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Effect of Proportion of NO; and NH," in Nutrient Solution and
Growing Seasons on Yield and Quality in Coriander
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ABSTRACT

The effect of nutrient solutions with varying nitrogen forms was evaluated on yield and
quality of coriander (cv. Punjab Sugandh) grown in soilless medium under polyhouse
conditions. Crop was sown on three dates viz., October (main season), February, and July
(off-season), respectively. In polyhouse, N (Nitrogen) was supplied in variable ratios of
NO; to NH," viz; 100:0 (T1), 75:25 (T2), 50:50 (T3), 25:75 (T4), 0:100 (T5), respectively,
keeping total N content constant. Fresh foliage was harvested 3 times in each season at 30
days interval starting from date of sowing. At each harvest, plant growth quality
parameters including activity of antioxidants enzymes were determined. Irrespective of
the seasons, the yield was significantly higher in polyhouse than soil-grown crop, and
among the nutrient solutions, the solution of T2 recorded significantly higher yield as well
as growth and quality parameters during all the season. It could be concluded that NO3 to
NH," ratio of 75:25 in the nutrient solution improved both yield and quality and is thus
most suitable for coriander crop.
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Leafy vegetables are good sources of
antioxidants, minerals, vitamins and other
nutritional contents in human diet (Souri et al.,
2018b). Coriander (Coriandrum sativum L.) is
an aromatic herb, which is in demand
throughout the year. Therefore, to meet the off
season demand, its cultivation under controlled
conditions of polyhouse is required. Different
cultural  practices, such as controlled
temperature, light, and mineral nutrient levels,
have become common practice in vegetable
production systems for the enhancement of
these nutritive qualities (Barickman and
Kopsell, 2016; Saleh et al., 2019). In a
polyhouse, the crop is generally grown in
soilless media. Many plants such as celery
(Saleh et al., 2019), chinese cabbage (Song et

Schjoerring, 2008) prefer higher proportion of
nitrate to ammonium in nutrient solution. N
metabolism can be regulated by nitrogen
supply, plant nitrogen status, and its growth
rate (Souri and Hatamian, 2019; Dehnavard et
al., 2017). Plant growth and physiological
performance can be changed by N more than
any other mineral element (Marschner, 2012).
Plants can uptake both ammonium and nitrate
as well as other forms of N compounds;
however, many plants prefer a combined
application of nitrate and ammonium with
different preferential ratios (Aghaye Noroozlo
et al., 2019; Souri et al., 2019). Given that
information on the relationship between NOs’
to NH," ratios on growth and yield in coriander
is non-existent, the objective of the present
study was to investigate the effects of different
nitrate to ammonium ratios on vyield and
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quality in coriander raised as the main season
and off season crop.

MATERIALS AND METHODS

The study was conducted during the years
2016-17 and 2017-18 in the polyhouse at the
College of Agricultural Engineering and
Technology, the Vegetable Research Farm,
Department of Vegetable Science, and in the
laboratories of the Department of Botany,
Punjab Agricultural University, Ludhiana.
Ludhiana is situated at 30°-56” North latitude,
75°-52’ East longitude and 243 metres above
the sea level. The seeds of coriander (cv.
Punjab  Sugandh) were obtained from
Department of Vegetable Science, Punjab
Agricultural  University, Ludhiana. Three
crops were raised per year in the months of
October (main season), February (off-season),
and July (off-season), respectively. At each
date of sowing, two crops were raised
simultaneously, one in open field conditions
(in soil conditions, control) and another under
polyhouse. Under the open field conditions,
the crop was raised in 2 m’ plot as per
recommended practices (Anonymous, 2016).
The first irrigation was applied about 2 weeks
after sowing and subsequent irrigations were
given as and when required, taking care that
there was no moisture stress in the field. In
polyhouse, seeds were directly sown in plastic
pots 30 cm (diameter)x30 cm (height) in a
coco peat: perlite: vermiculite (3:1:1) medium
(Table 1). After emergence, the seedlings were
thinned to retain six per pot. Fresh foliage was
harvested by cutting it close to the base with a
pair of scissors. Harvesting was done 3 times
in each season at 30 days interval starting from
date of sowing. The data represented for
various parameters is a mean value of 2 years,
i.e. a data from six harvestings.

