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Table 1. Analysis of variances of vegetative parameters of two garlic genotypes affected by different nitrogen sources and
bicarbonate levels (Alkalinity stress) in hydroponic culture

i lie az o s plil 5 y5g s plal 25 s Ay 5 o) ady, SES 59 S ga Sl oS glisl
S s d - o Sl [SP)
SOV sl Shoot fresh Shoot d ioht Root fresh Root dry Bulblet Plant
e df weight oot dry welg weight weight No. height
Mean squars
Genotype iy
YPE s’ 1 2.33% 0.79** 71.99%** 0.56%** 3.62%* 864 %%
G
Ol gl
Nitrogen 2 8.43%* 0.64** 2.18%** 0.02ns 1.72%* 6.56*
g
sources (N)
S Kk sk K3k * sk *
2 49.83 0.37 4.14 0.03 2.88 28.90
Bicabonate (B)
G*N 2 17.56%* 0.92%* 4.28%* 0.12%* 4.01%* 15.93%*
N*B 4 2.12%* 0.35%** 1.18%%* 0.07** 5.19** 0.39ns
G*B 2 10.22%* 0.064ns 0.20%* 0.07** 5.62%* 10.72%*
G*N*B 4 25.52%%* 0.036%** 2.08%** 0.12%* 0.26ns 1.77ns
wb)] (5”‘5
Experimental 35 0.48 0.068 0.01 0.008 0.25 1.57
error
CVol s co,b - 11.48 12.63 5.15 16.11 18.64

s o Glii ) as 0 ) 50 Jlaisl o ;o lo jixe ls g e s 5 4y

", * and ** represent non-significant, significant at 5% and 1% probability levels, respectively
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Table 2. Interactive effects of different nitrogen sources and bicarbonate levels (Alkalinity stress) on shoot fresh and dry
weight and root fresh and dry weight in two genotypes of garlic in hydroponic culture

o 55 O3S e Sl o el 5 0l Pl Sas gyt S0 sy S8 0
Garlic Nitrogen sources Sodium o Shoot Fresh Shoot Dry Root Fresh Root Dry
genotype (5 mM) bicarbonate (mM)  Wieght (g) Wieght (g) Wieght (g) ~ Wieght (g)
0 3.70f 1.63a 4.79b 0.5b
eels 2l 10 3.63f 1.35abe 4.34c 0.49b
Calcium nitrate 20 3.90f 1.85a 3.46¢ 0.55ab
e pssizel Sl 0 10.26a 1.22a-d 3.79d 0.39bc
White Ammonium 10 8.28bc 1.39ab 2.78f 0.26cd
nitrate 20 5.85de 0.82def 2.15g 0.47b
posigel Slilges 0 1.56g 0.43f 3.26e 0.07¢
Ammonium 10 9.40ab 1.48a 591a 0.67a
sulfate 20 4.25¢ 0.70f 3.97d 0.11de
0 6.07d 0.92b-f 2.02¢g 0.16de
preelS” Sl 10 6.63d 0.63f 2.07¢g 0.15de
Calcium nitrate 20 4.40f 0.74f 0.82i 0.11de
pgrigel Sl 0 4.11f 0.78¢f 1.42h 0.15de
Purple i, Ammonium 10 7.96¢ 1.65a 2.06g 0.22de
nitrate 20 4.47f 1.27a-d 1.4%h 0.14de
posigel Slilgas 0 8.13¢ 0.89¢-f 1.47h 0.46b
Ammonium 10 5.92de 0.83def 1.34h 0.19de
sulfate 20 4.73¢f 0.70f 3.97d 0.05¢
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Fig 2. Interactive effects of different nitrogen sources and
sodium bicarbonate levels on the number of garlic corm in

hydroponic culture
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Fig 1. Interactive effects of nitrogen sources and garlic
genotypes on the number of garlic corm in hydroponic

culture
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Fig 3. Interactiveve effects of sodium bicarbonate levels and garlic genotypes on number of corm in hydroponic culture
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Table 3. Analysis of variances of some of macro and micro elements of two garlic genotypes affected by different nitrogen
sources and bicarbonate levels (Alkalinity stress) in hydroponic culture

