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Abstract

To explore the response characteristics of Chinese fir container seedling growth,
photosynthetic traits, and nutrient accumulation to different slow-release fertil-
izer application rates, this study investigated the effects of six slow-release fertil-
izer treatments (0, 200, 400, 800, 1,000, and 1,200 g+m~3) on Chinese fir seedling
growth, photosynthetic pigment content, chlorophyll fluorescence characteris-
tics, and nutrient content. A comprehensive evaluation of growth and physio-
logical indices was conducted using the subordinate function method to screen
for optimal fertilization levels for Chinese fir container seedling growth and pro-
vide a reference for efficient cultivation of high-quality Chinese fir seedlings. The
results showed that: (1) Compared with the control, slow-release fertilizer appli-
cation promoted Chinese fir seedling height, ground diameter growth, and total
plant biomass accumulation to varying degrees. (2) Slow-release fertilizer treat-
ments significantly increased chlorophyll and carotenoid contents in Chinese fir
leaves, and enhanced maximum fluorescence (Fm), variable fluorescence (Fv),
PS II maximum photochemical efficiency (Fv/Fm), PS II potential photochemi-
cal efficiency (Fv/Fo), and actual quantum yield (QY) values. (3) Slow-release
fertilizer treatments promoted nutrient accumulation in Chinese fir seedlings
to varying degrees, with the most significant changes observed in manganese,
iron, and zinc accumulation. (4) Subordinate function analysis revealed that
the subordinate value was highest at a slow-release fertilizer application rate of
1,000 g - m~3, indicating the best comprehensive growth status under this treat-
ment. In summary, a slow-release fertilizer application rate of 1,000 g - m™ is
optimal for cultivating robust Chinese fir seedlings. Under this treatment, the
accumulation of elements closely related to photosynthesis within the plant was
promoted, leaf photosynthetic pigment content increased, leaf PS II photochem-
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ical efficiency and electron transport rate improved, thereby enhancing leaf light
energy capture and utilization efficiency, ultimately improving seedling growth.

Full Text

Preamble
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Abstract: This study investigated the responses of growth, photosynthetic
characteristics, and nutrient accumulation in Cunninghamia lanceolata con-
tainer seedlings to different slow-release fertilizer application rates. Six fertilizer
treatments (0, 200, 400, 800, 1,000, and 1,200 g+ m~3) were applied to examine
their effects on seedling growth, photosynthetic pigment content, chlorophyll
fluorescence parameters, and nutrient content. A subordinate function method
was employed for comprehensive evaluation of growth and physiological indices
to identify optimal fertilizer levels for C. lanceolata container seedlings and pro-
vide references for efficient cultivation of high-quality seedlings. The results
showed that: (1) Compared with the control, slow-release fertilizer application
promoted seedling height, ground diameter growth, and total biomass accumu-
lation to varying degrees. (2) Fertilizer treatments significantly increased leaf
chlorophyll and carotenoid contents, as well as maximum fluorescence (Fm), vari-
able fluorescence (Fv), PSIT maximum photochemical efficiency (Fv/Fm), PSII
potential photochemical efficiency (Fv/Fo), and actual quantum yield (QY). (3)
Fertilizer treatments promoted nutrient accumulation in seedlings, with Mn, Fe,
and Zn showing the most significant changes. (4) Subordinate function analysis
revealed the highest membership value at 1,000 g-m ™2 fertilizer application,
indicating the best overall seedling growth under this treatment. In conclusion,
1,000 g - m~3 is the optimal slow-release fertilizer rate for C. lanceolata seedling
cultivation. This treatment improves seedling growth by promoting accumula-
tion of photosynthesis-related elements, increasing leaf photosynthetic pigment
content, enhancing PSII photochemical efficiency and electron transport rate,
and ultimately improving light energy capture and utilization efficiency.

