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Abstract

Introduction: Environmental effects of excessive use of nitrogen fertilizers, as well as water deficit and drought stress,
have caused the reduction of nitrogen fertilizer pollution and increasing the efficiency of water and nitrogen consumption,
are of particular importance.

Methods: In order to investigate the feeding of ammonium nitrate and ammonium sulfate on the efficiency of water and
nitrogen consumption in fennel, a factorial experiment was conducted in the form of a randomized complete block design
in three replications. The first factor consisted of planting date at three levels (first: March 13, second: March 27 and third:
April 18) and the second factor was nitrogen fertilizer spraying at three levels (ammonium sulfate (21%), ammonium nitrate
(25%), and no fertilizer) with concentrations of one in a thousand in beginning of budding stage.

Results: The results showed that the amount of total chlorophyll and grain protein in all three planting dates and in the
treatment of ammonium nitrate and ammonium sulfate were significantly different compared to that of the control. An
increase in the percentage of nitrogen remobilization was associated with a decrease in grain yield, and this decrease was
steeper in the absence of nitrogen use and the use of ammonium sulfate. The trend of decreasing biological yield followed
an exponential function (Y=580¢""") with the increase of the contribution of the stem nitrogen remobilization process in
the performance. In this model, the initial biological yield was 580, which started to decrease with the contribution of the
stem nitrogen remobilization process in the initial yield of -0.13. The efficiency of nitrogen uses in the conditions of foliar
application of ammonium nitrate and ammonium sulfate caused a linear increase in water use efficiency, but in the control
treatment (no foliar application), nitrogen application efficiency had no effect on water use efficiency.

Conclusion: Therefore, proper nutrition can increase the efficiency of water consumption by increasing the percentage of
nitrogen consumption efficiency.
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Table 1- Some physical and chemical properties of farm soil

Texture  Clay% Silt% Sand% N (%) K(g/mg) P (g/mg) Organiccarbon% ECdsm?! pH
Clay-loam 24 46 30 1.07 19000 9580 0.97 0.730 7.45
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Table 2- Analysis variance of yield and yield components

Remobilization of total dry ~ Weight of 1000 Number grain per Number plant Nitrogen
SOV Df . A . o
mater grain m per m remobilization
Blok 2 0.002" 7.14m 18064833 410 0.0004"
Plant date 2 322" 8202.2" 51451756 67954™ 1.46"
Fertilizer type 2 8.46™ 4928.1" 80706686 8788™ 17.86"
ih x|
Fertlizer type*Plant 13,00 26.9" 336617456"" 10570" 121"
Error 16 0.03 3.85 3001819 6082 0.003
Cv - 5.43 1.86 4.8 2.26 4.4
S ,Sdos 5132l g 0 ,Shos Wl il )lg & 35 =Y Jguz awlol
Continuation of Table 2- Analysis variance of yield and yield components
S.0v Df  Biological yield yield Water use efficiency Harvestindex Protein  Total chlorophyll
Blok 2 98.94" 9894" 5.96" 0.45" 0.007 " 0.0001"
Plant date 2 114719 114719 12.2" 147.01" 2.39™ 2.55™
Fertilizer type 2 5979™ 5979™ 30.3" 87" 18.44™ 21.07™
Fertilizer type*Plant date 4 31576 31571™ 283" 59™ 1.75™ 1.75™
Error 16 117.1 117 1.7 0.39 0.014 0.002

CVv - 2.07 1.88 3.45 2.31 1.9 29
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Table 3- Mean compatrison of yield and yield components

