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Abstract. The rise in environmental nitrogen (N) is a worldwide concern, particularly in southern China, 

which contains highly N-contaminated areas. The ecological outcome of the increase in N should be paid 

additional consideration. Thus, this study was conducted to assess the impact of N on seed germination 

and seedling emergence of four timber species in subtropical southern China. We conducted a growth 

chamber experiment with three nitrogen fertilizers i.e., Ammonium sulfate (NH4)2SO4, Ammonium 

Nitrate (NH4NO3), and Potassium Nitrate (KNO3) with three concentrations (0.1%, 0.5% & 1%) along 

with control treatment (CK). We hypothesized that the impact of N on seed germination and seedling 

emergence would differ among species and N levels. Results showed that higher N concentration affected 

Cunninghamia lanceolata, Fokienia hodginisi and Pinus massoniana seedlings compared with Phoebe 

zhennan. Overall, fresh and dry weight as well as the length of broad-leaved species was better than 

coniferous and pine species. It was observed that 1% KNO3 solution enhanced the germination capacity, 

germination time, radicle, and hypocotyl elongation along with fresh and dry weights as compared to 

(NH4)2SO4 and NH4NO3. The outcome showed that deposition of 1% KNO3 is promising to increase the 

germination of seed and seedlings emergence. 

Keywords: Nitrogen, growth dynamics, germination capacity, germination time, subtropical species 

Introduction 

The rise in environmental nitrogen (N) is a worldwide concern, particularly in 

southern China, which contains highly N-contaminated areas (Baijuan et al., 2022). The 



Gilani et al.: Influence of differential nitrogen forms on seedling morphology of four widely grown species in Southern China 

- 5990 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(6):5989-6002. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2106_59896002 

© 2023, ALÖKI Kft., Budapest, Hungary 

atmospheric N deposition level in China is far more than North America and Europe. To 

circumvent the increased greenhouse gas emission, China gradually increased its area 

under forest plantations (Gilani et al., 2021) and southern China has the highest 

percentage (54.3%) of forest cover (Farooq et al., 2019). N is a vital nutrient for plant 

growth. In numerous species of plants, N encourages germination of seeds at low and 

high levels and serves as a signal and a nutrient as well (Duermeyer et al., 2018). For a 

broad range of plant species, N is a germination stimulator (Pill et al., 1991) and the 

response varies with variation in environment conditions, such as light, moisture, seed 

storage time and temperature (Shim et al., 2008). 

Germination of seed is a vital process in the life of a plant, its dynamics can offer 

valuable evidence about the beginning, consistency, and ending of germination. For 

instance, two seed lots can have a similar sprouting percentage but vary in consistency 

and speed (Joosen et al., 2010). Moreover, Basra et al. (2005) found that N could result 

in good germination and emergence in crops like maize, wheat, rice and canola. 

Furthermore, Farooq et al. (2006) stated that N application resulted in an increase in the 

germination percentage, germination rate, consistency in the germination speed, and 

development in plant growth and speed of the flowering stage. Various N fertilizers like 

(NH4)2SO4, NH4NO3 and KNO3 are used to stimulate germination of seed and breaking 

of seed dormancy. 

The influence of elevated N content on germination of seeds relies on the range of N 

concentrations and species. Numerous findings have assessed the impact of N (NH4
+ 

and NO3) on germination of seeds and consequent decrease in dry grasslands along with 

decline in species richness (Tipping et al., 2013). KNO3 is a vastly utilized chemical for 

stimulating germination and its concentration of 0.1 to 0.2% is very common in regular 

germination analysis and it is suggested by the Association of Official Seed Analysis 

(AOSA) and the International Seed Testing Association (ISTA) for germination trials of 

numerous species (Copeland and McDonald, 2012). Nitrate like KNO3 visibly 

stimulates the germination of dormant seeds (Alboresi et al., 2005). In some studies, the 

encouraging influence of N in breaking dormancy has been noticed in soils (Franco-

Vizcaíno and Sosa-Ramirez, 1997) and on filter paper moistened with nitrate solutions 

(Pérez-Fernández et al., 2006). Though increasing levels of N have been well studied in 

the natural atmosphere (Suding et al., 2005) but not much study has been done on how 

the rise in N accessibility to forests associated with enhanced N may affect species 

carrying large seeds. Cunninghamia lanceolata is an economically valuable tree known 

for its high yield and wood quality. Pinus massoniana is a woody and evergreen 

coniferous species in the sub-tropical area famous for paper manufacturing. Fokienia 

hodginisi is well-known as vulnerable worldwide through its distribution range and vital 

in addressing seed pretreatment, storage conditions, germination ecology, maintenance, 

and sustainable harvest of this forest. Phoebe zhennan is valued for its high timber 

quality, fragrance, attractive surface color, and medicinal values. Its seed vigor is 

beneficial for enhancing the process of storing and technology of seedlings cultivation. 