Keywords: seedling cultivation, slow-release fertilizer, Cunninghamia lanceo-
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lata, chlorophyll fluorescence parameters, container seedlings, seedling quality

Cunninghamia lanceolata is an important fast-growing timber species in south-
ern China. According to the ninth national forest inventory, Chinese fir plan-
tations rank first among major artificial forest tree species in both area and
volume, playing a crucial role in ensuring national ecological and timber secu-
rity. With expanding plantation area, market demand for high-quality Chinese
fir seedlings has increased annually. Traditional seedling cultivation primarily
relies on bare-root seedlings in field nurseries, which suffer from low outplanting
rates, root damage during lifting, limited planting seasons, and requirements
for crop rotation, significantly increasing nursery costs and reducing afforesta-
tion survival rates. Container seedlings effectively overcome these limitations
and have become an important alternative for Chinese fir propagation. However,
the limited growth space and relatively low nutrient availability in container sub-
strates cannot meet the nutrient demands of rapidly growing seedlings, making
fertilization a critical measure for ensuring high-quality growth. Although ferti-
gation is commonly used in container seedling production, this conventional ap-
proach often leads to waste of water and fertilizer, reduces nutrient use efficiency,
increases production costs, and may cause environmental pollution. Therefore,
research on fertilization techniques for Chinese fir container seedlings is essen-
tial for improving seedling quality, enhancing stress resistance, and optimizing
afforestation outcomes.

As a novel fertilizer type, slow-release fertilizer offers high nutrient use effi-
ciency, minimal volatilization and leaching, and long-lasting effects, with in-
creasingly widespread application in seedling cultivation. Studies on pecan con-
tainer seedlings demonstrated that 3 kg - m~> slow-release fertilizer effectively
promoted growth and root development by improving plant N, P, and K nu-
trition. Research on Quercus aliena container seedlings indicated that 0.95 g -
L~! slow-release fertilizer optimally promoted seedling height, ground diameter,
biomass, and nutrient accumulation. Similarly, optimal growth of Aquilaria
sinensis container seedlings occurred at 2.5 kg + m—3, with significantly higher
seedling height, ground diameter, and biomass compared to other treatments.
In Pistacia chinensis, low fertilizer rates favored root growth, while increased
rates significantly improved stem and leaf growth, reaching maximum values
at 1.6 kg+-m—3. These findings demonstrate substantial variation in optimal
slow-release fertilizer rates among different species due to biological differences,
highlighting the theoretical and practical importance of investigating fertilizer
responses in Chinese fir container seedlings.

Previous research on Chinese fir fertilization has primarily focused on conven-
tional fertilization, formula fertilization, and exponential fertilization, with rela-
tively few studies on slow-release fertilizer effects and incomplete understanding
of growth response mechanisms. Meanwhile, promotion of superior Chinese fir
varieties such as the elite clone ‘“Yang-061" has significantly improved genetic
quality and economic benefits, yet corresponding seedling cultivation techniques
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remain underdeveloped. Superior varieties exhibit different nutrient require-
ments due to their distinct biological characteristics and demand higher culti-
vation standards than traditional techniques can provide. Therefore, research
on slow-release fertilizer application techniques tailored to superior Chinese fir
materials is crucial for achieving efficient cultivation. This study used the elite
clone ‘Yang-061" to investigate effects of different slow-release fertilizer rates on
growth, biomass accumulation, photosynthetic pigment synthesis, chlorophyll
fluorescence parameters, and nutrient content of container seedlings in light
substrate. Using subordinate function analysis for comprehensive evaluation,
we addressed: (1) How do Chinese fir seedling growth, photosynthesis, and nu-
trient accumulation respond to different fertilizer rates? (2) What is the optimal
fertilizer rate for “Yang-061’ , and how does it improve seedling growth? The
findings provide theoretical basis and technical support for efficient cultivation
of high-quality Chinese fir seedlings.

1.1 Experimental Site

The experiment was conducted in a field greenhouse at Jinshan Campus, Fujian
Agriculture and Forestry University (119°13 E, 26°05 N). The site is at 10 m
altitude with a subtropical monsoon climate, mean annual temperature of 25°C,
annual sunshine of 1,700-1,980 h, annual precipitation of 900-2,100 mm, and a
frost-free period of 326 days.

