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Enhancement of plant growth and yields in chickpea (Cicer arietinum L.) desi type

in response to seed priming and bio-fertilizer applications
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ABSTRACT

Due to the importance of chickpeas in human nutrition, this experiment was conducted as split-plot based
on complete randomized block design with three replications in 2018 at the research farm of Ferdowsi
University of Mashhad, Iran. Treatments were combination of seed priming, fertilizer levels and chickpea
genotypes. Fertilizers levels included: 1-seed priming + free-living nitrogen-fixing bacteria, phosphate
solubilizing bacteria and potassium solubilizing bacteria(P+BF), 2-Application of free-living nitrogen-
fixing bacteria, phosphate solubilizing bacteria and potassium solubilizing bacteria(BF), 3-Pre-planting
application of free-living nitrogen-fixing bacteria+foliar application of amino acids, potassium and
silisium during growth period(BF+F), 4-Seed priming+pre-planting application of free-living nitrogen-
fixing bacteria, phosphate solubilizing bacteria and potassium solubilizing bacteria + foliar application of
amino acids, potassium and silicium during growth period (P+BF+F) and 5-Control (non- fertilized).
Fertilizers were considered as main plots and chickpea genotypes (MCC911, MCC603, MCC291,
MCC259 and MCC83)were sub-plots. Results indicated that MCC291 in P+BF+F and MCC83 in BF+F
had the highest concentration of Chlorophyll a. The highest plant height was found in MCC259 and
MCC911 in BF and MCC83 in P+BF+F. MC259 and MCC911 in F showed the highest height of the first
pod. The highest numbers of pods per plant and 100-seed weight were recorded in MCC83 in P+BF+F.
The highest seed yield (233, 212 and 206 g.m?) was found in MCC259 in P+BF and P+BF+F and
MCC911 in BF+F, respectively. Therefore, according to the obtained yields, it could be concluded that
the biological fertilizers combination treatments improved plant growth and consequently chickpea yield
in Mashhad area.
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Table 1. Characteristics of the studied chickpea genotypes with their origin

Genotype

MCC+83
MCC259
MCC291
MCC603
MCC911

Origin Type
ICARDA Deci
IRAN Deci
ICARDA Deci
IRAN Deci
IRAN Deci

fMCC: Mashhad Chickpea Collection
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Table 2. Physiochemical properties of the soil (0-30 cm)

Texture Electri(_:a_l S_oi_l Availa_lble Availble Total Organic
Conductivity Acidity Potassium Phosphorus Nitrogen Carbon

(dsm) (pH) (mg.kg™) (mg.kg™) (%) (%)

Laom 2.88 7.41 120 12 0.063 0.61
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Table 3. Source of variation, degree of freedom and probability levels of the effect of nutrition programs
on photosynthesis pigment and green area index (GAI) in chickpea desi genotypes

S.0.V df Chlorophylla Chlorophyllb  Chlorophyll a’/b  Total pigments GAl

Block 2 0.137™ 0.451" 0.016" 0.389™
Nutrition program (N) 4 0.001™ 0.140" 0.001™ 0.030"
Errora 8 - - - -
Genotype (G) 4 0.001™ 0.064" 0.016" 0.001™
GxN 16 0.001™ 0.001™ 0.001™ 0.111™
Error 40 - - - -
CV% 15.6 9.8 131 27.6
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Ns, * and **: non significant and significant at 5 and 1% of probability levels , CV: Coefficient of Variation.
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Table 4. Effect of nutrition programs on photosynthesis pigment in chickpea desi genotypes