Polyhouse Conditions and Nutrient
Solution

Optimum temperature inside the polyhouse
was maintained by using heaters and coolers in
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cool and hot months, respectively.
Additionally, green net sheets were used to
shade the plants during summer months. The
mean maximum and minimum temperatures
were 25.2 and 11.4°C during main season
(October-January), 28.1 and 16.7°C during the
off season crops (February-May) and 28.3 and
16.9°C (July-October), respectively. The
basal nutrient solution was a modified
Hoagland’s nutrient solution (Cao et al.,
2010) that contained all the macronutrients
(Table 2). For micro-nutrients, a
commercially available formulation was
used. There were five treatments with
varying ratios of NOz; and NH;" while
keeping the total N content constant at 8
mmol L™ (Table, 2). NO; was supplied as
Ca (NOj), and NH," as (NH,); SO,
respectively. The pH of the solution was
adjusted to 6.0+£0.2 with dilute sodium
hydroxide (NaOH) or hydrochloric acid
(HCI). Nutrient solution was made fresh
every 10 days. Nutrient solution was added
manually to each pot as per requirement (at
one-day interval in seasonal and two-day
interval during off-seasons). Approximately
2 (main season) and 3 L (off season crop)
solution was supplied to each pot for the
entire growing season (3 months).

Growth Parameters

The growth parameters were recorded at
the time of each harvesting. The values
presented are mean of data obtained from six
harvestings (three harvestings per year).
Leaf area of three leaves from each
replication was measured with a leaf area
meter (LI-COR; LI-3100), leaf discs were
cut with a cork borer and leaf water potential
was measured with water potential meter
(PSYPRO, ELI Tech Group WESCOR ®).
Plant height was measured from the base to
the tip of the topmost leaf using a measuring
tape. Fresh weight (g) was recorded
immediately upon harvest and dry weight
(9) was recorded after drying the sample in
oven at 60°C for 48 hours.
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Table 1. Sowing and harvesting schedule of polyhouse and open field crops.
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Main season Off season
October February July
Month of sowing 3" Week of October 2" Week of February 2" Week of July
(2016 and 2017) (2017 and 2018) (2017 and 2018)
Month of harvesting 3" wWeek of January 1* Week of May 1* Week of October
(2017 and 2018) (2017 and 2018) (2017 and 2018)
Table 2. Compositions (mmol L) of nutrient solutions with different NO5 /NH," ratios.
= ¥ T
Treatments Noﬁa: ::‘)H“ Source of nutrients (mmol L )
KNO;  Ca(NOy),4H,0 CaCl,.2H,0  (NH,),SO,  KH,PO, MgSO,7H,0 KClI
T1 100:0 4.8 1.6 3.4 0.0 1.0 2.0 1.2
T2 75:25 2.8 1.6 3.4 1.0 1.0 2.0 3.2
T3 50:50 0.8 1.6 3.4 2.0 1.0 2.0 5.2
T4 2575 2.0 0.0 5.0 3.0 1.0 2.0 4.0
T5 0:100 0.0 0.0 5.0 4.0 1.0 2.0 6.0

N concentration was kept constant at 8 mmol L™

Quiality Attributes

Total  chlorophyll and  carotenoids
(Anderson and Boardma, 1964), Proline
(Bates et al., 1973), Ascorbic acid
(Ranganna, 1986), and a- tocopherol
(Jayarama, 1981) were estimated from the
freshly harvested leaves. Total soluble
sugars and total starch (Dubois et al., 1956),
total soluble proteins (Lowry et al., 1951)
and free amino acids (Lee and Takahashi,
1956) were estimated from oven dried leaf
samples. Activities of enzymes viz; SOD
(Marklund and Marklund, 1974), POD
(Shannon et al., 1966), CAT (Chance and
Maehly, 1955) were determined from
freshly harvested leaves.

Statistical Analysis

Data obtained from this experiment were
analyzed by factorial design using SPSS
(Version16.0 SPSS) software. Significant
differences (P< 0.05) were determined by
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Tukey’s test, and were marked with lower-
case letters in figures.