1.2 Experimental Materials

Cutting shoots were obtained from Fujian Yangkou State-owned Forest Farm, us-

ing uniform one-year-old shoots of “‘Yang-061’at (10$+0.4)cmlength. T helightsubstrate(peatsoil, perlite, andC'h:
2:2(V : V : V)ratio.Thechemicalpropertieso fthemixzedsubstrateareshowninT ablel. T heslow—
releasefertilizer(Apex, US A)contained180g - kg~ {-1}$ total N, 60 g-kg!

total P, and 120 g - kg~! total K.

1.3 Experimental Design

In mid-April 2019, different amounts of slow-release fertilizer were added to the
light substrate (peat:perlite:bark = 1:2:2 V:V:V). Six treatments were estab-
lished: CK (0 g+m™3), T1 (200 g+-m3), T2 (400 g-m3), T3 (800 g+ m3),
T4 (1,000 g+ m~3), and T5 (1,200 g+ m~3). The substrate and fertilizer were
thoroughly mixed and placed in non-woven fabric bags (6 cm diameter x 10 cm
height). Cuttings were inserted into the bags, with one seedling per bag and
300 seedlings per treatment. The experiment used a randomized block design
with three replicates of 90 seedlings each (30 seedlings per replicate), totaling
540 seedlings across six treatments. Normal water and weed management were
maintained during cultivation. The experiment concluded in mid-November
2020.
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1.4 Measurement Methods

1.4.1 Growth Indices In mid-November 2020, seedling height and ground
diameter were measured using vernier calipers and rulers. Three standard
seedlings were selected per replicate based on mean values. These were sep-
arated into roots, stems, and leaves, killed at 105°C for 2 h, then oven-dried at
75°C to constant weight. Seedling quality index was calculated following Zhu et
al. (2018):

Total seedling dry mass

( Height + Aboveground dry mass)
Ground diameter Belowground dry mass

Seedling quality index =

1.4.2 Photosynthetic Pigment Content Healthy mature leaves from the
first whorl of upper branches were selected for photosynthetic pigment deter-
mination using the ethanol-acetone extraction method (Lin et al., 2016). After
extraction, 200 L of extract was placed in a microplate and absorbance mea-
sured at 470, 645, and 663 nm (Ag7y, Agss, Aggsz) With three replicates per
treatment. Pigment contents were calculated as:

Extract volume x Dilution factor

Chlorophyll a (Ca) = (12.7 X Aggs — 2.69 X Agys) X Samplo mass

Extract volume x Dilution factor

Chlorophyll b (Cbh) = (22.88 x Agys — 4.76 X Aggg) X Samaple mass

Extract vol Dilution fact
Total chlorophyll = (20.29 X Ags + 8.04 x Aggy) x —ract VOUIME > ubion factor

Sample mass
1000 x Ayrg —3.27 x Ca— 104 x Cb

Carotenoid content =
229

1.4.3 Chlorophyll Fluorescence Parameters A PAM-2500 portable
chlorophyll fluorometer (Walz, Germany) was used to measure chlorophyll
fluorescence parameters on healthy mature leaves from the first whorl of upper

branches, following Tao et al. (2011). Parameters were calculated according to
Baker (2008).

1.4.4 Nutrient Content Determination Dried root, stem, and leaf samples
were ground and sieved through a 0.149 mm mesh. Samples were digested using
microwave high-pressure digestion, and element contents (Mg, P, K, Ca, Mn, Fe,
Zn) were determined by inductively coupled plasma mass spectrometry (ICP-
MS).

1.5 Data Analysis

Data were processed using Excel 2019. The subordinate function method was
used for comprehensive evaluation of seedling growth traits. For traits positively
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correlated with growth, the subordinate function value was calculated as (X
- X )/(X - X ); for negatively correlated traits, the value was 1 - (X -
X )/(X -X ), where X is the measured value, X is the maximum value,
and X  is the minimum value (Dai et al., 2021). SPSS 26.0 was used for one-
way ANOVA, with LSD tests for mean comparisons. Figures were created using
Origin 8.5.

Results
2.1.1 Effects on Seedling Height and Ground Diameter

All fertilizer treatments promoted seedling height and ground diameter growth
compared to CK (Figure 1 [Figure 1: see original paper]). Seedling height
increased by 26.94-73.83% (Figure 1A) and ground diameter by 8.79-17.79%
(Figure 1B), with maximum values observed in the T4 treatment.