S.0.V &l i &b df 6°|}T a0 O399 poew L7} S’ 02, a0 S5 ool S
N K Ca Mg S Fe Zn
Mean squars
Genotype (G)wwssis 1 0.56%* 23.88%%  0015%  0088**  027%  1185%*  330%x
Nitrogen ¢ e 2 252%%  138%%  0.005%%  0.046%*  0.14ns  2236** 893k
sources (N)
Bicabonat (B)olys 2 0.74%%  0.16**  0.004**  0.077%*  0.08ns  480507**  1791%*
G*N 2 2.19%%  080**  0.036**  0254ns  033*%  36I3%x  23.7%x
N*B 4 121%%  044%%  0074**  0001**  0.08ns  3986**  4228%*
G*B 2 286%%  LII**  0.064**  0056** 0.07ns  1224%*% 9] g8**
G*N*B 4 0.57%%  201%%  0.037%%  0.079%*  027%%  1665%**  29.06**
eyl sl 35 0.002 0044 00007 00008  0.06 60.25 1.72
Experimental error
OVl s ; 413 257 5.603 5834 24.63 469 4.00

Ao o BLES 1) ey Y 50 Jlazs! ck,a 23 3 gae Gls gan b S 5 a4tk g s DS

ns, * and ** represent non-significant, significant at 5% and 1% probability levels, respectively
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Table 4. Interactiveve effects of different nitrogen sources and bicarbonate levels (Alkalinity stress) on nitrogen, potassium,
calcium and magnesium concentrations in two genotypes of garlic in hydroponic culture

ke Ol S

o s o Sodium O3 ey ozl i
Garlic Nitrogen sources . N K Ca Mg
bicarbonate
genotype (5 mM) (mM) (% DW) (% DW) (% DW) (% DW)
0 1.88 ¢ 0.932a 0.55 bed 0.18 k
c 1““. - 10 1.84f 0.845 de 0.48 ¢ 0.25 ]
alcium nitrate 20 068j  0.867 bed 0.40 fg 0.35 hi
pasigel 2 0 1.79d 0.856 cd 0.55 bed 0.75a
Whites. Ammonium 10 0.46 k 0.932a 0.59 be 0.26 ]
) nitrate 20 0.94h 0.834 hi 039g 0.52f
ossigel Sligus 0 0.84i 0.9 ab 0.43 efg 0.64 ¢
Ammonium 10 0.66 ] 0.894 b 0.71a 0.62 cd
sulfate 20 1.67¢ 0.889 be 0.53d 043 g
0 122¢ 0.697 h 0.52d 0.66 be
c 1”". ’;“t 10 262a 0.812 ef 038 g 0.57 de
aicium nitrate 20 0.68 j 0.599 i 071a 0.56 ef
pasigel 2 0 0.261 0.692 h 0.54 cd 0.7b
Purple i Ammonium 10 0.90 hi 0.71h 0.60b 0.51f
nitrate 20 0.62] 0.839 de 0.43 efg 043 g
pssigel lilgus 0 191 ¢ 0.796 fg 0.45 ef 0.39 gh
Ammonium 10 243D 0.768 g 0.26 h 0331
sulfate 20 1.60 ¢ 0.834 de 0.42 fg 0.56 ef

Means with different letters show significant differences at P<0.05 (Duncan)
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Table 5- Interactiveve effects of different nitrogen sources and bicarbonate levels on iron, manganese, zinc and copper
elements in two genotypes of garlic in hydroponic culture

Mean comparison

o e S (o . _
i i 95 039y &l 35 oo $9)
Sodium
Garlic Nitrogen sources Sulfur Fe Zn
bicarbonate
genotype (5 mM) (% DW) (mg/Kg DW) (mg/Kg DW)
(mM)
0 1.18 abc 345.1 be 23.93 gh
eSO yi5
10 1.19 abc 116.06 ¢ 22.56 h
Calcium nitrate 20 130a 80.67 ¢ 2556 ¢
) } 0 0.79 b-e 358.03 b 33.26 cdf
o poigel Sl
10 1.16 a-d 97.03 f 2933 f
White Ammonium nitrate 20 1 a-d 5048 h 2933 f
il el 0 1.29 ab 3353 ¢ 41.33b
poigel Slalgw
) 10 0.83 a-e 123.72 ¢ 32.7e¢
Ammonium sulfate
20 1.24 abc 15.96 j 3543 ¢
0 047e¢ 293.83 d 262 ¢g
pndS” Ol i
10 1.13 a-d 90.41 gf 3043 f
Calcium nitrate 20 0.7 de 3439 229h
. 0 1.12 a-d 42443 a 352 cd
poigel Ol
Purple :as 10 0.79 cde 94.05 gf 44.63 a
Ammonium nitrate 20 1.01 a-d 36.651 33.06 ¢
il el 0 0.89 a-e 349.13 b 41.83b
pogel Slalgw
) 10 1.29 ab 97.53 f 39.7b
Ammonium sulfate
20 1.30 a 30.571 44.1a