RESULTS AND DISCUSSIONS
Growth Parameters

Maximum leaf area, plant height, and fresh
and dry weight of shoot (Figures 1-a, -b, -c,
and d) were recorded for the crops sown in the
main season and within each season,
polyhouse grown crop showed higher values
as compared to the soil grown crop. Among
the nutrient solutions, the plants provided with
nutrient solution T2 (NO; /NH,"= 75:25) had
the maximum leaf area, plant height, and fresh
and dry weight of shoot, while the least values
for these parameters were observed in the
plants supplied with nutrient solution T5
(NO; /NH,"= 0:100). This decrease in growth
at higher supply of NH," (50% or above) (viz;
treatments T4 and T5) in nutrient solution may
be because the carbohydrates are diverted for
detoxification of ammonium and hence are not
available for plant growth (Britto and
Kronzucker, 2013). Higher vyield in plants
supplied with higher proportion of NO;~ with
respect to NH," have also been reported in


https://dorl.net/dor/20.1001.1.16807073.2021.23.4.14.3
https://jast.modares.ac.ir/article-23-42228-en.html

[ Downloaded from jast.modares.ac.ir on 2024-12-26 |

[ DOR: 20.1001.1.16807073.2021.23.4.14.3 ]

Kumari et al.

strawberry (Tabatabaei et al., 2006), rocket
salad (Kim et al., 2006), soyabean (Chen et al.,
2011), spinach (Zhang et al., 2005), ryegrass
(Cao et al., 2010), and taro (Osorio et al.,
2003), and celery (Salenh et al., 2019).
Increased plant growth under polyhouse can
be related to controlled environmental
conditions along with optimum supply of

nutrients and water to the plants that led to
more vegetative growth.

Proline and Leaf Water Potential

Among the treatments, maximum proline
content in all the seasons was recorded in
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Figure 1. Effects of different NO;:NH," on: (a) Leaf area, (b) Plant height, (c) Fresh weight shoot, (d) Dry
weight shoot, (e) Proline content, and (f) Leaf water potential. T1 (NO3 :NH,"= 100:0), T2 (NO3 :NH,"= 75:25),
T3 (NO; :NH, = 50:50, T4 (NO; :NH,"= 25:75), and T5 (NO; :NH,"= 0:100).
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the plants supplied with nutrient solution
containing NO; /NH," in the ratios of 75:25
(Figure 1-e). Sun et al. (2014) have also
observed maximum accumulation of proline
in Chinese chive seedlings supplied with
NO; and NH," in the ratio of 75:25. Also,
lower values (more negative) of water
potential were recorded in leaves obtained
from crop supplied with nutrient solution
having NOs; to NH," ratio of 75:25 (T2)
(Figure 1-f). This explains accumulation of
proline, which is an osmolyte that helps in
maintaining osmoticum. It has been shown
that proline gets accumulated under a broad
range of stress conditions, including low
water potential in white clover (Kim et al.,
2004) and in rice under drought stress (Dien
et al., 2019). Further, in the present study,
polyhouse grown crop accumulated more
proline than soil grown crop.

Total Chlorophyll and Carotenoids

Chlorophylls contribute to leaf colour and
have a direct effect on the consumer
preference  (Wu and Kubota, 2008;
Merajipoor et al., 2020). Carotenoids play
an important role in human nutrition,
because of their antioxidative properties
(Maiani et al., 2009). In October (main
season) and February (off season) sown
crop, plants that were supplied with nutrient
solution T2 and T1 (NO;3 :NH,"= 75:25 and
100:0, respectively) had maximum total
chlorophyll content, while in July sown crop
maximum chlorophyll content was observed
in plants supplied with nutrient solution T2
(Figure 2-a). Carotenoids content in October
(main season) sown crop was significantly
higher in the plants provided with nutrient
solution T2, whereas in off seasons sown
crop (February and July), maximum
carotenoid content was observed in plants
supplied with nutrient solution T1 and T2
(Figure 2-b). Carotenoids content in the
plants supplied with treatments T3, T4, and
T5 did not differ significantly during all the
growing seasons. It means that increasing
the proportion of NH," in the nutrient
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solution from 50 to 100% did not lead to
accumulation of carotenoids. Overall,
nutrient solution T2 resulted in maximum
chlorophyll and carotenoid content in both
the main season and off-season crops.
Previous studies have also reported
maximum chlorophyll and carotenoids
content in crop supplied with NO3; /NH," in
the ratio of 75:25 e.g. Kale (Kopsell et al.,
2007) and Swiss chard (Barickman and
Kopsell, 2016).

Total Soluble Sugars and Starch

Among the seasons, in February sown crop,
plants supplied with nutrient solution T2 had
significantly higher total soluble sugar.
However, in October and July sown crop, total
soluble sugar content was higher in the plants
supplied with nutrient solutions T1 and T2
(Figure 2-c). The total starch content was
maximum in the plants supplied with nutrient
solution T2 at all dates of sowing (Figure 2-d).
It means that nutrient solution with lower
proportion of NH," (i.e. upto 25%) resulted in
maximum accumulation of sugars and starch.
Likewise, maximum accumulation of total
soluble sugars and starch in the crop supplied
with nutrient solution having NO; and NH,"
in the ratio of 75:25 was recorded in spinach
(Zhang et al., 1990), tomato (Yang et al.,
2003) and Chinese chive seedlings (Sun et al.,
2014). A NO; /NH," ratio of 80:20 increased
the total soluble sugars content in Chinese kale
(Zhu et al., 2018) and celery (Saleh et al.,
2019).

