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Introduction

The gradual decrease in the fertile soils surface due to environmental pollution and urbanization phenomena
has reduced the possibility of sufficient fodder production. In addition, the strict dependency of the agricultural
sector on water resources in an age of drastic climate change necessitates providing novel solutions for agricultural
production. One of the methods that has gained attention for providing fodder is its production through soilless
culture techniques. Maize can be a suitable option for fodder production in soilless culture due to high starch and
sugar content, low seed cost, high biomass production, and rapid growth. Proper nutritional management of maize
in soilless culture is highly important for increasing the quantity and quality of forage greenery. Little information
is available regarding the impact of nitrogen form on the growth, yield and chemical composition of forage plants
including maize in soilless culture. This experiment was conducted to investigate the effect of nitrogen form on
the chemical composition, leaf photosynthetic pigments concentration and yield of two fodder maize (Zea mays
L.) cultivars in soilless culture.

Materials and Methods

A factorial experiment based on randomized complete block design was conducted with the two factors of
ammonium to nitrate ratio in the nutrient solution (0:100, 12.5:87.5, 25:75, 37.5:62.5 and 50:50) and maize cultivars
(i.e., single cross hybrid 704 and single cross 410) and four replications in hydroponic culture at the greenhouse of
Shahrekord University. After seed germination and emergence of the first two leaves, the maize seedlings were
transferred to 10-liter plastic pots containing perlite (0.5-5 mm) and were manually fertigated with different
ammonium to nitrate ratios on a daily basis. Before harvesting, chlorophyll a, b and (a+b), and carotenoids were
quantified in leaves of plants. At the end of the tasseling stage, the plants were harvested. After harvesting, the root,
stem, and leaf parts were separated, and the fresh weights of the samples were measured. Plant samples were dried
in an oven at 60 °C. Then, dry weights of samples were measured and samples (root and leaf + stem) were ground
for nutrient analysis including of N, P and K. Analysis of variance was performed using SAS software version 9.4.
Means comparison was conducted using Duncan's multi-range test at p <0.05.
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Results and Discussion

The results showed that in single-cross hybrid 704 and single-cross 410 cultivars, respectively, increasing the
applied ammonium to 37.5% and 50% in the nutrient solution caused a significant increase in the shoot nitrogen
concentration. Application of ammonium in the nutrient solution led to an increase in shoot and root phosphorus
concentration in both maize cultivars compared to the nutrient solution without ammonium. The highest
concentration of phosphorus in shoot (18.02 g.kg™) was observed in the single-cross hybrid 704 cultivar when maize
plants fed with a nutrient solution containing 50 percent ammonium, which was 3.2 times higher than the shoot
phosphorus concentration in plants fed with nutrient solution without ammonium. Furthermore, at the 50:50
ammonium to nitrate ratio in the nutrient solution, the lowest root potassium concentration was recorded in both
maize cultivars. In single-cross hybrid 704 cultivar, application of nutrient solution with ammonium to nitrate ratio
of 50:50 resulted in a significant 31% decrease in leaf chlorophyll a concentration compared to plants fed with a
nutrient solution containing 25% ammonium (with the highest chlorophyll content). The leaf chlorophyll a
concentration in single-cross 410 cultivar showed an increasing trend with increasing ammonium in the nutrient
solution up to 25 percent, and then a decreasing trend with further increase in the ammonium proportion. Moreover,
a 31.4% significant decrease in chlorophyll b concentration was observed in plants fed with a 50:50 ammonium to
nitrate ratio compared to plants fed with a 37.5: 62.5 ammonium to nitrate ratio. The highest leaf carotenoid
concentration was recorded in single-cross hybrid 704 cultivar and at 25:75 ammonium to nitrate ratio, which was
1.4 times higher than the leaf carotenoid concentration compared to plants fed with nutrient solution without
ammonium. The highest relative leaf moisture content was observed in the plants nourished with ammonium to nitrate
ratio of 25:75, which showed a significant 20% increase compared to the ammonium-free nutrient solution. The
results also indicated that the application of 50% of nitrogen in the form of ammonium in the nutrient solution led to
a significant decrease in the leaf surface area of maize. The highest shoot and root fresh weights were obtained in the
plants nourished with 25:75 ammonium to nitrate ratio and in the single-cross hybrid 704 cultivar. The results showed
that the highest water (solution) use efficiency based on fresh weight was recorded in plants fed with 25:75
ammonium to nitrate ratio and in the single-cross hybrid 704 cultivar.