2.1.2 Effects on Biomass Accumulation

Biomass in roots, stems, leaves, and total plant generally increased with fertilizer
application, though stem and total biomass showed initial increases followed by
decreases (Table 2 ). Root biomass was higher than CK only in T4 and T5
treatments. Compared to CK, stem, leaf, and total biomass increased by 12.23-
122.28%, 5.07-108.57%, and 1.27-85.00%, respectively (except T1 leaf biomass),
with maximum values in T4.

2.1.3 Effects on Seedling Quality Index

Fertilizer application significantly affected seedling quality index (P<0.05) (Fig-
ure 2 [Figure 2: see original paper]). The index showed a decreasing then
increasing trend with fertilizer rate, following the order: T5 > T4 > T3 > CK
> T2 > T1. T3, T4, and T5 treatments increased the index by 9.25%, 44.34%,
and 60.08% compared to CK, respectively.

2.2 Effects on Photosynthetic Pigment Content

Fertilizer application significantly increased chlorophyll a, chlorophyll b,
carotenoid, and total chlorophyll contents (P<0.05) (Table 3 ). Maximum
chlorophyll a, b, and total contents occurred in T5, while maximum carotenoid
content was in T4. The chlorophyll a/b ratio showed an initial increase
then decrease with fertilizer rate, but differences among treatments were not
significant (P>0.05).

2.3 Effects on Chlorophyll Fluorescence Parameters

Initial fluorescence (Fo) and non-photochemical quenching (NPQ) generally de-
creased with increasing fertilizer rate (Table 4 ). Compared to CK, Fo decreased
by 17.38-23.73% and NPQ by 13.28-53.63%. Maximum fluorescence (Fm), vari-
able fluorescence (Fv), PSII potential photochemical efficiency (Fv/Fo), and
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PSII maximum photochemical efficiency (Fv/Fm) increased with fertilizer appli-
cation, peaking in T4. T4 showed significant differences from CK in Fo, NPQ,
Fm, Fv, and Fv/Fo, while effects on Fv/Fm, actual quantum yield (QY), and
photochemical quenching coefficient (Qp) were not significant among treatments
(P>0.05).

2.4 Effects on Nutrient Content

Except for Ca in the low-rate T1 treatment, all fertilizer treatments promoted
element accumulation in  “Yang-061" seedlings (Figure 3 [Figure 3: see original
paper]). Compared to CK, P, K, and Mg contents increased by 29.50-103.65%,
22.92-80.06%, and 14.52-74.07%, respectively, with maxima in T4. Ca accumu-
lation showed an initial decrease then increase, peaking in T5. Among micronu-
trients, Mn, Fe, and Zn contents reached maxima in T4, increasing by 157.14%,
216.39%, and 238.08% compared to CK.

2.5 Comprehensive Evaluation Using Subordinate Function Method

Seedling growth is a comprehensive trait that cannot be accurately assessed
by single indicators. Therefore, we used the subordinate function method to
comprehensively evaluate growth, photosynthetic pigment content, and chloro-
phyll fluorescence parameters. The comprehensive evaluation index followed the
order: T4 > T5 > T3 > T2 > T1 > CK (Table 5 ).

Discussion

Fertilization is a critical component of seedling cultivation. Rational fertiliza-
tion reduces nutrient loss, improves fertilizer use efficiency, enhances seedling
quality, and lowers production costs. Slow-release fertilizer, with its long-lasting
and stable nutrient release, can synchronize nutrient supply with plant demand,
substantially improving nutrient use efficiency. Numerous studies have reported
on container seedling cultivation using slow-release fertilizer in light substrates.
Research on species including pecan, Quercus aliena, Aquilaria sinensis, Pista-
cia chinensis, Schima superba, and Cyclobalanopsis gilva demonstrated that
0.95-3.50 kg - m—3 slow-release fertilizer effectively promoted container seedling
growth, indicating substantial interspecific variation in optimal fertilizer rates,
possibly related to fertilizer type and substrate composition. This study com-
pared 0.2-1.2 kg - m 3 slow-release fertilizer effects on the elite Chinese fir clone
“Yang-061" , finding that fertilizer application significantly promoted seedling
height, ground diameter, and biomass accumulation, but growth indicators de-
clined at 1.2 kg+-m™3. This pattern aligns with previous container seedling
studies, indicating that growth promotion occurs within an optimal fertilizer
range, while excessive rates inhibit growth.

