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Introduction

One of the most important issues related to lentil (Lens culinaris Medik) cultivation in Iran, which is often
cultivated in less fertile soils under dryland conditions, is its low and unstable yield, which can be significantly
improved with appropriate management methods, including proper plant nutrition. One of the problems of soils in
arid and semi-arid regions is the reduced availability of micronutrients, especially Zn and Fe, and as a result, their
deficiency in plants. he lack of organic matter, high pH, and high percentage of calcium carbonate in arid and semi-arid
soils cause micronutrients, especially zinc (Zn) and iron (Fe), to stabilize in these soils and quickly become unavailable
to the plant. Under such conditions, applying these micronutrients as seed priming or foliar sprays (or a combination of
both) will be much more efficient than applying them to the soil.

Materials and Methods

In order to evaluate the effect of seed priming and foliar application of lentil plants by Zn and Fe micronutrient,
a factorial experiment was conducted based on randomized complete blocks design with three replications and
two factors. The first factor was nutritional priming in six levels [nutritional priming with FeSO4 and ZnSO4 each
at two concentrations of 50 and 100 mM, along with no prime (dry seed) and hydro prime as controls); The second
factor was foliar spraying with four levels (no foliar spraying and spraying with distilled water, FeSO4 and ZnSO,
at 4%o concentration). Nutritional priming of seeds was carried out for 12 hours at a temperature of 15 °C. Foliar
spraying was carried out at two times, one at the 50% flowering stage and the other at the podding stage of lentils,
using zinc sulfate fertilizer containing 21% zinc and iron sulfate fertilizer containing 19% iron at a concentration
of 4%o.. At the end of the experiment, plants were harvested from an area equivalent to 5 square meters and yield and
yield components were determined. After that, a seed sample was randomly separated and 20 seeds were placed in 9
cm diameter Petri dishes containing 5 ml of distilled water. Then, the Petri dishes were placed in a germinator at 20°C
and a 12-hour light/dark cycle. Finally, the germination and seedling growth characteristics of the seeds obtained
from the mother plants were examined.

Results and Discussion

Based on the analysis of variance of the measured data, the main effects of seed priming and foliar spray were
significant on all measured traits; however their interaction was significant only on grain yield. Almost the highest
levels of all studied traits were observed in the priming with 50 mM FeSO, and then ZnSO,4. However, by increasing
the concentration to 100 mM, there was a reduction inall studied traits. For example, grain yield decreased by 69.16
and 72.09 percent by 100 mM FeSQO,4 and ZnSO, respectively. Foliar application of FeSO4 and ZnSQ, increased the
number of pods per plant by 2.51 and 1.96 times, the number of seeds per pod by 1.24 and 1.33 times, and the 100-
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kernel weight by 47.34 and 29.98%, respectively, compared to the control (non-foliar application), indicating a
greater effect of plant nutrition with iron and zinc on seed weight, while priming had a greater effect on the number
of pods. Also, foliar application of micronutrients increased lentil grain yield through improving vyield
components, and the highest yields were obtained from a combination of priming with 50 mM FeSO, and/or ZnSO4
and foliar application of these micronutrients. Priming did not affect the germination traits of the harvested seeds;
nevertheless seeds from plants foliar sprayed with FeSO, were superior regarding germination traits and seedling
vigor.

Conclusions

Overall, the results indicate that using management operations such as nutritional priming and foliar spraying with
micronutrients may be a suitable solution to improve plant growth and production, as well as germination and
seedling establishment of produced seeds. In this study, hydropriming did not have a significant difference with no-
priming in most traits, and priming with iron- and zinc sulfates, through improving height and lateral branches,
caused the most tremendous increase in the number of pods per plant among yield components, while later applying
of these micronutrients through foliar spraying had the most significant effect on grain weight. Choosing the
appropriate concentration of these micronutrients (50 mM) and their application at the right time had an effective
role in increasing the vegetative and reproductive traits of lentil crops. In comparison, the high concentration of
priming agents (100 mM) had the opposite effect on all measured traits, and therefore, care should be taken in the
amount of these micronutrients.
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e o S o) S Cold gl aoys  siga s slge
Texture Sand Silt Clay EC SP TNV
%) (i 2 (o 5 om3) (%)
(dS.mt)
Loam 28 43 23 1.78 40.43 28.10
u’i ool O399 )M WL:-' u@i $9) (8 ol )"i“
Organic C N P K Fe Zn Cu Mn
(%) (elstes2)
(ppm)
0.309 0.039 4.45 215 1.98 0.23 0.69 5.45

EC: electrical conductivity; SP: saturation percentafe; TNV: total neutralizing value
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Table 2- Results of analysis of variance of measured traits of lentil plants as affected by seed priming and foliar spraying by
zinc and iron sulfate