The present trial is a rare one to report these species’ question regarding seed 

germination and various seed pretreatment. To best of our knowledge, germination of 

weedy or crop species has frequently been studied, and little attention has been paid to 

seed growth dynamics of timber species in southern China. This is particularly 

important as the atmospheric N deposition level is very high in southern China. 

Previous studies have shown that N treatment exerts a stimulatory, inhibitory, or no 

influence on the germination of seeds (Haden et al., 2011; Varma et al., 2016).The 
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objectives of this research was to (1) observe the effect of N deposition on the 

germination of seeds and seedling emergence depending upon the N sources and the 

concentration of N; and (2) whether the effects differ between species (broadleaved 

versus coniferous species). 

Materials and Methods 

In the current trial, seeds were collected from Forest Farm in Fuzhou city. Fujian 

province has a subtropical climate with high temperatures in summer. Average annual 

precipitation is 1400 to 2000 mm. Seeds were collected from ten individual species 

during seed maturity time and kept at 4 °C for limited time before trial. 

Treatments 

We prepared 0.1%, 0.5%, and 1% solutions of (NH4)2SO4, NH4NO3 and KNO3 by 

mixing them in 1000 ml water. Seeds were treated with these concentrations (0.1% 

0.5% and 1%) and N sources ((NH4)2SO4, NH4NO3 and KNO3) for 24 hours at room 

temperature and distilled water as control. 

 

Treatments Concentrations 

(NH4)2SO4 (0.1% , 0.5% , 1%) 

NH4NO3 (0.1%,  0.5%,  1%) 

KNO3 (0.1%,  0.5%,  1%) 

 

 

After treatment with different N treatments, the germination trail was carried out in 

Fujian Agriculture and Forestry University laboratory. Seeds were disinfected by 

treating them with concentrated KMNO₄ for 20 minutes before sowing and then washed 

with distilled water for five minutes. Petri dishes of 9 cm in diameter were used for 

sowing seeds. To each Petri dish was added 2 ml of N solutions or distilled water when 

the filter papers were about to dry out. For each treatment, 50 seeds were used in each 

dish with six replicates. Growth chamber temperature was 25 ± 1 °C in day and 12/12 

hours a day/night light of 20 μE (Fluorescent lamp F 40 M/33 RS white light) for 30 or 

50 days. Seeds that germinated were counted. Fresh and dry weights of hypocotyl and 

radicle, along with their lengths were determined. 

Statistical analysis 

For each treatment, germination capacity (GC) and the mean germination time 

(MGT) were calculated by following formula 1 and 2, respectively: 

 

 GC (%) = (∑ni /N) × 100 (Eq.1) 

 

 MGT (days)= ∑ti   × ni /∑ni (Eq.2) 

 

where ni is number of germinated seeds per day, N is the total number of seeds sown, 

and ti is the amount of days for germination to occur beginning from sowing date 

(Bewley et al., 2012; Gilani et al., 2021). The germination capacity data set was arcsine 

converted prior to data analyses to meet the normality assumption for ANOVA (Zar, 
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1996). A general linear model, Univariate Analysis, was conducted to examine 

significant differences in germination time, germination capacity and seedling 

emergence attributes among species and treatments (3 N sources X 3 concentration 

levels). Means that showed significant changes were compared by Tukey's Honestly 

Significant test at the 5% level of significance for each species separately. Data analyses 

were performed using Statistics 8.1 while all figures were drawn by GraphPad Prism 8 

(GraphPad Software, Inc., CA) statistical packages. 

Results 

Effect of simulated N deposition on germination in the climatic chamber 

Highly significant differences in germination capacity were detected among 

simulated nitrogen deposition treatments, species, and interaction (Table 1). 