Total Soluble Proteins and Free Amino
Acids Content

In October sown crop, maximum mean
total soluble proteins content was recorded
for the plants that were supplied with
treatment T3 (NOs; /NH,"= 50:50), whereas
in off season crop, plants provided with
nutrient solutions T2 resulted in maximum
mean total soluble proteins content (Figure
2-e). During all growing seasons, plants
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maximum total free amino acids content
(Figure 2-f). Likewise, ratios of 80:20 and
75:25 (NO3; /NH4") in the nutrient solution
increased the total soluble proteins and amino
acids in Chinese kale (Zhu et al., 2018) and in
chives (Sun et al., 2014), respectively. Free
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amino acids content in off-season sown crop
was significantly more than main season crop.
More accumulation of free amino acids
content in off-season crop can be related with
higher temperature (acting as a stress signal)
during off-season sown crop than main season
crop. Total soluble proteins and free amino
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Figure 2. Effects of different NO3:NH," on: (a) Total chlorophyll content, (b) Total Carotenoids content, (c)
Total soluble sugars, (d) Total starch, (e) Total soluble proteins, and (f) Free amino acids content. T1 to T5 as

defined previously.
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acids content has been reported more in wheat and among different nutrient solutions, the
under heat stress (Kaur et al., 2018). maximum ascorbic content was recorded in
the plants supplied with nutrient solution T2
(Figure 3-a). It means that a nutrient solution

Ascorbic Acid and a- Tocopherol with lower proportion of NH," resulted in
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Figure 3. Effects of different NO3:NH," on: (a) Ascorbic acid content, (b) Alpha-tocopherol content, (c) SOD
activity, (d) POD activity, (e) CAT activity, and (f) Total yield/plant. T1 to T5 as defined previously.
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containing NO; and NH," in the ratio of
80:20 in Chinese kale (Zhu et al., 2018) and
celery (Saleh et al.,2019) and a ratio of
3.5:1.5 (NO3 :NH,") in basil (Saadatian et
al., 2014). a-tocopherol content followed the
same trend as ascorbic acid content i.e. it
reached the maximum in the plants that were
supplied with nutrient solution T2 (Figure 3-
b). In other studies, it was also shown that
application of ammonium or amino acids,
particularly in foliar applications or higher
levels, significantly reduce ascorbic acid
content of plants (Souri et al., 2018a;
Mohammadipour and Souri, 2019; Aghayie
Noroozlo et al., 2018; Kaniszewski et al.,
2019).

Ascorbic acid and a- tocopherol content in
the leaves were higher in main season crop
raised under polyhouse. Phillip et al. (2018)
have also reported significantly more
ascorbic acid content in winter (main
season) as compared to summer and spring
cultivated spinach, potatoes, and oranges. In
all the seasons, polyhouse-grown crop had
higher ascorbic acid and «o-tocopherol
content than the soil-grown crops. Likewise,
hydroponically grown lettuce recorded more
ascorbic and a- tocopherol content than soil-
grown lettuce (Buchanan and Omaye 2013).

Antioxidants Activity

During all the three growing seasons,
maximum SOD, POD and CAT activities
were recorded in plants provided with
nutrient solution T2 (Figures 3-c, -d, and e).
Our results are in agreement with the
findings of Sun et al. (2014) who observed
higher activities of SOD and CAT in
Chinese chive supplied with NO;™ to NH,"
in the ratios of 50:50 and 75:25. Likewise,
higher activities of anti-oxidant enzymes
was observed in Polygonatum odoratum,
which were grown aeroponically with low
and moderate proportion of NH," mixed
solutions (NO;:NH,'= 90:10) treatment
compared with treatments in which nutrient
solutions contained all nitrate. NH," is an
important material to synthesize amino
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acids, nevertheless, its superfluous usage
would be toxic to plant (Zou et al., 2017).
Consequently, T2 nutrient solution, which
had a low or moderate NH," proportion,
helped in promoting the activities of anti-
oxidant enzymes in the  present
investigation. Both SOD and CAT activities
were significantly more in off-season
(February and July) crop than the main
season crop (October) because the plants
were stressed in off-season than the main
season sown crop. However, POD activity
was more in main season than off-season
sown crop and that can be explained by the
fact that POD activity was compensated by
the activity of SOD and CAT during the
same seasons (Gill and Tuteja, 2010).