Plant Nitrogen Yield Biological N””!ber Number Weight Wa_te_r Y€ Harvest Protein  Total chlorophyll
date spraying  (kg.m?) yield(kg.m?) grain ( plant ( m?) of 1000 efficiency ;40005 (mg.q) (mg.g)
i ' m?) grain(g)  (kg.m® ' '
Control 153.4° 520°¢ 43002° 082 3.5b 30.68° 30.7° 67.3¢ 4.59°
Ammoniu b b a c b c b b a
March  mnitrae 2477 578.4 43511 83 3.4 29.54 25.5 75.43 8.57
13 fnmsﬁ‘lcf’;‘t': 203.8° 714.6° 42697¢ 910 48 40.76° 285¢  853° 6.04°
Lsd 8.5 325 3325 6.2 0.48 1.2 0.71 0.97 0.1
Control 159.8° 452.7° 38117° 150.06° 4220 39.95P 3532 68.07° 4.16°
Ammoniu 45 g 390.06°¢ 29359 °¢ 83.5¢ 4.2¢ 32.2¢ 33.06"  859° 7.722
March m nitrate
27 ﬁ]";m‘]ﬂ;‘t': 175.8° 530.2° 418592 130 440 43.95° 331b 9292 6.62°
Lsd 7.8 13.77 3300 4.1 0.61 1.32 1.39 3.09 0.09
Control  118.03° 376.3° 29062° 730 4.06° 39.95° 31.32  7197° 6.62°
- Ammoniu 44 4, 587.72 449722 81.32 3.862 57.86° 2955  81.12° 8.24°
April m nitrate
18 fﬂ“;’;‘l‘f’;‘t': 68.43¢ 400.2° 17148¢ 7170 4 2281°¢ 170 80.01° 6.69°
Lsd 9.77 26.3 2949.4 2.91 0.23 1.85 15 0.44 0.09
400
350 g N
D w300
E % 250 .
‘:;"_E < —.—.-'gmmnum
-E. _E 200 Mitmts
:i‘é 150 Sulfake
_?'a"' = 100 Ammonium
0 —
2 3
S s
Planting Date

Figure 1- Evaluation of the trend of changes in fennel nitrogen remobilization percentage at different planting dates (NO:

Control)
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Figure 2- Investigation of the effect of changes in fennel nitrogen remobilization percentage on grain yield (NO: Control)
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Figure 3- The effect of total nitrogen on maturity on the physiological efficiency of fennel nitrogen use (NO: Control)
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Figure 4- Relationship between the contribution of stem nitrogen remobilization process in yield to fennel with biological
yield in different nitrogen fertilizer treatments (blue ® Control, green ¢ Ammonium nitrate and 4 Sulfate ammonium)
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Table 4- Exponential model y=ae* shows the relationship between the contribution of stem nitrogen remobilization
process in yield to fennel in nitrogen foliar treatments (no nitrogen, ammonium nitrate and ammonium sulfate). a is the
initial grain yield and b is the initial rate of contribution of stem nitrogen remobilization process in yield
Nitrogen spraying  Coefficient estimate Criterion error  Confidence limits

Control a 210.1 7.31 192.8 -227.1
b -1.46 0.018 -1.89--1.01

Ammonium nitrate a 193.7 1.73 175 - 212
b -0.15 0.02 -0.21 --0.09

Ammonium sulfate a 242.2 7.94 223 -261
b - 0.66 0.05 -0.79 —-0.53
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Figure 5- Relationship between stem nitrogen remobilization process yield and fennel seed yield in different nitrogen
fertilizer treatments (NO: Control)

2 parigel Slalgus g parigal Sliks ol Jslre Lulyd 99 1 50 (g daome S8 w0 el el CllS o S
Sazme &8 > doys Bl 50 pSU L el les 50 0l 2 (65 S e b pargel SIS (SBL Jele 3590 50 a5
S )l Fgid 55 990 (g Al (SLadles S5l Gy (o8l Jele &5 S5 (g5 (oo cnlnbe (8L Gl ()5 58
3,80 (35900 (3ol Cgz ponigel Ol Loducs a5 el [S3 @ p3Y .8l ials sase &8 o W aulad uali 1) ails yals 5y
iz BB (590 doyo VY pgsigel Slilgas 5 00 )0 YF poigel lits 0) 318 0925 (5 5meS Cudgaze (5l Fitugid LS
Jobee Jlos ;o o iy Gasb 5l (59 5eS i 50y Jad Job oS Cuoyb e a3 T ClS )b )0 (g (0 00y



10

V-1 i IFV Ll VA by o 1oled Y 5 90 ‘50})5’6‘“["‘,"' ) ole dollad

g aald e o dils o Slae 55 5 dazme S, duoyo e iol38l Lol svalie (55 o Sles ‘aj,,.;j.J ol b
0 05 5 S paigel Ol (LAl Jaloe jo talS ok (Jg il 1alS paisel Slilgus 5 psiigel Dl (AL Jslme
SS9 0, Sas nd [0 e a4 Jiug, slaTplal I 5e s sase Jll ST ol 3155 0 (59, » sl adlllae