Conclusion

Based on the results of the present study, the highest shoot and root fresh weights of both maize cultivars were
obtained in plants fed with 25:75 ammonium to nitrate ratio. Given the limitations of water resources and rainfall,
optimal use of minimum water to produce maximum agricultural crops must be cnsidered. According to the results
of this research, application of nutrient solution with ammonium to nitrate ratio of 50:50 led to ammonium toxicity
and a reduction in forage yield in both maize cultivars. Therefore, replacing 25% nitrate in the nutrient solution with
ammonium and selecting the single-cross hybrid 704 cultivar (due to higher yield compared to single cross 410
cultivar) is recommended to achieve maximum fodder yield in soilless culture under conditions similar to this study.
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Table 1- Analysis of variance for macronutrient concentration in shoot and root of maize affected by NH4*/NOs™ ratio and
cultivar type
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ns **and *: non-significant, significant at p<0.01 and p<0.05, respectively.
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Table 2- Mean comparisons of the NH4*/NOgs™ ratio and maize cultivar interaction effect on macronutrient concentrations in
the root and shoot of maize
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‘ g.
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Means followed by the same letters in each column are not significantly different at 5% probability level based on Duncan test.
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Table 3- Analysis of variance for photosynthetic pigments concentration in shoot of maize affected by NH4*/NOs" ratio and
cultivar type
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Error
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ms, ™ and *: non-significant, significant at p<0.0I and p<0.05, respectively.
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Table 4- Mean comparisons of the NH4*/NOgs™ ratio and maize cultivar effect on photosynthetic pigments concentration in the
leaf of maize
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Means followed by the same letters are not significantly different at 5% probability level based on Duncan test.
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Table 5- Analysis of variance for shoot and root fresh weight, water use efficiency, leaf area and leaf relative water content
affected by NH4*/NOgs ratio and cultivar type
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ms, ™" and ": non-significant, significant at p<0.01 and p<0.05, respectively.
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Table 6- Mean comparisons of the effect of NH4*/NOs™ ratio and maize cultivar on root and shoot fresh weight, water use
efficiency, leaf area and leaf relative water content of maize
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Means followed by the same letters are not significantly different at 5% probability level based on Duncan test.

Sl 5 93 bl S ok catS Ll 5 35S olS 5,Slas
Slyis 4 posigel YO 2 YO s p> a5 adl > (Zhu et al., 2021)
DI Rl ol &) i oIS olS A3y 5 e e ooyt
5 posgel S s (I8 Jglomo )3 paisal o taljBl 138
sl JLs 4 1) oS ab) )3 ARl g A phugiay (A5 (s
olelp 23 Jokxe Gpae oL (p it o U s
4 porigal YO & YO s b ok 435 lalS 5 s 9056 5
Sl & &bty gy Cd @ VoY ulyS R 08) ) 5 lis
FIPY 9 YWV o (Span (ol Jobre o jio S o
e Jobe b (wld )3 &5 0 g Suts g ojb ddgle p S5l
s a8l o )3 FY/Y 9 YAUDF (s 5y o8 lod ) pasigel 5l
oS dgdme lgie 4 ()bl Ol Kiid e ¢ Sis 3blie ,5 0b
Tlae $5)9liS SV gaze > i 3Sdes 4 Jo 3 Jole
Sy oo (e Jslomo) Ol Brme a8 (550310l cpl iy un]

