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Table 1- Physical and chemical properties of the soil in research station of University of
Zanjan (0-30 cm depth)

S osle Saf Ofa s
rganic . P
mitter Eses PH  Total  Clay  Silt  Sand Total P (mg/ke) K Ca Mg
(%) EC(dS/m) lime (%) (%) (%) nitrogen (mg/kg)  (meq/l)  (meq/l)
(%) (%)
1.18 0.72 8.28 7.2 33 27 40 0.09 9.6 286 2.1 1.1

S5y Sy 355 ilids ol § CBlS slag )b o Kb Slao (S il 4 25-Y Jguer
Table 2-Analysis of variance of some L. ibericatraits under sowing dates and ZnSO, fertilizer

levels
T 4—?)~i oL £l <58 e lh olaay JgpsS Sl JommS 50 ails slasy
S.O.V. ‘5;?‘ Plant Height Nlérrr;?lirh()f Number of capsules S;:rd;;;r;ﬁ:r
Rep 55 3 32.81™ 0.19™ 4.6™ 0.06™
i b 2 15157 3255 2084.04" 0.36"
Sowing date (D)
aobsl Errora 6 6.84 0.29 30.18 0.03
g5 Fertilizer (Zn) 2 39.25" 3357 1365.51" 0.03™
Jlixe 51 Zn <D 4 6.24" 3.85" 113.69" 0.09™
oLl Error 18 7.96 0.12 33.09 0.06
Ol i i s C.V. (%) 5.55 5.32 4.19 5.88

Aoy ) g0 Jleiol e o ls e g s sire b i e ¥F 5 ¥ ns
ns, * and ** are non- significant and significant in probabilitie levels of 5 and 1 %, respectively.

=Y Joos aalsl
Table 2-Continurd

azyo 15 413 o3 RVCA R - .
JUETITR ] &l 5l 059 W15 0,5 3 5edans 0 ,Shos < 39) Sy U 3,
S0V ol 1000-seed Seed yield Biological yield Daysto — py o to ripening
A df weight flowering
Rep 41,55 3 0.02™ 39212.7™ 196702.6™ 24.25™ 51.30"
—em e 0.78 5332035 40410344.9 592.69 2352.11
Sowing date (D)
a olai! Error a 6 0.04 442537 300089.2 1.36 1.52
2¢5 Fertilizer (Zn) 2 0.28™ 140655.9 2027138.8" 9.53™ 8.53™
Jlize B Zn <D 4 0.11" 134825.2" 252398.4™ 0.32™ 0.36™
oleisl Error 18 0.03 34945.2 560094.3 3.13 8.86
Olpds cg i C.V. (%) 2.99 9.78 14.29 2.42 237

o)) g0 Jleil mhaw jo ls e gl e i S Py ** 5% g
ns, * and ** are non- significant and significant in probabilitie levels of 5 and 1 %, respectively.
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Table 3- Mean comparisons for sowing dates and ZnSo, fertilizer levels on some traits of
L. iberica
cilS 7o |6 oLS gl 72l ol &”19” éﬂu Sy B 39 PG 5,
. & Plant height S Blolloglcal Days to Days to
Sowing date (cm) Seed number yleld,l ripening flowering
per capsule (kg.ha™)
1397.12.25 63.1° 4.19° 7057.1* 89.66" 149.67a
1398.01.25 48.1° 4.02° 5270° 77.75° 125.83b
1398.03.23 41.1¢ 3.85°¢ 3387.4¢ 70.67° 111.67¢
69y ©llgw ol
ZnSO, levels
aals Control 49.3b 3.96% 4766.9b 72.00° 124.75%
2gL! 50.1° 4.07° 5425.2° 73.5° 126.17°
4 g.L'1 52.8° 4.03° 5522.4° 73.6% 126.25°

3505 gl e BN o 0 O Jleis| ey 50 Sl ge3T Geliolys il By b slocySilee (g o 50
In each column the means with similar letters base on Duncan test are not significantly different at the 5% level.