 
Table 1. Results of General Linear Model – Univariate Analysis for examining differences in 

germination capacity (GC), mean germination time (MGT), radicle length (RL), hypocotyl 

length (HL), fresh weigh of the radicle (RFW) and hypocotyl (HFW), and dry weight of 

radicle (RDW) and hypocotyl (HDR) among species and different nitrogen treatments (3 N 

sources X 3 concnetration levels and the control, giving a total of 10 treatments) 

 Treatments Species Interaction 

Attributes d.f F P d.f F P d.f F P 

GC 9 9262.00 < 0.001 3 7022.81 <0.001 27 5391.33 < 0.001 

MGT 9 272.71 <0.001 3 272.81 < 0.001 27 246.89 < 0.001 

RL 9 472.23 < 0.001 3 35.87 < 0.001 27 35.27 < 0.001 

HL 9 352.78 < 0.001 3 14.16 < 0.001 27 25.28 < 0.001 

RFW 9 241.41 < 0.001 3 6.91 <0.001 27 12.44 < 0.001 

HFW 9 15.03 < 0.001 3 0.69 <0.001 27 0.49 <0.001 

RDW 9 23.87 < 0.001 3 85.77 < 0.001 27 82.64 < 0.001 

HDR 9 273.16 < 0.001 3 56.29 <0.001 27 79.89 <0.001 

 

 

N treatment with 1% concentration positively affected the germination of 

C. lanceolata, P. zhennan and F. hodginisi seeds, respectively (Fig. 1a,c,d) while 

germination of P. massoniana seeds was enhanced by treatments involving 0.5% N 

solution (Fig. 1b). Apart from 1% KNO3 treatment, the germination of F. hodginisi 

seeds was not influenced by other N treatments compared to the control (Fig. 1d). 

Generally, germination of F. hodginisi seeds was lower than the other species. 

The mean germination time also varied significantly among species, N treatments 

and their interactions (Table 1). For C. lanceolata seeds, 1% treatment of (NH4)2SO4 

and NH4NO3 prolonged the germination time (Fig. 1e); 0.1% N treatment significantly 

prolong the germination time of P. massoniana seeds (Fig. 1f); and 1% N treatment 

prolonged the germination time of P. zhennan (Fig. 1g) and F. hodginisi (Fig. 1h) 

seeds. Among treatments, 0.5% N treatments resulted in quicker germination of 

C. lanceolata, P. massoniana and F. hodginisi seeds. Generally, seeds of P. massoniana 

germinated faster and that of F. hodginisi germinated slower than the other species. 
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Effect of N treatments on seedling emergence 

Both hypocotyl and radicle lengths significantly varied among species, N treatments 

and their interaction (Table 1). Hypocotyl length of C. lanceolata seedlings was shorter 

than the other species. With regard to the effects of N treatments on hypocotyl length, 

1% N treatments elongated the hypocotyl of C. lanceolata seedlings (Fig. 2a). While all 

concentrations of ammonium sulfate resulted in elongation of hypocotyl of 

P. massoniana seedlings, 0.1% ammonium nitrate and potassium nitrate treatments 

resulted in elongation of P. massoniana hypocotyl (Fig. 2b). Elongation of hypocotyl of 

P. zhennan (Fig. 2c) and F. hodginisi (Fig. 2d) seedlings were high in response to 1% N 

treatments. 

Radicle length was generally shorter for F. hodginisi than the rest of the species. N 

treatment with 1% concentration resulted in increased radicle length of C. lanceolata 

seedlings (Fig. 2e) while 0.1% N treatment increased radicle length of P. massoniana 

seedlings (Fig. 2f) compared to the control and other N treatments. For P. zhennan 

seedlings, 1% ammonium sulfate and ammonium nitrate treatments increased radicle 

length compared to 0.1% and the control while potassium nitrate treatments did not 

bring significant effect on radicle length (Fig. 2g). Radicle length of F. hodginisi 

seedlings was higher in response to 1% N treatments than others and the control (Fig. 

2h). 