aday > powgel ke G ey aty) gy Llals >
Ol G2 L %> Bib 5l 5 e dbml b 85k 5l & ol
4 oo 04 u.\> fes.u?a] uwmi Ay L;J){ d‘l!bp‘.lfw.sl
.(Beritto & Kronzucker, 2002) ool oads ddyy Ab, yials
ollS 13 Sy (gt slaoyss, clale aSul & 4 b
yhlie ialS (il i 4 pasigel Be ) Br s b odd 4355 &)
;l;owws”;)@)aul):g@m,nivaQva@w@w
Oieen g (sl dmngd g bl jilogd pliee i 3 (F Jga2)
G bl g LidlS Cans ol b ol 435 LS 5 Sy paw
Kumari ) o,en 5 (g)losS .(F Joio) Cuol 03,8 il olS 0045
Suid 5030 59 oSy pdaw yiSls 45" 655 5155 (et al., 2021
A5 Jeols padgal 4 Sl YO 4 YO Cand 3,)8 b juiisS ol
Ol Jpa> ly posigel 4 Clis Cund oy VO 4 VO



1Fer 0,37 b oyl IV wle (S g ol s VAY

O s (elp 10,8 by Ll i gy g ddgle W > SK-
Wl )5 Sy SB ek g SIS scusS g9y wlb
@ oxd gl slgiagy @i b (wld 3l Jiagh I Jol
Lulyd > adgle g5 )0 O Gpae QLIS & amd 00 LS z99

ool glaejo glocusS it Hlws S g ctS

8 5 4o

ady) g o)ludll ofb (g cp e pOb Ghagh @l slue
035 blS 3 Ve LulS St 5 V¥ Lol,S ISt & pl5))
@ oary b b Job Sl 4 padsel YO 4 YO s b ord
sl o JBlas 5l atge odlisiol s Y955 5 ol bt Codgie
Lo ol ool 58 Slaine b 1y (65)0liS” @Y gae iSlas g
poigel S b Shmggy cnl o odlitiel 3,50 (li Jolore 5l oali]
Gpae ghl5 g0, Slae i & oliwd lp VO 4 Y0 Clyis &
ol wlido byl j> (gladale uyd SB oy culS 3 olie Jobxo
ool dpog B (g

al., wb (u;b.c Jslm) g.j P (2ddyo u‘)“ ol -yl
3,8 5yl55 (Marschner, 2012) sl .(Rudnick et 2016)
b 255518 5 (0 K g 5L s iz S 3 poreilly (s 45
)b Jlis 4 ) b8 O b jme (oIS 39:00 40 13 5 0 nd
5 Vo ol S Ui o) 93 50 SIS 4 posigal Be 4B+ s 3
@ IV/D Cand b duglio 5 o)l ls paslyy clale ol | ¥Y-
Ohler g 5oL 0l Fy i Jsbre Bpas SIS o jials AV/D
2l Ol Gpae o) oy i w5l oLis (Naderi et al., 2015)
Gyao J V¥ Lol S S o 53 3 S o0l p,SoliS YIYY
5 dlpiase ad Jols (slas)ie) Sligy et )3 o e 20 S

&S cpyiio (Mohammadnejad et al., 2015) .l)Sen
PSS ME V¥ Lol S s 08y &3 ddgle g 5l ol B jume
(Liu )Sen g g 20,8 5155 (glas )50 cuiS > aSlo yio p
Syd Suid odle Wi 5l O Grms oS o i et al., 2023)
23,8 )l e e p)SelS YIYY lasyie cuiS o |,
X63,8 5,58 (Elmulthum et al., 2023) )Kan o podsall
O i g lae e S 3 Ol Gyme L) o delb cglas

10.

11.

&lbo

Adeyemi, T.A., Adeoye, S.A., Ogunyemi, T.J., Adedeji, E.A., Oluyemi, B., & Ojob, V.O.A. (2020). Comparisons
of nutrient solutions from organic and chemical fertilizer sources on herbage yield and quality of hydroponically
produced maize fodder. Journal of Plant Nutrition, 44(9), 1349-1364. https://doi.org/10.1080/01904167.2020.
1845382

Aghajanzadeh, T.A., & Hafez alkotob, A. (2020). Effect of nitrate and ammonium nitrate on growth, sulfur
metabolism and gene expression of sulfate transporters, adenosine triphosphate sulfurylase and adenosine 5'-
Phosphosulfate reductase in canola (Brassica napus L.) and broccoli (Brassica oleraceae L.). Journal of Plant
Reaserch, 33(4), 781-796. (In Persian with English abstract)

