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Effects of combined application of compound fertilizer and biofertilizer on
the growth of Phoebe bournei seedlings and non-structural carbohydrates

Liu Shouqun, Zhan Chaoyu, Chen Chunhui, Li Yuanxiang, Ye Xingzhuang, Shi Ge, Liu Bao

(College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China)

Abstract: [Objective] To investigate the effects of different fertilization treatments on the growth and physiology of Phoebe bournei
seedlings, and to provide a theoretical basis for developing scientific fertilization strategies to cultivate high-quality seedlings that
are both tall and robust, thereby improving afforestation survival rates. [ Method] Two-year-old Phoebe bournei seedlings were
used as experimental materials. A factorial design was employed with four compound fertilizer levels (0, 4, 8, 16 g per seedling) and
four bio-fertilizer levels (0, 5, 10, 20 g per seedling), forming 16 treatment combinations. Seedling height, ground diameter, biomass,
chlorophyll content, soluble protein content, as well as soluble sugar and starch contents in various plant parts (leaves, branches,
roots) were measured. Multiple comparisons and correlation analysis were used to systematically study the effects of fertilization on
seedling growth and NSC accumulation and allocation. [Result] Fertilization significantly promoted the growth of Phoebe bournei
seedlings. Treatments T6 (4 g compound fertilizer + 10 g bio-fertilizer) and T7 (4 g compound fertilizer + 20 g bio-fertilizer) showed
the most pronounced increases in seedling height, ground diameter, and biomass. The medium fertilizer group overall exhibited the best
comprehensive promotion effect, resulting in seedlings with suitable height-to-diameter and shoot-to-root ratios, while maintaining high

seedling quality indices and overall growth coordination. Therefore, the combined application of 4-8 g compound fertilizer combined
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with 10-20 g biofertilizer is recommended to achieve both quality improvement and efficient NSC accumulation in Phoebe bournei

seedlings. Correlation analysis indicated widespread correlations among seedling height, ground diameter, soluble protein, chlorophyll,

biomass, and NSC contents in different parts. Main effect analysis revealed that compound fertilizer had a strong main effect, enhancing

most indicators including seedling height, ground diameter, total biomass, and seedling quality index. Bio-fertilizer had a relatively

weaker main effect but was particularly prominent in promoting NSC accumulation in roots and branches. [ Conclusion] The combined

application of compound fertilizer and biofertilizer is recommended to balance rapid growth and NSC accumulation in Phoebe bournei

seedlings, shorten the growth cycle, and enhance stress resistance. This study provides support for supplying high-quality seedlings for

the establishment of Phoebe bournei plantations and the restoration of wild populations.

Keywords: compound fertilizer; biofertilizer; combined application; seedlings; Phoebe bournei; non-structural carbohydrates
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Table 1 Treatment group of each fertilization level of
Phoebe bournei seedlings

b FRLH 2Zaie AL
Treatment Compound fertilizer /g Biofertilizer /g

CK 0 0

T1 0 5

T2 0 10

T3 0 20

T4 4 0

T5 4 5

T6 4 10

T7 4 20

T8 8 0

T9 8 5
T10 8 10
T11 8 20
T12 16 0
T13 16 5
T14 16 10
T15 16 20

T R FRIEEY 2 UL S .
The fertilizer amount shown in the table is the total quantity of two
applications.
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Different lowercase letters indicate significant differences among different
treatment groups, the same below.

E 1 FEhEx S Sk ER R
Fig.1 Effect of fertilization on the height growth of
Phoebe bournei seedlings
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2.5 mm. T6 ALFRAH H RIS F 5K, 4 3.67 mm,
tt CK (1.50 mm) £, 2.17 mm, Jy CK [ 2.45
Fo HUCHN TS AFEA, MR KA 3.65 mm, tb
CK Z#K 2.15mm, H CK 1243 15 (K 2) .
2.1.3 X [ A A A 5

TE & AR AL I T, T7 Ab B2 PR AR B A
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AEEEE 30g (B3 .
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Fig. 2 Effect of fertilization on the growth of ground
diameter of Phoebe bournei seedlings
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Fig. 3 Effect of fertilization on seedling biomass of Phoebe
bournei
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2.2.1 i AE KT I A P P 3 i B