[21] og ails

Joloee 10 S ot b pmals (pl g ol malS o &jpo 4 (35958 Brae (Soisler it o ( Saw; 50 3958 S
S0 &l o Shee Lo Shae [0 aBlu )59, ddzme &S, 0 l)d g aoes jo o Shee zalS .olidl 5! ‘a}.,.;},a] ol ol
A2 )3 Y b pouigel Ol 1) poaigel lyis (oih Jole 9550 50 (1alS cpl d )5 &0 (8 pan ()9 sl jlosd (soled 850
Olyee S5y &5 0 aseiw (Phaseolous vulgaris) jew Log) (g9, asdlas ;o ol 7 (65 a8 o b (i LB 59 50
2 e gez 5 Wl vazme Jl 5 (cdagy gl plail o g cdale (lid e ay ()39 (YL sk )0 il ey

[35] ol ails

b Soge a4 ol Brae G5 wb sel pisel Sl 5 posigel Sl (L3l Jole Lulid )0 0355 Spae TS
amo 4385 ol bl ST G e SIS 1 ol 5y Cpae LIS (il sl poe) anls Jlogs 5o Lol asly iyl
57 59, 45 gladdllas yo (8 JSB) wmo Gl 1) Of Bras S (39,55 Bras 2,5 o) Gl Gk 5l g e
e s il cel e Brae oS aoje ialidl 4 ab Lasiie Wb el (Sis w5 g g ol bals e

[29] s &1 G s

s Gl el caled o ol Gras T (mlidl al 5 0d Ol Brae TS el sy Brae (Siislnsed L
ol B pas @"T)Lf b 09y B pae Su5elgs s ‘SJ)LT Al d Gl 6l 90 a0 Aol 1ol ailsly o ails o Sles
olee 3iiie 5005 )18 ao (gluce b .ot ooliiul (pamige] Slilgus 5 pouigel s 3l Jslows wials glo jlard goomme slye)

(F JSi) 0 Jol> Ol Brae o115 0 YL 0,0 YEIO (459,08 Bras o5 0 a5 0 mseie

y = -0.0482x% + 3.5462x - 22.997

Sl b Jele wals sla jlas ggemme s1p) 90 ax ;0 dolee 5l ails o, Shee b ol Bpas o5 abal, s i iy
o, DVY Ol G pas u,—.’.—‘)lf 30 a5 0 yaseios dolre i ol 18 as ggle o ool (,r=9-,¢-35-"1 g 5 "39"';%1
© Y JS) 0 s a3, als o Shee o 3Vl

y =-0.1565x2 + 15.382x - 192.91

60
3 50
>
22 e
y 340 o 7T
(%]
i &30 .
- o 20 Y = -0/ FAYXY + Y/OFSYX - o LLi
- 3 YY/aav ® LTl s
R & ¢ RZ = «/YaAY 35507 A
950l Ol s
= 15/0 35/0 55/0
Physiological nitrogen use efficiency%
03958 B pan (K599 0 (2O

Wbl T Gpan 2155 b (s, Gpan 2T akuly » pouigel Slilgw 5 pguigel Ol pil -5 JS
Figure 6- The effect of ammonium nitrate and ammonium sulfate on the relationship between nitrogen use efficiency and
fennel water use efficiency




11

(Foeniculum) 46U jl, 4> ln’:i,aT Olidgw 9 f,._«_i’a’i Ol s 4385 Ll / gl

b ye slo dilge 5 wls 5 ,Shee b jiingis Q)15 5 05 Fso jiieszs 2Tl 5 (59500 45 ol olas [36] (Y- ) pace b
4 by Sluogas g als iugd ST 5 50 Sl palply bl o)l (dme g (ke (St daze 25 >
odle 055 (sl 39555 (B (@ g end iz (5 ke o hte Al @i 0 09 (sl Same CS > g 0 Slae
18] ctls (Kt (3955 055 B lien 5 035 4 0390 5900 LI Mo 45 0d ol g 4 555 4l adg  Sas

y = -0.0482x% + 3.5462x - 22.997

230.0

2100
..'