Means with different letters show significant differences at P<0.05 (Duncan)
)lo‘sz.m oy B Jleas! zhw o oSGl Q}A)'—‘ okl bl oo stplive B> shls cas o o as @Lawi,t,c

¥F



...al.'..n).ni’i.i‘Q.’:dﬁ.meL..'fsg.L’xéfoL;:‘?ﬁaﬂéubﬁﬁsgdﬁ)&@a’&w‘)ﬁ:QIJLSA.A‘Q i cclad dasge

S
el oy Clale @ by e glaesls o)y 458 s
by S o slachle (gl Gl aS sl glaS e ol
ozl a3 Lol ufen 5 055 25 b 5 e
Lot Sl S gbachle JiShny 5 Aoy K
Gol3sme U Ao g Jlel w55 0555 b
Sao 2 S5 g &5 )l @l dsr) W
ols S o chle il boas sl olis e glaag s
233 sy pe a2 53 2l il (g5 Ol s
S g e 53w S il oS e () 0 o
03 eSSl B0 5 e P ) 03 (’J’:")”T
Ol e Dl S o cBle (L1510 L Ak 5555
3 KL (0 dpar) S8l Bl ol el (g,
S Olgea |y ol S s (Yang et al, 1993) ol)Saa
Lol cle & Ws 8 bime S5y 3508 3 pr Jolo
G s ol laaiy s sdisn g5 2l e SRalS
55 o ed tls glsn ol 4 baai s ) gl
Forno ) 01, 5 3045 5 (Dogar & Hai, 1980) <ls
S L gl WSPH ;5 a5 sl ULJ\JK (etal., 1975
L e sy Sk 5 Gy Os (SLB
pPH 53 Ll cdes alny by Ol sl oz JB
sy a Sl S b sabesn S MY WL VL
LA ods S e Zn(OH)y 5 Zn(OH)s 35 odel
ol ol sboes 55 YW pH & ol edd 5l
Van Heerden et ) o L s 55 (S5 9 &ATC,J&.L& seals

.(al., 2003

Yo

ol
ol oal Chle @ by e glaesls uibly 4 =
Sl S sl ble (55 S aS sl Ol e alse
Golsame b 0T iSan 45 05558 e s
C,LJ (Y ded) clls asys K Jlaa| C]a“ 53
clle Bl Losh ol Lol e o SO0le aslis
e s gl el Al e i Sl S
B e s 5 Ade S8 9 A 05 5 OO
5 alen el ol clle oy 5t (0 dpds)
G55 Sl S e Ole s s el Dl sl
Sl g 5 53 OF Dljn 2 568 5l s iy
plad O o3 Ad Jol e b LS5 0 rﬁ'}‘T
53l Al 5L op i OLS (O aaeS ule
oS ) b S sianSI Fe¥ w Fe?' UG Ll s
2355 PH 4 &S (gio-ls oo g3l 4 sl o s LG 8
S w BT s T O et 53 Skl spi e
Nicolic & ) &S o Iy Jials ol Yer 5 Vaee
Sals el SLs s cul by «(Romheld, 2002
UL 5 Ogsd g8 ol il g ol Ll
CbB pH il 53l a8 WLsls 5,058 (Tyson et al., 2008)
Lok oS _}‘JJ P s ‘r,_.‘.ls STl
ialesl s sl Jnals Lol Gl phe b, e
4l g5, » (Zouetal,2001) OL,Kan 5 55 law 5 aS
alp el oAl s 05 wosline JKEI Loyl
bamlie 3 baaty; 53 oal e 4 oee Sl 03 5

