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ABSTRACT

Plant nutrition is one of the most important environmental factors affecting the yield and yield components
of crops such as soybean. This study was conducted to investigate the effect of nitrogen-fixing bacteria,
humic acid and foliar application of micronutrients on yield and morpho-phenological traits of soybean (cv.
Saman) in a factorial randomized complete block design with three replications at Gorgan agricultural
research station in two cropping seasons (2019-2020). Experimental factors include foliar application of
humic acid at two levels including fulvic and humic acid; Bacterial seed at three levels including bacterial
seed, bacterial seed+Azospirillium, and control; and nutrient spraying was applied at four levels including
cobalt, cobalt+molybdenum, cobalt+molybdenum+boron, and control. Based on the results, the simple
effects was significant on the studied traits. The bacterial Rhizobium+Azospirillum and
cobalt+molybdenum+boron treatments significantly increased the traits than control. The highest grain yield
was observed under the humic acid (2750 kg/ha), bacterial seed+Azospirillum (2238 kg/ha) and
cobalt+molybdenum+boron (2388 kg/ha). In general, the results of this study indicate the efficiency of
nitrogen-fixing bacteria as well as foliar application of micronutrients in increasing soybean yield.
Keywords: Azospirillum, boron, cobalt, molybdenum, soybean.
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Table 1. Physicochemical properties of soil at different soil depths.

Soil characteristics 0-15 15-30 30-60 60-90
pH 7.2 73 73 7.3
EC (dS m?) 1.35 1.27 1.42 1.41
Organic carbon (%) 15 1.1 0.6 0.4
Total nitrogen (%) 0.15 0.11 0.06 0.03
Available phosphor (ppm) 8.6 4.8 2 1.01
Available potassium (ppm) 333 220 108 70
Bulk density (g cm™) 1.44 141 14 14
Clay (%) 28 30 34 33
Silt (%) 54 52 52 52
Sand (%) 18 18 14 15
Soil texture Loam-Silty Loam-Silty Silty-Clam-loam  Silty-Clam-loam
Saturation point (%) (6m) 499 52.2 51.9 60
Field capacity (%) (6m) 21.7 27 27.6 21.7
Permanent wilting point (%) (Bm) 13.1 3.12 8.9 8.9
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1 VE: Emergence, VC: Unrolled unifoliolate
leaves, V1: First trifoliolate, V2: Second
trifoliolate, V4: Fourth trifoliolate, R1:
Beginning flowering, R2: Full flowering, R3:
Beginning pod, R4: Full pod, R5: Beginning
seed, R6: Full seed, R7: Beginning maturity,
R8: Full maturity
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Table 2. Mean comparisons of phonologic traits of soybean under different treatments in 2018 and 2019.

S.0.V. df VE V7 R1 R3 R5 R7
Year (Y) 1 1058.4™ 879.62"™ 1058.42" 932.28™ 1058.42 823.69™
Rep*Y 4 54 1.29 5.37 6.53 5.37 4.77
Humic(a) 1 41.6"™ 3.64™ 41.60™ 67.24™ 41.60™ 142.80™
Bacteria(b) 2 62.1" 12.05™ 62.12" 7291 62.12™ 99.61™
Micronutrient(c) 3 72.3" 41.44™ 72.28™ 82.91™ 72.28™ 118.19™
a*b 2 21.5™ 7.60™ 21.49™ 26.81" 21.49™ 30.14™
a*c 3 3.97 0.84" 3.94™ 4.98™ 3.94™ 2.12m
b*c 6 17.7" 8.97" 17.72™ 1477 17.72™ 18.73™
a*b*c 6 19.1™ 7.97" 19.07™ 18.84™ 19.07™ 27.29™
Y*a 1 6.4" 0.12m 6.42" 10.78" 6.42" 49.47™
Y*b 2 6.4" 0.12m 6.42" 5.64™ 6.42" 14.44"
Y*c 3 1.5™ 0.01™ 1.51™ 2.72™ 1.51™ 7.46™
Y*a*h 2 6.4™ 0.12" 6.42™ 3.77™ 6.42" 4.43™
Y*a*c 3 1.5™ 0.01™ 1.51™ 1.28™ 1.51™ 0.40™
Y*b*c 6 1.5™ 0.01™ 1.51™ 1.85™ 1.51™ 3.81™
Y*a*b*c 6 1.5™ 0.01™ 1.51™ 2.73™ 1.51™ 2.68™
Error 92 0.51 0.28 2.11 2.26 2.1 3.98
CV (%) 8.66 1.42 2.24 2.03 1.51 1.90

ms, * and ™ means non-significant, significant at 5 % and 1 %level of probability, respectively.

VE: Emergence, VC: Unrolled unifoliolate leaves, VV1: First trifoliolate, V2: Second trifoliolate, \V4: Fourth trifoliolate,
R1: Beginning flowering, R2: Full flowering, R3: Beginning pod, R4: Full pod, R5: Beginning seed, R6: Full seed, R7:
Beginning maturity, R8: Full maturity.
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Table 3. Mean comparisons of phenological traits of soybean under different treatments.