Seedling quality index is an important metric for assessing seedling quality. In
this study, slow-release fertilizer improved Chinese fir seedling quality, but sig-
nificant differences were only observed between T5 and CK, similar to findings
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by Li et al. (2020a). Two possible explanations exist: First, the non-woven fab-
ric bags induced “air pruning” when roots filled the container, limiting further
root growth. Due to small container volume, root systems of all treatments
eventually filled the bags, minimizing differences in root biomass and poten-
tially confounding the seedling quality index. Second, the small-volume bags
may have allowed nutrient and water exchange with air and nutrient leaching
by rainfall, potentially affecting results. Specific mechanisms require further
investigation.

Photosynthesis provides the primary energy source for plant growth and repre-
sents the material basis for biomass production. Chlorophyll is the main photo-
synthetic pigment, playing a key role in light capture, transfer, and conversion,
making photosynthetic capacity closely related to pigment content. Fertilization
enhances photosynthetic capacity largely by increasing leaf pigment content.
This study found that slow-release fertilizer significantly increased chlorophyll
and carotenoid contents with increasing application rate, consistent with Li et
al. (2020b), indicating that fertilization enhances photosynthetic capacity by
increasing pigment content. The chlorophyll a/b ratio, often used with pigment
content to characterize light use efficiency, increased with fertilization (though
not significantly), suggesting that slow-release fertilizer enhances light absorp-
tion efficiency, directing more light energy to photosynthesis and promoting
growth, consistent with our biomass results.

Chlorophyll fluorescence parameters characterize light energy absorption, trans-
fer, dissipation, and allocation in photosystems, commonly used to study light
use capacity under stress conditions. Compared to CK, fertilizer application
significantly reduced initial fluorescence (Fo), indicating less thylakoid mem-
brane damage and better maintenance of PSII reaction center activity. This
may result from improved leaf nutrition preventing reactive oxygen accumula-
tion and reducing damage to photosynthetic structures under nutrient deficiency
stress. Maximum fluorescence (Fm), variable fluorescence (Fv), PSII maximum
photochemical efficiency (Fv/Fm), and PSII potential photochemical efficiency
(Fv/Fo) increased then decreased with fertilizer rate, peaking in T4. These in-
creases enhance the rate and efficiency of light-to-chemical energy conversion,
providing more energy for carbon assimilation and improving light use efficiency.
Similar results have been reported for Heritiera littoralis and switchgrass, in-
dicating that improved light use efficiency and enhanced carbon assimilation
represent the photosynthetic physiological basis for growth promotion by slow-
release fertilizer. Additionally, Fv/Fm values typically range 0.80-0.85, with
stress causing reductions. The control value was significantly below 0.80, indicat-
ing nutrient stress and photoinhibition. Non-photochemical quenching (NPQ)
is a photoprotective mechanism dissipating excess light energy as heat. Except
for T5, all fertilizer treatments showed significantly lower NPQ than CK, sug-
gesting that appropriate fertilization reduces heat dissipation and directs more
absorbed light to carbon assimilation, while nutrient stress and excessive fertil-
ization increase heat dissipation to protect photosynthetic apparatus, reducing
light energy available for carbon assimilation. This may partially explain the
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growth decline observed in T5.

Fertilization also promoted nutrient element accumulation. Compared to CK,
slow-release fertilizer increased nutrient contents, particularly micronutrients,
though excessive fertilizer caused declines while remaining above CK levels.
This pattern aligns with studies on Lariz olgensis and precious tree species,
possibly because excessive fertilizer concentrations cause ion toxicity, inhibit-
ing nutrient absorption. Notably, under appropriate fertilization, contents of
photosynthesis-related elements (Mg, K, P, Fe, Zn) were significantly higher
than in the control. These elements are essential components of photosynthetic
pigments or participate in key photosynthetic processes, and their enhancement
improves light capture and conversion capacity, thereby increasing photosynthe-
sis and promoting growth. This aligns with our chlorophyll fluorescence results,
indicating that appropriate fertilization improves light use efficiency by enhanc-
ing nutrient status, particularly photosynthesis-related elements.

