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Wild plants represent a potential source of urban landscape trees. Stranvaesia davidiana
Dcne. is a member of the Stranvaesia Lindl. Genus, which belongs to family Rosaceae Juss.
It has great ornamental value. It can contribute to urban color foliage and fruit species.
However, the most effective fertilizer application strategy required for its cultivation is
unknown. Therefore, we conducted an orthogonal experiment to investigate the fertilizer
type and level (pure nitrogen) using ten experimental groups, including an untreated
control group. Pot experiments were used to determine the growth indices of seedlings,
including plant height, basal diameter, and chlorophyll content post-fertilizer treatment.
This study explored the most appropriate fertiler application model for the growth of S.
davidiana seedlings. The results revealed that enhanced seedling growth depended on the
type and amount of fertilizer used, and their interaction. Fertilizer application increased
the plant height by 2.67 cm to 12.26 cm, basal diameter by 0.39 cm to 0.75 ¢cm, and
chlorophyll content by 5.66 to 19.86. Among the different types of fertilizer, organic
fertilizer increased the plant height by 0.42 cm to 9.59 cm and basal diameter by 0.01 cm
to 0.05 cm, compared with the control group. Organic fertilizer had the maximum effect on
seedling growth, especially at medium levels. The total growth of basal diameter and
chlorophyll content was 1.58 = 0.04 cm and 39.53 + 2.37, respectively. Basal diameter is
the most critical index in seedling reproduction . The study results suggest that the
application of 4.06 g of organic fertilizer per plant was the most effective, and served as a
basis for further field trials.
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Effects of fertilizer application on the growth of

Stranvaesia davidiana D. seedlings
Abstract

Wild plants represent a potential source of urban landscape trees. Stranvaesia davidiana Dcne. is
a member of the Stranvaesia Lindl. Genus, which belongs to family Rosaceae Juss. It has great
ornamental value. It can contribute to urban color foliage and fruit species. However, the most
effective fertilizer application strategy required for its cultivation is unknown. Therefore, we
conducted an orthogonal experiment to investigate the fertilizer type and level (pure nitrogen)
using ten experimental groups, including an untreated control group. Pot experiments were used
to determine the growth indices of seedlings, including plant height, basal diameter, and
chlorophyll content post-fertilizer treatment. This study explored the most appropriate fertiler
application model for the growth of S. davidiana seedlings. The results revealed that enhanced
seedling growth depended on the type and amount of fertilizer used, and their interaction.
Fertilizer application increased the plant height by 2.67 cm to 12.26 cm, basal diameter by 0.39
cm to 0.75 cm, and chlorophyll content by 5.66 to 19.86. Among the different types of fertilizer,
organic fertilizer increased the plant height by 0.42 cm to 9.59 cm and basal diameter by 0.01 cm
to 0.05 cm, compared with the control group. Organic fertilizer had the maximum effect on
seedling growth, especially at medium levels. The total growth of basal diameter and chlorophyll
content was 1.58 = 0.04 cm and 39.53 + 2.37, respectively. Basal diameter is the most critical
index in seedling reproduction. The study results suggest that the application of 4.06 g of organic
fertilizer per plant was the most effective, and served as a basis for further field trials.
Keywords: fertilizer treatment; landscape plants; pot experiment; Stranvaesia davidiana
seedling; wild plant resources
Introduction
Wild ornamental plants survive in the wild without domestication. They exhibit excellent
ornamental characteristics that can be used to supplement the resource pool for urban
landscaping (Li et al., 2019b). Advances in urban greening have enriched plant diversity and
facilitated seasonal changes in landscape construction (Zou et al., 2007). Nonetheless, few types
of woody plant species have been utilized including highly colorful and ornamental wild species
(Zhu & Wang, 2011). In China, a wide range of wild species display the potential for
development of green landscape, but are inadequately utilized currently (Deng, 1996; Zhang et
al., 2002). The introduction and reproduction of local species to support landscape development
is cost-effective and has a positive impact on efficient landscape and local biodiversity
conservation (Cai et al., 2020; Hu et al., 2010; Jiang et al., 2009). However, the successful
introduction and domestication of wild ornamental plants is based on substantial studies
including wild surveys, chamber, and field experiments.

Stranvaesia davidiana Dcne. is a shrub or small tree belonging to family Rosaceae Juss.,
with both ornamental and nutritional value (Liu et al., 2016; Wang, 2007). It possesses a plump
crown, bright green leaves that turn red in autumn. The plant is persistent with white compound
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corymbs and orange-red sub-globose fruits. The plant flowers between May and Jun, with
fruiting period between September and October, with a variety of ornamental flowers, foliage,
and fruits (Yu, 1974). Its introduction can compensate for scarce woody species in urban gardens
due to its colorful leaves and fruits. The plant is widely distributed on slopes, mountain tops,
roadsides, thickets, river valleys, and damp gullies at a height of 1000 m to 3000 m. It has
diverse habitats and strong adaptability. Thus, it is a typical local species for plant breeding and
commercial application. Further, S. davidiana has a strong potential for development in bonsai.
The fruits have high nutritional value with key functional ingredients (Liu et al., 2016; Wang,
2007). However, fewer studies have investigated its potential. Studies involved primarily rootless
test tube seedlings and germination of the variant S. davidiana var. undulata (Dcne.)
Rehd.&Wils., and its sexual propagation (Jiang et al., 2009; Li et al., 2005). The absence of
studies investigating its growth mechanisms and adaptation has constrained its large-scale
production and commercial application. Preliminary studies involved seed germination (Wang et
al., 2020) under simulated fertilizer application and determination of soil nutrient status under
different environmental conditions via pot experiments. The growth performance and adaptation
of seedlings under experimental conditions provided insight into the nutritional requirements
and growth patterns for efficient cultivation.

