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Table 1- Selected physicochemical properties of the study soil (0-30 cm)

s Electrical . . . . ]
L conductivity pH Available potassium  Available phosphorus — Total nitrogen  Organic carbon
Texture  So S Culas o9 303 1B opnlly o s> JB phund S5 039k RIRT
(dS.m'?) (mg.kg?) (mg.kg™) (%) (%)
Laom 1.2 741 120 12 0.08 0.51
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Table 2- Source of variation, degree of freedom and probability levels of effect of nutrition programs on photosynthesis
pigment in chickpea genotypes
NEUETSY) a Jadg ls b Judg s alb Judg 5 LSS, J5
df Chlorophyll a  Chlorophyll b Chlorophyll a/b  Total pigments

Ol s ilie S.OV

S'sb, Block 2 0.89m 0.267™ 0.039" 0.141m™
lié asb, Nutrition program (N) 4 0.001™ 0.001™ 0.001™ 0.001™
58 slks Errora 8
«; Genotype (G) 4 0.001™ 0.001™ 0.001™ 0.0013™
NxG 16 0.001™ 0.001™ 0.001™ 0.001™
L3 Error 40
SlyesiS > CV% 14.63 16.32 4.81 16.80

** * ns

Slyoss oy CV o) g i Jloin] grdaw 53 b ne cuoyd iy Jloin] grdaws 3 )5 ne i iy &
Ns: no Significant at probability level of 5%, * and **: Significant at probability level of 5 and 1%, CV: Coefficient of Variation.

SIS 2955 Sy 3 (Srmgd SAISS) 1 (liE aliy U ¥ Jgan
Table 3- Effect of nutrition programs on photosynthesis pigment in chickpea genotypes

olio 6"” 4l ILCT72 MCC463 MCC741 ILC8617 FLIP02-51

Parameters Nutrition program

Control 0.1810f 0.164% 0.153¢f 0.127f 0.1810f

8 by S BF 0.1820f 0.5022 0.154%f 0.163¢ 0.172¢

Chlorophyll a P+BF 0.205%¢ 0.196"¢ 0.164cf 0.180° 0.219vd

(mg.gFW™) BF+F 0.145¢f 0.1820- 0.163¢f 0.1960-¢ 0.243P

P+BF+F 0.230 0.142¢f 0.144¢f 0.162¢f 0.166%

Control 0.413d 0.457b- 0.349bd 0.296¢ 0.445b

b sl BF 0.462d 0.540%¢ 0.375bd 0.445>4 0.4220-d

Chlorophyll b P+BF 0.530%¢ 0.526%¢ 0.390 0.450d 0.536%¢

(mg.gFW™) BF+F 0.3560¢ 0.3830d 0.371b 0.495# 0.700°

P+BF+F 0.552% 0.332c 0.3490-d 0.373d 0.426"4

Control 0.439 0.360% 0.440 0.429 0.410°>¢

alb Ly s BF 0.403b-¢ 0.9232 0.411b¢ 0.354¢ 0.402>¢

Chiorophyll P+BF 0.389%¢ 0.421c 0.421b 0.403v¢ 0.401b-¢

alb BF+F 0.411b- 0.420t° 0.457° 0.3990e 0.453P

P+BF+F 0.423 0.431c 0.413%¢ 0.4170¢ 0.390¢¢

Control 0.594b-d 0.6210- 0.503d 0.423¢ 0.626"4

s, S BF 0.6390d 0.754%¢ 0.528>d 0.608>d 0.6010-d

Total pigments P+BF 0.735%¢ 0.6760¢ 0.554- 0.6310d 0.755%¢

(mg.gFW*) BF+F 0.5020 0.5490- 0.534b- 0.6910 1.0022

P+BF+F 0.784% 0.475¢ 0.4930d 0.535bd 0.5920-

(LSD) Jgsine EM5] Jolis ygnil ol 33 gy Jloio! s )3 oo 52 33 b g (sl (slassSilee (F) (3 slome 5 (BF) (gt 355(P) Sisatl
(Ao (w98 olSuily (aLS pole 0aSimg sy 3656 Hdy UL Spuio 3956y 0uSlS :MCC 555 (5 )b gino gl
Priming (P), Biofertilizer (BF), Folaria application (F). Means with at least one similar letter are not significantly different (P<0.05)
based on last significant difference test (LSD). MCC: Mashhad Chickpea Collection.
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Table 4- Source of variation, degree of freedom and probability levels of effect of nutrition programs on measured traits of
Kabuli chickpea genotypes