Parameters Nutrition program  MCC83 MCC259 MCC291 MCC603 MCC9I11
Control 0.200¢  0.297" 0.205% 0.259% 0.171¢
P+BF+F 0.169¢ 0.172¢ 0.5022 0.255% 0.219%
Chlorophyll a (mg.gFW-) BF+F 0.396®  0.198% 0.209< 0.155¢ 0.163¢
P+BF 0.164¢ 0.156¢ 0.166¢ 0.235% 0.192%
BF 0.145¢ 0.253% 0.206% 0.186% 0.252%
Control 0.550°"  0.742*¢  0.458%"  0.636™¢  0.422¢"
P+BF+F 0.432¢"  0.429%" 0.880° 0.559%f  0.559°"
Chlorophyll b (mg.gFW) BF+F 0.830®  0.454%"  0501%"  0.399*"  0.399*"
P+BF 0.358%" 0.340" 0.412%"  0.457°9  0.457¢
BF 0.369""  0.603¢  0.516°"  0.575¢" 05759
Control 0.356" 0.399° 0.443% 0.407° 0.405°
P+BF+F 0.392° 0.401° 0.5732 0.431° 0.392°
Chlorophyll a/b BF+F 0478  0.434%® 0.432° 0.398° 0.409"
P+BF 0.445®  0.458® 0.403° 0.410° 0.418°
BF 0.393° 0.421° 0.399° 0.408" 0.436%
Control 0.7519  1.039*  0.663%9  0.896"¢  0.593%9
P+BF+F 0.601%9  0.601%9 1.382°2 0.848%f  0.777%9
Total pigments (mg.gFW™?) BF+F 1.226®  0.653%9 0.710°9 0.543%9 0.562%9
P+BF 0.521% 0.4959 057749  0.807°9  0.649%¢
BF 0.5149  0.855°¢  0.721°¢  0.647%¢  0.827°9
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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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Figure 1. Effect of nutrition programs on green area index in chickpea desi genotypes. Priming (P),
Biofertilizer (BF), Folaria application (F)

Jlosd 4 Cond byl ple 5wl vald jles o
SO Jg92) W39 )10 y95 5 (s 7S cdale laals
MCC291 MCCO11 slacwsgs ,o 500 (Ggm
5 &g gl s o iy MCC259 MCC603
L Jy ol oamlive vall a4y Coed 3 055 Lo
i odalive b )led o (5,10 sime Dglai Wz g (ol

(O dee)

el plagl iSen p 5 cadgdf cslanias aalip 3l
MCC259 slociss (B Jgaz) o Lo sine digs
slewd ;0 MCC83 5 sy 955 ,lows ;0 MCCO11

(sl b oolen (s 055 5 Lh Sl
2 bled G e gl Sl (O Jeox)
sy 955 0 IS a8 0gy S 4 MCCB3 553

(s 9955 (SlBeasi )3 (owypdyge Dlio p sldis aeliy STl maw 5 Gol31 4z 50 i glie -0 Jgox
Table 5. Source of variation, degree of freedom and probability levels of effect of nutrition programs on
measured traits of chickpea desi genotypes

S.0v df Plant height Lowest pod height Branch No. Biomass Pod No. Plan
Block 2 0.572"™ 0.070" 0.132" 0.232™ 0.197"™
Nutrition program (N) 4 0.001™ 0.001™ 0.001™ 0.035" 0.007"
Errora 8 - - - - -
Genotype (G) 4 0.001™ 0.001™ 0.002™ 0.001™ 0.001™
NxG 16 0.001™ 0.002™ 0.054" 0.122 0.013™
Error 40 - - - - -
CV% 4.7 95 9.1 19.5 16

Slyeadd 0 CV 00,0 G g iy Jloiol mhaw (o o gine 5l Sme e i ja™™ o * s
Ns, * and **:: non significant and significant at 5% and 1% of probability levels, respectively. CV: Coefficient of Variation.
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Table 6. Intraction effects of nutrition programs and chickpea desi genotypes on measured traits

Parameters Nutrition MCC83 MCC259 MCC291 MCC603 MCCo11
Control 38.009 42.7% 33.2M 33.9°0 42.2%
_ P+BF+F 44.6° 41,3 35.1¢h 33.6°¢ 40.2+¢
P'arztczf)'ght BE+F 3675 39,21 35,75 3210 4250
P+BF 35.3°" 39,27 312" 33.6°¢ 40.9%¢
BF 37.909 44.40 35.8¢h 34.9% 45.00
Control 16.9% 19.1%¢ 14.9¢1 15.0¢1 20.3%¢
P+BF+F 19.8* 2222 20.2%¢ 145 21.92
Lowest pod BF+F 15.7¢ 18.4 18.4%" 121 21.0%