Fertilizer treatment is an effective strategy that can improve the quality of seedling growth
(Chen et al., 2012; Zheng et al., 2016). Scientific and rational application of fertilizers can be
used to regulate soil nutrient levels rapidly, increase plant nutrient demand, promote seedling
growth, and accelerate the synthesis and accumulation of plant metabolites. Fertilizers can be
used to replenish mineral ions in the soil for the cultivation of terrestrial species (Martinez-
Sanchez, 2006), thereby increasing the rate of plant photosynthesis, height, basal diameter, and
volume (Biiyiik et al., 2022; Lincoln et al., 2007; Mancus, 2007). Application of large amounts
fertilizers irrationally can lead to soil degradation, decline of soil organic carbon content, and
destruction of soil structure (Galloway et al., 2008; Koch et al., 2021; Mancus, 2007; Paungfoo-
Lonhienne et al., 2019).The type and amount of fertilizer applied do not meet the demands of
plant growth, which can result in low yield and quality, and ultimately affect the production
(Kentelky & Szekely-Varga, 2021; Wilber & Williamson, 2008). Studies show that a wide range
of models are not applicable to all plants, fertilizers, and regions (Konde et al., 2009; Osmond &
J, 1996). The optimal fertilizer treatment pattern for S. davidiana, and its response to different
nutrient levels is not clear. Therefore, determining the optimal fertilizer type and dosage under
controlled conditions via pot experiments is of great significance in advancing field trials and
large-scale production (Bai, 2015).

This study used first-year seedlings of S. davidiana to analyze the impact of different fertilizers
such as organic, inorganic, and nitrogen fertilizers and their levels based on pure nitrogen level on
growth indicators. The relevant breeds were treated with the standard fertilizer (pure N) per acre
in potted containers based on soil volume. The low N level was based on a standard N application
of one-half amount, while a high N level was based on double the amount. An orthogonal
experiment was set up combined with the fertilizer type. The control group was not treated with a
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fertilizer. Our goal was to explore the most appropriate model of fertilizer treatment of S. davidiana
seedlings via comparative experiments. The results are expected to provide a reference for seedling
management, improve their quality, guide cultivation, and facilitate marketing and large-scale
production.

Materials & Methods

Experimental field and materials

The experiment was carried out in the internship base of Chengdu University of Technology,
Chengdu City, Sichuan Province, with a geographic location of 30°40'43.50"E and
104°0820.15"N, and an elevation of 512 m. The location has a subtropical monsoon climate,
with an average annual temperature of 15.9°C. The hottest months were July and August, with
an average monthly temperature of 25.2°C. The coldest month was January, with an average
monthly temperature of 5.6°C. The annual precipitation was 900 mm to 1300 mm. The average
annual relative humidity was 82%. The experiment was set up in a greenhouse with stable
temperature and humidity from April to December 2019.

S. davidiana seedlings were sown in April 2018 using seeds obtained from Tangjiahe
National Nature Reserve. The plant materials were identified by plant ecology expert Prof. Peng
Peihao at Chengdu University of Technology. The selected seedlings carried well-developed root
systems, closed growth, and no pests or diseases. Before transplanting, the original soil was
watered adequately to facilitate the removal of intact plants. We used plastic seedling pots
measuring 15 cm in diameter and 12.5 cm in height, with neutral filter paper at the bottom to
prevent soil loss. The mixture of yellow loam and fine river sand (mixing ratio: 1:1, Ph: 6.9) was
used as a substrate based on pre-experimental analysis. Seedlings were transplanted on April 30,
2019 (1 plant/pot), with a mulching height 2 cm from the edge. The seedlings were watered
moderately after transplanting and treated with fertilizer a week later to allow seedling
restoration.

Experimental design

In the absence of established fertilizer treatment for S. davidiana,, the optimum N application
during the year was estimated at 45 to 90 kg/hm? based on related studies and field experiments
(He et al., 2014). In this study, the standard amount was 90 kg/hm?. Based on conversion by
area, the reference annual fertilizer application was 0.203 g/plant. The group treated with Stanley
brand inorganic fertilizer (15% N, 15% phosphorus, and 15% potassium) was designated as SF.
The plants treated with Stanley brand organic fertilizer (45% organic matter, 5% N and 5% P and
5% K) were grouped under SY, and those exposed to Yuzhu brand urea (46.4% N) as CN. Three
levels, i.e., one-half of the standard amount (low: 0.1015 g), standard amount (medium: 0.203 g),
and double the standard amount (high: 0.406 g) were set and represented by numbers 1, 2, and 3,,
respectively, as shown in Table 1. The control group (CK) was not treated with any fertilizer. A
total of ten experimental groups were set, with 20 replicates each.

To avoid burning seedlings due to excessive fertilizer application, we divided the fertilizer
amount into three portions, applied on May 5, July 5, and September 5, 2019, respectively. The
soil was loosened and the fertilizers were applied slightly away from the roots. They were
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watered moderately, away from the hot sun. During the experiment, the plants were watered
every two days to ensure consistency of moisture and light between different groups (Chen et al.,
2016).

Data recording and analysis

To prevent observational errors associated with recording, we used fixed observers and
standardized procedures. The plant height was measured along a straight edge. The vertical
height from the ground to the terminal bud was measured. The basal diameter was measured 1
cm above the topsoil with a digital vernier calipers (accuracy of 0.01 mm) along two vertical
directions at the rhizome and then averaged. The chlorophyll content was measured with a hand-
held chlorophyll tester (SPAD-502, TYS-A), marking one of the 3rd to 5th healthy leaves under
the terminal bud. The leaf vein was avoided. Three points were selected on both sides and tips of
the leaves, and the average value was determined each time. The observations were carried out
from May to December 2019. All seedlings were measured and recorded individually at the end
of each month. The experimental data were organized in Excel 2013, followed by analysis of
variance (ANOVA) and multiple comparisons using SPSS 21.0. The data were plotted using
Origin 2022.