Effect of N treatments on seedling fresh and dry weight 

Hypocotyl and radicle fresh and dry weights varied significantly among N 

treatments, species, and their interaction (Table 1). Hypocotyl fresh weight of P. 

zhennan seedlings was higher and that of F. hodginisi seedlings was lower than the 

other two coniferous species. While 1% N treatments resulted in significantly higher 

hypocotyl fresh weight of C. lanceolata (Fig. 3a), P. zhennan (Fig. 3c) and F. hodginisi 

(Fig. 3d) seedlings, 0.1% N treatments resulted in higher hypocotyl fresh weight of P. 

massoniana seedlings (Fig. 3b). Similarly, radicle fresh weight of C. lanceolata (Fig. 

3e), P. zhennan (Fig. 3g) and F. hodginisi (Fig. 3h) seedlings treated with 1% N 

solutions was higher than the control and other concentrations of N treatments while 

0.1% N treatments resulted in higher radicle fresh weight of P. massoniana seedlings 

(Fig. 3f). Generally, radicle fresh weight of P. zhennan seedlings was the highest 

whereas the lowest radicle fresh weight was observed in P. massoniana seedlings 

compared to other species. 

With regard to hypocotyl dry weight, it was noted that 1% N treatments resulted in 

increased hypocotyl dry weight of C. lanceolata (Fig. 4a), P. zhennan (Fig. 4c) and 

F. hodginisi (Fig. 4d) while 0.1% and 1% N treatments increased hypocotyl dry weight 

of P. massoniana seedlings (Fig. 4b) compared to the control and other treatments. 

Across all treatments, hypocotyl dry weight was the highest for P. zhennan, followed by 

F. hodginisi compared with the coniferous species. Similarly, radicle dry weight 

showed similar pattern as hypocotyl dry weight; being higher in 1% N treatments in 

C. lanceolata (Fig. 4e), P. zhennan (Fig. 4g) and F. hodginisi (Fig. 4h) and 0.1% N 

treatments in P. massoniana (Fig. 4f). 
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Figure 1. Germination capacity (GC; a-d) and mean germination time (MGT; e-h) of 

seeds of four tree species in response to different nitrogen treatments and the control 

(Mean ± SE). For each species, bars with different letters are significantly different 

among N treatments at 5% probability level 
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Figure 2. Hypocotyl (HL; a-d) and radicle (RL; e-h) length of seedlings of four tree species in 

response to different nitrogen treatments and the control (Mean ± SE). For each species, bars 

with the different letter are significantly different among N treatments at 5% probability level 
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Figure 3. Radicle fresh weight (RFW) and hypocotyl fresh weight (HFW) of seedlings of four 

tree species in response to different nitrogen treatments and the control (Mean ± SE). For each 

species, bars with the different letter are significantly different among N treatments at 5% 

probability level 
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Figure 4. Radicle dry weight (RDW) and hypocotyl dry weight (HDW) of seedlings of four tree 

species in response to different nitrogen treatments and the control (Mean ± SE). For each 

species, bars with the different letter are significantly different among N treatments at 5% 

probability level 
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Discussion 

Species showed that the seeds could germinate in a wide range of N concentration. 

We found that the seed germination capacity and germination time increased as the 

amount of N increased. Level of initial dormancy of seeds is influenced by environment 

and genotype of plant (Penfield, 2017). Previous studies discussed that pre-sowing 

treatment on seed could improve the growth rate, development process, and seed 

germination (Wala et al., 2021) although dormancy of seed varies with the degree of 

seed drying and phase of seed maturity (Gilani et al., 2019). 

Earlier it was indicated that N exerts a positive, harmful, or no influence on the 

germination of seeds (Haden et al., 2011; Varma et al., 2016). In the current experiment, 

germination of seeds of four sub-tropical forest species had different responses to N. 

These outcomes showed that the influence of N on germination of seeds might vary 

according to species. This variation in germination might be due to the seed coat of 

these species. Hernández et al. (2021) demonstrated that N could improve the 

performance of poor-quality seeds. N accessibility generally functions as a signal to 

encourage species germination and their life span (Luna and Moreno., 2009). This 

appeared to be the case for all species in our study. The encouraging impact of N on 

seed coating deterioration would not appear. The general impact of N on germination of 

a particular species depends upon the major aspects affecting germination. Our findings 

are consistent with the earlier experiments that showed the impact of (NH4)2SO4 on 

germination and seedling growth were positive. (Li et al., 2005) and Agrawal and 

Dadlani (1987) support the fact that 1% (NH4)2SO4 gave the best percentage 

germination for Sabal palmetto seeds. 