height (cm) ) 7

P+BF 17.4% 21.4¢ 13.9¢1 13.0M 20.8%¢
BF 17.4% 18.6%" 16.41 12.9M 17.4%
Control 50.67° 53.67¢ 45,0 73.3® 60.0°¢
P+BF+F 64.3%° 63.4%¢ 42.0° 59.3%¢ 39.0°
Pod No. Plant BF+F 80.8° 62.07¢ 41.1° 61.3%¢ 60.1%¢
P+BF 48.8 49.0% 39.0° 60.07° 46.0%
BF 43.8™ 56.8%¢ 43.0™ 64.54¢ 49,00

Jlei>l mhaw ;3 (LSD) o sixe BN (o [0 )0 alin Bgy> slhls o Kl (F) o2b sl 9 (BF) (g 355 dP) Siosl
oBiils L alS psle 0aSimghy 9956 ,d SGb) dgdie 9938 (eSS MCC 05 )l o jls e glas JBlas (051 Lulusl 1 g dopd i

(Sgelen (o993
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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Figure 2. Effect of nutrition program (A) and genotype (B) on number of branchs in chickpea desi
genotypes. Priming (P), Biofertilizer (BF), Folaria application (F). MCC: Mashhad Chickpea Collection.
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Figure 3. Effect of nutrition program (A) and genotype (B) on bimass in chickpea desi genotypes.
Priming (P), Biofertilizer (BF), Folaria application (F). MCC: Mashhad Chickpea Collection.
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Table 7. Source of variation, degree of freedom and probability levels of the effects of nutrition programs
on measured traits of chickpea desi genotypes

S.0.v df  Grain. Pod® 100- grain weight  Grainyield Biological yield Harvest Index
Block 2 0.478™ 0.001™ 0.001™ 0.001™ 0.457™
Nutrition program (N) 4 0.337™ 0.001™ 0.001™ 0.093™ 0.001™
Error a 8 - - - - -
Genotype (G) 4 0.001™ 0.001™ 0.001™ 0.001™ 0.309"
NxG 16 0.002™ 0.011" 0.001™ 0.136™ 0.044"
Error 40 - - - - -
CV% 5.2 1.6 8.8 41 10.5
Ol o0 CV 00,0 S g i Jloio] o (o 1o Jxe g o pxe juf oS ™ 5 * s

Ns, * and **:: non significant and significant at 5% and 1% of probability levels, respectively. CV: Coefficient of Variation.
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Table 8. Effect of nutrition programs on yield and yield components of chickpea desi genotypes

Parameters Nutrition program  MCC83 MCC259 MCC291 MCC603 MCCI11
Control 1.0° 1.1° 11° 1.1° 1.3®
P+BF+F 1.3% 1.2% 1.1° 1.3® 1.1°
Grain. Pod? BF+F 1.0° 1.1° 1.0° 1.2% 1.3®
P+BF 1.3% 1.3® 1.0° 1.3® 1.1°
BF 1.1° 1.1° 1.0 1.2% 1.5%
Control 22.2%¢ 21.9%¢ 20.5%4 12.8 21.1%¢
P+BF+F 24.5% 23.9% 22.9% 16.0% 23.1%®
100- grain weight (g) BF+F 18.1°¢ 24.6° 21.0*¢ 14.3° 21.4*¢
P+BF 22.8%¢ 24.4%® 23.7%® 14.6° 24.7°
BF 21.0%¢ 23.5% 22.1%¢ 14.3¢ 19,94
Control 133.4¢F  170.0°° 138.0%f 125.2% 147.5%
P+BF+F 122.1f 212.2% 158.3¢ 144,19 18454
Grain yield (g.m) BF+F 130.9¢ 192.7%¢ 167.1°f 119.9f 205.6%
P+BF 143.0%f 232.9° 146.0°F 143.7%f 166.5"
BF 136.1° 158.2¢" 152.8° 144.1%f 155.1¢F

Jleizl mhw ;5 (LSD) s sixe BB (do jo )0 aline By > slyls lo Kl (F) o3b sl 9 (BF) (g 355«(P) Koyl
oBzils alS pole 0aSimghy Sg%u ,d SGb) dgde 9530 (eSS MCC 03 )l o yls me cglar JBlas (05T Lulusl 51 g duopd iy
(g (g0 3
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.