Total Yield

Irrespective of the season, vyield in
polyhouse grown plants supplied with
nutrient solution T2 was more than soil-
grown crop. The yield enhancement of
21.74, 21.11 and 46.19% was recorded in
October, February, and July sown crops,
respectively (Figure 3-f). Similar biomass
enhancement with nutrient solution having
NO; to NH," in the ratio of 75:25 has been
observed in pepper (Bar-Tal et al., 2001),
French beans (Guo et al., 2002), taro
(Osorio et al., 2003), and lettuce (Wang and
Shen, 2011).

CONCLUSIONS

In conclusion, in the main season as well
as off-season sown coriander crop, the yield
was significantly higher in polyhouse as
compared to the open field sown crop.
Further, the crop provided with nutrient
solutions having higher proportion of NO3
had higher values of quality parameters and
the maximum antioxidant activity compared
to the open field crop. Hence, providing
nutrient solutions with appropriate ratios of
NO; :NH," improves the yield and quality
traits in polyhouse-grown coriander. In this
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study, nutrient solution having NO; /NH,"
ratios of 75:25 promoted growth and yield
and improved the nutritional quality of
coriander raised under polyhouse conditions.

10.

REFERENCES

Aghaye Noroozlo, Y., Souri, M. K. and
Delshad, M. 2019. Effects of Soil
Application of Amino Acids, Ammonium,
and Nitrate on Nutrient Accumulation and
Growth Characteristics of Sweet Basil.
Commun. Soil Sci. Plant Anal., 50(22):
2864-2872.

Aghayie Noroozlo, Y., Souri, M.K. and
Delshad, M. 2018. Stimulation Effects of
Foliar Applied Glycine and Glutamine
Amino Acids on Lettuce Growth. Open
Agric., 4(1),: 164-172.

Anderson, J. M. and Boardman, N. K. 1964.
Studies on Greening of Dark Brown Bean
Plants: Development of Phytochemical
Activity. Aust. J. Biol. Sci., 17: 93-101.
Anonymous, 2016. Package of Practices for
Cultivation ~ of  Vegetables. Punjab
Agricultural University, Ludhiana, India,
PP. 100-101.

Barickman, T. C. and Kopsell, D. A. 2016.
Nitrogen Form and Ratio Impact Swiss
Chard (Beta vulgaris) Shoot Tissue
Carotenoid and Chlorophyll Concentrations.
Sci. Hortic., 204: 99-105.

Bar-Tal, A., Aloni, B., Karni, I. and
Rosenberg, R. 2001. Nitrogen Nutrition of
Greenhouse Pepper. Effect of Nitrogen
Concentration NO3 : NH," Ratio on Growth,
Transpiration and Nutrient Uptake. Hort.
Sci., 36: 1252-1259.

Bates, L. S., Waldren, R. P. and Teare, I. D.
1973. Rapid Determination of Free Proline
for Water Stress Studies. Plant Soil, 39: 205-
207.

Britto, D. T. and Kronzucker, H. J. 2013.
Ecological Significance and Complexity of
N-source Preference in Plants. Ann. Bot.,
112: 957-963.

Buchanan, D. N. and Omaye, S. T. 2013.
Comparative Study of Ascorbic Acid and
Tocopherol Concentrations in Hydroponic-
and Soil-Grown Lettuces. Food. Nutri. Sci.,
4(10): 1047-1053.

Cao, H., Ge, Y., Liu, D., Cao, Q., Chang,
S.X., Chang, J., Song, X. and Lin, X. 2010.

899

JAST

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

Nitrate/Ammonium Ratios Affect Ryegrass
Growth and Nitrogen Accumulation in a
Hydroponic System. J. Plant. Nutri., 34:
206-216.

Chance, B. and Maehly, A.C. 1955. Assay
of Catalase and Peroxidise. In: Colowick S
P. (Ed.) Please complete this reference.
Chen, L., Liu, Q. Q., Gai, J. Y., Zhu, Y. L.,
Yang, L. F. and Wang, C. 2011. Effects of
Nitrogen Forms on the Growth and
Polyamine Contents in Developing Seeds of
Vegetable Soybean. J. Plant. Nutri., 34(4):
504-521.