Results

Effect of different fertilizer types on S. davidiana growth

Organic fertilizer had the most remarkable effect on the growth of seedlings at similar levels of
application. Compared with other groups, the SY treatment increased the plant height by 0.42 cm
t0 9.59 cm and the basal diameter by 0.01 cm to 0.22 cm, excluding SPAD values. Specifically,
the SPAD value increased in the SY group by 4.38 to 2.14 in low and medium levels compared
with other groups. The chlorophyll content of SF3 (34.58) and CN3 (33.54) was better than in
SY3 (25.33) at high levels.

The inter-monthly variability in plant height and the monthly peak values were inconsistent
across different fertilizers types, even though the growth was progressively lower in all
experimental groups as the months increased and decreased. SY species were the most effective,
with their peaks occurring in May. The growth declined over time, although a small peak was
detected in July under medium and high levels of treatment. Compared with organic fertilizers,
the peaks in SF and CN groups were detected in June and were particularly pronounced under
high levels, with a monthly growth of 11.43 + 0.62 cm following treatment with inorganic
fertilizer and 12.75 £ 0.58 cm using nitrogen fertilizer. Under low levels, the CN group showed a
lower monthly growth in August and September than the CK group, albeit insignificantly (0.01 -
0.14 cm). The base diameter variation showed a contrasting trend. Regardless of the type, the
peak growth occurred in June and was inconsistent at different levels of treatment. The CN1
group (0.59 + 0.03 cm) outperformed SY1 (0.54 + 0.02 cm) and SF1 (0.45 £ 0.02 cm) at low
levels, whereas SY2 (0.67 + 0.03 ¢cm) exceeded SF2 (0.57 £ 0.09 cm) and CN2 (0.56 £ 0.04 cm)
under medium level. Under high levels, the performance of SF3 (0.64 &= 0.03 cm) and CN3 (0.64
+ 0.03 cm) was comparable and higher than that of SY3 (0.52 £ 0.02 cm). The SPAD values
peaked in all experimental groups in June, far exceeding those of the control group (9.71-19.58).
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They decreased rapidly in July, and resembled those of the CK group or even slightly lower (-
2.83-1.56). Although the SPAD values fluctuated across different months and were even often
lower than the CK values, they tended to be almost negative in November (except for SY3, with
a value of 0.09). The chlorophyll content in November was higher in the SY group than in SF
and CN, and all were significantly higher than in the CK group. Additional details are discussed
in Fig. 1 and the Appendix.

Effect of different fertilizer levels on S. davidiana seedling growth

Increased level of similar fertilizer did not always enhance seedling growth. Treatment with
increasing levels organic fertilizers decreased the plant height eventually: SY1 (9.89 + 0.42 cm)
>SY2(9.13+£0.51 cm) > SY3 (9.78 £ 0.50 cm). The effect of medium level was also superior to
high-level treatment on both basal diameter and SPAD values. A similar phenomenon was
observed in the SPAD values of nitrogenous fertilizers. Similar results were obtained in 45% of
the experimental groups in our study, while the remaining 55% showed that high-level treatment
enhanced the growth of S. davidiana.

The analysis of plant height in both SF and SY groups revealed peaks in June and further
enhancement with increasing fertilizer amounts. The extreme values (SF3: 11.43 + 0.62 cm,
CN3: 12.75 £ 0.58 cm) were much higher than those of the CK group (6.80 + 0.47 cm). In the
SY group, the peaks were observed in May with slight differences between groups (9.13-9.89
cm) and insignificant difference from the CK (7.56 £ 0.53 cm) in the same month. Based on the
observed inter-monthly variations in basal diameter and peaks in June, differences were found in
the growth response to fertilizer. Exposure of the SY group to medium level had the strongest
effect on basal diameter increase. However, in the CN group, the medium-level treatment had the
least effectiveness. The SF group showed enhanced positive effect under increased levels of
application. Peak chlorophyll levels were also observed in June, and the chlorophyll content
increased from 7.8 to 17.05 at low levels, 12.40 to 19.58 at medium levels and 9.71 to 16.91 at
high levels compared with the CK group. Similarly, the stabilizing effect on chlorophyll
irrespective of the fertilizer levels, was significantly superior to the CK In November,
chlorophyll content was higher in all experimental groups treated with fertilizer than in the CK
group, as shown in Fig. 2 and the Appendix.

Effect of different fertilizer parameters on S. davidiana growth

ANOVA was used to analyze the effect of fertilizer type, amounts, and their interaction on the
total growth of S. davidiana seedlings. The fertilizer type and amount significantly affected plant
height and basal diameter, but to a markedly different extent. Plant height was significantly
affected by fertilizer type (P < 0.01), while basal diameter was significantly affected by fertilizer
concentration (P < 0.01). However, the combination of fertilizer type and amount did not have a
significant effect on the growth of S. davidiana seedlings in terms of plant height and basal
diameter, but showed a strongly significant effect (P <0.01) on SPAD values. We also found
that the SAPD value was the only parameter that did not exhibit a significant response (P = 0.29)
to the type of fertilizer in ANOVA (type or amount of fertilizer). Nevertheless, all seedling
growth indicators showed a significant response to fertilizer amount (Table 2).
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Despite fluctuations in the monthly growth of these indicators in different months in our
study, and even lower levels than in the CK group, in terms of total growth (see Fig. 3), all
groups treated with fertilizer exhibited higher growth than the CK group. The total growth of
plant height in the experimental groups was significantly higher than in the CK group, except for
CN1, which did not appear significant. Further, the total growth in basal diameter and SPAD
values of all groups treated with fertilizer were significantly higher than in the CK group.
Fertilizer treatment led to an increase in the height of S. davidiana seedlings by 2.67 to 12.26 cm,
basal diameter by 0.39 to 0.75 cm, and SPAD values by 5.66 to 19.86. The combination of
fertilizer type and levels led to a maximum increase in plant height of SY'1 (33.42 £ 1.39 cm),
but the least in SF1 (25.89 + 1.57 cm). The SY2 group showed the most increase in basal
diameter (1.58 = 0.04 cm), while the CN1 group showed the least (1.22 + 0.04 cm). Under
similar SPAD values, the SY2 group exhibited the utmost enhancement (39.53 +2.37), and SY3
the least (25.33 = 1.97) seedling growth.