Ahmadi, A., Ehsanzadeh, P., & Jabbari, F. (2004). Introduction to plant physiology. Vol I, Tehran University Press,
653p. (In Persian)

Alexander, K.G., Miller, M.H., & Beauchamp, E.G. (1991). The effect of an NH4" enhanced nitrogen source on the
growth and yield of hydroponically grown maize (Zea mays L.). Journal of Plant Nutrition, 14(1), 31-44.
https://doi.org/10.1080/01904169109364181

Ali, A., Tucker, T.C., Thompson, T.L., & Salim, M. (2001). Effects of salinity and mixed ammonium and nitrate
nutrition on the growth and nitrogen utilization of barley. Journal of Agronomy and Crop Science, 186, 223-228.
https://doi.org/10.1046/j.1439-037x.2001.00471.x

Anonymous. (2018). Report on the introduction of a new early maturing single cross hybrid maize 410 Taha (KSC
410) with suitable adaptability and desirable grain yield for cultivation in different regions of the country.
Agricultural Research, Education and Extension Organization."

Assefa, G., Urge, M., Animut, G., & Assefa, G. (2020). Effect of variety and seed rate on hydroponic maize fodder
biomass yield, chemical composition, and water use efficiency. Biotechnology in Animal Husbandry, 36, 87-100.
https://doi.org/10.2298/BAH2001087A

Banijamal, S.M., & Bayat, H. (2014). Effect of different ammonium and calcium different dosages on nutritional
status, Rosa hybrida L. performance and quality in hydroponic system. Journal of Greenhouse Cultivation Science
and Technology, 4(1), 29-38. (In Persian)

Barrs, H.D., & Weatherley, P.E. (1962). A re-examination of the relative turgidity technique for estimating water
deficits in leaves. Australian Journal of Biological Sciences, 15(3), 413-428. https://doi.org/10.1071/B19620413
Beritto D.T., & Kronzucker, H.J. (2002). NH4* toxicity in higher plants: a critical review. Journal of Plant
Physiology, 159(6), 567-584. https://doi.org/10.1078/0176-1617-0774

Bittsansky, A., Pilinszk, K., Gyulai, G., & Komives, T. (2015). Over coming ammonium toxicity. Plant Science,
231, 184-190. https://doi.org/10.1016/j.plantsci.2014.12.005


https://doi.org/10.1080/01904167.2020.%201845382
https://doi.org/10.1080/01904167.2020.%201845382
https://doi.org/
https://doi.org/10.1046/j.1439-037x.2001.00471.x
https://doi.org/10.2298/BAH2001087A
https://doi.org/10.1071/BI9620413
https://doi.org/10.1078/0176-1617-0774
https://doi.org/10.1016/j.plantsci.2014.12.005

\74°)

e Slaighe )3 0 93 3 ,Shas 5 Sy (g pimigid (S0 3RSy CLE ¢ oo a5 3 (3505008 JSb iU o)y S00 9 S5

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

Boschieroa, B.N., Mariano, E., Azevedoc, R.A. & Trivelin, P.C.O. (2019). Influence of nitrate - ammonium ratio
on the growth, nutrition, and metabolism of sugarcane. Plant Physiology and Biochemistry, 139, 246-255.
https://doi.org/10.1016/j.plaphy.2019.03.024

Bruning-Fann, C., & Kaneene, J.B. (1993). The effect of nitrate, nitrite and N-nitroso compounds on animal health.
Veterinary Human Toxicology, 35(3), 237-253.

Cao, H., Ge, Y., Liu, D., Cao, Q., Chang, S.X., Chang, J., Song, X., & Lin, X. (2011). Nitrate/ammonium ratio affect
ryegrass growth and nitrogen accumulation in a hydroponic system. Journal of Plant Nutrition, 34, 206-216.
https://doi.org/10.1080/01904167.2011.533322

Chen, J.G., Cheng, S.H., Cao, W.X., & Zhou, X. (1998). Involvement of endogenous plant hormones in the effect
of mixed nitrogen source on growth and tillering of wheat. Journal of Plant Nutrition, 21, 87-97.

