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Introduction

Chickpea (Cicer arietinum L.) is an important pulse crop that also serves as a soil enhancer. Among the
abiotic stresses, water deficit under rain-fed conditions limits crop production. In this regard, stress modifiers
application (such as humic acid, nano iron oxide, and vermicompost) can decrease the effects of water deficit
under rain-fed conditions and increase grain filling components, relative water content and quantum yield of
plants. Iron (Fe) is an essential element in crop plants. Application of iron and humic acid alleviates drought
effects due to enhancement in chlorophyll content, relative water content and nodulation in chickpea plants
under stress. The aim of this study was to evaluate the effects of supplementary irrigation and stress modifiers
(such as humic acid, nano iron oxide and vermicompost) on nodulation and yield of chickpeas under rain fed
conditions.

Materials and Methods

A factorial experiment was performed at a farm near Ardabil city in 2023 using a RCBD with three
replications. Experimental treatments were vermicompost (without application as control, application of 4 and 8
ton hal), irrigation at two levels (rainfed as control and supplementary irrigation at the flowering stage) and
application of humic acid and nano iron oxide (no application as control, application of humic acid, nano iron
oxide, humic acid and nano iron oxide foliar application). The chickpea cultivar ‘Adel” was planted with the
optimal density of 35 seeds.m2. Vermicompost was prepared by Gilda Corporation and nano iron oxide from
Pishgaman Nanomaterials Company. Application of nano iron oxide and humic acid was in two growth stages
(vegetative growth and before flowering). In order to study the nodulation, three pots (with a diameter of 45 and
depth of 60 cm) were sown in each plot before planting. The pots were removed at flowering and after washing,
some traits like the number of inactive and active nodules were recorded. To investigate grain filling
components, the first sampling was taken 14 days after podding and other samplings were taken in 5-days
intervals to determine the accumulation of grain weight. The protein amount was calculated by multiplying the
nitrogen content by 6.25. For the determination of grain yield, 0.5 m? were harvested in each plot.
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Results and Discussion

The results showed that chlorophyll index, relative water content, quantum yield and number of pod per plant
were significantly affected by the main effects of irrigation levels, vermicompost and humic acid. Also,
irrigation levelsxvermicompostxhumic acid interactions had a significant effect on grain filling components
(grain filling period; grain filling rate; effective grain filling period; maximum of grain weight) and grain yield.
The results indicated that water deficit under rainfed conditions compared to supplementary irrigation at
flowering stage led to a significant decrease in chickpea yield and yield components. However application of
stress modulators (vermicompost, nano iron oxide and humic acid) and supplementary irrigation at flowering
stage moderated the adverse effects of stress. Modulating effects of studied vermicompost, nano iron oxide and
humic acid were emerged by physiological traits improvement (SPAD, quantum yield, grain filling components,
number of active nodules and nodule dry weigh, and improvement of the water status (relative water content).
The use of supplementary irrigation and stress modifiers (vermicompost, nano iron oxide and humic acid)
increased grain filling rate (51.96%), grain filling period (62.5%) and effective grain filling period (44.61%) in
compared to the no application of stress modifiers under rainfed condition. Application of vermicompost with
nano iron oxide and humic acid increased number of active nodules (2.8 fold), nodule dry weigh (45%) and
percentage of active nodules (2.3 fold) in compared to control (no application of stress modulators). Also, the
application of stress modulators and supplementary irrigation at flowering stage had the highest efficiency in
improving grain yield and led to 57% increase in grain yield compared to the no application of theirs under rain
fed conditions.

Conclusion

Based on the results of this study, applying supplementary irrigation at flowering along with stress modifiers
can enhance nodulation, grain filling components, and grain yield of chickpea under rainfed conditions.
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Table 2- Climatic characteristics during growth of chickpea
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Table 5- Analysis of variance of the effects of vermicompost, nano iron oxide and humic acid on grain filling components,
guantitative and qualitative yield and some traits of chickpea under rainfed and supplementary irrigation