Sl Slio 55t 53 il ol 5 S35 Hlite 1 (nSilos aslio —F Jyoz
Table 4- Mean comparisons for interaction between sowing date and ZnSo4 levels on some
traits of L.iberica

ClS b 395 il oam £ BLh ol g Slas alo 5l 39 ails .))i.l-n.c
Sowing date ZnS0O, levels Number of Number of capsules lOQO-seed Seed ylﬁld
branches weight(g) (kg.ha™)
Control 7.66° 137° 5.36%% 2156.5
1397.12.25 2 g/lit 7.5° 151.3° 5.51% 2658.8°
4 g/lit 8.48" 163.5° 5.81° 2737.3"
Control 5.95% 127.5 5.16° 1971.5%
1398.01.25 2 g/lit 6.61° 133.8 5.46° 2268.3°
4 g/lit 8.81° 149.3° 5.42% 2375.9°
Control 424" 113° 4.88" 1034.4°
1398.03.23 2 g/lit 475 131.5¢ 5.19% 1171.8¢
4 g/lit 5.18° 128.3¢ 5.71% 1204.8°

5505 gl e BN oo O Lol s 50 Sl geT el cailive By > b slapeSilee (ygins o 40
In each column the means with similar letters base on Duncan test are not significantly different at the 5% level.
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Figure 1 - Leaf area index (LAI) of L.ibericafor interaction between sowing date and ZnSO4

levels
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Figure 2 — Crop Growth Rate (CGR) of L.ibericafor interaction between sowing date and
ZnSo, levels
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Figure 3 — Relative growth rate (RGR) (g.g".day™") of L.ibericafor interaction between
sowing date and ZnSQglevels.



S 5L ails o Shos 5 0y o atli (59058 p (9, Dllgu 5 LS )b ST - LS g (sete, ovy I

References ooliiwl 8 yg0 23l

eAbbas, G., H. Younis, S. Naz, Z. Fatima, S. Hussain, M. Ahmed, and S. Ahmad. 2019.
Effect of planting dates on agronomic crop production. In Agronomic Crops (pp.
131-147). Springer, Singapore.

eAdekpe, D.I., J.LA.Y. Shebayan, U.F. Chiezey, and S. Miko. 2007. Yield responses of
garlic (Allium sativum L.) to oxadiazon, date of planting and intra-row spacing
under irrigation at Kadawa, Nigeria. Crop Protection. 26(12):1785-1789.

e Alkahtani, J., M.S. Elshikh, M.S. Alwahibi, A. Muhammad, M. Ahmad, and S. Khalid.
2020. Phosphorus and zinc fertilization influence crop growth rates and total
biomass of coarse vs. fine types rice cultivars. Agronomy. 10(9): 1356.

eAl-Snafi, A.E. 2019. Medical benefit of Lallemantiaiberica-A review. Chemistry
Journal. 3: 97-102.

eAlvaro, F., C. Royo, L.F. Garciadel Moral, and D. Villegas. 2008. Grain filling and dry
matter translocation responses to source—sink modifications in a historical series of
durum wheat. Crop Science. 48(4):1523-1531.

eBadawy, E.S.M., S.E. El-Sherbeny, A.F.Y. El-Kady, and H. Amer. 2013. Influence of
planting dates and distances on growth, yield and chemical constituents of
Lallemantiaiberica (Bieb.) Fisch. And Mey. plant. Journal of Applied Science
Research. 9(3): 2093-2103.

eBana, R.S., S.D. Bamboriya, R.N. Padaria, R.K. Dhakar, S.L. Khaswan, R.L.
Choudhary, and J.S. Bamboriya. 2022. Planting period effects on wheat
productivity and water footprints: insights through adaptive trials and APSIM
simulations. Agronomy. 12(1): 226.

eBertero, H.D., and R.A. Ruiz. 2008. Determination of seed number in sea level quinoa
(Chenopodium quinoa Willd.) cultivars. European Journal of Agronomy. 28(3):
186-194.

eD'Antuono, L.F., A. Moretti, and A.F. Lovato. 2002. Seed yield, yield components, oil
content and essential oil content and composition of Nigella sativa L. and Nigella
damascena L. Industrial Crops and Products.15(1): 59-69.

eDell, B., and S.A. Wilson. 1985. Effect of zinc supply on growth of three species of
Eucalyptus seedlings and wheat. Plant and Soil. 88(3): 377-384.