H2 3 AT, 2 EAE A p A AT AL B FS , Té6.
T7. TS MFRHAM 4 F a S Efm, ¥4 2.46 mg/g,
bt CK 381 0.33 mg/g, N CK (1) 1.15 fi%. T6 Ab3ZH
MR b S B, N0.99 mg/g, tb CK (0.81 mg/g)
B 0.18 mg/g, v CK 1 1.22 %5 H N T11 &
HAH, gtz b & EON 096 mg/g, b CK 3N
0.15 mg/g, N CK ] 1.19 fi5. T6 ALERL -4 5K

*R2 MEEMEREERENENE

Table 2 Effects of fertilization on the quality of Phoebe bournei seedlings

AbFRLH et EYiNad AR HoF

Treatment Aspect ratio Stem and root ratio Seedling quality Rank
CK 9.11 £ 2.01 defgh 1.10 £ 0.19 bedefg 1.96 £ 0.53 cdefg 13
Tl 13.64 =1.41 cdefgh 1.57 £ 0.07a 1.91 & 0.20 efg 14
T2 6.85 £ 0.69 cdefgh 2.19 £ 0.52 cdefg 3.77 £ 0.13 abedef 5
T3 5.66 £ 0.13 cdefgh 2.07 £ 0.53 fgh 3.16 £ 0.13 bedefg 9
T4 8.4 & 0.76 bedefgh 1.83 £ 0.14 bedef 3.18 £ 0.26 bedefg 8
T5 6.75 £ 0.4 bedefgh 2.05 & 0.39 defg 3.85 & 0.44 abcde 4
T6 7.08 +0.29 bedefgh 1.73 &+ 0.19 cdefg 3.95 £ 0.23 abedef 3
T7 6.39 = 0.6 efgh 1.47 £ 0.37 efgh 4.98 £ 0.70 ab 2
T8 6.71 £ 0.52a 3.47 £ 1.87 cdefg 2.73 £ 0.21 defg 11
T9 7.23 £ 0.7 ab 2.48 & 0.29 defg 3.55 £ 0.49 bedefg 6
T10 4.09 £ 0.6 abcdef 2.14 £ 0.201 5.10 = 0.53a 1
T11 6.03 +0.74 abedefg 2.11 £ 0.20 fgh 3.53 £ 0.38 bedefg 7
T12 7.27 £ 1.15 fgh 1.04 & 0.10 bedefg 2.85 & 0.38 cdefg 10
T13 7.60 £ 0.94 h 0.67 £ 0.07 defg 2.64 = 0.18 efg 12
T14 9.31 £ 1.99 defgh 1.56 = 0.10 ab 1.14 £ 0.18 h 16
T15 6.78 = 1.03 gh 1.32 & 0.42 fgh 1.36 & 0.09 gh 15

T SRR NG FREFORE R ENE (P<005) ,

7], Different lowercase letters in the same column indicate difference significance (P << 0.05), the same below.
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i, N 3.45 mg/g, tb CK(2.94 mg/g)ibno 51
mg/g, N CK [ 1.17 f5. HUCH T7 b4, B
GRS E N 338 me/g, L CK B 0.44 mg/g, 9
CK [ 1.15 5.

*3 EENEfHEH EESENTMN
Table 3 Effect of fertilization on chlorophyll content of

Phoebe bournei seedlings mg/g
Kbz Mok a B8 MERbEE QMRS E
Treatment Chlorophyll a Chlorophyll b Total chlorophyll
content content content
CK 2.13+0.01d 0.81+0.01d 2.94+0.00 e
T1 2.2740.02 abed 0.8040.00 d 3.07£0.01 de
T2 2.3540.06 abc 0.86+0.05 cd 3.2240.09 cde
T3 2.37£0.16 abc 0.92+0.02 abe 3.2940.15 abe
T4 2.38£0.04 abc 0.88+£0.03 becd  3.2720.05 bede
TS 2.3940.07 abc 0.94+0.03 ab 3.334+0.04 abed
T6 2.46+0.04 a 0.9940.03 a 3.45+0.02 ab
T7 2.4610.10 ab 0.93£0.01 ab 3.384+0.09 a
T8 2.4610.14 abc 0.9040.06 bed 3.3610.20 cde
T9 2.4240.02 abc 0.90+0.02abc  3.321+0.04 abcde
T10 2.434+0.07 abc 0.881+0.02bcd  3.32£0.06 bede
T11 2.3940.02 abc 0.96+0.07ab  3.35%0.05 abcde
T12 2.261+0.05 bed 0.94+0.04 ab 3.20%0.03 cde
T13 2.284+0.06 abed 0.86+0.07 cd 3.15+0.03 de
T14 2.2740.02 abed 0.834+0.04d 3.11£0.03 ¢
T15 2.2940.03 abed  0.8940.02 bed 3.1840.05 cde

2.2.2 Jite AT T I A T I e R O R P R i
AR EALERZH T, T1. T4. T5. T6. T7

T12 AL PRZH B w1t 2 1 o 5 FE 3k 5.30 mg/g.