190.0

3 e =S
L — 1700 e e B
22 e

L £ 1500 IS SSEL

2300 .

- = i .'-

g 110.0 - —

3 ' y=-0.156542+ 15.382x - 192.91

90.0 R*=0.6226
70.0 ‘o
50.0
10 20 30 40 50 £0 70

O e 7
Water use efficiency %

(@0 5o 33 p,5) &3l &l 5 Shos b OF & e TS alaly -¥ S
Figure 7- The relationship between fennel water use efficiency and grain yield (grm )

S 5 4o

B 03955 4 (g e s 13U St (Jpaze CaeS g CudsS s (g ag Soles 50 3 U5 S80S (e 0

0395 Seislnsed D 50 sate 8 el Sl 1o 0395 @der (BB Gl SlaS 5 2B 0 )5 1 S (e

Sl ol Brae o5

528l Gl Ol Grae L eaisel Slilsu 5 pouigal Sl (5L Jolome Lalps o (39553 Spae IS SRl
28 2 Al O3e Srae o5 aall jlad o .l alljl) jo ails o Slee adgi Gl O Brae ol)15 iol8l azes
o3Pl ol Bras oS (59,08 Brae )5 asjs Jiuli8l )b 5l Wlg oo e 4055 )l pls wldlas O B yas
Ev-N)

358kae ;5 a8l ()39 5 Sazme &8 2 A 18 g Al 4 az g L g o)l iy 0590 10 4l (5 40 (st GRS Suzme SIS >
Jolee alnls (09 5 05 psigel Sl (23 Jslns 3550 10 shio abaly Gl rd () codls ite alaly ails o Shas
Sran (Seiglnsed 25 Gl Caz sl ,al, S plyie 4 ails o 50 sl S 5,6 5 gl Sl b (AL
bl o Shas l3Hl e 5 s

Olis Cdd 50 (09 (oo Jol> odd 03 (5950 2 el 00 3y S wole S 51 4S) (598 (Sojslesed 2Ll
SHlmdslre 4 az g 90 Oisr (Sidaied 2l Az e ol it oole 0 b (59555 4 gyt BLS | oo
L3 55 Ol G pan LIS ol imliEl doys THID sg05 b (cilisee (gl CodlS gl o pomigel Slilgus 5 posigal ol i
Sl ol Gpae QLIS p e 3B (BLE Ol (59,0 (5395 &2 (g S (g (g0l 0

W ls Jpame oS 5 CodeS eails (595 a5 Caled 59 9 U5 89,15 Oliee 098 50 diins 230 (955 & (o s
Srae 2,5 Gis e (Saislsnid @D )0 et B Gobe Joie 50 03550 i BB Gt SLoS 5 2yl 0 )8

Syl ol



V-1 i IFV Ll VA by o 1oled Y 5 90 sS‘)’)Ugs*'"&’"' ’)h‘u‘d‘“w

2o o, oYs]
Sl gx8lie ol g a5 WS o el sdius o5

d)’}iﬁ*’ls“’
g oo ST g S lgrew 35 e 595 aly olails alislejl acgese 3l aliwy cnl 4

&bo

[1] Biljana, D., Zika, L., Vladimir, Z. and Aleksandar, T., 2005. Extraction of fennel (Foeniculum vulgare Mill.) seeds with
supercritical CO2: Comparison with hydrodistillation. Food Chemistry Journal, 92 (18), 143-149.

[2] Namavar Jahromi, B., Tartifizadeh, A. and Khabnadideh, S., 2003. Comparison of fennel and mefenamic acid for the treatment
of primary dysmenorrhea. The International Journal of Gynecology and Obstetrics, 80 (2), 153-157.

[3] Singh Y. S., Gupta R., Singh J. and Singh G. 2010. Nitrogen and residue management effects on agronomic productivity and
nitrogen use efficiency in rice-wheat system in Indian Punjab. Nutr Cycl Agroecosystem, 84, 141-154.

[4] Mohan, S., Singh, M and Kumar, R. 2015. Effect of nitrogen, phosphorus and zinc fertilization on yield and quality of kharif
fodder -A review. Agricultural Reviews, 36, 218-226.