Discussion

The fertilizer requirement varies with species, mainly depending on the type and amount of
fertilizer applied (Lu et al., 2022; Luo et al., 2023; Wang et al., 2011; Yao et al., 2017; Zhao et
al., 2020). Nitrogen is the most essential element for plant growth, contributing 40% to 50% of
the required nutrition (Bown et al., 2010; Feng et al., 2021; Yang & Wu, 2019). Its effectiveness
and internal concentration affect the biomass partitioning between roots and shoots (Bown et al.,
2010).The soil N content and duration of action also alter plant morphology and photosynthesis
(Zhao et al., 2008). Further, N promotes cytokinin production that further affects cell wall
elasticity, the number and growth of plant meristem, increases the ground diameter, and
improves plant height (Bloom et al., 2006; Du et al., 2019). Chlorophyll, required for plant
photosynthesis, is composed of numerous N elements. It promotes the formation of chloroplasts
during leaf growth and active photosynthesis, enhancing the photosynthetic efficiency of plants
(Li et al., 2012). These factors explain the significant growth performance of all the experimental
groups than the untreated CK group in our study.

The amount and type of fertilizer used altered the growth response of S. davidiana under
similar conditions. The highest total increase in plant height and basal diameter of seedlings
exposed to organic fertilizer (SY group) is attributed to the abundant organic matter in addition
to inorganic elements, which not only provides nutrients for plants but also refines soil enzyme
activity and water storage capacity, improves microbial ecology as well as soil physicochemical
properties (Cai et al., 2020; Li et al., 2008; Li et al., 2019a; Oliveira et al., 2022; Yang, 1996),
ultimately promoting seedling growth. These results have been validated in previous studies
(Chen et al., 2021; He et al., 2014; Wang et al., 2023). Conversely, treatment with inorganic and
nitrogen fertilizers (SF and CN groups, respectively) leads to N leaching following watering, due
to the lack of organic matter, resulting in destruction of soil physical structure and sloughing
(Luo et al., 2017), which affects seedling growth. Uncontrolled increase in the proportion of N
does not always enhance seedling growth. However, the rate of chlorophyll decline was
diminished with fertilizer treatment compared with the CK group, which effectively delayed leaf
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senescence and promoted photosynthesis in the plant (Chen et al., 2016; Yang & Wu, 2019; Yao
et al., 2017). However, adequate or even excessive growth under P and K deficiency may
suggest a relative imbalance of N/P values within the leaves, which affects chlorophyll synthesis
(Hernéndez Valera et al., 2018). Thus, the results suggest large variation in SPAD values within
the CN compared with relatively stable levels in other groups.

The fertilizer level plays a critical role in altering the plant yield and quality. Insufficient
fertilizer application suppresses plant yield and quality. However, over-application results in
either environmental pollution or inhibition of nutrient uptake by plant roots as excessive
nutrient supply exceeds the saturation state of the soil (Zheng et al., 2016). This also explains the
significant response of all growth indicators to fertilizer dosage in our experiments. At high
levels, the variation in total growth of plant height and basal diameter was relatively minor and
close to the maximum regardless of fertilizer type. These findings were consistent with several
studies, such as those involving Yulania sprengeri (Pampanini) D. L. Fu, which showed a
significant increase in the overall biomass following fertilizer treatment (Deng et al., 2019).
However, the varying levels of fertilizer treatment had diverse effects on seedling growth
enhancement. Organic fertilizers increased plant height significantly at low levels but decreased
with increasing levels of application. Medium levels promoted growth in basal diameter.
Inorganic and nitrogen fertilizers promoted plant height and basal diameter least effectively at
low levels and were more effective with increasing levels. It may be related to the particle size
and decomposition of different fertilizers, resulting in differential release of available nutrients,
as reported previously in many studies investigating the effect of fertilizer decomposition rate on
seedling growth (Fan et al., 2009; Tang et al., 2007). The SPAD values associated with organic
and nitrogen fertilizers showed contrasting trends. Increase in the application of nitrogen and
organic fertilizers tended to increase and then decrease the SPAD values, indicating that excess
nitrogen reduced the chlorophyll content, which was detrimental to the photosynthesis of the
seedlings. It has been demonstrated that excess N shortened the life and increase the
susceptibility of seedling leaves to disease (Bojovi¢ & Stojanovi¢, 2005). Another possible
explanation is that increase in leaf N content beyond a certain threshold leads to increased
nitrogen assimilation, competing with photosynthetic carbon assimilation during photosynthetic
light reactions. Thus, the assimilative power is decreased. The enhanced nitrogen assimilation
requires large carbon scaffolding, whereas respiration cannot provide adequate N scaffolding
(Araya et al., 2010; Daughtry et al., 2000). Thus, the assimilation rate is low.

