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Table 1. Physicochemical characteristics of farm soil

Ju cély (x00) IS 5a5 (pltst) shumd  (plitist) mawly  (00)0) TS (o s o) (S 5SIl oliad Aty !
Year Texture Total N (%) P (ppm) K (ppm) 0.C. (%) EC(dS.m?) pH
2016 o e 0.08 134 417 0.87 1.06 7.93

Loam Silty
2017 PPt 0.08 14.2 400 0.81 1.2 77
Loam Silty
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Fig. 1. Mean of monthly temperature and rainfall during growing season of 2016 and 2017
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Y. photosynthetically active radiation
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Table 2. Analysis of variance (mean of squares) for the effects of planting date, nitrogen and mesorhizobium on
phenological stages and seed yield of chickpea during growing seasons 2016 and 2017

Ol i 29lio @Il 4z (o s oS Se3eda 7 (S alo 5 Shos
S.0.V. df Emergence Flowering Physiological maturity Seed yield
2016
e 2 0.771™ 0.145 0.062 ™ 11992 ™
Block
=SB EL 1 300" 3366 ™ 4275™ 5073250 **
Planting date (P)
e 3 0500 " 0583 " 0576 285314
Nitrogen (N)
. / . Kk
el 1 0.333™ 0.083 ™ 0.021™ 706888
Mesorhizobium (M)
P*N 3 0.055 "™ 0.472" 0.687 ™ 13035 "™
P*M 1 1.333" 0.083 " 0.520 " 6007 "™
N*M 3 0.500 " 0.027 1 0.298 " 17836 "
P *N*M 3 0.277™ 0.361"™ 0.131™ 14205 ™
Erroris 30 0.482 0.212 0.262 57949
(3o,0) Sl s o po
2.94 05 0.41 7.256
CV (%)
2017
e 2 2.892 ™ 5.645 0.396 ™ 86526 "
Block
e 1 4760 4602 5720 " 4731980
Planting date (P)
| oerd 3 0222 0.388™ 0.500 " 181866
Nitrogen (N)
. / . .
el 1 0.750 ™ 0.083 ™ 0.083™ 347650
Mesorhizobium (M)
P*N 3 0.305 ™ 0.250 ™ 0.055 ™ 5402 s
P*M 1 0.333" 0.000 " 0.083 " 283721
N*M 3 0.305 " 0.138 " 0.250 " 17978 "
P *N*M 3 0.222"™ 0.055 "™ 0.138™ 4822 ™
Erroris 30 0.451 0.29 0.218 57925
(22) Sy o2 18 0.55 0.37 1027
CV (%)

o * g

00,3 g w0y il mhaw 5o jls gixe ls gixe ST 3929 pue s Ay g
", *&™: No Significant, Significant at 5% and 1% probability levels, respectively
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Table 3. Comparison of means of number of days after sowing to reach to each phenological stage and seed yield in
chickpea under planting data in 2016 and 2017

(S Sy

(5 Sy

N 4ils 8 ySlos N ails 8 ySlos
3 <® S 5e) g0 - A e S 59090 <
- , HIEE s o ‘ Y
bl f,b (39 (39 (39 (s (39 (39,) (39 (Lsa
Emergence  Flowerin  physiological Seeij ield Emergence  Flowerin  physiological Seeij ield
(day) g (day) maturity kg r)(a'l) (day) g (day) maturity (Kg r):a'l)
(day) ' (day) '
2016 2017
o Is)
s s 21.08° 101.03 135.32 36422 47.37° 107.1° 136.5% 2655°
Early Jan.
g Lol 26.08° 84.57° 116.5° 2992° 27.45° 87.54° 114.7° 2027°
Early Feb.
LSD (o.05) 041 0.27 0.3 0.4 0.32 0.28

555 (gl stre gl o pogty Jlei] b ;0 LSD (yg03] ool 5 S e B> Sy JBlaz slyls (gl uSiles gt o 40
In each column, values marked with the same letter are no significantly different at the P<0.05 level according LSD.
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Fig. 2. Relationship between the ground cover ratio (crop coverage) with leaf area index (LAI)
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Table 4. Coefficients of linear regression model (y=ax+b) that fitted to cumulative biomass (g.m2) of chickpea vs.
intercepted cumulative radiation (MJ. m?) in 2016 and 2017

n bxse a*se R? bxse axse R?
2016 2017
olosd Lawlgl
Early Jan.
3 2 el poe 9 -13.56+16.16 2.245:0.065  0.99 -16.89+13.71 1.864+0.060 0.99
a8 Non-inoculated
% 2 i 9 -19.22+17.68 2.312+0.070 0.99 -22.83+17.53 1.898+0.074 0.98
% Inoculated
-~ 0 9 -20.45+14.47 2.216+0.058 0.99 -26.47+13.96 1.851+0.062 0.99
\:ii %s 20 9 -22.47+16.99 2.216+0.067 0.99 -25.63+13.29 1.870+0.057 0.99
Y ¥
3; = 40 9 16.28+15.80 2.307+0.063 0.99 -13.01+20.16 1.864+0.085 0.68
308
;\i .*Zg 60 9 -20.35+20.25 2.370+0.080 0.99 -14.29+15.01 1.942+0.063 0.99
ologyada Lawlgl
Early Feb.
£ Cb e 9 -23.65+14.465 1.982+0.060 0.99 -8.734425.35 1.649+0.100 0.97
BN % Non-inoculated
W2 N
% 2 ol 9 -14.57+19.70 2.067+0.081 0.98 -5.750+25.88 1.631+0.098 0.97
% Inoculated
~ 1_“? 0 9 -25.11+14.43 1.994+0.061 0.99 -2.649+22.86 1.600+0.094 0.97
éﬁ ? 20 9 -23.47+15.13 2.034+0.063 0.99 -26.51+2.06 1.657+0.076 0.98
3;; -z 40 9 -25.58+19.64 2.016+0.080 0.98 -9.701+30.02 1.683+0.114 0.96
7.8
5; .*Zg 60 9 -29.35+20.47 2.109+0.083 0.98 8.961+29.42 1.629+0.111 0.96