Comprehensive evaluation using the subordinate function method identified
1,000 g - m~3 as the optimal slow-release fertilizer rate for Yang-061" seedlings.
This treatment enhanced growth by increasing leaf photosynthetic pigment
content, improving light capture and absorption, promoting accumulation of
photosynthesis-related elements, increasing chlorophyll fluorescence parameters
(Fm, Fv, Fv/Fm, Fv/Fo), enhancing light use efficiency, and ultimately promot-
ing photosynthetic carbon assimilation and biomass accumulation.

References

BAI XJ, LU JG, LI XR, et al., 2018. The effects of container size and growing
medium on the growth Calycanthus floridus seedlings[J]. J Anhui Agric Univ,
45(3): 462-467.

BAKER NR, 2008. Chlorophyll fluorescence: a probe of photo-synthesis in
vivo[J]. Ann Rev Plant Biol, 59(1): 89-113.

CEN HY, YAO JN, WENG HY, et al., 2018. Applications of chlorophyll fluo-
rescence in plant phenotyping: a review[J]. Spectrosc Spectr Anal, 38(12): 3773-
3779.

DAITY, YUAN LY, ZHANG SJ, et al., 2021. Changes of photosynthetic fluores-
cence and evaluation of cold tolerance in Wucai (Brassica campestris L.) under
low temperature stress[J]. Mol Plant Breed, 19(2): 622-631.

HE HF, YAN CH, WU N, et al., 2020. Effects of nitrogen application rate on
chlorophyll fluorescence characteristics and dry matter accumulation in switch-
grass (Panicum virgatum) leaves|J]. Acta Pratacult Sin, 29(11): 141-150.

HUANG QX, ZHAO S, LIU CM, et al., 2015. Effects of shading treatments
on chlorophyll fluorescence characteristics of Sabina vulgaris seedlings grown in
iron tailings media[J]. Sci Silv Sin, 51(6): 17-26.

chinarxiv.org/items/chinaxiv-202207.00017 Machine Translation


https://chinarxiv.org/items/chinaxiv-202207.00017

ChinaRxiv [$X]

KANG HJ, SEELY B, WANG GY, et al., 2017. Simulating the impact of
climate change on the growth of Cunninghamia lanceolata plantations in Fujian
province, China[J]. New Zealand J For Sci, 47(1): 20.

LI M, HONG K, XU SS, et al., 2020a. Effects of exponential fertilization on
Cunninghamia lanceolata superior clone seedling growth and nutrient content|[J].
Chin J Appl Environ Biol, 26(6): 1490-1497.

LI M, REN ZB, ZHENG MM, et al., 2020b. Effects of exponential fertiliza-
tion on the growth and photosynthetic characteristics of the superior clone of
Cunninghamia lanceolatalJ]. Chin J Appl Environ Biol, 26(2): 400-409.

LI M, LIN KM, ZHENG MM, et al., 2021. Effects of nitrogen fertilization on
microbial functional diversity in a light-medium for Cunninghamia lanceolata
(Lamb.) Hook seedlings[J]. Chin J Appl Environ Biol, 27(1): 54-61.

LIU H, WANG CQ, WU JS, et al., 2016. Effects of exponential N fertilization on
the growth and nutrient content in clonal Cunninghamia lanceolata seedlings|J].
Chin J Appl Ecol, 27(10): 3123-3128.

LIU KL, SUN XY, ZHAO TR, et al., 2007. Leaf nutrients (N, P, K, Ca and
Mg) in selected Populus tomentosa triploid clones[J]. J Zhejiang For Coll, 24(3):
297-301.

LI X, FENG W, ZENG XC, 2006. Advances in chlorophyll fluorescence analysis
and its uses[J]. Acta Bot Boreal-Occident Sin, (10): 2186-2196.

LIXR, LU JG, BAI XJ, 2017. Effects of slow-release fertilizer with different N, P
and K ratios on the growth of potted Sinocalycanthus chinensis and Calycanthus
floridus seedlings[J]. J Anhui Agric Univ, 44(1): 55-59.