Ho, ToBEATHEEEAR S ER A N

x4 FRREX R & BAUEM S ERFE

6.17 mg/g, Lk CK (4.23 mg/g) 4 /0 1.94 mg/g,
N CK 146 fi5 (K 4)

6 —
cdef, de f"defcde
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sl
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Fig. 4 Effect of fertilization on protein content of
Phoebe bournei seedlings
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231 Jite A I e i A B RS

Wik 4 fion, (ESAEAY, T7 ABHM
W ERE, N42.95mg/g, H CK (30.60 mg/g)
B4 12.35 mg/g, N CK ] 1.40 f5. H &K N T6
RhEEZH, PRVER S 2N 41.19 mg/g, HE CK 3N
10.59 mg/g, A CK [ 1.35 ff. T6 kb FH 4H K i ¥
S, N 28.02mg/g, HCK (20.51 mg/g) 1
I 7.51 mg/g, A CK ) 1.37 5. FIKN TS kb4,
R e Ry 35 8N 24.89 mg/g, tb CK #4110 4.38 mg/g,
N CK B 121 5. T6 AFRAMIEN & Efem, N

Table 4 Effect of fertilization on starch content in different parts of Phoebe bournei seedlings

mg/g

*ﬁ(}i*ﬁ [E] i

Branch starch content

’Hﬁ(m*ﬁ [E] i

Root starch content

A IR R

Treatment Leaf starch content
CK 30.60 = 1.59 defg
T1 36.21 £ 2.17 abedef
T2 34.62 £ 0.00 bedefg
T3 35.58 £ 1.30 abedef
T4 36.45 £ 0.78 abedef
TS 37.03 £ 1.71 abedef
T6 41.19 & 2.13 abed
T7 4295 £ 1.24 abc
T8 35.41 £ 4.20 abedef
T9 31.18 & 1.11 efg
T10 29.44 +1.29 fg
T11 31.63 = 1.14 defg
T12 30.38 + 0.84 efg
T13 30.57 + 3.84 fg
T14 37.49 £+ 0.66 a

T15 2983 £ 023 g

20.51 & 2.63 cdefg
23.52 + 3.19 fgh
23.47 + 1.01 bedef
22.43 £ 1.56 cdefg
22.72 & 1.19 defg
24.89 + 1.59 bedef
28.02 £ 0.14 ab
23.95 + 0.08 hi
24.19 + 0.44 fgh
23.64 + 0.141
20.92 + 0.29 fgh
22.48 + 1.33 cdefg
24.14 = 0.55a
24.26 + 1.24 bedef
19.66 & 0.04 hi
20.22 + 2.31 hi

23.06 + 4.23 fgh
43.05 + 0.54 fgh
47.67 £ 0.22 cdefg
40.76 + 0.65 fgh
48.40 + 1.27 cdef
50.20 £ 3.05 bede
51.60 + 2.55 bed
42.47 + 0.13 defg
47.36 + 0.19 cdefg
50.39 £ 1.06 bede
48.88 + 0.75 cdefg
50.44 £ 2.91 bedef
4775 £ 033 a
44.37 + 0.80 defg
43.15 £ 2.55 bede
4221 +0.00b
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51.60 mg/g, b CK (33.03 mg/g) N 18.57 mg/g,
9 CK 9 1.56 £ H N T11 AL ERA, RIEM &
B N 50.44 mg/g, Lt CK 110 17.41 mg/g, N CK
) 1.53 1%
232 T e v AT RE B R

M S AT LA H, TO AbBE LM R A P bE S &
W, N 77.88 mglg, b CK (61.66 mg/g) 140
16.22 mg/g, N CK ) 1.26 ff5. H KN T10 &b #
M, MRrEERES BN 77.73 me/g, Lb CK 3N