Dehnavard, S., Souri, M. K. and Mardanlu,
S. 2017. Tomato Growth Responses to
Foliar Application of Ammonium Sulfate in
Hydroponic Culture. J. Plant. Nutri., 40(3):
315-323.

Dien, D. C., Mochizuki, T. and Yamakawa,
T., 2019. Effect of Various Drought Stresses
and Subsequent Recovery on Proline, Total
Soluble Sugar and Starch Metabolisms in
Rice (Oryza sativa L.) Varieties. Plant Prod.
Sci.
https://doi.org/10.1080/1343943X.2019.164
7787.

Dubois, M., Giles, K. A., Hamilton, J. K.,
Reters, P. A. and Smith, F. 1956.
Calorimetric Method for the Determination
of Sugars and Related Substances. Anal.
Chem., 28: 350-356.

Gill, S. S. and Tuteja, N., 2010. Reactive
Oxygen Species and Antioxidant Machinery
in Abiotic Stress Tolerance in Crop Plants.
Plant Physiol. Biochem., 48: 909-930.

Guo, S., Bruck, H. and Sattlemacher, B.
2002. Effect of Supplied Nitrogen Form on
Growth and Water Uptake of French Bean
(Phaseolus Vulgaris L.) Plants. Plant Soil,
239: 267-275.

Jayaraman, J. 1981. Estimation of Vitamin.
Laboratory Manual in Biochemistry. New
Delhi: Wiley Eastern, 111 PP.

Kaniszewski, S, Kosson, R.,
Grzegorzewska, M., Kowalski, A., Badetek,
E., Szwejda-Grzybowska, J., Tuccio, L. and
Agati, G. 2019. Yield and Quality Traits of
Field Grown Tomato as Affected by
Cultivar and Nitrogen Application Rate. J.
Agr. Sci. Tech., 21(3): 683-697.

Kaur, R., Bedi, S., Kaur, P. and Asthir, B.
2018. Biochemical Evaluation in Wheat
(Triticum aestivum L.) under Heat Stress
Conditions. Indian J. Agric. Biochem.,
31(2): 111-115.


https://doi.org/10.1080/1343943X.2019.1647787
https://doi.org/10.1080/1343943X.2019.1647787
https://dorl.net/dor/20.1001.1.16807073.2021.23.4.14.3
https://jast.modares.ac.ir/article-23-42228-en.html

[ Downloaded from jast.modares.ac.ir on 2024-12-26 |

[ DOR: 20.1001.1.16807073.2021.23.4.14.3 ]

Kumari et al.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Kim, S.J., Chiami, K. and Ishii, G. 2006.
Effect of Ammonium: Nitrate Nutrient Ratio
on Nitrate and Glucosinolate Contents of
Hydroponically-Grown Rocket  Salad
(Erucasativa Mill.). Soil Sci. Plant Nutri.,
52(3): 387-393.

Kim, T. H., Lee, B. R., Jung, W. J., Kim, K.
Y., Avice, J. C. and Ourry, A. 2004. De
Novo Protein Synthesis in Relation to
Aammonia and Proline Accumulation in
Water Stressed White Clover. Fun. Plant
Biol., 31: 847-855.

Kopsell, D. A., Kopsell, D. E., Lefsrud, M.
G. and Curran-Celentano, J. 2007.
Carotenoid Pigments in Kale Are Influenced
by Nitrogen Concentrations and Form. J.
Sci. Food. Agric., 87: 900-907.

Lee, Y. P. and Takahashi, T. 1956. An
Improved Calorimetric Determination of
Amino-Acids with the Use of Ninhydrin.
Ann. Rev. Biochem., 14: 71-77.

Lowry, O. H., Rosenbrough, N. J. Farr, A.
L. and Randell, R. J. 1951. Protein
Measurement with Folin-Phenol Reagent. J.
Biol. Chem., 193: 265-275.

Maiani, G., Caston, P., Catasta, M. J., Toti,
G. E., Cambrodon, I. G., Bysted, A. and
Bohm, V. 2009. Carotenoids: Actual
Knowledge on Food Sources, Intakes,
Stability and Bioavailability and Their
Protective Role in Humans. Mol. Nutri.
Food Res., 53: 194-218.

Marklund, S. and Marklund, G. 1974.
Involvement of the Superoxide Anion
Radical in the Autoxidation of Pyrogallol
and a Convenient Assay for Superoxide
Dismutase. Eur. J. Biochem., 47(3): 469-
474,

Marschner, P. 2012. Mineral Nutrition of
Higher Plants. 3" Edition, Academic Press
Publishers, London, 651 PP.