A p g gl



VWA il g 5lgs ) o lack o g8 0,90 (il HLALS dsii sale dg s

B RGN E N

sl il al CBlE O35 e A A 3 s e oot sal S e 5l S sl 0L Gadod ol ol
I e o2 ol B o aiy )l (il el 5 505 2 b TS e el S
Rl A sdalie mde Dby Sy SLE 3 5 p el sl GEalS aly, S 5 3 03s 5 2l pll S
Sl b 3l eslizal SRl ool w4 e b O3 hle il i Rl b oS ol Ol e
Bl 5 Dl e LIS sl DS s el Sl s psisel Sl gl il 5 ely
O Rl s e s el s e ole OLLS e 5 oS Chile 3L RIB g el

el ol S eSS 5 paspel S g s g 3 0y

G5 53 a5 Sk SRl Sl L 1L

&

Abbey, L., Joyce, D. C., Aked, J., & Smith, B. (2002). Genotype, sulphur nutrition and soil type effects on
growth and dry-matter production of spring onion. The Journal of Horticultural Science and
Biotechnology, 77(3), 340-345.

Abdel Latef, A. A., & Tran, L. S. P. (2016). Impacts of priming with silicon on the growth and tolerance of
maize plants to alkaline stress. Frontiers in plant science, 7, 243.

Ahmad, P., & Sharma, S. (2012). Physio-biochemical attributes in two cultivars of mulberry (Morus alba L.)
under NaHCO3 stress. International Journal of Plant Production, 4(2), 79-86.

Alhendawi, R. A., Romheld, V., Kirkby, E. A., & Marschner, H. (1997). Influence of increasing bicarbonate
concentrations on plant growth, organic acid accumulation in roots and iron uptake by barley, sorghum, and
maize. Journal of Plant Nutrition, 20(12), 1731-1753.

Anderson, T. S., Martini, M. R., de Villiers, D., & Timmons, M. B. (2017). Growth and tissue elemental
composition response of Butterhead lettuce (Lactuca sativa, cv. Flandria) to hydroponic conditions at
different pH and alkalinity. Horticulturae, 3(3), 41.

Azooz, M. M., Metwally, A., & Abou-Elhamd, M. F. (2015). Jasmonate-induced tolerance of Hassawi okra
seedlings to salinity in brackish water. Acta physiologiae plantarum, 37(4), 77.

Bavaresco, L., Giachino, E., & Colla, R. (1999). Iron chlorosis paradox in grapevine. Journal of Plant
Nutrition, 22(10), 1589-1597.

Bertoni, G. M., Pissaloux, A., Morard, P., & Sayag, D. R. (1992). Bicarbonate-pH relationship with iron
chlorosis in white lupine. Journal of Plant Nutrition, 15(10), 1509-1518.

Bie, Z., Ito, T., & Shinohara, Y. (2004). Effects of sodium sulfate and sodium bicarbonate on the growth, gas
exchange and mineral composition of lettuce. Scientia Horticulturae, 99(3-4), 215-224.

Borgognone, D., Colla, G., Rouphael, Y., Cardarelli, M., Rea, E., & Schwarz, D. (2013). Effect of nitrogen form
and nutrient solution pH on growth and mineral composition of self-grafted and grafted tomatoes. Scientia
Horticulturae, 149, 61-69.

Coolong, T. W., & Randle, W. M. (2003). Ammonium nitrate fertility levels influence flavour development in
hydroponically grown ‘Granex 33’onion. Journal of the Science of Food and Agriculture, 83(5), 477-482.

2



...al.'..n).ni’i.i‘Q.’:dﬁ.maL..'fsg.L’xéfoL;:eﬁgﬂéubﬁﬁsgdﬁaJalﬂaﬁjﬁA&wJﬁ:QIJM‘Q i cclad dasge

Coolong, T. W., Kopsell, D. A., Kopsell, D. E., & Randle, W. M. (2005). Nitrogen and sulfur influence nutrient
usage and accumulation in onion. Journal of plant Nutrition, 27(9), 1667-1686.

Dogar, M. A., & Van Hai, T. (1980). Effect of P, N and HCO3-Levels in the Nutrient Solution on Rate of Zn
Absorption by Rice Roots and Zn Content in Plants. Zeitschrift fuer Pflanzenphysiologie, 98(3), 203-212.
Forno, D. A., Yoshida, S., & Asher, C. J. (1975). Zinc deficiency in rice. II. Studies on two varieties differing in

susceptibility to zinc deficiency. Plant and Soil, 42, 551-563.