[5] Yadav M. R., Rakash Kumar Parihar C. M., Yada R. K. Jat S. L., Ram H. Meena R. K. Singh M., Birbal, Verma A. P., Kumar
U. Ashish Ghosh, and Jat M. I. 2017. Strategies for improving nitrogen use efficiency: A review. Agricultural Reviews, 38
(1), 29- 40.

[6] Dobermann, A. 2005. Nitrogen use efficiency-state of the art. IFA International workshop on enhanced-efficiency fertilizers
Frankfurt, Germany.

[7] Lemaire G., Jeuffroy M., Gastal F. (2008). Diagnosis tool for plant and crop N status in vegetative stage Theory and practices
for crop N management. European Journal of Agronomy, 28, 30-40.

[8] Zhang, Y. L., Fan, J. B., Wang, D. S, and Shen, Q. R. 2009. Genotypic differences in grain yield and physiological nitrogen
use efficiency among rice cultivars. Pedosphere, 19, 681-691.

[9] Fathi, ah. A. 2006. Evaluation of the effects of water stress at anthesis and different amounts of nitrogen on dry matter yield
and remobilization in different wheat cultivars. Iranian Journal of Crop Sciences, 2, 267-277.

[10] Netanos, D. A. and Koutroubas, S. D. 2012. Dry matter and N accumulation and translocation for Indica and Japonica rice
under Mediterranean conditions. Field Crops Research, 74, 93-101.

[11] Gholinezhad E., Darvishzadeh R. and Abhari A. 2022. Evaluation of heritability for oil and protein contents of sesame
(Sesamum indicum L.) lines under different irrigation regimes and mycorrhizal fungi. The Quarterly Scientific Journal of
Applied Biology, 34 (4), 113-132.

[12] Gan, Y., S. S. Malhi, S. Brandt, F. Katepa-Mupondwa, and C. Stevenson. 2011. Nitrogen use efficiency and nitrogen uptake
of Jancea canola under diverse environments. Agronomy Journal, 100, 285-295.

[13] Ahmadi R., and S. Maleki Farahani S. 2021. Effects of sowing date and nitrogen fertilizer on quantitative and qualitative
characteristics, and nitrogen efficiency in Lallemantia iberica (M.Bieb.) Fisch. & C.A.Mey. and Lallemantia royleana
(Benth.) Benth. Iranian Journal of Medicinal and Aromatic Plants Research, 37 (1), 65-82.

[14] Jahani R., Hassani A. and Samadi A. 2018. Effect of Foliar Application of Urea, Aspartic Acid and Glutamic Acid on Growth,
Physiological and Biochemical Characteristics of Anise Hyssop (Agastache foeniculum). Applied soil research, vol. 5 (6),
95-107.

[15] Lingan K., Yan X., Ling H., Bo F. and Shengdong L. 2016. Remobilization of vegetative nitrogen to developing grain in
wheat (Triticum aestivum L.). Field Crops Research, 196,134-144.

[16] Lemaire, G., Onillon, B., Gosse, G., Chartier, M. and Allirand, J. M. 2013. Nitrogen distribution within a Lucerne canopy
during re-growth: relation with light distribution. Annual Botany, 68, 483-488.

[17] Moles, D.J., S.S. Rangai, R.M. Bourke, and C.T. Kasamani. 1984. Fertilizer Responses of Taro in Papua New Guinea. In:
“Edible Aroids. Chandra, S. (Ed.)”. Clarendon Press, Oxford, pp. 64-71.

[18] Dordas, C. A. and Sioulas, C. 2009. Dry matter and nitrogen accumulation, partitioning, and retranslocation in Safflower
(Carthamus tinctorius L.) as affected by nitrogen fertilization. Field Crops Research, 110, 35-43.

[19] Hocking, P. J. and Stapper, M. 2014. Effects of sowing time and nitrogen fertilizer on canola and wheat, and nitrogen fertilizer
on Indian mustard. I. Dry matter production, grain yield, and yield components. Australian Journal of Agricultural Research,
52, 623-634.

[20] Arabaci, O. & Bayram, E. (2004). The Effect of Nitrogen Fertilization and Different Plant Densities on Some Agronomic and
Technologic Characteristic of Ocimum basilicum L. (Basil). Journal of Agronomy, 3, 255-262.

