Evaluation of yield, forage quality, and activities of catalase and guaiacol
peroxidase enzymes in maize (Zea mays L.) as influenced by nitrogen
form in soilless culture

EXTENDED ABSTRACT

Introduction

Rapid urbanization and economic growth have significantly intensified the shortage of agricultural land, threatening global
food security. Given the heavy dependence of the agricultural sector on water resources and the effects of climate change,
innovative solutions for sustainable crop production are essential. In this context, forage production through soilless
cultivation has emerged as a promising and expanding strategy. Maize (Zea mays L.) is a suitable candidate for forage
production in soilless systems due to its rapid growth, high biomass production, and low seed cost.
Nitrogen, as one of the essential macronutrients, plays a key role in enhancing both the quantity and qualit icultural

performance compared to the exclusive use of either form alone. The response of different maize g
form varies under hydroponic conditions. Moreover, changes in nitrogen nutrition can affect b i

jon is available rd8arlg the effect of
different ammonium-to-nitrate ratios on forage quality indices such as crude prQggin, fiber fracti@hs, and antioxidant
compounds in soilless systems. Most previous studies have focused on grain yie omass, witilless attention paid to

investigate the effect of nitrogen form on both yield and quality glforage.
Therefore, this study was conducted to investigate the effectsg@s different

two maize cultivars (Single Cross 704 and 410) grown under S8

Method

The experiment was conducted as a soilless culture in the resear
University, Iran. The experiment was arranged as a factorial within

reenhouse of the Faculty of Agriculture, Shahrekord
ompletely randomized block design with two factors:
he first factor comprised five ammonium-to-nitrate
ratios (0:100, 12.5:87.5, 25:75, 37.5:62.5, and 50§0). The second fg@lbr consisted of two maize single-cross hybrids: Single

Maize seeds were surface-st@lized in 1% sdi ochlorite solution for one hour and then sown in seedling trays
containing a cocop perlite Wliygture (2:1 edlings were irrigated daily with distilled water. After germination
and emergence of tﬁ]‘gtwo leaves, 8gedlings were transplanted into 10-liter plastic pots filled with perlite (0.5-5 mm).
Nutrient Solutions and APPN

Distilled water was used to p
ammonium-to-nitrate rat

ranged from 2.
with one-quarter stren
transplanting) until

e nutrient solutions. The Ruakura nutrient solution was prepared with five different
pH of all nutrient solutions was adjusted to 6.0. Electrical conductivity of the solutions
. Pots were arranged at a density of 9 plants per square meter. Plants were initially irrigated
trient solution, and full-strength solution was applied from the 4-5 leaf stage (21 days after
st. The pH and electrical conductivity of the nutrient solution around the roots were measured
every two aiy@Padjusted as needed. At the end of each week, leaching was performed with distilled water to prevent
salt accum@_‘in the growing medium. During the experiment, the average day and night temperatures were 25 and
21°C, relativ idity ranged from 40 to 53%, and light intensity varied between 32,000 and 71,300 lux.
Measurements

The experiment was conducted as a soilless culture in the research greenhouse of the Faculty of Agriculture, Shahrekord
University, Iran. The experiment was arranged as a factorial within a completely randomized block design with two factors:
ammonium-to-nitrate ratio and maize cultivar, with four replications. The first factor comprised five ammonium-to-nitrate
ratios (0:100, 12.5:87.5, 25:75, 37.5:62.5, and 50:50). The second factor consisted of two maize single-cross hybrids: Single
Cross 704 (late-maturing) and Single Cross 410 (early-maturing). Each replicate consisted of one pot with one plant per
pot, resulting in a total of 40 experimental units.

Maize seeds were surface-sterilized in 1% sodium hypochlorite solution for one hour and then sown in seedling trays
containing a cocopeat and perlite mixture (2:1 v/v). Seedlings were irrigated daily with distilled water. After germination
and emergence of the first two leaves, seedlings were transplanted into 10-liter plastic pots filled with perlite (0.5-5 mm).
Plants were harvested 66 days after planting, at which time the 25:75 and 37.5:62.5 treatments had reached the kernel dough
stage.

At the tasseling stage, the 11th and 12th leaves were sampled for measuring catalase and guaiacol peroxidase activities, as
well as total chlorophyll content. At harvest, plants were separated into shoots (leaves + stems) and roots. Fresh and dry
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weights were recorded after drying samples at 70°C for 72 hours. Dried samples were ground for chemical analyses.
Nitrogen concentration was determined using the Kjeldahl method. Phosphorus was measured using the yellow
phosphovanadomolybdate method with a spectrophotometer, while potassium was determined using a flame photometer.
Micronutrients including iron, manganese and zinc were measured using atomic absorption spectrophotometry. Insoluble
fiber was determined according to the standard method of Van Soest. Crude protein was calculated by multiplying total
nitrogen by 6.25. Also nitrate concentration was determined colorimetrically using the salicylic acid method.

Statistical Analysis

Prior to analysis, normality of data was checked using the Kolmogorov-Smirnov test. Data were then analyzed using SAS
software (version 9.4), and mean comparisons were performed using Duncan's multiple range test at the 5% probability
level. Pearson correlation coefficients were calculated to examine relationships among measured traits.

Results

Macronutrient Concentrations

Shoot nitrogen concentration increased significantly with increasing ammonium proportion up to 37.5:62.5 in Single Cross
704 (31.33 g kg') and up to 50:50 in Single Cross 410 (27.42 g kg™"), showing 72% and 45% increases compared to the
control, respectively. Phosphorus concentration also increased significantly with ammonium applicatio
highest value (18.02 g kg™') in Single Cross 704 at the 50:50 ratio, which was 2.3 times higher than the cont
potassium concentration decreased with increasing ammonium proportion, with the lowest valuggarecorded at th@ 50:50
ratio (20.46 gkg™).