Chen, J. (2007). Rapid urbanization in China: a real challenge to soil protection and food security. Catena 69(1), 1
15. https://doi.org/10.1016/j.catena.2006.04.019

Delshad, M., Babalar, M., & Kashi, A.K. (2000). Effect of NH4*/ NOs™ ratio of nutrient solutions on greenhouse
tomato cultivars in hydroponic systems. Iranian Journal of Agricultural Sciences, 31(3), 613-625. (In Persian)
Duke, S.H., & Collins, M. (1985). The role of K in legume dinitrogen fixation. In R, D. Munson (ed). Potassium in
Agriculture. Am. Soc. Agron. Madison, W1 p 443-465.

Dwyer, L.M., Stewart, D.W., Carrigna, L., Ma, B.L., & Neave, P. (1999). Guidelines for comparisons among
different corn-maturity rating systems. Agronomy Journal, 91(6), 122-131. https://doi.org/10.2134/agronj1999.
916946x

Elmulthum, N.A., Zeineldin, F.1., Al-Khateeb, S.A., Al-Barrak, K.M., Mohammed, T.A., Sattar, M.N., & Mohmand,
A.S. (2023). Water use efficiency and economic evaluation of the hydroponic versus conventional Cultivation
systems for green fodder production in Saudi Arabia. Sustainability, 15, 822. https://doi.org/10.3390/su15010822
Errebhi, M., & Wilcox, G.E. (1990). Plant species response to ammonium-nitrate concentration ratios. Journal of
Plant Nutrition, 13(8), 1017-1029. https://doi.org/10.1080/01904169009364132

Gangolli, S.D., Van Den Brandt, P.A., Feron, V.J., Jan-Zowesky, C., Koeman, J.H., Speijers, G.J.A., Spiegelhalder,
B., Walker R., & Winshnok, J.S. (1994). Nitrate, nitrite and N-nitroso compounds. European Journal of
Pharmacology, 292(1), 1-38. https://doi.org/10.1016/0926-6917(94)90022-1

Ghorbani, M., kiani, S.H., Moharrery, A., & Fallah, S. (2023). The effect of ionic composition of the nutrient
solutions on growth, macronutrients concentration and yield of two fodder maize (Zea mays L.) cultivars in soilless
culture. Journal of Soil and Plant Interactions, 14(1), 31-51.

Guo, J., Jia, Y., Chen, H., Zhang, L., Yang, J., Hu, X,, Ye, X,, Li, Y., & Zhou, Y. (2019). Growth, photosynthesis,
and nutrient uptake in wheat are affected by differences in nitrogen levels and forms and potassium supply. Scientific
Reports, 9, 1-12.

Hachiya, T., & Sakakibara, H. (2017). Interactions between nitrate and ammonium in their uptake, allocation,
assimilation, and in plants. Journal of Experimental Botany, 68(10), 2501-2512. https://doi.org/10.1093/jxb/erw449
Homas, A.L., & Sodek, L. (2005). Development of the nodulated soybean plant after flooding of the root system
with different sources of nitrogen. Brazilian Journal of Plant Physiology, 17(3), 291-297.

Jones, J.B. Jr. (2001). Laboratory Guide for Conducting Soil Tests and Plant Analysis. CRC Press, Boca Raton, FL,
USA.