Treatments R7 R5 R3 R1 V7 VE
Year effects
1397 8.36° 34.73® 62.12° 71.37° 93.12® 102.84°
1398 8.14% 39.68° 67.54% 76.45% 98.54* 107.62°
Humic acid treatments
Humic acid 8.17%  37.36% 65.36% 74.59* 96.36° 106.22°
Control 8.328  37.04® 64.29° 73.23° 95.29° 104.23°
Bacteria treatments
Bacterial seed 8.26% 37.29° 65.29% 74.58% 96.29° 106.17%
Bacterial seed+azospirillum 8.00° 37.65* 65.65° 74.66® 96.65% 105.94%
Control 8.48° 36.66° 63.53° 72.48° 9453 103.57°
Micronutrient treatments
Cobalt 8.398  36.94° 64.94° 73.99° 95.94° 105.52°
Cobalt+ Molybdenum 8.05> 37.31° 65.04° 74.05> 96.04® 105.53"
Cobalt + Molybdenum + Boron 8.02° 38.58° 66.38% 75.65° 97.38%° 107.10?
Control 8522 35999 62.94° 71.94° 93.94° 102.75°

In each column of each treatment, the means with different letters are significantly different at p<0.05 by LSD test.

Jlo a4 cad WA Jlo ;o o5V polae glyls Ol So3e0e8 90 Dlaw ool Ol Bl 1 Slo duslin
30 e iy kul s Ldods Ylais! a5 wisg VYAY (£ s ol glinulay (las sl a5 ols



) Q)s]“"’ IRCSL LI L;lmdrfb ).».)L R U‘)m 9 ;.o.]a.c ‘)“A Yy¥

R2 al> 0 ;0 jo2 9,5 50,5 adg |, Gl p,5okS
oh 5 VB 4y L o (e G ien (Rl sl
by 039 9 Si%ler Ol 2oz o) ley 8
pae > o aSgemmay il (ghlo gime ).._,L
e Ol ) S58ler Olime 2SS pan
Olme it on Gras Sy g we)
AF 5 (V3 al> o ;0 Bras) do o 4F [0 Siaile>
49 Bas b ol (R2 dd> e 0 B pae) awsyo
5 2,5 VYA G AYIY 5l oydy 59 V3 Al e
VEIN G VYY1 leyds 59 R2 al> e 50 Bras
Clal oS W,8 ol Wil Ceizmes ols lél 65
P g S s Glp el a2l e
s b Geaie ol CuBloy 5l ey Glo i
ihslme 8 ol sat BT ol G
Sorir & e bgw RS 9 R3 Jolie )5 (adse
el 0,05 5 (Cardoso et al., 2021) o olas
als o Slae g A olows 38l e 5 Hadse

(Moro etal., 2021) cuils Jlis a1, Lgw
30 99, il ale 3l eolatul a5 cla Lo
@lasgs SGrae all 5 oSlee Gl Cu
Dyl w85 Bay pof) glyl ciS o S5e
bix o wlgiee (Sojglem slasss ul Sras
a5l jise ol o Slee Sy 5 Cemaj dans
(o5, (Mehdipoor et al, 2010)
Ly Lgw il s coas (2019) Puente et al.
S9-4e Azospirillum brasilense Az39 il
glae )30 5 SIS O g0 iales] onl wiatsy
b oolesls i cod jig (eloge b bl
dwslas ;o0 R2 4 V6 a>,. ,o A. brasilense Az39
lposdle Al odmlie cuils plKis eolinul L
9 SV o) olaal 5 S ady; eogiun) Ll
52 500 oaelie VB (o aig 2 )0 0,5 oed ()3
oo )S 50 (olS5eS) mhaw (R2 5 V) al> 1o 50

3 Sl Sagep 98 izmen ABboe e Jl
Olae ooled [0 (g lo cime iolidl dalis b anslis
g glasl o iuli8l i aS g sbay ol lis
(sl 4Ly olaws @l s (e Jgl glay )
£ YO N F Al o Sles g Sy mhaw
et el Cavdds ol 4 Cund o, FO
B czge b gt St Jloyd e
Y) e gl glas )l d(ao o ) asg gl )l o sine
AP) Sy omhe (oo VY) dle jhd (as)o
O3l pas ol (aoye V) ails o Sles g (Qoyo
ol a8 el clle cpl 4 Y| e b a5l slaws o
Col S5 JAS cod jbe Cao
o Gdsey, polie (Farshadfar et al, 2012)
b anslie ;o 0,8hee 5 Slio Jlo pne (il oo
ol o Sles alom 3l Glas 25T 0 a5 wods vels
Al 51 A o idertdlS e o tal