s oy R? e bl sllas S€ (ol ;58 Brae TS Kibles a5 dolee ol @ doe 5l oese D sslaalin slass =N
n: number of observations; b: intercept; a: slope of the equation that represents radiation use efficiency; se: standard error; R% Explanation factor
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Introduction

Chickpea (Cicer arietinum L.), is a cool season seed legume, serves as an important cheap source of
protein and energy in developing countries. Plant phenology is an important aspect of plant adaptation to
environmental conditions in order to match maximum the cropping cycle with the seasonal weather pattern
(Vadez et al., 2013). Except of drought stress, other environmental factors such as temperature, photoperiod
and nutrient deficiencies will affect the plant development stages (Soltani, 2009). The radiation use
efficiency (RUE) indicates the amount of dry matter produced gram per unit of absorbed light (MJ) (John et
al., 2005). Studies have shown that the supply of nitrogen and the change in planting date will affect on the
time of entry into phonological stages and RUE and ultimately seed yield. Regarding the importance of
chickpeas as supplier of protein for human and as fixation of nitrogen for plant, this experiment was
conducted with the aim of evaluating the contribution of planting date, nitrogen and nitrogen fixation on
phonological stages, RUE and seed yield in the climatic conditions of Gonbad Kavous.

Materials & Methods

The field experiment was conducted as factorial layout based on a randomized complete block design
with three replications at the experimental farm of Gonbad Kavous University during the growing season of
2015-2016 and 2016-2017. Nitrogen (none consumption, consumption of 20, 40 and 60 Kg nitrogen ha),
planting dates (early January and early February) and inoculation with Mesorhizobium (inoculation with
Mesorhizobium and non inoculation) were considered as treatments. Half of nitrogen was used in planting
time and the other half was used during seed filling stage due to the decrease of the symbiotic relationship
between bacteria and chickpea. Seeds in inoculation treatments were inoculated with Mesorhizobium, strain
SWRI14, which were obtained from the Soil and Fertilizer Research Institute, Tehran. The optical density
(OD’s) were adjusted so that the cell concentration was 10° CFU ml™. Plots (1.5 mx6 m) were designed with
5 rows per plot. Between blocks, 1.5 m alley was kept. Seeds were sown on 5 January and 2 February 2016
and 5 January and 4 February 2017. In order to obtain the desired density (33 plants/m?), two seeds were
sown per hill and hand thinning (one plant hillt) was performed when seedlings reached 4-6 leaf-stage.
Phenological stages (including planting to emergence, planting to flowering and planting to physiological
maturity), radiation use efficiency (RUE) and seed yield were studied. Comparison of means was performed
by LSD test for 5% probability level by using of SAS statistical software version 9.1.3.

Results & Discussion

The results showed that planting date was the main cause of change of phenological stages of the plant in two
years. Probably due to the presence of native rhizobium in the soil, nitrogen fertilizer and Mesorhizobium
could not play the significant role in phenological stages and temperature and moisture had the main role in
entering to the phenological stages. Generally with delay in planting time, the growth period of the plant
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decreased in both years. The seed yield of planting date in early-February compared to early-January in first and
second year was decreased by 17.84% and 23.65%, respectively. This could be due to the short growing period
of this planting date. The highest amount of this trait was obtained from 60 Kg N ha? in both years but there
were no significant differences between 20, 40 and 60 Kg N ha® in both years. Seed inoculation with
Mesorhizobium in the first and second year increased the seed yield by 242 and 170 Kg compared to non-
inoculation, respectively. This is justifiable regarding to the role of nitrogen in improving plant growth, yield
components and finally increasing of seed yield. The radiation use efficiency was fairly stable and was not
affected by factors in both years. It seems that radiation use efficiency is relatively stable in similar
environmental conditions. However, some environmental conditions such as drought stress have significant
effects on leaf photosynthesis and thus the radiation use efficiency, so that drought stress reduced this
efficiency in the second year compared to the first year.

Conclusion

The two years results showed that among factors, the role of planting date in chickpea was more than
nutrient (nitrogen) and living factors (Mesorhizobium). Different climatic conditions between two years and
between planting dates have significant role in the beginning and duration of phonological stages and seed
yield. Therefore, considering the climate change and rainfall fluctuations in order to maximize the use of
resources and achieving to high yield, it is necessary to select the planting date that provides the appropriate
conditions for the plant in each region. Also the application of supplementation of adequate nitrogen for
crops can increase seed yield.
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