eFang, Y., L. Wang, Z. Xin, L. Zhao, X. An, and Q. Hu. 2008. Effect of foliar
application of zinc, selenium, and iron fertilizers on nutrients concentration and
yield of rice grain in China. Journal of Agricultural and Food Chemistry. 56(6):
2079-2084.

eFoulkes, M.J., M.P. Reynolds, and R. Sylvester-Bradley. 2009.Genetic improvement
of grain crops: yield potential. Crop physiology: Applications for genetic
improvement and agronomy (No. CIS-5658. CIMMYT.).

eHay, R.K., and J.R. Porter. 2006. The physiology of crop yield. Blackwell Pub.

eHunt, R. 1982. Plant growth curves. The functional approach to plant growth analysis.
Edward Arnold Ltd.

eJanmohammadi, M., T. Amanzadeh, N. Sabaghnia, and S. Dashti. 2016. Impact of
foliar application of nano micronutrient fertilizers and titanium dioxide



avo VEY s CBAF olads epoin ol «ol5 LS (s5slss e85 sole 4y 523 I

nanoparticles on the growth and yield components of barley under supplemental
irrigation. Acta Agriculturae Slovenica. 107(2): 265 — 276.

oLi, X., R. Yadav, and K.H. Siddique. 2020. Neglected and underutilized crop species:
the key to improving dietary diversity and fighting hunger and malnutrition in Asia
and the Pacific. Frontiers in Nutrition, p.254.

eMiralles, D.J., B.C. Ferro, and G.A. Slafer. 2001. Developmental responses to sowing
date in wheat, barley and rapeseed. Field Crops Research. 71(3):211-223.

eMohammad ghasemi, V., S. Moghaddam, A. Rahimi, L. Pourakbar, and J. Popovi¢-
Djordjevi¢. 2021. The effect of winter sowing, chemical, and nano-fertilizer
sources on oil content and fatty acids of dragon’s head (Lallemantiaiberica Fischer
& CA Meyrefeer). Journal of Plant Growth Regulation. 40(4):1714-1727.

eO'Toole, N., F.L. Stoddard, and L. O'Brien. 2001. Screening of chickpeas for
adaptation to autumn sowing. Journal of Agronomy and Crop Science. 186(3):
193-207.

ePandey, A.C., S. Sanjay, and R.Yadav. 2010. Application of ZnO nanoparticles in
influencing the growth rate of Cicer arietinum. Journal of Experimental
Nanoscience. 5(6): 488-497.

ePandey, N., G.C. Pathak, and C.P. Sharma. 2006. Zinc is critically required for pollen
function and fertilization in lentil. Journal of Trace Elements in Medicine and
Biology. 20(2): 89-96.

ePathak, G.C., B. Gupta, and N. Pandey. 2012. Improving reproductive efficiency of
chickpea by foliar application of zinc. Brazilian Journal of Plant Physiology.
24(3): 173-180.

ePeng, D., X. Tan, L. Zhang, D. Yuan, J. Lin, X. Liu, Y. Jiang, and B. Zhou. 2018.
Increasing branch and seed yield through heterologous expression of the novel rice
S-acyl transferase gene OsPAT15 in Brassica napus L. Breeding Science. 17126.

ePotarzycki, J., and W. Grzebisz. 2009. Effect of zinc foliar application on grain yield
of maize and its yielding component. Plant, Soil and Environment. 55(12): 519-
527.

eRavi, S., H.T. Channal, and N. Ananda. 2008. Response of sulphur, zinc and iron
nutrition on yield components and economics of safflower (Carthamus tinctorius
L.). Asian Journal of Soil Science. 3(1): 21-23.

eRockstrom, J. 2003. Water for food and nature in drought—prone tropics: vapour shift
in rain—fed agriculture. Biological Sciences. 358(1440):1997-2009.

eSadeghzadeh, B. 2013. A review of zinc nutrition and plant breeding. Journal of Soil
Science and Plant Nutrition. 13(4): 905-927.

eShah, Z., and S.K. Khalil. 2016. Phosphorus and zinc interaction influence leaf area
index in fine vs. coarse rice (Oryza sativa L.) genotypes in Northwest Pakistan.
Journal of Plant Stress Physiology. 2: 1-8.