Several studies have demonstrated a positive effect of low concentrations of NH4NO3 

on seed germination (Hilhorst and Karssen, 1989), such as germination of 

G. tricornotum and A. sagitata was reduced by elevated concentrations  (Chauhan et al., 

2006). On the contrary, extremely low N concentrations can also adversely affect the 

species; for example, P. albida, whose germination is hindered by concentrations of 

2 mg NH4NO3 (Ponert et al., 2013). Jain and Foy (1992) stated that germination of 

O. aegyptiaca decreased from 28% to 18% after treatment with 5 mM or 10 mM 

NH4NO3. Even at small level, N can prevent the germination of seeds of few species 

(Boudell and Stromberg, 2015). Our results also showed diverse response at low 

concentration of 0.1%. Not much study has been done related to these N applications on 

the seeds of South China tree species. The outcomes exhibited that the germination for 

the three N sources were significantly different, with 1% showing improved 

germination than 0.1% and 0.5%. Physiological dormancy of seed can be improved by 

chemical stimulants and several N compounds (Farhadi et al., 2013). For testing of 

germination in many species, KNO3 is recommended because it stimulate the 

germination of seeds (Brasil. Ministério da Agricultura, 2009). 

For the treatment with KNO3, significant differences were recorded as 1% 

concentration gave better results as compared to other treatments. Numerous researchers 

have stated that KNO3 increased the germination of several plants seed (Cirak et al., 

2004; Olmez et al., 2004).The usage of KNO3 has been a vital treatment in seed-testing 

laboratories for several years and successful in dormancy breaking of various species 

(Baskin and Baskin, 2001). 

Abnavi and Ghobadi (2012) stated a related tendency of seed treatment with 1% 

KNO3 having an encouraging response and give rise to good germination. Seeds treated 

with 1% (NH4)2SO4 and KNO3 enhanced germination in sorghum and tomato (Shehzad 
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et al., 2012), Additionally, Mohammadi (2009) stated that treating soybean with 1% 

KNO3 for 24 h increased the germination of seeds as compared to non-treated seeds in 

laboratory and field experiments. The germination time of all species was influenced by 

N treatments. Germination speed based on mean germination time was also improved 

by 1% KNO3. The effect of N varied among species, with seeds of C. lanceolata, 

P. massoniana, F. hodginisi, and P. zhennan showing stimulating results with the 

treatment of 1% N. 

N affected the pine species, P. massoniana, compared to a broadleaved species, 

P. zhennan, at seedling emergence, which is consistent with earlier studies that N 

hinders the growth of P. massoniana (Zhang et al., 2010). Nevertheless, N did not have 

an effect on the development of P. zhennan, in all parameters compared to other 

species. Mo et al. (2008) stated that N has an encouraging impact on the development of 

S. Superba, which is also a broadleaved species. The variation in four species to N 

supplementation could be linked to their N demand. 

It demonstrates that even if the critical load of N is elevated there is still a little 

influence on plant cover functional features (Bobbink et al., 2003). This is observed in 

our study where hypocotyl and radicle length increased by N. Rawat et al. (2008) also 

described that quick germination in wild pomegranate seeds may result in longest 

radicle, which improves the establishment of seedlings. Dewir et al. (2011) also studied 

that maximum seedling length was of gladiolus seeds treated with 1% KNO3, and the 

smallest seedlings were of control gladiolus seeds. Hypocotyl and radicle fresh and dry 

weight reduced in C. lanceolata, P. massoniana and F. hodginisi among all treatments. 

As stated in the previous studies N sources, particularly the use of NH4NO3, lowered the 

weight of Orobanche seedlings (Van Hezewijk and Verkleij, 1996). 

This study only sets up three N addition levels. The higher sulfate/nitrate ratio in this 

study have probably exacerbated the adverse effects of N deposition on coniferous 

seedlings. Thus, further research may be needed to understand if different sulfate to 

nitrate ratios of simulated N deposition has an impact on the seeds and seedlings 

establishment. Overall coniferous and pine species’ germination was affected by N as 

compared to broadleaved species, P. zhennan. Hence, we suggest that subsequent trials 

must concentrate on the influences of extended N on the plant with various N 

concentrations. 