Ol o (nbe
s,
oS i .;i — — - Mean of squares
S.0.V 3L B W 84 Shaws Wo ,0 Y Blami  aupopio 0 SYE Blaxi YL 5 Al alu
d.f Plant Axillary Pods.plant? Pods.m-? Seeds.podt
height branches no. ' ' )
<
_5L'_ 2 46.13"™ 58.38™ 571.79™ 13917724.75™ 0.02ns
Replication
el
TR 5 94.70™ 39.21™ 1209.19™ 83712883.86" 0.55™
Priming (P)
:.lJ - - - - o
_“”"‘J’lm 3 326.52 85.19 3465.16 206960346.8 0.52
Foliar spray (F)
a g/‘ ‘
“wlﬁJ}l;uxxF i 15 15.63"™ 7.28™ 57.50m™ 3346385.53" 0.06"
. 46 16.24 5.05 31.01 17073736.53 0.09
Error
SV 15 27.76 14.97 16.75 15.59

CV%
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Table 2- Results of analysis of variance of measured traits of lentil plants as affected by seed priming and foliar spraying by
zinc and iron sulfate, continued
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S - - - .
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(122) Syt 2 14.26 24.39 11.97 25.83
CV (%)

w5 % NS
3

bl oo doyd S g g Jloin] plaw (0 (gl pxe g 0 dxe MBS pas (Sily s gy ** g
ns, *, and **: indicate no significant difference and significant difference at the 5 and 1 percent probability levels, respectively.
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Table 3- Mean comparison of the different lentil traits as affected by the different levels of seed priming

24 Sl o ol
Seed priming levels

&o . 1 a
-F;aits o s 89y ©Waw ol g
™2 99 d 229 g Zinc sulfate Iron sulfate
No-prime  Hydroprime 50 MM 100 mM 50 mM 100 mM
o gl &gy glis |
Lieile) 5 €55 26.26" 28.27 % 28.85 22.81¢ 30.33 % 24,68 ©
Plant height (cm)
.u“)s a3l sl 7.00 be 8.33 be 8.83b 6.50°¢ 11.25¢@ 6.67 ¢
Axillary branch no.
Gy 2 D b 33.33¢ 38.67° 44.67" 2450 52.00 2 30.08 ¢
Pods.plant*
S s s sl
DU &l Sl 136" 1.38" 1.64° 136" 153 1.01°
Seeds.pod-!
(ps5) 43+ 0 1.58 ¢ 1.60° 1.69° 1.33¢ 1.88° 1.41 ¢
100-seeds weight (g)
Lo 4 p)S i
(2 o) bosleeypa140 1838890 3205008  91071°¢  343608°  1050.85°
Seed yield (kg.ha?)
Sa 4 p,56lS) 5
(S p55hs) Sidlom 380ee - 6o1983¢  Ge5972¢  7613.21°  2833.00° 10187.08@  3842.93¢
Biological yield (kg.hat)
(059 el (il 26.59 26.64 " 39.47 2 32.18b 31.86 " 25.92 b

Harvest index (%)
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* In each row, common letters means no significant difference.
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Table 4- Mean comparison of the different lentil traits as affected by different levels of foliar spraying

ol dglow s lowi
o Foliar spray
Traits byl e sawddniuai o &9y o o2 Oligu
No foliar spray Purified water Zinc sulfate Iron sulfate
[eisils) 4 €15 21.80¢" 25.02° 29472 31.172
Plant height (cm)
-u_;)s sl olaas 5.67¢ 7.11¢ 8.94b 10.678
Axillary branch no.
. Ve sl
Sy > S Sl 21.39¢ 31.78¢ 41.83 53.83
Pods.plant™
B 5 &by slus 1.18° 1.31pe 1.572 1.472
Seeds.pod
(p5) €l Ve 35 1.29¢ 1.45¢ 1.68° 1.912
100-seeds weight (g)
(S0 1 p)55ks) als 3,80s 719.31¢ 1373.12 2017.88° 3184.81¢
Seed yield (kg.ha?)
(552 5 p55h8) ol 255kas 3506.53¢ 4829.10° 7805.90° 876232
Biological yield (kg.ha?)
o e ld 22.85° 28.23° 35.302 35.402

Harvest index

sl Yo gme BB pac oaimd LS oS o Bgy> cciydy po o %
* In each row, common letters means no significant difference.
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Figure 1- Comparison of lentil seed yield as affected by the interaction of different levels of seed priming and plant foliar
spray treatments
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Different letters on the bars indicate a significant difference at the 5% level.
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Figure 2- Comparison of lentil biological yield (air-dried) as affected by the interaction of different levels of seed priming and
plant foliar spray treatments
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Table 5- Results of analysis of variance of traits related to germination of lentil seeds from parental plants treated with
nutritional priming and foliar spraying by zinc and iron sulfate
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