eShekari, F., F. Shekari, and E. Esfandiari. 2010. Physiology of crop production.
(Translated to Persian). University of Maragheh Press.

oSingh, N.B., N. Amist, K. Yadav, D. Singh, J.K. Pandey, and S.C. Singh. 2013. Zinc
oxide nanoparticles as fertilizer for the germination, growth and metabolism of



S 685b ails 5 ,Sles 5 0y o a3l (5599958 p (59, Dlalgu g LBl )l ST - S g (sete, ovF I

vegetable crops. Journal of Nanoengineering and Nanomanufacturing. 3(4): 353-
364.

oSita, K., A. Sehgal, B. Hanumantha Rao, R.M. Nair, P.V. Vara Prasad, S. Kumar, P.M.
Gaur, M. Farooq, K.H. Siddique, R.K. Varshney, and H. Nayyar. 2017. Food
legumes and rising temperatures: effects, adaptive functional mechanisms specific
to reproductive growth stage and strategies to improve heat tolerance. Frontiers in
Plant Science. 8: 1658.

eSlafer, G.A. 2007. Physiology of determination of major wheat yield components. In
Wheat production in stressed environments (pp. 557-565). Springer, Dordrecht.

eTakai, T., S. Matsuura, T. Nishio, A. Ohsumi, T. Shiraiwa, and T. Horie. 2006. Rice
yield potential is closely related to crop growth rate during late reproductive
period. Field Crops Research. 96(2-3): 328-335.

eWasaya, A., M. Shahzad Shabir, M. Hussain, M. Ansar, A. Aziz, W. Hassan, and .
Ahmad. 2017. Foliar application of zinc and boron improved the productivity and
net returns of maize grown under rainfed conditions of Pothwar plateau. Journal of
Soil Science and Plant Nutrition. 17(1): 33-45.

eXihuan, L., C. Wensuo, and Z. Caiying. 2008. Relations between sowing date, seeding
density and grain yield of two introduced malting barley varieties. Journal of
Agricultural University of Hebei. 1: 6-11.



527 Journal of Crop Ecophysiology / Vol. 17, No. 4, 2023 I
1

Research Article DOI:

Effect of Planting Date and Zinc Sulfate on Phenology,
Growth Indices and Grain Yield of Lallemantiaiberica (M.B.)
Fischer & Meyer

Mina Rostami’, Farid Shekari*", Kamran Afsahi*, and Majid Khiyavi’

Received: April 2022, Revised: 5 June 2022,  Accepted: 17 June 2022

Abstract

The production of oilseeds, edible leaves, and secondary metabolites of dragon's
head makes it an important food, forage, and medicinal plant. Choosing a proper
planting date and plant nutrition can make a significant effecton crop plantsgrowth,
quality and yield.The effects of planting date (16 March, 14 April, and 13 May 2019)
and foliar application of zinc sulfate (zero as control, 2 and 4 g.L™") on growth indices
and seed yield of dragon's head was evaluated under a field experiment.Delayed
planting date reduced the days to flowering, days to seed ripening, plant height, leaf
area index (LAI), crop growth rate (CGR), relative growth rate (RGR) and grain yield,
and yield components.In contrast, the use of zinc sulfate increased plant height, LAI,
CGR and RGR. There was a correlation between plant height and number of branches
and consequently there were more capsules per plant.The highest effect of zinc sulfate
application on seed yield and yield components was observed in the first planting date
and with delay in planting, the efficiency of zinc sulfate fertilizer application decreased.
On the third planting date, zinc sulfate application had no significant effect on grain
yield. As a result of late planting, fewer branches, fewer capsules per plant, and smaller
seeds contributed to the yield reduction.It was found that early cultivation and
application of zinc sulfate increased plant height, number of branches, number of
capsules per plant, 1000-seed weight, and thus seed yield, by increasing the days to
flowering, days to ripening, LAI, CGR, and RGR.

Key words: Crop Growth Rate, Leaf Area Index, 1000-Seed weight, Phenological
stages, Relative Growth Rate, Yield components.
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