LIYQ, HE P, ZHOU XH, et al., 2021. Effects of substrate ratio, amount of slow-
release fertilizer and container standard on container seedling of Lithocarpus
litseifolius[J]. J NE For Univ, 49(6): 46-52.

LOU J, 2015. Nutrition loading research for container seeding of 5 important
precious tree species[D]. Beijing: Chinese Academy of Forestry.

MA XH, HU GC, FENG JG, et al., 2010. Comparison on the substrate and
container size of container nursery of Schima superbalJ]. For Res, 23(4): 505-509.

MENG QY, HONG YC, WANG YS, et al., 2020. A comparative study on
afforestation growth of container seedlings of Cunninghamia lanceolata with
exponential fertilization[J]. S Chin For Sci, 48(5): 33-36.

PAN PP, DOU QQ, TANG WH, et al., 2019. Effects of slow release fer-
tilizer dosage on growth and nutrient contents of Carya illinoensis container
seedlings[J]. J Nanjing For Univ (Nat Sci Ed), 43(5): 163-168.

PANG SJ, ZHANG P, MA Y, et al., 2018. Effect of substrate ratio and
slow-release fertilizer dose on the growth of containerized Aquilaria sinensis
seedlings[J]. J NE For Univ, 46(11): 12-15.

chinarxiv.org/items/chinaxiv-202207.00017 Machine Translation


https://chinarxiv.org/items/chinaxiv-202207.00017

ChinaRxiv [$X]

RAO LS, LI M, DAI MJ, et al., 2021. Cloning and bioinformatics analysis of
CISAURZ25 gene 5 flanking sequence in Cunninghamia lanceolatalJ]. Mol Plant
Breed, 19(4): 1107-1112.

REN YM, CHEN MJ, LI HT, et al., 2021. Effects of formula fertilization on
species structure of large diameter wood in near mature forest of Chinese fir[J].
J For Environ, 41(1): 18-25.

SHANG B, 2017. Effects of slow-release fertilizer on the growth of container
seedlings of Cunninghamia lanceolatalJ]. J Sichuan For Sci Technol, 38(3): 93-
94.

SONG XH, GUO HH, LIU Y, et al., 2018. The growth response of Pistacia
chinensis Bunge containerized seedlings to slow-release fertilizer[J]. J Nanjing
For Univ (Nat Sci Ed), 42(3): 117-122.

TANG J, TANG YX, SU XH, et al., 2014. A study on photosynthetic physio-
logical characteristics of Populus deltoids clones at seedling stage[J]. J Cent S
Univ For Technol, 34(9): 12-16.

TAO WW, JTANG WW, ZHAO LJ, 2011. Chlorophyll fluorescence parameters
in three cultivars of Penstemon[J]. J Zhejiang A & F Univ, 28(3): 367-371.

WANG Y, WANG XH, WU XL, et al., 2013. Effects of slow-release fertilizer
loading on growth and construction of nutrients reserves of Phoebe chekiangensis
and Phoebe bournei container seedlings[J]. Sci Silv Sin, 49(12): 57-63.

WANG YN, DONG LN, DING YF, et al., 2020. Effects of shading on photosyn-
thetic characteristics and chlorophyll fluorescence parameters of four Corydalis
species[J]. Chin J Appl Ecol, 31(3): 769-777.

WEI HX, XU CY, MA LY, et al., 2011. Effects of controlled-release fertilizer and
organic amendment on the construction of nutrients reserves in Lariz olgensis

container seedlings[J]. Chin J Appl Ecol, 22(7): 1731-1736.

WEI N, LI GL, CAI MX, et al., 2021. Effects of slow-release fertilization rates
on seedling quality and field survival rates of four exotic oaks[J]. J Nangjing For
Univ (Nat Sci Ed), 45(3): 53-60.

WU XL, ZHANG DB, CHU XL, et al., 2014. Effect of substrate ratio and
slow-release fertilizer dose on the growth of containerized Cyclobalanopsis gilva
seedlings[J]. For Res, 27(6): 794-800.