@ gl  mw ol G el gl Al slaw O WSSl
Olpdd 2l SOV WL Plant o Lowest pod Branch g
df height GAl height no. Pod no. plant

', Block 2 0.168™ 0.168™ 0.877m 0.150™ 0.651m

213¢ 44l Nutrition program (N) 4 0.080" 0.019" 0.245™ 0.678™ 0.014"
=% sls Errora 8

3553 Genotype (G) 4 0.167" 0.001** 0.249" 0.014m 0.014"

NxG 16 0.161™ 0.001™ 0.565™ 0.994" 0.053"
s Error 40

Sy o o CV% 8.52 28.62 20.27 20.47 26.85

Slyoss oy OV o> G g iy Jloin] grdaws 55 55 gine o yd gty Jlain] gedaws 3 43 dxe i a5 5 4™ X NS
Ns: no significant at probability level of 5%, * and **: significant at probability level of 5 and 1%, CV: Coefficient of Variation.
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Figure 1- Effect of genotype and nutrition program on plant height in chickpea Kabuli genotypes
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Priming (P), Biofertilizer (BF), Folaria application (F). MCC: Mashhad Chickpea Collection.
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Table 5- Source of variation, degree of freedom and probability levels of effect of nutrition programs on measured traits of
Kabuli chickpea genotypes

a3 Pl Gl as i edgiCuw) 4l 3,Sles oW
Oyt 21l S.0.V &350 e 100- grain  Biological Grain Cuils
df Grain. Pod! weight yield yield Harvest Index

<S4l Block 2 0.343"™ 0.425"™ 0.045"s 0.457"™ 0.574"™

3¢ 4l Nutrition program (N) 4 0.206 " 0.523 "™ 0.001™ 0.001™ 0.113m
= islks Errora 8

5 Genotype (G) 4 0.201"s 0.882" 0.007" 0.003" 0.001™

NxG 16 0.209" 0.407"s 0.005" 0.001™ 0.001™
s Error 40

Olyss o o CV 25.49 22.79 12.46 18.10 12.29

Slyoss oy CV b0 g iy Jlosn] grdaws j5 55 gixe auoyd gty Jlain] grdaw §3 55 xe pé o5 5 4™ X NS
Ns: no significant at probability level of 5%, * and **: significant at probability level of 5 and 1%, CV: Coefficient of Variation.



VFeo 60— 53T 8 oyl FO wlor (S gl a5 FAF

M 3955 (Slaaigij 53 w2 3y90 Sk 1 ik delipy i -5 Jgua
Table 6- Effect of nutrition programs on measured traits in chickpea Kabuli genotypes

wlae wtlis aliy ILC72 MCC463 MCCT741 1LC8617 FLIP02-51
Parameters Nutrition program
Control 11879 11079 144099  1.180°9  1.343%9
, " BF 1.790°F  1.593¢9  1563%0  2870%  1.357%9
e gl 2 P+BF 210004 2037%¢ 30778 1.363%9  2.170bd
Green area index BF+F 0.8679  1.907¢f  2.587%¢ 163300 1.467%9
P+BF+F 143000  1.447%9 14279  0.837¢ 1.163¢9
Control 36.33°¢  18.66°  23.00% 25000 31.66%¢
o s S sl BF 30.00%¢  31.00%¢  36.33%¢  47.33° 26.33%
# N P+BF 28.337¢  18.33° 2500  34.00%¢  29.33%¢
Pod No. Plant BF+F 2733  3500%¢ 2333 3700  41.00%
P+BF+F 2533 2600 2500 3233 21.33%
Control 91% 1205¢ 78¢ 122%¢ 13724
ol s Slae BF 1208¢ 1108¢ 1592 116%¢ 1542
e P+BF 1020 75¢ 1072¢ 1562 1172¢
Grain yield (g.m?) BF+F g5t 74¢ 950 149%¢ 950
P+BF+F 123%¢ 1274¢ gge-e 1172¢ 1072¢
Control 2417 28659 269° 307P¢ 31804
. BF 2g5¢h 238 32704 3020¢ 3320
e P+BF 302b-¢ 251F 291¢f 3462 3350¢
Biological yield (g.m?) BF+F 184k 24501 240N 383 263¢7
P+BF+F 2021k 266¢ 208k 32504 29059
Control 3833 ¢  43.00°°  28.66°  39.33%°¢  43.00°°
s BF 4400°C  46.66°C  47.66%  3833°C  46.00%
SRR e P+BF 33.66b¢  30.00°  37.00  4500%¢  34.66b
Harvest Index (%) BF+F 46.337¢ 3133  3933*c  3900°¢  36.33%*
P+BF+F 55.662  48.33%  4300%¢  36.00™ 37.00b¢