Gaffney, J. M., Lindstrom, R. S., McDaniel, A. R., & Lewis, A. J. (1982). Effect of ammonium and nitrate
nitrogen on growth of poinsettia [Plant nutrition, Euphorbia pulcherrima]. HortScience. 1-15.

Gao, D. W., Hu, Q., Yao, C., & Ren, N. Q. (2014). Treatment of domestic wastewater by an integrated anaerobic
fluidized-bed membrane bioreactor under moderate to low temperature conditions. Bioresource
Technology, 159, 193-198.

Getaneh, T. & Dechassa, N., (2018). Effect of manure and nitrogen rates on growth and yield of garlic (Allium
sativum L.) at Haramaya, Eastern. Journal of Horticulture and Forestry, 10(9): 135-142.

Khan, H., Khan, T. N., Ramzan, A., Jillani, G. and Ali, M. (2016). Genotypic response of Garlic to various
fertilizers levels under Agro-climatic conditions of Islamabad. Journal of Agricultural Research, 54(1): 1-10.

Kotsiras, A., Olympios, C. M., Drosopoulos, J., & Passam, H. C. (2002). Effects of nitrogen form and
concentration on the distribution of ions within cucumber fruits. Scientia Horticulturae, 95(3), 175-183.

Li, C, Fang, B., Yang, C., Shi, D., & Wang, D. (2009). Effects of various salt—alkaline mixed stresses on the
state of mineral elements in nutrient solutions and the growth of alkali resistant halophyte Chloris
virgata. Journal of Plant nutrition, 32(7), 1137-1147.

Lin, J., Wang, Y., Sun, S., Mu, C., & Yan, X. (2017). Effects of arbuscular mycorrhizal fungi on the growth,
photosynthesis and photosynthetic pigments of Leymus chinensis seedlings under salt-alkali stress and
nitrogen deposition. Science of the Total Environment, 576, 234-241.

Lu, Y. X, Li, C. J., & Zhang, F. S. (2005). Transpiration, potassium uptake and flow in tobacco as affected by
nitrogen forms and nutrient levels. Annals of Botany, 95(6), 991-998.

Marschner, H. (1995). Mineral Nutrition of Higher Plants. Academic Press, London, Harcourt Brace and
Company.

Mudziwa, N. (2010). Yield and quality responses of Egyptian white garlic (Allium sativum L.) and wild garlic

(Tulbaghia violacea Harv.) to nitrogen nutrition (Doctoral dissertation, University of Pretoria).

Nasreen, S., Haque, M. M., Hossain, M. A., & Farid, A. T. M. (2007). Nutrient uptake and yield of onion as
influenced by nitrogen and sulphur fertilization. Bangladesh Journal of Agricultural Research, 32(3), 413-
420.

Nikolic, M., & Rémheld, V. (2002). Does high bicarbonate supply to roots change availability of iron in the leaf
apoplast?. Plant and Soil, 241(1), 67-74.

Pariari, A. & Khan, S. (2013). Growth, yield and quality of onion (Allium cepa L.) as influenced by different

level and source of sulphur. Paper proceedings of Agriculture and Animal, 2.

Pearce, R. C., Li, Y., & Bush, L. P. (1999). Calcium and bicarbonate effects on the growth and nutrient uptake of
burley tobacco seedlings: hydroponic culture. Journal of plant nutrition, 22(7), 1069-1078.

Quave, C.L. (2013). Medicinal plant monographs contributions from Emory University course. HLTH. 385: 661.

Radi, A. A., Abdel-Wahab, D. A., & Hamada, A. M. (2012). Evaluation of some bean lines tolerance to alkaline
soil. Journal of Biology and Earth Sciences, 2(1), 18-27.

Raven, J. A., & Smith, F. A. (1976). Nitrogen assimilation and transport in vascular land plants in relation to
intracellular pH regulation. New Phytologist, 76(3), 415-431.

fv



VWA il g 5lgs ) o lack o g8 0,90 (il HLALS dsii sale dg s

Roosta, H. R. (2011). Interaction between water alkalinity and nutrient solution pH on the vegetative growth,
chlorophyll fluorescence and leaf magnesium, iron, manganese, and zinc concentrations in lettuce. Journal of
plant nutrition, 34(5), 717-731.