XIAO Y, CHU XL, WANG XH, et al., 2015. Effect of slow-release fertilizer
loading on growth and N, P accumulation of container-growing seedlings for
three precious tree species[J]. For Res, 28(6): 781-787.

XIE H, ZHANG W, HAN SA; et al., 2021. Effect of shading degree on the
grain yield and photosynthetic characteristics of wheat at the grain filling stage
in an almond-winter wheat intercropping system[J]. Chin J Eco-Agric, 29(4):
704-715.

chinarxiv.org/items/chinaxiv-202207.00017 Machine Translation


https://chinarxiv.org/items/chinaxiv-202207.00017

ChinaRxiv [$X]

YAN MM, WANG ML, WANG HB, et al., 2014. Effects of light quality on
photosynthetic pigment contents and photosynthetic characteristics of peanut
seedling leaves[J]. Chin J Appl Ecol, 25(2): 483-487.

YAO GG, LI GL, ZHENG YL, et al., 2019. Effects of slow-release fertilizer rate
on the quality of Quercus aliena container seedlings[J]. J Nanjing For Univ (Nat
Sci Ed), 43(1): 69-75.

YE YQ, LUO HY, LI M, et al., 2018. Effects of nitrogen forms on lateral
roots development and photosynthetic characteristics in leaves of Cunninghamia
lanceolata seedlings[J]. Acta Bot Boreal-Occident Sin, 38(11): 2036-2044.

YT H, 2019. Analysis on the growth and biomass of Chinese fir seedlings in
different ways[J]. Anhui Agric Sci Bull, 25(24): 74-75.

ZHANG FX, XIE JM, YANG HX, et al., 2021. Effects of fertilizing slow-release
fertilizer combined with bio-organic fertilizer on growth physiology, yield and
quality of cabbage[J]. J Gansu Agric Univ, 56(6): 73-81.

ZHANG M, TANG SH, ZHANG FB, et al., 2017. Slow-release urea of 60-day-
release period is suitable for one basal application in early and late rice[J]. J
Plant Nutr Fert, 23(1): 119-127.

ZHANG P, PANG SJ, LIU SL, et al., 2021. Effects of slow release fertilizer on
growth of Keteleeria fortune seedlings cultured in container[J]. J NW A & F
Univ (Nat Sci Ed), 49(9): 1-7.

ZHANG WQ, HUANG FF, GAN XH, et al., 2021. Effects of fertilization on
the growth and photosynthetic characteristics of Heritiera littoralis seedlings[J].
Guihaia, 41(6): 862-871.

ZHOU L, WU DY, LV QS, et al., 2022. Morphology and biomass differentia-
tions of fine roots in Pinus massoniana plantation infected by Bursaphelenchus
zylophilus|J]. Acta Ecol Sin, 42(15): 1-13.

ZHOU XH, YAN YQ, XIAO ZY, et al., 2017. Influences of growth substrate
ratio, container size and SRF on Cunninghamia lanceolata (Lamb.) Hook con-
tainer seedling[J]. Acta Agric Univ Jiangzi, 39(1): 72-81.

ZHU H, LUO HY, L1Y, et al., 2018. Effect of planting density on the growth of
cutting seedlings of a superior Chinese fir (Cunninghamia lanceolata) clone[J].
Subtrop Agric Res, 14(4): 236-241.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202207.00017 Machine Translation


https://chinarxiv.org/items/chinaxiv-202207.00017

	Effects of Slow-Release Fertilizer on Growth, Photosynthetic Physiology, and Nutrient Accumulation of Chinese Fir Container Seedlings: Postprint
	Abstract
	Full Text
	Preamble
	1.1 Experimental Site
	1.2 Experimental Materials
	1.3 Experimental Design
	1.4 Measurement Methods
	1.5 Data Analysis

	Results
	2.1.1 Effects on Seedling Height and Ground Diameter
	2.1.2 Effects on Biomass Accumulation
	2.1.3 Effects on Seedling Quality Index
	2.2 Effects on Photosynthetic Pigment Content
	2.3 Effects on Chlorophyll Fluorescence Parameters
	2.4 Effects on Nutrient Content
	2.5 Comprehensive Evaluation Using Subordinate Function Method

	Discussion
	References