Conclusions 

This experiment demonstrated the beneficial effects of KNO3 application on growth 

compared to (NH4)2SO4 and NH4NO3. The use of KNO3 to treat seeds enhanced and 

drastically increased the germination in laboratory conditions. Untreated seeds (control 

treatment) showed slower germination time, hypocotyl, radicle length, and weight. 

Coniferous and pine species germination was affected by N as compared to broadleaved 

species. The sulfate/nitrate ratio defines the degree to which N impacts the growth. The 

increased sulfate and nitrate proportion in this experiment perhaps aggravated the 

adverse impacts of N on coniferous and pine seedling. As a whole, the findings suggest 

that it is favorable to use a procedure containing 1% KNO3 in the initial stage as seed 

pre-sowing treatment to enhance the germination of seeds and subsequent seedling 

emergence. 



Gilani et al.: Influence of differential nitrogen forms on seedling morphology of four widely grown species in Southern China 

- 6000 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(6):5989-6002. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2106_59896002 

© 2023, ALÖKI Kft., Budapest, Hungary 

Acknowledgments. The authors of the study are highly grateful for the financial support by Cross-Strait 

Collaborative Innovation Center of Soil and Water Conservation (K80ND8003) and the Innovation and 

Industrialization Project of Advanced Generations of Chinese Fir in Fujian Forestry Department. 

REFERENCES 

[1] Abnavi, M. S., Ghobadi, M. (2012): The effects of source of priming and post-priming 

storage duration on seed germination and seedling growth characteristics in wheat 

(Triticum aestivum L.). – Journal of agricultural science 4: 256. 

[2] Agrawal, P. K., Dadlani, M. (1987): Techniques in seed science and technology. – 

Brillion Publishing. 

[3] Alboresi, A., Gestin, C., Leydecker, M. T., Bedu, M., Meyer, C., Truong, H. N. (2005): 

Nitrate, a signal relieving seed dormancy in Arabidopsis. – Plant, cell & environment 28: 

500-512. 

[4] Baijuan, Z., Zongxing, L., Qi, F., Juan, G., Yue, Z., Zhang, B. T. (2022): Environmental 

significance of atmospheric nitrogen deposition in the transition zone between the Tibetan 

Plateau and arid region. – Chemosphere 307(4): 136096. 

[5] Baskin, C. C., Baskin, J. M. (2001): Seeds: Ecology, Biogeography, and Evolution of 

Dormancy and Germination. – San Diego: Academic press 666p. 

[6] Basra, S. M. A., Farooq, M., Tabassam, R., Ahmad, N. (2005): Physiological and 

biochemical aspects of pre-sowing seed treatments in fine rice (Oryza sativa L.). – Seed 

Science and Technology 33: 623-628. 

[7] Bewley, J. D., Bradford, K., Hilhorst, H. (2012): Seeds: physiology of development, 

germination, and dormancy. – Springer Science & Business Media. 

[8] Bobbink, R., Ashmore, M., Braun, S., Flückiger, W., Van Den Wyngaert, I. J. (2003): 

Empirical nitrogen critical loads for natural and semi-natural ecosystems: 2002 update. – 

Empirical Critical Loads for Nitrogen, pp. 43-170. 

[9] Boudell, J. A., Stromberg, J. C. (2015): Impact of nitrate enrichment on wetland and 

dryland seed germination and early seedling development. – Journal of Vegetation 

Science 26: 452-463. 

[10] Brasil. Ministério Da Agricultura (2009): Regras para análise de sementes. – Esplanada 

dos Ministérios, Bloco D, Anexo B, 4º andar, sala 430. 

[11] Chauhan, B. S., Gill, G., Preston, C. (2006): Factors affecting seed germination of 

threehorn bedstraw (Galium tricornutum) in Australia. – Weed Science 54: 471-477. 

[12] Cirak, C., Ayan, A. K., Kevseroglu, K. (2004): The effects of light and some presoaking 

treatments on germination rate of St. John's worth (Hypericum perforatum L.) seeds. – 

Pakistan Journal of Biological Sciences 7: 182-186. 

[13] Copeland, l. O., McDonald, M. F. (2012): Principles of seed science and technology. – 

Springer Science & Business Media. 