Further, the fertilizer application is associated with the plant life cycle (Du et al., 2019; Yao
et al., 2017). In our study, all experimental groups showed faster growth from May to July,
especially plant height and basal diameter. The maximum monthly growth in basal diameter of
all seedlings occurred in June, with a slow growth over time. The initial application of fertilizer
ensured adequate nutrient supply, thereby accelerating the growth of S. davidiana seedlings in
the early stages. As the amount of fertilizer was increased, the positive correlation between plant
biomass and nutrient supply under nutrient-poor conditions changed to an inhibitory role under
excessive levels (Zheng et al., 2016), thereby leading to a decrease in the promotional effect of
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the fertilizers. However, the growth characteristics of the seedlings themselves may be possible
factors. Following rapid growth, the seedlings naturally slow down and gradually enter a
dormant state to adapt to the upcoming cold environment. This adaptation has been demonstrated
in numerous studies of cyclic plant growth. Studies suggest that treatment with fertilizers
rationally during the plant growing season maximizes the fertilizer efficiency, promotes plant
growth, and improves yield (Lu et al., 2022; Luo et al., 2023).

Conclusions

This study demonstrates the interaction between different fertilizer types and fertilizer levels.
Based on the response of seedling height, basal diameter, and chlorophyll content, the study
reveals the fertilizer requirements of S. davidiana seedlings. The results indicate that both
fertilizer type and level have significant effects on seedling growth. The results also suggest that
the application of organic fertilizer (4.06 g/plant) promoted optimal growth. Our study provides
insights into the fertilizer patterns of S. davidiana. The findings advance our knowledge of
artificial breeding of S. davidiana, an excellent wild ornamental plant species. It serves as a
reference for breeding similar species. This will help improve the yield and quality of S.
davidiana, provide a foundation for subsequent field trials and large-scale production, and
ultimately contribute towards its utilization in urban landscapes. We also expect that our findings
based on a preliminary study of this woody ornamental species belonging to family Rosaceae
will facilitate other related studies in the future.

Acknowledgements

We sincerely thank Ms. Tan Liping, Ms. Xu Qian, Mr. Pang Xin, and Mr. Bai Hai from Chengdu
University of Technology for helping us with the experimental operation. We also thank Mr. Liu
Xian'an from Sichuan Tourism University for his help in collecting seeds.

References

Araya T, Noguchi K & Terashima | (2010) Effect of nitrogen nutrition on the carbohydrate
repression of photosynthesis in leaves of Phaseolus vulgaris L. J Plant Res, 123, 371-9.
https://doi.org/10.1007/s10265-009-0279-8

Bai Y L (2015) Review on Research in Plant Nutrition and Fertilizers. Scientia Agricultura Sinica,
48(17), 3477-3492. https://doi.org/10.3864/}.issn.0578-1752.2015.17.014

Bloom A J, Frensch J & Taylor A R (2006) Influence of inorganic nitrogen and pH on the
elongation of maize seminal roots. Ann Bot, 97, 867-73.
https://doi.org/10.1093/aob/mcj605

Bojovi¢ B M & Stojanovi¢ J (2005) Chlorophyll and carotenoid content in wheat cultivars as a
function of mineral nutrition. Archives of Biological Sciences, 57(4), 283-290.

Bown H E, Watt M S, Clinton P W & Mason E G (2010) Influence of ammonium and nitrate
supply on growth, dry matter partitioning, N uptake and photosynthetic capacity of Pinus
radiata seedlings. Trees, 24, 1097-1107. https://doi.org/10.1007/s00468-010-0482-1

Biyik G, Bayram C A, inan M & Kirpik M (2022) The effect of organic and inorganic fertilizers
on plant nutrient content and agronomic performance of stevia. Journal of Plant
Nutrition, 45, 2303-2314. https://doi.org/10.1080/01904167.2022.2063739

CaiH, XuZ H &Ding Y F (2020) Advances in the Research on the Introduction, Cultivation,
Exploitation and Utilization of Wild Viola. Chinese Wild Plant Resources, 39(1), 41-46.
https://doi.org/10. 3969 /j. issn. 1006 - 9690. 2020. 01. 010

Peer] reviewing PDF | (2023:06:87312:2:0:NEW 6 Nov 2023)


https://doi.org/10.1007/s10265-009-0279-8
https://doi.org/10.3864/j.issn.0578-1752.2015.17.014
https://doi.org/10.1093/aob/mcj605
https://doi.org/10.1007/s00468-010-0482-1
https://doi.org/10.1080/01904167.2022.2063739
https://doi.org/10

Peer]

323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371

Chen A, Li W, Peng L X, Li N, fAN C H & Chen S (2021) Effects of different fertilization
treatments on the shape, yield and nutrient accumulation of Capsicum annuum L.
Chinese Journal of Tropical Crops, 42(7), 1995-2000. https://doi.org/10.3969/j.issn.1000-
2561.2021.07.024

Chen L, Zeng J, JiaHY, Xu D P & Cai D X (2012) Advances in nutrient diagnosis and
fertilization study of seedlings. World Forestry Research, 25(3), 36-31.
https://doi.org/10.13348/j.cnki.sjlyyj.2012.03.011

ChenY, Liu L, Guo Q, Zhu Z & Zhang L (2016) Effects of different water management options
and fertilizer supply on photosynthesis, fluorescence parameters and water use
efficiency of Prunella vulgaris seedlings. Biol Res, 49, 12.
https://doi.org/10.1186/s40659-016-0069-4

Daughtry C S T, Walthall C L, Kim M S, Colstoun E B d & McMurtrey J E (2000) Estimating
Corn Leaf Chlorophyll Concentration from Leaf and Canopy Reflectance. Remote
Sensing of Enviroment, 74, 229-239.

Deng J W (1996) Ornamental plant resources and chinese gardens. Chinese Landscape
Architecture, 12(4), 2. https://doi.org/http://ir.kib.ac.cn:8080/handle/151853/9545

Deng S, Shi K, Ma J, Zhang L, Ma L & Jia Z (2019) Effects of Fertilization Ratios and
Frequencies on the Growth and Nutrient Uptake of Magnolia wufengensis
(Magnoliaceae). Forests, 10. https://doi.org/10.3390/f10010065

Du L M, Chen P, Xing W T, Dong X N & Chen X Z (2019) Effects of Different Fertilization and
Light Treatments on Growth Characteristics of Myrciaria cauliflora Berg. Guangdong
Agricultural Sciences, 46(3), 45-50. https://doi.org/10.16768/j.issn.1004-
874X.2019.03.007

Fan XL, LiuF, LIAO ZY, Zheng X Z & Yu J G (2009) The status and outlook for the study of
controlled-release fertilizers in China. Journal of Plant Nutrition and Fertilizers, 15(02),
463-473.