Kandlbinder, A., da Cruz, C., & Kaiser, W.M. (1997). Response of primary plant metabolism to the N-source.
Zeitschrift fur Pflanzenernéhrung und Bodenkunde, 160, 269-274. https://doi.org/10.1002/jpIn.19971600221
Kumari, R., Bedi. S., Dhatt, A.S., & Sethi, V.P. (2021). Effect of Proportion of NO3s  and NH." in Nutrient Solution
and Growing Seasons on Yield and Quality in Coriander. Journal of Agricultural Science and Technology, 23, 891-
902. dor: 20.1001.1.16807073.2021.23.4.14.3

Lichtenthaler, H.K. (1987). Chlorophylls and carotenoids: pigments of photosynthetic biomembranes. Methods in
Enzymology, 148, 350-382. https://doi.org/10.1016/0076-6879(87)48036-1

Liu, M., Liang, F., Li, Q., Wang, G., Tian, Y., & Jia, H. (2023). Enhancement growth, water use efficiency and
economic benefit for maize by drip irrigation in Northwest China. Scientific Reports, 13, 8392.
https://doi.org/10.1038/s41598-023-35611-9

Luther, L.K., & Moler, R.L. (1988). Source and timing of spring topdress nitrogen on wheat in ldaho. Agronomy
Journal, 80(4), 641-654. https://doi.org/10.2134/agronj1988.00021962008000040020x

Mahlangu, R.1.S., Maboko, M.M., Sivakumar, D., Soundy, P., & Jifon, J. (2016). Lettuce (Lactuca sativa L.) growth,
yield and quality response to nitrogen fertilization in a non-circulating hydroponic system. Journal of Plant
Nutrition, 39, 1766-1775. https://doi.org/10.1080/01904167.2016.1187739

Marschner, P. (2012). Mineral Nutrition of Higher Plants. Academic Press, London.

Mengel, K., & Kirkby, E.A. (2001). Principles of Plant Nutrition. 5" Ed. Boston: Kluwer Academic Publishers,
US.A.

Mohammadnejad, A., Najafi, N., & Nishabouri, M.R. (2015). Effects of three types of organic fertilizers on the
growth characteristics and water use efficiency of corn at different levels of soil compaction. Journal of Soil


https://doi.org/10.1016/j.plaphy.2019.03.024
https://doi.org/10.1080/01904167.2011.533322
https://doi.org/10.1016/j.catena.2006.04.019
https://doi.org/10.2134/agronj1999.%20916946x
https://doi.org/10.2134/agronj1999.%20916946x
https://doi.org/10.3390/su15010822
https://doi.org/10.1080/01904169009364132
https://www.sciencedirect.com/journal/european-journal-of-pharmacology-environmental-toxicology-and-pharmacology
https://www.sciencedirect.com/journal/european-journal-of-pharmacology-environmental-toxicology-and-pharmacology
https://doi.org/10.1016/0926-6917(94)90022-1
https://doi.org/10.1093/jxb/erw449
https://doi.org/10.1002/jpln.19971600221
https://doi.org/10.1016/0076-6879(87)48036-1
https://doi.org/10.1038/s41598-023-35611-9
https://doi.org/10.2134/agronj1988.00021962008000040020x
https://doi.org/10.1080/01904167.2016.1187739

V¥ (63-,3T.0 o)lod Y'Y o (S g of 25 VPP

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Management and Sustainable, 5(2), 25-47.

Naderi, N., Ahmadi, M.Z., FazlOula, R., Shahnazari, A., & Khavari Khorasani, S. (2015). Evaluating the effect of
different methods of deficit irrigation on yield, yield components and irrigation water productivity of forage maize.
Iranian Journal of Irrigation and Drainage, 3(9), 522-530.

Naik, P.K., Dhuri, R.B., Swain, B.K., & Singh, N.P. (2012). Nutrient changes with the growth of hydroponics fodder
maize. Indian Journal of Animal Nutrition, 29(2), 161-163.

Najafi, N., & Parsazadeh, M. (2010). Effect of nitrogen form and pH of nutrient solution on the shoot concentration
of phosphorus, nitrate, and nitrogen of spinach plant in hydroponic culture. Journal of Science and Technology of
Greenhouse Culture, 1(1), 41-55.

Ningoji, S.N., Thimmegowda, M.N., Boraiah, B., Anand, M.R., Krishna Murthy, R., & Asha, N.N. (2020). Effect
of seed rate and nutrition on water use efficiency and yield of hydroponics maize fodder. International Journal of
Current Microbiology and Applied Sciences, 9(1), 71-79.