[14] Dewir, Y. H., El-Mahrouk, M. E.-S., Naidoo, Y. (2011): Effects of Some Mechanical and 

Chemical Treatments on Seed Germination of' Sabal palmetto' and 'Thrinax morrisii' 

Palms. – Australian journal of crop science 5: 248-253. 

[15] Duermeyer, l., Khodapanahi, E., Yan, D., Krapp, A., Rothstein, S. J., Nambara, E. 

(2018): Regulation of seed dormancy and germination by nitrate. – Seed Science 

Research 28: 150-157. 

[16] Farhadi, M., Tigabu, M., Arian, A. G., Sharifani, M. M., Daneshvar, A., Oden, P. C. 

(2013): Pre-sowing treatment for breaking dormancy in Acer velutinum Boiss. seed lots. – 

Journal of Forestry Research 24: 273-278. 

[17] Farooq, M., Basra, S., Hafeez, K. (2006): Seed invigoration by osmohardening in coarse 

and fine rice. – Seed Science and Technology 34: 181-187. 

[18] Farooq, T. H., Yan, W., Rashid, M. H. U., Tigabu, M., Gilani, M. M., Zou, X., Wu, P. F. 

(2019): Chinese fir (Cunninghamia lanceolata) a green gold of China with continues 



Gilani et al.: Influence of differential nitrogen forms on seedling morphology of four widely grown species in Southern China 

- 6001 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(6):5989-6002. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2106_59896002 

© 2023, ALÖKI Kft., Budapest, Hungary 

decline in its productivity over the successive rotations: a review. – Applied Ecology and 

Environmental Research 17(5): 11055-11067. 

[19] Franco-Vizcaíno, E., Sosa-Ramirez, J. (1997): Soil properties and nutrient relations in 

burned and unburned Mediterranean-climate shrublands of Baja California, Mexico. – 

Acta Oecologica 18: 503-517. 

[20] Gilani, M. M., Irfan, A., Farooq, T. H., Wu, P., Yousaf, M. S., Khan, M. W., Talha, Y., 

Ma, X. (2019): Effects of pre-sowing treatments on seed germination and morphological 

growth of Acacia nilotica and Faidherbia albida. – Scientia Forestalis, pp. 374-382. 

[21] Gilani, M. M., Tigabu, M., Liu, B., Farooq, T. H., Rashid, M. H. U., Ramzan, M., Ma, X. 

(2021): Seed germination and seedling emergence of four tree species of southern China 

in response to acid rain. – Journal of Forestry Research 32: 471-481. 

[22] Haden, V. R., Xiang, J., Peng, S., Bouman, B. A., Visperas, R., Ketterings, Q. M., Hobbs, 

P., Duxbury, J. M. (2011): Relative effects of ammonia and nitrite on the germination and 

early growth of aerobic rice. – Journal of Plant Nutrition and Soil Science 174: 292-300. 

[23] Hernández, J. A., Díaz-Vivancos, P., Acosta-Motos, J. R., Barba-Espín, G. (2021): 

Potassium nitrate treatment is associated with modulation of seed water uptake, 

Antioxidative Metabolism and Phytohormone Levels of Pea Seedlings. – Seeds 1: 5-15. 

[24] Hilhorst, H. W., Karssen, C. M. (1989): Nitrate reductase independent stimulation of seed 

germination in Sisymbrium officinale L. (hedge mustard) by light and nitrate. – Annals of 

Botany 63: 131-137. 

[25] Jain, R., Foy, C. L. (1992): Nutrient effects on parasitism and germination of Egyptian 

broomrape (Orobanche aegyptiaca). – Weed Technology 6: 269-275. 

[26] Joosen, R. V., Kodde, J., Willems, L. A., Ligterink, W., Van der Plas, L. H., Hilhorst, H. 

W. (2010): Germinator: a software package for high throughput scoring and curve fitting 

of Arabidopsis seed germination. – The Plant Journal 62: 148-159. 

[27] Li, D.-J., Mo, J.-M., Fang, Y.-T., Li, Z.-A. (2005): Effects of simulated nitrogen 

deposition on biomass production and allocation in Schima superba and Cryptocarya 

concinna seedlings in subtropical China. – Chinese Journal of Plant Ecology 29: 543. 