FengJ Y, Xie SY, WuD M, Ouyang J H & Zeng S C (2021) Effects of N, P, and K fertilization
on yield and quality of Ginkgo biloba fruit and sarcotesta. . Chinese Journal of Ecology,
40( 6), 1650—1659. https://doi.org/10. 13292 / j. 1000—4890. 202106. 022

Galloway J N, Townsend A R, Erisman J W, Bekunda M, Cai Z, Freney J R, ... Sutton M A
(2008) Transformation of the Nitrogen Cycle: Recent Trends, Questions, and Potential
Solutions. Science, 320(5878), 889-892.

He W, Hu T X, Wang R, Zhong Y, Zhou X & Jin L (2014) Effect of fertilization on photosynthetic
physiology and growth characteristics of Phoebe Zhennan seedlings. Acta Botanica
Boreali-Occidentalia Sinica, 34(6), 1187-1197. https://doi.org/10. 7606/j. issn, 1000-
4205. 2014. 06. 1187

Hernandez Valera R R, Lopez Lépez M A & Flores Nieves P (2018) Crecimiento y estado
nutrimental de una plantacién de Pinus cooperi Blanco fertilizada con N-P-K. Revista
Mexicana de Ciencias Forestales, 9. https://doi.org/10.29298/rmcf.v8i48.123

Hu X, Yan J X, Liu N & Wu Z (2010) Studies on the Wild Existence and Introduction of
Ornamental Resources of Hedychium in China. 37(4), 643-648.
https://doi.org/10.16420/j.issn.0513-353x.2010.04.030

Jiang T, Lin X Z, Liu G L, LI M Q & Liu S L (2009) Seed germination of Stranvaesia davidiana
var. undulata with storage methods and germination temperatures and lighting. Journal
of Zhejiang Forestry College, 26(5), 682-687. https://doi.org/1000-5692 (2009) 05-
0682-06

Kentelky E & Szekely-Varga Z (2021) Impact of Foliar Fertilization on Growth, Flowering, and
Corms Production of Five Gladiolus Varieties. Plants (Basel), 10.
https://doi.org/10.3390/plants10091963

Peer] reviewing PDF | (2023:06:87312:2:0:NEW 6 Nov 2023)


https://doi.org/10.3969/j.issn.1000-2561.2021.07.024
https://doi.org/10.3969/j.issn.1000-2561.2021.07.024
https://doi.org/10.13348/j.cnki.sjlyyj.2012.03.011
https://doi.org/10.1186/s40659-016-0069-4
https://doi.org/http://ir.kib.ac.cn:8080/handle/151853/9545
https://doi.org/10.3390/f10010065
https://doi.org/10.16768/j.issn.1004-874X.2019.03.007
https://doi.org/10.16768/j.issn.1004-874X.2019.03.007
https://doi.org/10
https://doi.org/10
https://doi.org/10.29298/rmcf.v8i48.123
https://doi.org/10.16420/j.issn.0513-353x.2010.04.030
https://doi.org/1000-5692
https://doi.org/10.3390/plants10091963

Peer]

372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415

416
417
418
419
420
421
422

Koch M, Akshalov K, Carstens J F, Shibistova O, Stange C F, Thiedau S, ... Guggenberger G
(2021) Competition of Plants and Microorganisms for Added Nitrogen in Different
Fertilizer Forms in a Semi-Arid Climate. Agronomy, 11.
https://doi.org/10.3390/agronomy11122472

Konde N, Kanase N, Jadhao S & Goud V (2009) Yield targetting equation for soybean with
conjoint use of manure and chemical fertilizer based on fertility gradient approach.
Annals of Plant Physiology, 23(2), 210-214.

LiH, LiM, Luo J, Cao X, Qu L, Gai Y, ... Luo Z B (2012) N-fertilization has different effects on
the growth, carbon and nitrogen physiology, and wood properties of slow- and fast-
growing Populus species. J Exp Bot, 63, 6173-85. https://doi.org/10.1093/jxb/ers271

Li J, Zhao B-q, Li X-y, Jiang R-b & Bing S H (2008) Effects of Long-Term Combined Application
of Organic and Mineral Fertilizers on Microbial Biomass, Soil Enzyme Activities and Soil
Fertility. Agricultural Sciences in China, 7, 336-343. https://doi.org/10.1016/s1671-
2927(08)60074-7

Li X, LiuY X, ChenFL,SunGJ, LiGL,Wang XG, ... Zhu J W (2019a) Effects of long-term
different fertilization treatments on soil enzyme activity and microbial community in
tobacco-growing soil of Guizhou Province. Acta Tabacaria Sinica,, 25(6), 50-59.
https://doi.org/10.16472/j.chinatobacco.2018.191

LiXH, Tang S, Gao S, Zhang L, Zheng Y T, Li D D & Liang T J (2019b) Study on resources
and application of wild woody ornamental plants in Lushan Mountains. JOUrnal of
Central China Normal University(Nat. Sci.), 53(6), 943-948. https://doi.org/10. 19603/j.
cnki. 1000- 1190. 2019. 06. 019

LiY Q, Liang ZH, Wu G, Jiang Z P, Li J, Yuan F & li X P (2005) Study on the transplanting
techniques of non rooting seedlings invitro of four woody plants. Journal of Xuzhou
Normal University, 23(4), 68-78. https://doi.org/1007-6573(2005)04-0068-05