Roosta, H. R., & Schjoerring, J. K. (2007). Effects of ammonium toxicity on nitrogen metabolism and elemental
profile of cucumber plants. Journal of Plant Nutrition, 30(11), 1933-1951.

Roosta, H. R., Sajjadinia, A., Rahimi, A., & Schjoerring, J. K. (2009). Responses of cucumber plant to NH4+
and NO3— nutrition: the relative addition rate technique vs. cultivation at constant nitrogen
concentration. Scientia Horticulturae, 121(4), 397-403.

Ryan, J., Estefan, G. & Rashid, A. (2001). Soil and plant analysis laboratory manual. International Center for

Agricultural Research in the Dry Areas (ICARDA), Aleppo, Syria.

Sachin, A. J., Bhalerao, P. P. & Patil, S. J. (2017). Effect of organic and inorganic sources of nitrogen on growth
and yield of garlic (Allium sativum L.) var. GG-4. International Journal of Chemical Studies, 5: 559-562.

Saeedi Gaghaghani, H., Yazdani Boiko, N., Saeedi, Garghani., & Soda Zadeh, H. (2014). Effect of different
nitrogen sources and levels on quantitative and qualitative characteristics of parsley (Petroselinum crispum
Mill.) in jiroft region. Iranian Journal of Field Crop Research, 12 (2): 327-316. (In Persian)

Sebnie, W., Mengesha, M., Girmay, G. & Feyisa, T. (2018). Response of garlic (Allium sativum L.) to nitrogen
and phosphorus under irrigation in lasta district of amhara region, Ethiopia. Cogent Food & Agriculture,
4(1): 1532862.

Sharma, M. P., Singh, A., & Gupta, J. P. (2002). Sulphur status and response of onion Allium cepa to applied
sulphur in soils of jammu districts. The Indian Journal of Agricultural Sciences, 72(1).

Tabatabaei, S. J., Fatemi, L. S. & Fallahi, E. (2006). Effect of ammonium: nitrate ratio on yield, calcium

concentration, and photosynthesis rate in strawberry. Journal of Plant Nutrition, 29(7): 1273-1285.

Taghavi, T. S., Babalar, M., Ebadi, A., Ebrahimzadeh, H., & Asgari, M. A. (2004). Effects of nitrate to
ammonium ratio on yield and nitrogen metabolism of strawberry (Fragaria xananassa cv.
selva). International Journal of Agriculture and and Biology, 6(6), 994-997.

Tyson, R. V., Simonne, E. H., Treadwell, D. D., Davis, M., & White, J. M. (2008). Effect of water ph on yield
and nutritional status of greenhouse cucumber grown in recirculating hydroponics. Journal of plant nutrition,

31(11): 2018-2030.

Valdez-Aguilar, L. A., & Reed, D. W. (2008). Influence of potassium substitution by rubidium and sodium on
growth, ion accumulation, and ion partitioning in bean under high alkalinity. Journal of Plant
Nutrition, 31(5), 867-883.

Yang, C. W., Xu, H. H., Wang, L. L., Liu, J., Shi, D. C., & Wang, D. L. (2009). Comparative effects of salt-
stress and alkali-stress on the growth, photosynthesis, solute accumulation, and ion balance of barley
plants. Photosynthetica, 47(1), 79-86.

Yang, C., Shi, D. & Wang, D. (2008). Comparative effects of salt and alkali stresses on growth, osmotic
adjustment and ionic balance of an alkali-resistant halophyte Suaeda glauca (Bge.). Plant Growth

Regulation, 56(2): 179.

Yang, X., Romheld, V. & Marschner, H. (1993). Effect of bicarbonate and root zone temperature on uptake of
Zn, Fe, Mn and Cu by different rice cultivars (Oryza sativa L.) grown in calcareous soil. In Plant Nutrition

from Genetic Engineering to Field Practice. Springer Netherlands, 657-660.

Zaman, M. S., Hashem, M. A., Jahiruddin, M. & Rahim, M. A. (2011). Effect of nitrogen for yield maximization
of garlic in old brahmaputra flood plain soil. Bangladesh Journal of Agricultural Research, 36(2): 357-367.