Merajipoor, M., Movahhedi Dehnavi, M.,
Salehi, A. and Yadavi, A. 2020.
Physiological Responses of Black Cumin to
Chemical and  Biological  Nitrogen
Fertilizers under  Different Irrigation
Regimes. J. Agr. Sci. Tech., 22(4): 1023-
1037.

Mohammadipour, N. and Souri M. K. 2019.
Effects of Different Levels of Glycine in the
Nutrient Solution on the Growth, Nutrient
Composition and Antioxidant Activity of
Coriander (Coriandrum sativum L.). Acta
Agrobot., 72(1).

900

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Osorio, N. W., Shuai, X., Miyasaka, S.,
Wang, B., Shirey, R. L. and Wigmore, W. J.,
2003. Nitrogen Level and Form Affect Taro
Growth and Nutrition. Hortic. Sci., 38(1):
36-40.

Phillip, K. M., Tarrago- Train, M. T,
McGinty, R. C., Rasor, A. S., Haytowitz, D.
B. and Pehrsson, P. R. 2018. Seasonal
Variability of the Vitamin C Content of
Fresh Fruits and Vegetables in a Local
Retail Market. J. Sci. Food Agric., 98(11):
4191-4204.

Ranganna, S. 1986. Manual of Analysis of
Fruit and Vegetable Products. Tata
McGraw-Hill publisher, New Delhi, PP. 18-
194

Roosta, H. R. and Schjoerring, J. K. 2008.
Effects of Nitrate and Potassium on
Ammonium Toxicity in Cucumber Plants. J.
Plant. Nutr., 31: 1270-1283.

Saadatian, M., Peyvast, G., Olfati, J. A. and
Kharazi, P. R. 2014. Different Species of
Basil Need Different Ammonium to Nitrate
Ratio in Polyhouse' System. Acta Agric.
Slovenica., 103(2): 223-232.

Saleh, S., Liu, G., Liu, M., Liu, W., He, H.
and Abdelhamid, M. T. 2019. Do NH4:NO;
Ratio and Harvest Time Affect Celery
(Apium  graveolens)  Productivity and
Product Quality? Folia Hort., 31(2): 343-
353.

Shannon, L. M., Key, E. and Lew, Y. J.
1966.  Peroxidase  Isoenzyme  from
Horseradish Roots. I. Isolation and Physical
Properties. J. Biol. Chem., 241: 2166-2172.
Song, S., Yi, L., Liu, H., Sun, G. and Chen,
R. 2011. Effect of Ammonium and Nitrate
Ratios on Growth and Yield of Flowering
Chinese Cabbage. Adv. Multi. Soft. Comp.,
1: 227-232.

Souri, M. K. and Hatamian, M. 2019.
Aminochelates in Plant Nutrition: A
Review. J. Plant Nutri., 42(1): 67-78.

Souri, M.K., Naiji, M. and Aslani, M., 2018.
Effect of Fe-Glycine Aminochelate on Pod
Quality and lIron Concentrations of Bean
(Phaseolus vulgaris L.) under Lime Soil
Conditions. Commun. Soil Sci. Plant Anal.,
49(2): 215-224.

Souri, M. K., Naiji, M. and Kianmehr, M. H.
2019. Nitrogen Release Dynamics of a Slow
Release Urea Pellet and Its Effect on
Growth, Yield, and Nutrient Uptake of
Sweet Basil (Ocimum basilicum L.). J. Plant
Nutri., 42(6): 604-614.


https://dorl.net/dor/20.1001.1.16807073.2021.23.4.14.3
https://jast.modares.ac.ir/article-23-42228-en.html

[ Downloaded from jast.modares.ac.ir on 2024-12-26 |

[ DOR: 20.1001.1.16807073.2021.23.4.14.3 ]

NO3- : NH4+ in Nutrient and Solution on Coriander

42,

43.

44,

45,

46.

Souri, M. K., Rashidi, M. and Kianmehr, M.
H. 2018. Effects of Manure-Based Urea
Pellets on Growth, Yield, and Nitrate
Content in Coriander, Garden Cress, and
Parsley Plants. J. Plant Nutri., 41(11): 1405-
1413.

Sun, Y. D., Luo, W. R. and Liu, H. C. 2014.
Effects of Different Nitrogen Forms on the
Nutritional Quality and Physiological
Characteristics of Chinese Chive Seedlings.
Plant Soil Environ., 5: 216-220.