456 5bar sy Jloye5 n (Jed BB 5 YL o Shee
cS9) dm g e ;o S WA Lo Shes 0 ieS
L ol y—a Luage 525 9,15 ,Laws ,o MCCB03
G el 5 oy catolaul (3L sl
el GYL jeaS 0 o)y lawgie 5l aS iy
2 MCC259 igiy yo ails o ,Sae o iy o S,b
YYY L g oS o) 5 Lol ea iy Sicaylp Jlews
S A Jgoz) ot adgi g pe e 0 05
Cordy Sgd o ge Slandal alides sloloss
33 98 bee lizl rizmen 9 (wgid Sladile S,
Sot 4o Sle o 45wl adllae 590 SlacaSs
Locaio 51 So 8 9929 (nl b ol (e o Sles
sl flss glandss sladsl a4 Jglaie STy
Loss ;5 MCC59 MCC83 (sl sisis 45 s bt
9 sy 995 Sl eoliiwl Ly ol jon )0 Sanl
555 o ;5 MCCO11 § MCC291 (sl acisi;

by juiSemp ¢ ladss glaasly il
39 0gs o gme ool p udsil g ladss
Cdo cpl Gl lagadsl om Sl Ko B
5 MCC259 slacisss (¥ Jouz) 090 Ll gme

0383y (i yeS g (s ool 4y MCCB06

dg do,0 FY ol lee glas g wis S adei |y S

(FA JS5)
5 s asly GSern 5 ey Sl oy
oS (500 g I gme iy (APl Galel
(FJ9oz) og1 o gxe Cato ol 1 slasdas 4l 3
355 9 yh Sl slesd ;0 MCC259 oossis 5
S5 o 1y 2bloy (aSLs (lie (i R

(A Jgo=)

S S o

3 s 3955 aalllan 355 Slacisss (S jsba



Biological yield (g.m2)

V40 VPN 5l ¥ 8Ll BT 898 plnl (2l GlalS pole

loni oS Bras jals cow Ko B,k MCCB03 3555 ;9 9 ool Joloxo b ol jor s
‘Lmd_.aj.bw&ljww).)jw‘omzy‘) jw)opl_)o‘)_@)dagm‘f)wm)é
Oeize 5 (65,0liS Sladel g S cedl Laas 355 3l oolaiwl b ol jarr )& Sicaslyy ¢ ol Joloo
Lglgo;d)m)'ls,ibslaﬁm%};oﬂ&&lf adei |y o Sl 1 YL (S ) 055 el g g
> MCCO1L 5935 cmlesyo .l oo olaas odslciwods slos Slos 0 axg5 b (A Jgoz) &s,S
Ol an (b Jodoe L olyen (355 oS Sk T ge (S ) AR5 A4S C )5 s (g o
Dedsn (Byme o Sloe Jlai 5l led 5y O 3 9955 oLS 5 Shae alpdl o] @Say g ud,
400 - a A 60 - B ab a
350 1 2 b b
b 50 -
300 - b be 9 ‘
S 40
250 A &
200 A %’ 30 -
150 § 20 -
100 A T
50 | 10
0 . . ; . 0 1 ; ; . .
MCC83  MCC259  MCC291  MCC603  MCC911 Control P+BF+F BF+F P+BF BF
Genotype Nutrition program

e 3958 50 Sl (el (B) ladss slaasly J15 (A) 03giins) 5 (owd 3558 slacaigsy S1-F s
PLS pole oaSlangly 9955 4 ) dgte 39555 9enSUSTMCC L(F) (8L Jolons 5 (BF) (i 095u(P) Sl
(Sgeie oy yd olBils
Figure 4. Effect of genotype on biomass (A) and effect of nutrition program (B) on harvest index in
chickpea desi genotypes. Priming (P), Biofertilizer (BF), Folaria application (F). MCC: Mashhad

Chickpea Collection.
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