A



...al.'..n).ni’i.i‘Q.’:dﬁ.maL..'fsg.L’xéfoL;:eﬁgﬂéubﬁﬁsgdﬁaJalﬂaﬁjﬁA&wJﬁ:QIJM‘Q i cclad dasge

Zhang, F. C., Kang, S. Z., Li, F. S., & Zhang, J. H. (2007). Growth and major nutrient concentrations in Brassica
campestris supplied with different NH4+/NO3— ratios. Journal of Integrative Plant Biology, 49(4), 455-462.

Zhanwu, G. A. O, Jiayu, H. A. N., Chunsheng, M. U, Jixiang, L. I. N., Xiaoyu, L. I, Lidong, L. I. N, &
Shengnan, S. U. N. (2014). Effects of saline and alkaline stresses on growth and physiological changes in oat
(Avena sativa L.) seedlings. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 42(2), 357-362.

Zhao, K., & Wu, Y. (2017). Effects of Zn deficiency and bicarbonate on the growth and photosynthetic
characteristics of four plant species. PlosOne, 12(1), e0169812.

Zou, C., Shen, J., Zhang, F., Guo, S., Rengel, Z. & Tang, C. (2001). Impact of nitrogen form on iron uptake and

distribution in maize seedlings in solution culture. Plant and soil, 235(2): 143-149.

F4



VWA il g 5lgs ) o lack o g8 0,90 (il HLALS dsii sale dg s

Evaluation of the growth characteristics and changes in the concentration of some
nutrient elements of garlic affected by different nitrogen sources and alkalinity in

hydroponic culture

Mahdiyeh Shojaee'*, Hamidreza Roosta?, Mahmoudreza Roozban?, Hamidreza Soufi*

1*-Master of Science, Horticulture Science Department, Agriculture Faculty, Vali-e-Asr University of
Rafsanjan, Rafsanjan, Iran. m.shojace712@gmail.com
2-Professor, Horticulture Science Department, Agriculture Faculty, Vali-e-Asr University of Rafsanjan,
Rafsanjan, Iran. roosta_h@yahoo.com
3-Assistance Professor, Horticulture Science Department, Agriculture Faculty, Pardis Abouryhan, Tehran, Iran
mroozban@ut.ac.ir
4-PhD Student, Horticulture Science Department, Agriculture Faculty, Vali-e-Asr University of Rafsanjan,
Rafsanjan, [ran. hamidrsoufi70@gmail.com

Received Date: 2019/07/19 Accepted Date: 2019/09/17

ABSTRACT

Introduction: High bicarbonate induced by soil and water alkalinity is a limiting factor
of agricultural crop production especially in arid and semi-arid regions of Iran.

Materials and Methods: A factorial experiment based on completely randomized design
was carried out to evaluation of effects of nitrogen source on growth parameters and
nutrient contents of arial parts of garlic under alkalinity conditions in hydroponic
system. The factors of the experiment were including: sodium bicarbonate (0, 10 and 20
mM), nitrogen source in nutrient solution (ammonium sulfate, ammonium nitrate or
calcium nitrate at 5 mM) and garlic genotypes (white and purple). In the experiment,
one-month genotypes of garlic were treated in hydroponics system for 8 weeks.

Results and Discussion: Based on the results, shoot and root fresh and dry weight of
plants decreased by increasing sodium bicarbonate from 10 mM to 20 mM in nutrient
solution. Application of ammonium nitrate and sulfate decreased the negative effect of
sodium bicarbonate on shoot and root fresh and dry weights. The results showed that
nitrogen and potassium concentrations in plants nourished with ammonium sulfate or
nitrate were increased by increasing bicarbonate level in nutrient solution. Also, calcium
and magnesium concentrations in the plants treated by ammonium sulfate and calcium
nitrate were increased under these conditions in both genotypes, while iron
concentration in all of nitrogen sources decreased with bicarbonate stress.

Conclution: According to the results of the experiment, the use of ammonium sulfate
and nitrate sources had a better efficiency on nutrients uptake and concentration in
shoot of garlic under high bicarbonate conditions.

Key words: Ammonium, Garlic genotype, Nitrogen, Plant nutrition, Sodium

bicarbonate