Tabatabaei, S. J., Fatemib, L. S. and Fallahi,
E. 2006. Effect of Ammonium: Nitrate Ratio
on Yield, Calcium Concentration and
Photosynthesis Rate in Strawberry. J. Plant
Nutri., 29: 1273-1285.

Wang, B. and Shen, Q. 2011. NH,"-N/NO; -
N Ratios on Growth and NO;-N
Remobilization in Root Vacuoles and
Cytoplasm of Lettuce Genotypes. Can. J.
Plant Sci., 91: 411-417.

Wu, M. and Kubota, C., 2008. Effects of
High Electrical Conductivity of Nutrient
Solution and Its Application Timing on
Lycopene,  Chlorophyll and  Sugar
Concentrations of Hydroponic Tomatoes
during Ripening. Sci. Hortic., 116: 122-29.

JAST

48.

49.

50.

51.

. Yang, Y. Y., Zhang, F. M. and Qiao, X. J.

2003. Effect of Nitrogen Forms on Growth
Development, Yield and Fruit Quality of
Tomato in Media Culture. Acta Agric.
Boreali. Sinica.,18(1): 86-89.

Zhang, C. L., Gao, Z. M., Zhang, Y. D. and
Tang, W. M. 1990. The Effects of Different
Nitrogen Forms and Their Concentration
cCombinations on the Growth and Quality
of Spinach. J. Nanjing. Agric. Univ., 13: 70—
74.

Zhang, Y., Lin, X., Zhang, Y., Zheng, S. J.
and Du. S. 2005. Effects of Nitrogen Levels
and Nitrate/Ammonium Ratios on Oxalate
Concentrations of Different Forms in Edible
Parts of Spinach. J. Plant Nutri.,, 28(11):
2011-2025.

Zhu, Y., Liu, G. V. H,, Sun, G., Chen, R.
and Song, S. 2018. Effects of Partial
Replacement of Nitrate with Different
Nitrogen Forms on the Yield, Quality and
Nitrate Content of Chinese Kale. Commun.
Soil Sci. Plant Anal., 49(11): 1384-1393.
Zou, T.,Jin, C., Chen, Y., Liu, Z. and Hu, Y.
2017. Responses of Polygonatum odoratum
Seedlings in  Aeroponic  Culture to
Treatments of Different Ammonium: Nitrate
Ratios. J. Plant Nutri. 40(20): 2850-2861.

S S 90 Khos g Ay b § 210 oo 35 NH,' 4 NO3 s i1

W P9 9O . (B Sy L)

58 > Slas 053 7 alibn gleand sla S GIls M gla Jsloms Sl e a3y onl 5

A gy (Sl 1S Lyl s s STl Os s ¢S5 s (Punjab Sugandh 1,4 S7)
5 (e 3 b a5 5 s (ol had ) ST 55 5 i plnil o) 4w 55 oS a8
(T2) vorrs TV Jobs NHa" 4 NOg™ iee sla i b 035,25 ¢ Studly 6l

ol ods 039580 055,25 IS &S As 03558 gl w8 4 (TD) o) e 5 ((T4) yorve (T3) o+:0-
A3k plnil a8 b Sl es, Y ol b oy aw 53 Joad o s i8Sl il
2 4 6,8 oIl b 5T s 5T b Jols ol iy CoiST gla bl (s
4850 iS5 olsliae Hsb 4 (ol S8 sS s aL;f:JSL.cc.\.&)J.A%J'\ @Ba\f;b ol


https://dorl.net/dor/20.1001.1.16807073.2021.23.4.14.3
https://jast.modares.ac.ir/article-23-42228-en.html

[ Downloaded from jast.modares.ac.ir on 2024-12-26 |

[ DOR: 20.1001.1.16807073.2021.23.4.14.3 ]

Kumari et al.

Golsbns ysb s Juad Jsb 55 (T2) Jlas ¢ olde gla Jglous Ola 53 555 2o (ST J515)
S35 s U5 o sy o) 3 s VL (RS sl el 5 e Aay 5 s Ses sl
ol s 5 Sdee 50 g VOO s sl e Jgla s NH4+ & NOs .

QA‘)L«::J‘JLMLAJ?;?L;\)JWJJ)GM

902


https://dorl.net/dor/20.1001.1.16807073.2021.23.4.14.3
https://jast.modares.ac.ir/article-23-42228-en.html
http://www.tcpdf.org