Peng, W., Zhang-kui, W., Xi-chao, S., Xiao-huan, M.U., Huan, C., Fan-jun, C., Lixing, Y., & Guo-hua, M.I. (2018).
Interaction effect of nitrogen form and planting density on plant growth and nutrient uptake in maize seedlings.
Journal of Integrative Agriculture, 18(5), 1120-1129. https://doi.org/10.1016/S2095-3119(18)61977-X
Poblaciones, M.A.J., Lopez-Bellido, L., & Rafel, J. (2009). Field estimation of technological bread-making quality
in wheat in wheat. Filed Crops Research, 112(2-3), 253-259. https://doi.org/10.1016/j.fcr.2009.03.011

Rabie, R.K., Arima, Y., & Kumazawa, K. (1980). Effect of combined nitrogen on the distribution of photosynthetic
assimilates in nodulated soybean plant as revealed by **C. Soil Science and Plant Nutrition, 26(1),79-86. https://
doi.org/10.1080/00380768.1980.10433214

Roosta, H.R. (2010). The comparison of ammonium or nitrate-grown lettuce and spinach in a hydroponic system.
Journal of Science and Technology of Greenhouse Culture, 1, 57-64. (In Persian with English abstract)

Rothstein, D., & Cregg., B.M. (2005). Effects of nitrogen form on nutrient uptake and physiology of Fraser fir (Abies
fraseri). Forest Ecology and Management, 219(1), 69-80. https://doi.org/10.1016/j.foreco.2005.08.043

Russell, W., & Hallauure, A.R. (1988). Corn in hybridization of crop plants. Fehr WR and Hadley HH (Eds.).
American Society of Agronomy, Madison. WI.

Rudnick, D., Irmak, S., Ferguson, R., Shaver, T., Djaman, K., Slater, G., Bereuter, A., Ward, N., Francis, D., Schmer,
M., Wienhold, B., & Van Donk, S. (2016). Economic return versus crop water productivity of maize for various
nitrogen rates under full irrigation, limited irrigation, and rainfed Settings in South Central Nebraska. Journal of
Irrigation and Drainage Engineering, 142(6), 04016017.

Santamaria P., Elia A., Papa G., & Serio, F. (1998). Nitrate and ammonium nutrition in chicory and rocket salad
plants. Journal of Plant Nutrition, 21, 1779-1789. https://doi.org/10.1080/01904169809365523

Santos, J.H.S., Bona, F.D., & Monteiro, F.A. (2013). Growth and productive responses of tropical grass Panicum
maximum to nitrate and ammonium supply. Revista Brasileira de Zootecnia, 42(9), 622-628. https://doi.org/10.
1590/51516-35982013000900003

Sattelmacher, B., Klotz, F., & Marschner, H. (1990). Influence of the nitrogen level on root growth and morphology
of two potato varieties differing in nitrogen acquisition. Plant and Soil, 123, 131-137.

Sawvas, D., Passam, H.C., Olympios, C., Nasi, E., Moustaka, E., Mantzos, N., & Barouchas, P. (2006). Effects of
ammonium nitrogen on lettuce grown on pumice in a closed hydroponic system. Journal of Horticultural Science,
41(7), 1667-1673. https://doi.org/10.21273/HORTSCI.41.7.1667

Shahoori S., Sepehr E., & Rahimi, A. (2018). Effect of different levels of nitrogen and different ratios of nitrate:
ammonium on chemical composition and essential oil of denaii thyme in saline and non-saline conditions. Applied
Soil Research, 7(2), 29-43.

Smith, G.S., Johnston, C.M., & Cornforth, 1.S. (1983). Comparison of nutrient solutions for growth of plants in sand
culture. New Phytologist, 94(4), 537-548.

Smith, R.L., Mills, H.A., Hoveland, C.S., & Hanna, W.W. (1990). Influence of influence of ammonium: nitrate
ratios on the growth and nitogen uptake of pearl millet. Journal of Plant Nutrition, 13(5), 541-553.
https://doi.org/10.1080/01904169009364098

Stewart, Z.P., Paparozzic, L.T., Djanaguiramana, M., & Shapiro, C.A. (2019). Lipid-based Fe- and Zn-
nanoformulation is more effective in alleviating Fe- and Zn-deficiency in maize. Joural of Plant Nutrition 42(14),
1693-1708. https://doi.org/10.1080/01904167.2019.1617314

Sultana, S., Ullah, J., Karim, F., & Asaduzzaman, J. (2009). Response of mungbean to integrated nitrogen and weed
managements. American-Eurasian Journal of Agronomy, 2(2), 104-108.