[21] Perez, P., Martinez-Carrasco, R. and Sanchez, L. 2013. Uptake and distribution of nitrogen in wheat plants supplied with
different amounts of nitrogen after stem elongation. Annual Apply of Biology, 102, 399-406.

[22] Saeidi, S. M., Siadat S. A., Moshatati A., Moradi -Telavat M. R. and Sepahvand N. A. 2020. Effect of sowing time and
nitrogen fertilizer rates on growth, seed yield and nitrogen use efficiency of quinoa (Chenopodium quinoa Willd) in Ahvaz,
Iran. Journal of Agricultural Sciences of Iran, 21(4), 354-367.




13

(Foeniculum) 46U jl, 4> ln’:a',nT Olidgw 9 f,._«_.i’aT Ol s 4385 Ll / gl

[23] Fallahi, H. A., Nasseri A. and Siadat A. 2008. Wheat yield components are positively influenced by nitrogen application
under moisture deficit environments. International Journal Agriculture Biological, 10, 673-676.

[24] Shahrashi S., Emam Y., Ronaghi A. and Pirasteh-Anosheh H. 2016. Effect of drought stress and nitrogen fertilizer on grain
yield and agronomic nitrogen use efficiency of wheat (Triticum aestivum L. cv. Sirvan) in Fars Province, Iran conditions.
Journal of Iranian Crop Science, 17 (4), 349-363.

[25] Smart, R. E., and Bingham G. E. 1974. Rapid estimates of relative water content. Plant Physiology, 53, 258-260.
[26] Ugarte, C., Calderini, D.F., and Slafer, G.A., 2007. Grain Weight grain number responsiveness to pre-anthesis temperature
in wheat, barley and triticale. Field Crops Reserch, 100, 240-248.

[27] Dere, S., T. Gunes and R. Sivaci.1998.Spectrophotometric determination of chlorophyll - a, b and total carotenoid contents
of some algae species using different solvents. Turkish Journal of Botany, 22, 13-17.

[28] Bilshorrow , P.E.,E.J.Evans & F.J .Zhao .1993 .The influence of spring nitrogen on yield , yield components and glucosinolate
content of autumn —sown oilseed rape (Brassica napusl.) Journal of Agriculture Science Cambridge, 120, 219 —224.

[29] Abhari A. and Radman A. R. 2021. The effect of salicylic acid on the physiological efficiency of nitrogen and water
consumption in barley plants under irrigation stress conditions. Plant Production Research Journal, 20 (2), 187-200.

[30] Bremner, J.M. and Mulvaney, C.S. (1982) Nitrogen-Total. In: Methods of soil analysis. Part 2. Chemical and microbiological
properties, Page, A.L., Miller, R.H. and Keeney, D.R. Eds., American Society of Agronomy, Soil Science Society of
America, Madison, Wisconsin, 595-624.

[31] Alavi Fazel M. 2015. Evaluation of remobilization rate of bread and durum wheat genotypes in response to nitrogen values.
Journal of Crop Physiology, 28 (18), 18-4.

[32] Cox, M.C., Qualset, C.O., and Rains, D.W. 1990. Genetic variation for nitrogen assimilation and translocation in wheat. I11.
Nitrogen translocation accumulation in relation to grain yield and protein. Crops Science, 26, 737- 740.

[33] Papakosta. D.K. and Gagianas, A.A., 1991. Nitrogen and dry matter accumulation, remobilization, and losses for
Mediterranean wheat during grain filling. Agronomy Journal, 83: 864-870.

[34] Bakhshandeh E., Soltani A., Zeinali E. and Ghadiryan R. 2014. Study of dry matter and nitrogen accumulation, remobilization
and harvest index in bread and durum wheat cultivars. Journal of Crop Production, 6 (1), 39-59.

[35] Lack, Sh., M. Kermanshahi and H. Noryani. 2015. Variation Trend of Leaf Area Index, Yield and Yield Components of
Green Beans (Phaseolous vulgaris L.) by Using Zinc Sulfate and Nitrogen. Journal of Crop Ecophysiology, 9 (4), 559-610.
(In Persian)

[36] Mojaddam M. 2009. The effect of nitrogen management and forage harvest time on forage yield, seed yield and remobilization
rate of southern cultivar. Journal of Crop Physiology, 4, 97-85.