Micronutrient Concentrations

Iron, zinc, and manganese concentrations in shoots increased with ammoni
ratios. The highest shoot iron concentration was observed in Single Cross 704
concentrations were highest at the 37.5:62.5 ratio in both cultivars.

Total Chlorophyll Content

The highest total chlorophyll content was recorded in Single Cross 704 at the 37.5%
control). In Single Cross 410, the highest chlorophyll content w‘observed at tl
compared to the nitrate-only treatment.
Shoot Dry Weight

Shoot dry weight significantly increased with ammonium
shoot dry weight was recorded in Single Cross 704 at the 25:7
dry weight decreased in both cultivars, indicating ammoniu
Catalase and Guaiacol Peroxidase Activities
Catalase and guaiacol peroxidase activities increased with increasi
the 50:50 ratio. This increase indicates the onset monium toxi
in shoot and root dry weights at this treatment.
Forage Quality Indices
The highest crude protein content (16.56%) was 0 in cultivar 704 at the 37.5:62.5 ratio. The lowest forage nitrate
0 ratio, which significantly differed from other treatments. In
n by 70.3%, 50.5%, 41.2%, and 21.9% compared to the 0:100,

application up to
e 25:75 ratio, whi

5 ratio, showing a 61.1% increase

e 25:75 and 37.5:62.5 ratios. The highest
g plant™'). However, at the 50:50 ratio, shoot

12.5:87.5, 25 75, an respectl

increased by 43.2%, £ spectively, while water-soluble carbohydrates increased by 4.6 times compared to
the control. Cultivar 7 i i i i

Conclusions
The results of (i
37.5:62.5 ratio
phosphorus concentrati
ash content increagse;

proved both yield and forage quality of maize in soilless culture. At this ratio, nitrogen and
hoot dry weight, total chlorophyll content, crude protein, leaf-to-stem ratio, crude fat, and total
ificantly, while nitrate concentration decreased to safe levels for livestock feeding. The positive
effects of supplementation on nitrogen uptake can be attributed to the passive absorption mechanism of
ammonium, requires less energy compared to nitrate. This energy saving allows plants to allocate more resources to
the uptake o er essential nutrients, including phosphorus and micronutrients. The leaf-to-stem dry weight ratio, a key
indicator of forage palatability, was significantly improved at the 37.5:62.5 ratio, as stems contain more lignified tissues
with lower digestibility compared to leaves. The increase in crude protein content at this ratio was also remarkable, and the
strong positive correlations observed between shoot nitrogen concentration and crude protein content confirmed the direct
role of nitrogen nutrition in enhancing protein synthesis. The reduction in nitrate concentration at the 37.5:62.5 ratio is
another important finding, as high nitrate accumulation in forage can pose health risks to livestock. Based on established
guidelines, the nitrate levels recorded at this ratio fall within safe ranges for livestock feeding. In terms of fiber fractions,
the increases in neutral detergent fiber (NDF) and acid detergent lignin (ADL) at the 25:75 and 37.5:62.5 ratios were
primarily associated with increased stem dry weight and advanced phenological development. However, the lower fiber
content at the 0:100 and 50:50 ratios should not be interpreted as improved forage quality, as it was the result of incomplete
plant development rather than superior nutritional characteristics. The 50:50 ratio, despite showing acceptable performance
in some indices, was associated with significant increases in shoot ammonium concentration, electrolyte leakage, and
catalase and guaiacol peroxidase activities. These changes, along with reduced shoot dry weight, clearly indicated
ammonium toxicity and oxidative stress. The late-maturing cultivar Single Cross 704 showed better response to combined
ammonium and nitrate nutrition compared to the early-maturing cultivar 410 and was superior in most yield and quality
traits, suggesting that cultivar selection is an important factor in optimizing forage production under soilless conditions.
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Overall, the 37.5:62.5 ammonium-to-nitrate ratio in combination with cultivar 704 appeared to provide the best balance
between forage yield and quality in soilless culture systems. Further studies are needed to evaluate the effects of different
ammonium-to-nitrate ratios on other forage crops under various environmental conditions, as well as to investigate the
molecular mechanisms underlying ammonium tolerance in different maize cultivars.
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Evaluation of yield, forage quality, vities of catalase and guaiacol
peroxidase enzymes in maize (Zea mayg L.) as influenced by nitrogen
for soilless @ulture

ABSTRACT

Improving the yield and quality g maize for reat importance in livestock nutrition. This study investigated the
i 0, 12.5:87.5, 25:75, 37.5:62.5, and 50:50) on the yield and forage

0ss 704 and 410) grown under soilless culture conditions. The results revealed

in cultivar 704 at the 37.5:62.5 ratio, showing a 72% increase compared to the control.
ration (2.3 times the control) was recorded in cultivar 704 at the 50:50 ratio, with no
tivar 410 at the same ratio. The increasing trend of iron concentration continued up to the
ot dry weight (168.90 g plant™') was obtained at the 25:75 ratio, and the highest crude protein
al chlorophyll (61% increase) were recorded in cultivar 704 at the 37.5:62.5 ratio. The highest
activities se&and guaiacol peroxidase were observed at the 50:50 ratio. At the 37.5:62.5 ratio, neutral detergent
fiber, crude d ash content increased by 43.2%, 81%, and 33.3%, respectively, while water-soluble carbohydrates
increased by % times compared to the control. Cultivar 704 outperformed cultivar 410 in most yield and quality traits.
Overall, the 37.5:62.5 ammonium-to-nitrate ratio in combination with cultivar 704 appeared to provide the best balance
between forage yield and quality in soilless culture systems.

Keywords: Catalase, Crude protein, Forage quality, Neutral detergent fiber, Single Cross 704
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