[28] Luna, B., Moreno, J. (2009): Light and nitrate effects on seed germination of 

Mediterranean plant species of several functional groups. – Plant Ecology 203: 123-135. 

[29] Mo, J., Li, D., Gundersen, P. (2008): Seedling growth response of two tropical tree 

species to nitrogen deposition in southern China. – European Journal of Forest Research, 

127: 275-283. 

[30] Mohammadi, G. (2009): The effect of seed priming on plant traits of late spring seeded 

soybean (Glycine max L.). – American-Eurasian Journal of Agricultural and 

Environmental Science 5: 322-326. 

[31] Olmez, Z., Yahyaoglu, Z., Ucler, A. (2004): Effects of H2SO4, KNO3, and GA3, 

treatments on germination of caper (Capparis ovata Desf.) seeds. – Pak. J. Biol. Sci. 7: 

879-882. 

[32] Penfield, S. (2017): Seed dormancy and germination. – Current Biology 27: R874-R878. 

[33] Pérez-Fernández, M., Calvo-Magro, E., Montanero-Fernández, J., Oyola-Elasco, J. 

(2006): Seed germination in response to chemicals: Effect of nitrogen and pH in the 

media. – Journal of environmental biology 27: 13. 

[34] Pill, W., Frett, J., Morneau, D. (1991): Germination and seedling emergence of primed 

tomato and asparagus seeds under adverse conditions. – HortScience 26: 1160-1162. 

[35] Ponert, J., Figura, T., Vosolsobě, S., Lipavská, H., Vohník, M., Jersáková, J. (2013): 

Asymbiotic germination of mature seeds and protocorm development of Pseudorchis 

albida (Orchidaceae) are inhibited by nitrates even at extremely low concentrations. – 

Botany 91: 662-670. 

[36] Rawat, J., Tomar, Y., Rawat, S. (2008): Effect of stratification on seed germination and 

seedling performance of wild pomegranate. – Progressive Agriculture 8: 15-16. 



Gilani et al.: Influence of differential nitrogen forms on seedling morphology of four widely grown species in Southern China 

- 6002 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(6):5989-6002. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2106_59896002 

© 2023, ALÖKI Kft., Budapest, Hungary 

[37] Shehzad, M., Ayub, M., Ahmad, A., Yaseen, M. (2012): Influence of priming techniques 

on emergence and seedling growth of forage sorghum (Sorghum bicolor L.). – J Anim 

Plant Sci 22: 154-158. 

[38] Shim, S. I., Moon, J.-C., Jang, C. S., Raymer, P., Kim, W. (2008): Effect of potassium 

nitrate priming on seed germination of seashore paspalum. – HortScience 43: 2259-2262. 

[39] Suding, K. N., Collins, S. L., Gough, l., Clark, C., Cleland, E. E., Gross, K. L., 

Milchunas, D. G., Pennings, S. (2005): Functional-and abundance-based mechanisms 

explain diversity loss due to N fertilization. – Proceedings of the National Academy of 

Sciences 102: 4387-4392. 

[40] Tipping, E., Henrys, P., Maskell, l., Smart, S. (2013): Nitrogen deposition effects on plant 

species diversity; threshold loads from field data. – Environmental Pollution 179: 218-

223. 

[41] Van Hezewijk, M., Verkleij, J. (1996): The effect of nitrogenous compounds on in vitro 

germination of Orobanche crenata Forsk. – Weed Research 36: 395-404. 

[42] Varma, V., Iyengar, S. B., Sankaran, M. (2016): Effects of nutrient addition and soil 

drainage on germination of N-fixing and non-N-fixing tropical dry forest tree species. – 

Plant Ecology 217: 1043-1054. 

[43] Wala, M., Kołodziejek, J., Patykowski, J. (2021): Nitrogen signals and their ecological 

significance for seed germination of ten psammophilous plant species from European dry 

acidic grasslands. – PloS One 16: e0244737. 

[44] Zar, J. (1996): Biostatistical analysis. – 3rd ed. Prentice Hall International. London. 

[Google Scholar]. 

[45] Zhang, Y., Zhou, Z., Ma, X., Jin, G. (2010): Foraging ability and growth performance of 

four subtropical tree species in response to heterogeneous nutrient environments. – 

Journal of forest research 15: 91-98. 

 