16.07 mg/g, A CK [ 1.26 f%. T8 b ¥ 4 4% 7l 1%
PERES B, N 51.77 mg/g, H CK (32.57 mg/g)
0 19.20 mg/g, N CK 1) 1.59 . H kN T11
AR, AL ATV PERE S BN 50.49 mg/g, L CK
¥ 17.92 mg/g, N CK Y 1.55 fi5. T11 4
RTINS & B, N 5259 mg/g, L CK
(33.05 mg/g) #h019.54 mg/g, N CK [ 1.59 .
HU T4 b3, AT YERE S &9 47.89 mg/g,
Et CK 1)1 14.84 mg/g, A CK [ 1.45 {%.

* 5 FEREX S & B AR MRS BRI

Table 5 Effect of fertilization on soluble sugar content in each part of Phoebe bournei seedlings mg/g

Ab 3 ZH VAR S IR AT A 2
Treatment Leaf soluble sugar content Branch soluble sugar content Root soluble sugar content

CK 61.66 £ 2.76 de 3257 £ 1.32fF 33.05 £ 147¢

Tl 66.87 * 2.84 bede 43.35 £ 0 cdef 47.03 +1.44 abcde

T2 66.48 + 1.43 cde 44.62 + 2.68 abedef 44.15 + 0.74 cdef

T3 68.25 £ 6.86 bede 45.65 £ 2.25 abedef 44.56 £ 0.6 cdef

T4 69.97 + 3.05 abede 47.5 £ 1.19 abedef 47.89 £ 5.61 bedef

T5 64.25 + 3.49 de 43.84 £ 2.76 def 40.05 £ 0.34 efg

T6 63.98 = 0.28 ¢ 45.51 £ 1.12 bedef 41.34 £ 1.53 defg

T7 70.98 + 5.87 abc 46.64 £ 1.61 abedef 41.18 £ 1.28 fg

T8 65.4 + 0.93 cde 51.77 £ 0.71a 42.92 £ 5.63 abed

T9 77.88 = 3.18 ab 49.86 + 1.3 ab 47.45 +1.69 abcde

T10 7773 £ 44a 45.57 £ 0.48 bedef 42.28 £ 0.39 defg

T11 63.84 = 0.03 ¢ 50.49 + 1.26 abc 52.59 £ 033a

T12 71.57 &+ 1.34 abed 4532 £ 0.76 bedef 44.54 + 1.5 cdef

T13 69.79 * 5.94 cde 45.32 £ 1.61 bedef 39.66 + 0.9 fg

T14 69.87 + 2.23 abede 45.79 £ 0.59 bedef 45.84 £2.77 abedef

T15 63.53 = 037¢ 43.58 £ 1.74 ef 42.78 £ 0.09 defg

2.4 HEXMSH

= HIREN S E.
* (P <001) .

HRRT Y R AR 2 IR
IRVEt & B SR AT R & B 2

wE s fos, e g, TEnEA RS R,
MEE RS E. EWES NSC & & 2 [MAFEF I .
WS EEEARSE. SEYWEMR NS
EEMREE LML (P<001) , 5. HEgR
TE. RERGTEEREZETMEX (P <005 . H
BREWHEHEARSE. T82 58, B4EYE.
MRVERy & B R IEAC (P <0.0D) , HFE
MEoEEEFTEME (P <005 . AEEEAK
TESMHEERTE. 2EYE. HiEREE.
JER B AR VER S E 2R IEAH (P <0.01),
ARG ER R EIEMKS (P <0.05) o I
SEGESEYE. BATEERESE. RERS
EEWREEIEML (P<001) . BAEYESHE
Mo EEREEEMR (P<001) , SHRIEHS