Wang, X.T., & Below, F.E. (1998). Accumulation and partitioning of mineral nutrients in wheat as influenced by
nitrogen form. Journal of Plant Nutrition, 21(1), 49-61. https://doi.org/10.1080/01904169809365382

Wen, X., lkeda, H., & Oda, M. (2000). The absorption, translocation, and assimilation of urea nitrate or ammonium
in tomato plant at different plant growth stages in hydroponic culture. Scientia Horticulturae 84(3-4), 275-283.
https://doi.org/10.1016/S0304-4238(99)00108-9

Woodson, W.R., & Boodley J.W. (1982). Effects of nitrogen form and potassium concentration on growth,


https://doi.org/10.1016/S2095-3119(18)61977-X
https://doi.org/10.1016/j.fcr.2009.03.011
https://doi.org/10.1016/j.foreco.2005.08.043
https://doi.org/10.1080/01904169809365523
https://doi.org/10.1590/S1516-35982013000900003
https://doi.org/10.1590/S1516-35982013000900003
https://doi.org/10.21273/HORTSCI.41.7.1667
https://doi.org/10.1080/01904169009364098
https://doi.org/10.1080/01904167.2019.1617314
https://doi.org/10.1080/01904169809365382
https://doi.org/10.1016/S0304-4238(99)00108-9

\744

e Slaighe )3 0 93 3 ,Shas 5 Sy (g pimigid (S0 3RSy CLE ¢ oo a5 3 (3505008 JSb iU o)y S00 9 S5

60.

61.

62.

63.

64.

flowering and nitrogen utilization of greenhouse roses. Journal of American Society for Horticultural Science,
107(2), 275-278. https://doi.org/10.21273/JASHS.107.2.275

Zhang, Y., Lin X., Zhang, Y., Zheng, S.J., & Du, S. (2005). Effects of nitrogen levels and nitrate/ammonium ratios
on oxalate concentrations of different forms in edible parts of spinach. Journal of Plant Nutrition, 28(11), 2011-
2025. https://doi.org/10.1080/01904160500311086

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.
https://doi.org/10.1111/j.1744-7909.2007.00373.x

Zheng, Y., Aijun, J., Tangyuan, N., Xud, J., Zengjia, L., & Gaoming, J. (2008). Potassium nitrate application
alleviates sodium chloride stress in winter wheat cultivars differing in salt tolerance. Journal of Plant Physioligy,
165(14), 1455-1465. https://doi.org/10.1016/j.jplph.2008.01.001

Zhu, Z.B., Yu, M.M., Chen, Y.H., Guo, Q.S., Zhang, L.X., Shi, H.Z., & Liu, L. (2014). Effects of ammonium to
nitrate ratio on growth, nitrogen metabolism, photosynthetic efficiency and bioactive phytochemical production of
Prunella vulgaris. Pharmaceutical Biology, 52(12), 1518-1525. https://doi.org/10.3109/13880209.2014.902081
Zhu, Y., Qil, B., Hao, Y., Liu, H., Sun, G., Chen, R., & Song, S. (2021). Appropriate NH4*/NOs" ratio triggers plant
growth and nutrient uptake of flowering Chinese cabbage by optimizing the pH value of nutrient solution. Frontiers
in Plant Science, 12(1-16). https://doi.org/10.3389/fpls.2021.656144


https://doi.org/10.21273/JASHS.107.2.275
https://doi.org/10.1080/01904160500311086
https://doi.org/10.1111/j.1744-7909.2007.00373.x
https://doi.org/10.1016/j.jplph.2008.01.001
https://doi.org/10.3109/13880209.2014.902081
https://doi.org/10.3389/fpls.2021.656144