Ol o 5o Mean squares

JYve Xy Y1093 ‘b:a’ 0,5 dlaa S (439 KW 8,8 slani yadla 3,5os Slgow g S5 Nas
L] . _ . .. . . 1 . .
S0V o Ju oF  JWeS  Jlbud Ml gl Ol aib
NAN NDW PAN NIN SPAD FV/IFM RWC MGW
5914 R 2 423 * 108.7 ** 112.1** 5.7 ** 75.3** 0.08** 411.81** 0.0093**
d)L:J.1 I 1 2.26ns 0.91ns 23.98 0.259 ns 778.8** 0.515** 1150** 0.0078**
CangoS 09 V 2 17.63** 938.4** 934.3** 39.9*%* 303.5** 0.206** 277.2** 0.00511**
Seoged ol g 2l M 3 205%* 6115*%  5842.7*%  1035%*  27.94%* 0.0119* 8L159**  0.0123**
V x| 2 0.95 ns 4.04 ns 453 1.01ns 0.393 ns 0.0026 ns 0.569 ns 0.00307**
I xM 3 1.04 ns 24.2 ns 4.85 1.12ns 1.027 ns 0.00021 ns 0.355 ns 0.00075ns
M xV 6 2.77* 43.7 ** 38.66** 3.46** 0.208ns 0.000054 ns 3.61ns 0.00467**
VxIxM 6 0.58 4.6 ns 1.79 0.237 ns 0.585 ns 0.000068 ns 0.54 ns 0.00306*
L3 Erro 46 0.93 12.3 7.46 0.596 1.82 0.003 18.48 0.00022
alacadacy - 10 5.8 46 1255 3.8 8.3 6.1 6.4
C.V (%)

Jopd S5 g iy Jlois] maw )3 5 e g )3 pixe e o Sy ki g 8 NS
358 INDW (T s (slsime RWC ¢ og3ls 3,Skos FVIFM ¢ L)l (a3l SPAD «Jld i 6,5 slass ININ ¢ Jlsb 5,5 1o )s PAN ¢ Jlub o,53lus NAN
&l o359 Shs MGW o0 5 s
ns, * and **: are non-significant, significant at P<0.05 and P<0.01, respectively.
I: Irrigation; V: Vermicompust; M: foliar application of humic acid and nano iron oxide; NAN: number of active noudules; NDW:

noudules dry weight; PAN: percentage of active noudles; NIN: number of inactive noudules; SPAD: cholorophyll index; FV/FM:
quantum yield; RWC: relative water content; MGW: maximum of grain weight
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Continued Table 5- Analysis of variance of the effects of vermicompost, nano iron oxide and humic acid on grain filling
components, quantitative and qualitative yield and some traits of chickpea under rainfed and supplementary irrigation

Continue
©lape n0be
R a0 Mean squares
e gl | . , " "
SOV T RrPey P NS 8es lyme
e df &y o &y o &y oy S EEPY aild gy
GFP GFR EGFP NGP NPP GY pPC
Ssb (R) 2 99.43%* 0.000021** 41.62%* 0.076ns  1.4lns  23892.2%%  24.4%*
i () 1 36.07** 0.0000092%* 50.01** 0.12ns  2359%*  90212.6**  37.8**
CawgraS )9 (V) 2 28.54%* 0.000004 ** 12.15%* 0.003ns  97.9%*  B5772.7**  64.5%*
WS ARINE(Y) 3 47.04%* 0.000006** 17.8%* 0054ns  116.3**  78771.1**  68.6**
V x| 2 20.81** 0.000003** 1.244* 0.025 ns 1.29ns 1583.8** 0.1ns
| xM 3 12.98** 0.000001 ** 1.79* 0.025 ns 1.04ns 367.1ns 1.5ns
M xV 6 12.15** 0.0000022** 1.17* 0.023 ns 0.58ns 1328** 0.16 ns
VxIxM 6 10.36** 0.00000187** 0.918* 0.025 ns 0.074ns 624.5* 0.13ns
L5 Erro 46 1.93 0.0000003 0.429 0.039 2.55 255.6 1.52
P S 22 - 43 44 3.2 8.4 105 121 7.1
C.V (%)

2oy Sy g gy Jleinl g 3 3 giae g I3 et a5y e g 3 NS
W&ld Sy 0593 Job :GFP iy i e o ‘GFR ils 155 350 0,93 [EEGFP (e (5 4ily sluws :NGP &5y )3 e slawi :NPP (595 (6lgixe :PC
&l 5 Sles :GY
ns, * and **: are non-significant, significant at P<0.05 and P<0.01, respectively.