N

}

[

J

H

l

i B+
BEEDEEME (P<0.05 . BiERGES5HEE
MEEELEFME (P<0.05) . HAEpEs

BEIFEMHZE (P<0.05) .
2.5  EREM@E ST

TR TSR BN (R6) , EAIEN
WiE. R, BAEYE. AR, EEEA
R, HaRa R HERb TR, B4
ROE. MiEheE. BehdE. RiEhSE.
B PT i PERE & 5 SR I PR RE S R P A R
M (P <<0.01) , @Rt ALK ST
KEER R AW IEX e, #hE, Bl
WARE, MAEEARSTE. SHEGRE=E
HUER B BOUE R BB R AT S AR
BB EE N, HBEARNETEEE. 5
GREAVEY IR A BAE XS . MR, Bk
Vs, WARE. THEMEEARSE. SR
TE. HEnEE. RiEh S =, arEERES
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1.00
BE 0.57 | 0.85 | 0.55 | 0.73 | 0.67 0.85 0. 56
0.80
Wz ’ 0.75 | 0.89 | 0.75 0.60 @ 0.48 | 0.67
EMHEARTE ‘ ‘ 0.76  0.70  0.66 0.81  0.51 | 0.71 0.60
WEESE . . ‘ 0. 65 0.58  0.72 | 0.74 - 0.40
zrmn | @ ‘ O 0. 0.65 0.55 - 0.20
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HEEEES E - -0.20
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* RN P <005, ** £/ P <0.01. *indicates P < 0.05, and ** indicates P < 0.01.
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Fig. 5 Correlation analysis of various indexes of Phoebe bournei seedlings after fertilization
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Table 6 Analysis of inter-subject benefits

PEIR Character EFf Fertilizer type *F-Jj #1 Square sum )77 Mean square F {8 F value
N SHIE 403.942 134.647 38.427%*
ﬁﬂ_ 'EJ e ksk
Seedling height AL 134.617 44.872 12.806
STENE + AW e 196.892 21.877 6.243%%*
S4IE 15.526 5.175 142.932%%
s AR 1.451 0.484 13.359%*
Ground diameter : ’ )
SENE + A e 8.128 0.903 24.943%%
SHIE 2062.24 687.413 354.739%*
AR A A 133.064 44355 22.889%*
Total biomass ’ . )
SENE + A e 737.950 81.994 42.313%*
SHIE 30.661 10.22 78.714%%
AR -
Seedling quality A A 4354 1.451 11.177
SENE + A e 23.909 2.657 20.460%*
S 4.677 1.559 46.953%*
AETEEA S E . s
Soluble protein content AR A 0.990 0.330 9.941
SENE + AV E T 3.826 0.425 12.802%*
SHE 0.216 0.072 14.255%%
THERE a T
Chlorophyll a content AR A 0.074 0.025 4.880
SENE + AV E 0.062 0.007 1.352
HHE 0.051 0.017 11.97%%
4R b S E -
Chlorophyll b content A 0.015 0.005 3.621
SEIE + AV 0.058 0.006 4.504%*
HHE 0.463 0.154 26.091%*
JENES S s . o
Total chlorophyll content A 0.129 0.043 7.272
SEME + AV 0.174 0.019 3.266
HEE 394.520 131.507 17.800%*
It NS A =N
ek HE IR 84.047 28.016 3.790%
Leaf starch content
SEIE + AV 397.741 44.193 5.982
HEE 62.005 20.668 7.680%*
Yo\ A B
Bt v it HE TR 43.209 14.403 5.350%
Branch starch content
HEE + A e 267.293 29.699 11.036%*
HHE 415.943 138.648 14.519%*
DS ASSE=N
HRVERD o it R 73.122 24374 2552
Root starch content
HEME + A e 416.800 46.311 4.850%*
SHIE 189.986 63.329 5.242%
i G =N .
ol v R 89.534 29.845 2.470
Leaf soluble sugar content
HEE + AP e 745.003 82.778 6.852%*
gEm1 376.972 125.657 53.774%*
+- g ard (e =N
RGeS LA 32.077 10.692 4.576
Branch soluble sugar content
AR + A e 394.531 43.837 18.760%*
gHIE 125.021 41.674 7.733%*
HR T i M 2 ;. .
Root soluble sugar content L 61297 20432 3.791
SHEIE + AVE L 672.093 74.677 13.857%*

ok FOR P <0.05, ¥ Fox P <0.01. *indicates P < 0.05, and ** indicates P << 0.01.

e LA ERAL P . AR K NSC & B BRI
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IR AN I, A ATEFEE 2 1WA PERE
NITNE S IS LRV SEESE AT BV & S 228 Al

BRI A KRR KA S Vit A7, 3 i AR £
3985 2 T AR R e 20 LI S8 T R R AR AR T
FEfiAr P, XS RE RS K ARE
e T FR ) A e I X e 5 SR A AL e I 2L 10 A
R IR R T A i AL R B R SR e
P R ERAR, A 2R R AT (i 6 4 LLE
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