Lincoln M C, Will R E, Morris L A, Carter E A, Markewitz D, Britt J R, ... Ford V (2007) Soil
change and loblolly pine (Pinus taeda) seedling growth following site preparation tillage
in the Upper Coastal Plain of the southeastern United States. Forest Ecology and
Management, 242, 558-568. https://doi.org/10.1016/j.foreco.2007.01.069

LiuR L, Chen SY & Chen H (2016) Study on the characteristics of nutritional component
contents in Stranvaesia davidiana fruits. Nonwood Forest Research, 34(4), 63-66.
https://doi.org/10.14067/j.cnki.1003-8981.2016.04.011

Lu XY, Wei XL, Tian H, Wei Y, Wang M B & Wang M (2022) Effects of fertilization on growth
and physiology of precious tree species of Zelkova and Phoebe bournei. Molecular Plant
Breeding, 20, 310-319. https://doi.org/10.13271/j.mpb.020.000310

LuoH,WeiH J,Li XS, Zhang T J, Wang G, Lou L & Hou N (2023) Effects of different
fertilization measures on the growth of young Zanthoxylum Planispinum var. dintanensis
plantation. Journal of West China Forestry Science, 52(4), 63-69. https://doi.org/10.
16473 /j. cnki. xblykx1972. 2023. 04. 010

Luo J, Chen H, Shen L, HUT X, Peng Y, Yu X M, ... Hu H L (2017) Effect of different fertilizers
and N levels on the photosynthetic physiology and growth of one-year-old Phoebe
zhennan S. Lee seedlings. Chinese Journal of Applied and Environmental Biology,
23(5), 0826-0836. https://doi.org/10.3724/SP.J.1145.2016.10007

Mancus P (2007) Nitrogen fertilizer dependency and its contradictions: A theoretical exploration

of social - ecological metabolism. Rural Sociology, 72, 269-288.
https://doi.org/10.1526/003601107781170008

Martinez-Sanchez J L (2006) Pasture trees in tropical México: the effect of soil nutrients on
seedling growth. Revista de Biologia Tropical, 54, 363-370.
https://doi.org/10.15517/RBT.V5412.13876

Oliveira L M, Mendonca V, Moura E A, Irineu T H S, Figueiredo F R A, Melo M F, ... Andrade A
D M (2022) Salt stress and organic fertilization on the growth and biochemical

Peer] reviewing PDF | (2023:06:87312:2:0:NEW 6 Nov 2023)


https://doi.org/10.3390/agronomy11122472
https://doi.org/10.1093/jxb/ers271
https://doi.org/10.1016/s1671-2927(08)60074-7
https://doi.org/10.1016/s1671-2927(08)60074-7
https://doi.org/10.16472/j.chinatobacco.2018.191
https://doi.org/10
https://doi.org/1007-6573(2005)04-0068-05
https://doi.org/10.1016/j.foreco.2007.01.069
https://doi.org/10.14067/j.cnki.1003-8981.2016.04.011
https://doi.org/10.13271/j.mpb.020.000310
https://doi.org/10
https://doi.org/10.3724/SP.J.1145.2016.10007
https://doi.org/10.1526/003601107781170008
https://doi.org/10.15517/RBT.V54I2.13876

Peer]

423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471

metabolism of Hylocereus costaricensis (red pitaya) seedlings. Braz J Biol, 84, e258476.
https://doi.org/10.1590/1519-6984.258476

Osmond D L & J R S (1996) Nitrogen fertilizer requirements for maize produced in the tropics: A
comparison of three computer-based recommendation systems. Agricultural Systems,
50(1), 37-50. https://doi.org/10.1016/0308-521X(95)00009-T

Paungfoo-Lonhienne C, Redding M, Pratt C & Wang W (2019) Plant growth promoting
rhizobacteria increase the efficiency of fertilisers while reducing nitrogen loss. J Environ
Manage, 233, 337-341. https://doi.org/10.1016/j.jenvman.2018.12.052

Tang Y X, Meng C X, Jia S L, Wang HM & Liu Q L (2007) Effects of different C/N combinations
of fertilizers on nitrogen biological fixation and release of fertilizer and wheat growth.
Chinese Journal of Eco-Agriculture, 02, 37-40.

Wang C T (2007) Resources of Wild Ornamental Plant of Rosaceae in Zhejiang Province and
its Utilization. Journal of Anhui Agricultural Sciences, 35(23), 7162-7165.
https://doi.org/10.13989/j.cnki.0517-6611.2007.23.070

WangCZ,TaoSY,QiBL,Fang CL & Teng L P (2011) Effects of fertilization on nanguo pear
fruit chlorophyll content, antioxidant enzyme activities and lipid peroxidation. Chinese
Journal ofSoil Science, 42(6), 1439-1403.
https://doi.org/10.19336/j.cnki.trtb.2011.06.022

Wang P, Wen M X, JinLF, LiuF, LuQ, Cao M X, ... Wu S H (2023) Effects of different fertilizer
applications on citrus rhizosphere soil quality and arbuscular mycorrhizae colonization.
Chinese Journal of Applied Ecology, 1-9. https://doi.org/10.13287/j.1001-
9332.202310.012

Wang X M, Zeng W Q, Tan L P, Pang X & Peng P H (2020) Study on Seed Germination and
Seedling Growth Characteristics of Stranvaesia davidiana. Chinese Wild Plant
Resources, 39(5), 9-13. https://doi.org/10.3969 / j.issn. 1006-9690. 2020. 05. 002

Wilber W L & Williamson J G (2008) Effects of Fertilizer Rate on Growth and Fruiting of
Containerized Southern Highbush Blueberry. Host Science, 43(1), 143—145.