GFP: grain filling period; GFR: grain filling rate; EGFP: effective grain filling period; NGP: number of grain per plant; NPP: number
of pod per plant; GY: grain yield; PC: protein content
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Table 6- Means comparison of effects of vermicompost, nano iron oxide and humic acid foliar application on some traits of
chickpea under rainfed and supplementary irrigation conditions

- HReY = e ae L. KW X
) JEUTSRIINC VST co BN SR ST S P VTS 0N
B )loyg b5 s O o e o5 NDW P b
Treatment =9 oy RWC 2 Jied (mg per Jled I sz
SPAD  FVIFM %) NIN NAN plant) oy PP PC(%)
Rainfed > 36.37b* 0.61b 65.9b - - - - 13.30b 16.5b
gshe oS5 5]
sl @S A ye
|r|’igati0n Supplementary 46.95a 0.78a 73.9a - - - - 16.92a 18.02a
levels irrigation at
flowering stage
LSD 0.64 0.027 2.03 - - - - 0.75 0.58
ok oo 36.1c 0.60c 66.5¢c 7.4a 8.7c 53.9¢c 52.9¢c 13c 15.5¢
CusgueS o9 4 395b 0.71b 69.8b 6.09b 9.5b 60b 59.1b 15.2b 17.6b
Vermicompo
st levels 8 43.2a 0.78a 73.3a 4.9¢c 10.5a 66.4a 65.3a 17a 18.7a
(ton ha!)
LSD 0.78 0.0338 2.498 0.44 0.56 2.03 1.58 0.92 0.71
Control sals 38.1c 0.66 b 67.2¢ 9a 4.92d 35.7d 35.1d 11.9d 14.6d
ok 6‘“”& Ml 39.2b 0.69 ab 69.3 bc 6.9b 9.39¢c 57.7¢c 57.8c 14.3c 17.1c
s Humic acid
W 7 "
Tt ol auS1el
Foliar o e 40.2a 0.71a 70.6 ab 51c 10.79b 67.9b 65.6b 16.2b 18.6b
il Nano irin oxide
application ¥ Soget 1
R 41.03a 0.72a 72.2a 3.4d 13.36a 79a 77.9a 17.8a 18.8a
ool 4uS1gl
LSD 0.90 0.03 2.8 0.51 0.64 2.35 1.83 1.07 0.82

W Ao yd iy Jleis ! e 5o LSD O?‘).T bl y (g)d Gize d)L"" MR gty ) dlie By b (sl 1 Slo #
dl?om :PC m)f Sas 99 :NDW “_j (oo d]}"“’ :RWC ‘@514]953)5\&4; :FVIFM cJ..ﬁ9)lf ua>l.w :SPAD 4Jl:$ o)f,\.\o)J :PAN ‘Jlﬁ c)fbl.\x}' :NAN

* Means with similar letters in each column are not significantly different based on LSD test at the 5% probability level
SPAD: cholorophyll index; FV/FM: quantum yield; RWC: relative water content; NIN: number of inactive noudules; NAN: number
of active noudules; ANP: percentage of active noudles; NDW: noudules dry weight; NPP: number of pod per plant; NGP: number of

grain per plant; PC: protein content
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Table 8- Means comparison of effects of vermicompost and nano iron oxide and humic acid on some traits of related to
chickpea root

Ly ylows Jd s 0,50l0a Jled 0,5 0l0ad 5,5 A 439 Jd 2,5 a0y
Treatment NIN NAN NDW (mg per plant) PAN
Vim1l 11.47a* 4.006i 0.831f 24.9j
V1M2 8.17b 8.94¢ 0.883 ef 53g
V1M3 6.36¢d 10.07ef 0.936de 60.1e
V1M4 8.85b 12.16bc 1.006¢ 73.4c
V2 M1 8.85b 4.85hi 0.88¢e 35.6i
V2 M2 6.95¢ 9.67fg 0.973cd 57f
V2 M3 5e 11.04de 0.998c 66.1d
V2 M4 3.59fg 12.63b 1.071b 77.8b
V3 M1 6.92c 5.9h 0.991c 44.8h
V3 M2 5.65de 9.56fg 1.071b 63.4d
V3 M3 4.05f 11.25cd 1.15a 70.5¢c
V3 M4 2.999 15.3a 1.208a 82.6a
LSD 0.89 1.11 0.0545 3.04

V: vermicompust; M: foliar application of humic acid+nano iron oxide
85 2oy iy Jlein] gaws 53 LSD 9051 by (653 xo (65lol BMBI g s 53 ailie gy b (slapSilio %
Jlaé a)f doyd :PAN m)f Sais 059 :NDW ‘JL@).:.: a)f slawi :NIN gJL:_'Q b)fblA:.T :NAN
* Means with similar letters in each column are not significantly different based on LSD test at the 5% probability level
NIN: number of inactive noudules; NAN: number of active noudules; NDW: noudules dry weight; PAN: percentage of active

noudles
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Table 8- Means comparison of the effects of vermicompost, nano iron oxide and humic acid on grain filling components
and grain yield of Chickpea under rainfed and supplementary irrigation