(LSD) Js s ST i 505] ol 3, 2253 8 Jaiol s > oo 3o 5 e oy 51 sl 5 (F) il oo 3 (BF) s 3554P) Sied

(Ao (w98 olSiily alS pale 2aSiimg sy 5555 Hdy SGb) Spudio 3955 (yuuSlS IMCC 0555 (5 b ine cglis
Priming (P), Biofertilizer (BF), Folaria application (F). Means with at least one similar letter are not significantly different (P<0.05)
based on last significant difference test (LSD). MCC: Mashhad Chickpea Collection.
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Introduction: The excessive use of chemical fertilizers devastates soil fertility and causes different types of
environmental pollution. Therefore, using adequate eco-friendly fertilizers in agriculture enhances productivity
but has no adverse effect on nature. Recently, there has been reported that beneficial soil microbes produce some
volatile organic compounds, which are beneficial to plants. The amendment of these microbes with locally
available organic materials and nanoparticles is currently used to formulate biofertilizers for increasing plant
productivity. These bacteria are naturally present in soils, but their population decreases for a long time because
of long-term environmental stress, improper use of chemical agents, and the absence of a suitable host plant.
Adding these bacteria to the soil, before or during the growing season, increases the growth and production of
agricultural products. Since available water is the main growth limiting factor in chickpea cultivation, it is useful
to improve nutrition, especially using plant growth-promoting rhizobacteria, for accelerating the growth and
development of plants at the end of the season.

Materials and Methods: In order to evaluate the effect of bio-nutrition and seed priming on growth and
yield of chickpea genotypes (MCC463, MCC741, ILC8617, ILC72, FLIP02-51C) an experiment was carried in
split plots based on Randomized Complete Block Design with three replications in 2019. Experimental factors
included nutritional treatments as the main plots and chickpea genotypes as the subplots. Nutritional treatments
were 1- seed priming with the use of free-living nitrogen fixing bacteria, phosphorus solubilizing bacteria and
potassium solubilizing bacteria (P + BF), 2- free-living nitrogen fixing bacteria, phosphorus solubilizing bacteria
and potassium solubilizing bacteria before sowing (BF), 3- seed priming with the application of free-living
nitrogen fixing bacteria, phosphorus solubilizing bacteria and potassium solubilizing bacteria with foliar
application of amino acid, potassium and silicon during growth stages (P + BF + F), 4- application of free-living
nitrogen fixing bacteria, phosphorus solubilizing bacteria and potassium solubilizing bacteria before planting
with foliar application of amino acid, potassium and silicon during growth stages (BF + F), and 5- control
(without biological and chemical fertilizers). Free-living nitrogen fixing bacteria, phosphorus solubilizing
bacteria and potassium solubilizing bacteria were sprayed five liters per hectare on the soil surface before
planting with 107 CFU per ml and mixed with soil. Foliar application with amino acid (1:1000) was done in two
stages (before flowering and 50% flowering stage), and foliar application with potassium (1:1000) and silicon
(1.5:1000) was carried out in the 50% flowering stage.

Results and Discussion: Results showed that the highest concentration of chlorophyll a was obtained for BF
and MCC463 with an increase of 3.1 times greater than control. The highest concentration of chlorophyll b was
obtained for BF + F and FLIP02-51. The highest green area index was recorded for MCC741 in P + BF. The
highest number of pods per plant in MCC463 and FLIP02-51 was observed in BF + F, with 88 and 30% more
than the control, respectively. The highest biomass produced was obtained for ILC8617 and BF + F, by 24%
higher than the control. ILC72 and MCC463 showed the highest grain yield in P + BF + F treatment, which
increased grain yield by 35% and 4% (320 and 50 kg/ha), respectively, with respect to control. MCC741under
BF treatment showed a doubled (810 kg/ha) grain yield relative to control. The highest grain yield for P + BF
was found in ILC8617 and increased by 28% (340 kg/ha) as compared to control. In this genotype, grain yield in
BF + F was also significantly greater than that in the control by 22%, (270 kg/ha). FLIP02-51 grain yield in BF
increased by 12% (170 kg/ha) as compared with the control.

Conclusion: In terms of seed yield, ILC72 and MCC463 were more responsive to P + BF + F and ILC8617
and FLIP02-51 in the BF and ILC8617 in P + BF with respect to other treatments. It seems that despite the
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positive effect of biofertilizer, genetic characteristics of genotypes are influential in plant growth and yield;
therefore, it is necessary to select the appropriate genotype for each region so as to make the most utilization of
the nutrients and achieve high yield.
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