Yang C B & Wu N (2019) Effects of nitrogen, phosphorus, and potassium fertilization on
chlorophyll and nitrogen mass fraction in golden banyan leaves. Southeast Horticulture,
5, 5-10.

Yang Y A (1996) Perspectives of organic fertilizer research in China. Acta Pedologica Sinica,
33, 415-422.

Yao C J, Xiong G K, Yang X H, Lai XL, Guo S M & Li Z S (2017) Effects of fertilization on
chlorophyll fluorescence parameters and physiological characteristics of Rubus chingii.
Journal of South China Agricultural University, 38(6), 51-57.
https://doi.org/10.7671/j.issn.1001-411X.2017.06.008

Yu D J. (1974). Flora of China Volume 36. Beijing: Science Press.

Zhang J Z, Sun G F & Shi L (2002) The status and prospects of ornamental plants in China.
Acta Horticulturae Sinica, 29, 671-678. https://doi.org/CNKI:SUN:YYXB.0.2002-S1-011

Zhao D, Kane M, Borders B & Harrison M (2008) Pine growth response to different site-
preparation methods with or without post-plant herbaceous weed control on North
Florida's Lower Coastal Plain. Forest Ecology and Management, 255, 2512-2523.
https://doi.org/10.1016/j.foreco.2008.01.011

Zhao Y J, Wang Y, Zhang Z D, Nan Z J, Xie H & li R Z (2020) Effects of planting density and
nitrogen application rate on grain yield and quality of spring maize. Journal of Northeast
Agricultural Sciences, 45(1), 17-20, 67. https://doi.org/10.16423/j.cnki.1003-
8701.2020.01.004

Zheng Y, Tang J R, Gao Z, Gao X, Qian C J & Ma H C (2016) Effects of different fertilization
treatments on photosynthetic characteristics of leaf and seedling growth of Bombax

Peer] reviewing PDF | (2023:06:87312:2:0:NEW 6 Nov 2023)


https://doi.org/10.1590/1519-6984.258476
https://doi.org/10.1016/0308-521X(95)00009-T
https://doi.org/10.1016/j.jenvman.2018.12.052
https://doi.org/10.13989/j.cnki.0517-6611.2007.23.070
https://doi.org/10.19336/j.cnki.trtb.2011.06.022
https://doi.org/10.13287/j.1001-9332.202310.012
https://doi.org/10.13287/j.1001-9332.202310.012
https://doi.org/10.3969
https://doi.org/10.7671/j.issn.1001-411X.2017.06.008
https://doi.org/CNKI:SUN:YYXB.0.2002-S1-011
https://doi.org/10.1016/j.foreco.2008.01.011
https://doi.org/10.16423/j.cnki.1003-8701.2020.01.004
https://doi.org/10.16423/j.cnki.1003-8701.2020.01.004

Peer]

472
473
474
475
476
477
478
479
480

481

ceiba. Journal of Plant Resources and Environment, 25(2), 55-64. https://doi.org/10.
3969 /j. issn. 1674—7895. 2016. 02. 07

Zhu Z L & Wang S (2011) Species of color-leaf ground cover plants in Nanjing urban green land
and their landscape application. Journal of Central South University of Forestry &
Technology, 31(10), 111-115. https://doi.org/10.14067/j.cnki.1673-923x.2011.10.028

ZouTC, LiuHY, ZhouHY & Yang L (2007) Studies on introduction propagation and applied
cultivation technology of important wild ornamental plants from Guzhou. Seed, 26(6), 12-
20. https://doi.org/10.16590/j.cnki.1001-4705.2007.06.048

Peer] reviewing PDF | (2023:06:87312:2:0:NEW 6 Nov 2023)


https://doi.org/10
https://doi.org/10.14067/j.cnki.1673-923x.2011.10.028
https://doi.org/10.16590/j.cnki.1001-4705.2007.06.048

PeerJ Manuscript to be reviewed

Figure 1

Response of seedling growth indicators to different fertilizer types at the same level of
fertilization

Different colors represent different types of fertilizers
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Figure 2

Response of seedling growth indicators to different fertilizer levels at the same types of
fertilization

Different shades of color represent different levels of fertilization
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Figure 3

Changes in total growth of seedling growth indicators in response to different
fertilization measures

Letter labels represent significant differences at the 0.05 level
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Table 1l(on next page)
The types and amounts of fertilizers used in the experiments, the unit used is g.

SF = inorganic fertilizer; SY = organic fertilizer; CN = nitrogenous fertilizer ; CK = no

fertilization treatment. 1, 2, and 3 represent the different fertilization levels according to the

pure N setting.
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1 Table. 1 the types and amounts of fertilizers used in the experiments, the unit used is g.
Fertilizer types Low-level (1) Medium-level (2) High-level (3)

SF 0.677 1.354 2.708

SY 2.03 4.06 8.08

CN 0.2187 0.4374 0.8748

CK 0
2 Note. SF = inorganic fertilizer; SY = organic fertilizer; CN = nitrogenous fertilizer; CK = no fertilization treatment. 1, 2, and 3
3

represent the different fertilization levels according to the pure N setting.
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Table 2(on next page)

Results of analysis of variance (ANOVA) of different fertilization measures on the total
growth of S. davidiana seedlings.

* represents a significant difference at the 0.05 level and **represents a highly significant

difference at the 0.01 level.
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1 Table 2 Results of analysis of variance (ANOVA) of different fertilization measures on the total growth of S. davidiana seedlings.

Fertilization types Fertilization amounts Fertilization types * amounts
F P P F P
Plant height 8.56 <0.01™ 3.06 0.05" 2.26 0.06
Base diameter 3.64 0.03" 11.81 <0.01*" 0.58 0.68
SPAD values 1.24 0.29 391 0.02" 3.74 <0.01*

2 Note. * represents a significant difference at the 0.05 level and **represents a highly significant difference at the 0.01 level.
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