 2l.1a 10.36b 1.8b 352a 3.7b 439b 53b 03b 601b
Row spacing x Inter plant spacing (cm) o) (5 535 18 455 b X ba (s o ol
05 175.0a 16.8 18.6a 3.04a 47.7a 50.1a 66.5a 8.05a 0.39ab 956a
10 160.3bc 18.2i 17.7b 29a 50.0a 52.6a 67.8a 8.2a 0.36¢cde 947a
30 15 154.6de 18.7gh 13.4d 2.2b 41.02b 43.1b 54.5b 6.5b 0.40efg 748¢
20 155.3¢ 18.7fg 11.8g 1.9¢ 37.0c 38.8¢c 48.8¢c 5.82¢ 0.33fgh 674de
25 153.71g 19.0efg 10.7i 1.7d 35.6d 41.0d 46.3d 5.85¢ 0.32hi 670e
00 M8 200ef SOk L2hi 3T £ - S 4ssg 037cde Sséfe____
05 166.3b 17.61 18.8a 3.2a 46.9a 49.3a 65.6a 8.2a 0.40a 964a
10 153.0¢e 19.0 gh 13.3f 2.4fg 33.2g 38.3f 46.6d 6.3d 0.36¢cde 734cd
15 1422 f 21.6ef 11.4h 1.9f 33.9f 39.0e 453e 5.83¢ 0.28def 675de
s 20 128.2fg 23.6¢ 10.81 1.7 29.0j 33.4i 39.9f 5.1f 0.33 be 558f
25 141g 22.0d 7.2m 1.1 30.4i 35.1h 37.7g 4.6h 0.231 507gh
0 Mg 1964 67 _..] 103k £ S SU6 b 42 025K dth
05 162.0cd 17.7hi 16.6¢c 29a 46.4a 48.8a 63.0a 7.7a 0.35¢d 896b
10 146.5¢ 19.5fg 13.6e 2.3d 37.5d 41.5d 51.1b 6.3¢c 0.33¢ 749¢
60 15 144bfg 19.3d 8.9 1.4gh 322gh 37.0fg 41.1f 5.07fg 0.30ij 561fg
20 121.2h 25.0c 7.6l 1.21 2281 28.5k 30.4k 4.1i 0.30def 471h
25 140.3i 21.3b 5.70 0.9m 18.9m 23.6 24.61 3.2j 0.25ghi 363i
30 120.7 i 25.8a 4.9p 0.7m 18.2m 22.81 232m 3k 0.27jk 3351

.x)\x)l:@uojmszc;;\)kblcb):;j oijwulljmpdaJJm@),&Js\.\, 5):64&&}5!,,);)}:”}&):;&&&539
Means, in each columns and for each factor, followed by at least one letter in common are not significantly different at the 5% probability level-using Tukey test
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