(0 Jgu2) 092 bl
ais S 5,155 (2006) Kazemi et al.calal) pos 4o
s o sine Gl o (655 L g sl a5
Wiloslie 39 igr o aily olaw ig o BME
Sgd o e o Al dlaw om ol o ,Sles
A S o, Kazemi Moghadam et al. (2013)
Oliee Oty (hews &y e 6351 Sy oS
SESe )3 @ S lS VYT Gliee 4 Lgw als o Slee
S 6 Sh Bpan pas e jo &S J> )t
S 50 0,5l VEFY e 4 ails o,Slee 5
b sles L (2006) Ross et al. Lwly ol 5o
ol )3 V3 al> o 95 50 o alisre slacale
g% 5 P sl RZ 5 (SlanS paw S5
S s 158,9] Cawsds |, > ol ((goails
R yinn JLSa 0 e 2 SelS Y LY o84S
2o pS e YI-YY) oyds o e chale ol



YYo VEY lio oF 6Ll OY 5,90 o)l ] 25 lalS asle

5 Oi9r Sl oS p Al (i 39 end 289, &5 Sl GLlS Sl man e JB b
e e o as Slals 4 cos o5V g L byl milb a5 Slls  aileas  mdl
Al Ao gy o aals plil o )l adgs al> 0 4o AL brasilense Az39

AYAA G ITAY Lo 55 50 cilizis (glojlaes o L Su3l58 )90 Dlao 5 9,Slos bl o -F Jsor
Table 4. Analysis of variation for yield and morphological traits of soybean under different treatments in
2018 and 2019.

Plant First pod Stem Number of Leaf .
S.0.V. f height height diameter branches area Seed yield
Year (Y) 1 2847.11™ 8.65™ 93.83™ 6.25 8.50™ 6990031
Rep*Y 4 97.67 5.97 147.22 9.06 0.08 112739
Humic(a) 1 1125.04" 61.75" 276.22™ 87.42™ 36.89™ 42733023™
Bacteria(b) 2 1262.49™ 7.43™ 31.26™ 0.35"™ 19.04™ 1065707
Micronutrient(c) 3  1747.21™ 12.64™ 23.51™ 30.51™ 2.55™ 2116901
a*b 2 917.45™ 5.19" 31.07" 2.85™ 0.45™ 415703™
a*c 3 274.42™ 1.11° 11.75™ 9.39™ 1.53™ 652068
b*c 6 75273 0.67" 18.37™ 2.40™ 1.81™ 131958™
a*b*c 6 79593 0.70" 5.61" 0.36" 0.99™ 143614™
Y*a 1 1.30™ 7.25™ 123.88™ 0.32" 0.01™  4886826™
Y*b 2 374.36™ 0.60™ 10.44" 1.55" 0.02m 214881™
Y*c 3 43192 2.55™ 32.56™ 0.50" 0.00" 266211
Y*a*h 2 38341 1.48™ 12.55™ 1.49™ 0.06" 306261
Y*a*c 3 179.96™ 0.98" 1.76™ 0.86" 0.01" 326470™
Y*b*c 6  143.88™ 0.52" 5.61" 0.46" 0.01" 76583™
Y*a*b*c 6 95.08" 0.28"™ 1.76™ 0.58" 0.01" 90052
Error 92  177.88 0.286 5.318 0.505 0.0264 4911
CV (%) 12.95 2.93 18.38 15.15 7.949 3.2

ms, " and ™ means non-significant, significant at 5/ and 17. level of probability, respectively.
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Table 5. Mean comparisons of yield and morphological traits of soybean under different treatments.

Plant First pod Stem Number of Leaf Seed
Treatments height height diameter branches area yield
(cm) (cm) (mm) (cm?) (kg/ha)
Year effects
1397 98.54° 18.05° 11.74° 4.90? 1.80° 1985.33°
1398 107.43% 18.542 13.352 4.48° 2.29% 242597
Humic acid treatments
Humic acid 105.782 18.95% 13.932 5.472 2.55%  2750.40%
Control 100.19° 17.64° 11.16° 3.91° 1.54>  1660.90°
Bacteria treatments
Bacterial seed 106.132 18.592 13.072 4.78° 2.34> 2335542
Bacterial seed+azospirillum 105.762 18.452 12,952 4.62° 2462  2238.42°
Control 97.07" 17.85° 11.62° 4.66° 1.32°  2042.99°
Micronutrient treatments

Cobalt 101.42° 18.34° 12.782 4.69° 1.89° 2224.67°
Cobalt+ Molybdenum 111.88%  18.56% 13.322 5.05P 2.28%  2352.76%®
Cobalt+Molybdenum-+Boron 103.64°  18.83% 12.66% 5.592 2.26  2387.73%
Control 95.01° 17.46° 11.41° 3.42°¢ 1.75°  1857.44°

In each column of each treatment, the means with different letters are significantly different at p<0.05 by LSD test.
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