b o5 &I 39 S Tas Qs Gl g 0590 Job  Wild )l g G g i g 50 09 4> 3 Slos
treatm:ant MGW GFP GFR EGFP GY
@) (day) (g day™) (day) (kg haV
DViM1 0.186+0.03 21.2+4.8 0.0102+0.002 15.69+ 1.7 600.87+37.8
DV1M2 0.214+0.013 31.2+2.1 0.013+0.0009 19.45+1.35 633.9+30.26
DV1M3 0.242+0.027 32.3+2.2 0.0149+0.001 19.13+1.33 674.48+31.23
DViM4 0.259+0.017 33.1+2.3 0.015+0.001 20.6+1.43 714.52+32.17
DV2 M1 0.261+0.023 31.76+2.21 0.014+0.001 18.47+1.29 637.68+30.35
DVv2 M2 0.233+0.023 32.83+2.28 0.0149+0.001 20.06+ 1.4 673.53+31.2
DV2 M3 0.254+0.012 33.64+2.34 0.015+0.0010 20.41+1.42 706.01+21.35
DV2 M4 0.265+0.012 34.45+2.4 0.0152+0.001 2111+ 47 808.89+33.8
DV3 M1 0.222+0.0179 31.22+2.17 0.0142+0.001 19.78+1.38 670.19+31.12
DV3 M2 0.240+0.016 32.03+2.23 0.0145+0.001 20.1+1.40 735.49+32.67
DV3 M3 0.243+0.0162 32.30+2.25 0.0147+0.001 20.55+1.43 791.57+40.22
DVv3 M4 0.258+ 0.0251 33.1+2.3 0.015+0.001 21.68+1.51 832.08+22.47
V1M1 0.228+0.02 31.49+2.19 0.0145+0.001 20.05+ .39 692.19+30.02
V1 M2 0.245+0.024 32.3+2.25 0.0149+0.001 20.99 1.46 710.9£32.09
V1 M3 0.257+0.015 32.83+2.28 0.0152+0.001 20.73+1.44 745.02+32.9
V1 M4 0.277+0.010 33.91+2.36 0.0152+0.001 21.87+1.52 818.27+54.84
V2 M1 0.236+0.017 31.49+2.19 0.01453+0.001 20.37+1.41 685.92+31.49
V2 M2 0.261+ 0.022 32.3+2.25 0.0149+0.0010 21.8+1.52 739.3+32.76
V2 M3 0.276+0.012 32.83+2.28 0.0152+0.0010 21.53+1.5 769.81+33.49
V2 M4 0.252+ 0.04 33.91+2.36 0.0152+0.0010 22.02+1.5 844.82+22.76
V3 M1 0.261+ 0.0135 33.1+2.3 0.015+0.00105 21.14+1.47 737.78+32.73
V3 M2 0.275+0.0106 33.64+2.34 0.0152+0.0010 21.72+¢1 5 800.31+34.21
1V3 M3 0.270+0.0242 33.91+2.36 0.0152+0.0010 22.10+1.54 842.25+35.12
V3 M4 0.292+0.010 34.45+2.4 0.0155+0.0011 22.69+ .58 942.25+66
LSD 0.0249 2.28 0.001 1.077 26.28

CawgaeS sayg S p3 oy it g 4l 3,0 g 3,8 pae i V3 5V2 V1t 2 5 dls o 1> (LeSS gyl § w20 bl ciga il 5D
o0 3uS1966 5 Sogat duaol ¢l 1S Toil Seogut duaol b (5b Joloe caalis lgieds O b 3b ke cos s M4 3 M3 M2 M1
355 LD ysail olslys o b (s fosine o lel OMST (ygts yo0 5 aslitio By o L sloSilie
&b o9 yShs MGW ails (a4 095 Jsbo :GFP ¢ &ils (05 s s ‘GFR ils 455 350 093 EEGFP cails 5, Slese :GY
D and I: are rain-fed and supplementary irrigation ar flowering stage, respectively. V1, V2 and V3: are no application and application
of 4 and 8 ton/ha vermicompost. M1, M2, M3 and M4: are foliar application with water as control, foliar application of humic acid,
nano iron oxide, foliar application nano iron and humic acid, respectively.

* Means with similar letters in each column are not significantly different based on LSD test.
GFP: grain filling period, GFR: grain filling rate, EGFP: effective grain filling period, GY: grain yield
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Figure 1- Effects of humic acid and nano iron oxide foliar application and vermicompost on trend of changes of grain filling
of chickpea under rainfed and supplementary irrigation
D and | are rainfed and supplementary irrigation conditions, respectively. V1, V2 and V3 are no application and application of 4 and
8 ton vermicompost hal.
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