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Effects of different fertilization ratios on growth
characteristics of Pinus massoniana seedlings
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Abstract: In order to obtain the optimal fertilization formula for Pinus massoniana seedlings, one-year-old seedlings
were selected and grown in a L,((4’) orthogonal design. Traits, such as seedling height, ground diameter, biomass, leaf
chlorophyll contents and N, P, K contents, were measured to explore the effects of different N, P, K fertilization ratios
on growth characteristics. The results were as follows: (1) There were significant differences in seedling height, ground

diameter, biomass, quality index, chlorophyll and nutrient contents among different fertilization ratios treatments. Among
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them, treatment 12 had the highest biomass, quality index, chlorophyll a and total chlorophyll contents, and
membership value. (2) N application had extremely significant effects on growth and physiology; K application had
significant effects on seedling height, ground diameter, above-ground biomass, total biomass, and had extremely
significant effects on chlorophyll and needle nutrients; Besides, P application had extremely significant effects on
chlorophyll a, chlorophyll b, N and P contents in needles, and had significant effects on seedling height, under-ground
biomass and total chlorophyll content. (3) N application had greater effect on seedling height, ground diameter, above-
ground biomass, total biomass, quality index, chlorophyll a, total chlorophyll and N contents in needles than K and P
applications. The effects on under-ground biomass and P contents of needles were as N>P>K. (4) N3 level was
beneficial to seedling height, diameter and biomass accumulation. N4 level was beneficial to the accumulation of
chlorophyll a and total chlorophyll contents, N and P contents in needles, while P4 level was beneficial to biomass
accumulation, chlorophyll and P contents accumulation. Comprehensive analysis showed that N should be applied mainly

in the early stage of P. massoniana seedlings, supplemented by P and K. N3P4K2 nutrient solution can improve the

overall quality of seedlings, with N, P and K concentrations as 8.25, 1.00 and 1.50 mmol - L™, respectively.

Key words: Pinus massoniana, seedling, fertilization ratios, growth, seedling quality
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iz — e AR B PR A (N) (B (P) 8
(K)VE Rt TR}, 4 AR ) LA WGz i B m] Ak 75
FOR oz B AR BRI s b, 5 B A e RO
AR BEFIAA B W (B4, 2021) . =& G
PRGN AT R TP A5 4 E N P K & 4R A
XSRS T A AR K TR 7 23 14 [R] ) £ i 4
IR R AT G it IR B ARG R FRE S
WagmPTisiPE ) H 19 ( Schoenbeck et al.,2020; Peng et
al., 2020) . JTAER, KT LUEAE R BFSE 2 0K &
Al , & LTS 1A ( Carya illinoinensis) (K57
B4, 2019) | B K ( Moringa oleifera ) ( 5K #5055,
2019) M ( Tilia amurensis) (A P55 ,2021) WA
( Catalpa bungei) ( FAESE,2021) SEM R, fF5R R
B AR v A 5 I AR5 1 2R AT B L b N 5 2 4 v
NEAL A DS BTALE | i T 3o 22 st /2 25 38 B I IR 2%
IR AN (HREESE , 2019 BH A5, 2021) 76 1R A
( Phoebe bournei) | JK A% ( Manglietia glauca) 3% 5%
IR SR D7 i RE W58 b & B, & 38 N (P K AL
IEI R SRR TP RN O L WA P
T3, MBCE 7 WG, A TR R AR AR K &
A R R (BRIRSE 2017 5 HS/NEESE 12019 ; Wang et
al., 2020) , CAHCHFICE S 1 fESE LA 5
WA EEAL S R N P K &, FE AR R SR 0
A B2 FE B B FR IR B (R /N 3F 4 20195 17 FH 45
2021) o H TR B i) 35t 4% PR R AFTE 22 53¢, A [ E
FREAE ST B AR A %) i 1 A ), 4510 4, JR AR
MG SZ P IISEIR B M7 Ik 22 N 1Y

S (B B A, 2017 #B /N 3R 45 2019; B PH A%,
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T S AT NE C I M AN 58 3% (Jose et al., 2011 ; 5KA
4 2019) .
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] Y& ] NH, NO, . KNO, . NH, H, PO, . KH, PO, .
K,CO, 424t N P K Ju & 47t AL i 56
1.3 i g it

Z: IR JH B FN E S 8 (2011) AR A6 (2015) B
FEAER R 3 IE 4 KF Lo (4°) IEASiI g kT,
Hr N K& 4 AKF5000 0.75,3.75.8.25,
15.00 mmol + L P A& 4 7 /KF5 %K 0.05,
0.25.0.55.1.00 mmol - L, K A& 4 /K454
4 0.30.1.50.3.00 .,6.00 mmol - L, %P % /K F M
ORISR 1.2.3 .4 R, it 16 A~ (3R
1) A3 AN AP 7 Bk A E . 2017 4F 7 A W) iEAT
JEAE RS, B 5 d R 1 B SR, BIK 100 mL,
Wi E S R K, 5592 3 A H
1.4 #EHRME
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TG >R P 9y 35 Eb (2000 5 2 0, R FH AR 86
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*x1 HEEEER
Tablel Fertilization formula
e BEAR [, AR
Treatment Fertilizer Treatment Fentilizer
combination combination

1 N1P1K1 9 N3P1K3

2 N1P2K2 10 N3P2K4

3 N1P3K3 11 N3P3K1
4 N1P4K4 12 N3P4K2
5 N2P1K2 13 N4P1K4
6 N2P2K1 14 N4P2K3
7 N2P3K4 15 N4P3K2

8 N2P4K3 16 N4P4K1

g 2R B A I L B B S SR H 80% TR
2 90, P 28 R 7 S R 0 0 01 BE I
W GE, BB 4 NER
1.5 #iE L2

K FH SPSS 19.0 # 4 F1 Microsoft Excel % {4 ik
ITE P B AR, R Z &R 7 2 0 0 &
Duncan #4172 5 L, IR H S8 & eR E88 2 #r
PR AT LR A VA, A T A e AR Y
SRR AR, 1 TV S it BE X I R A 4 AR B A Y
g, AT

U(Xi>: (Xi_Xmin>/(Xmax_Xmin) (1)

UCX)=1-(X,=X,,,) / (X~ X,) (2)
B AN E 8 FR 5 X, X, 20 A% S8 b N A R R
HAME/ME, AR (1) RARTE 58 AR & 2 FE
ARG, A0 (2) AR

2 R 59

2.1 BRI EESMMEEREN N
L AL AR R 13 R,
3.74 cm, AR REGEF A 6.82% ~43.24% ; it A
KB 11 &5, 0 2.19 mm, LA B 1 5
108.57% , 78 5 R EGUFE 2 19.54% ~40.19%
NP K X1 i A A% 5 0 %) =5 %00 P il N
X i M AR AR KA W R 2 52 (P<0.01) i P AY
XV R AR K AT B R (P<0.05) it K X i e b
AR A B (P<0.05) , H N X7 B & Fl 42
s fe K, K 2, P /N, U BH v s s A2 A K
KENMK(E?2), MR, il N3P1K4 &
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Different lowercase letters indicate significant differences between different treatments (P<0.05). The same below.
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Growth of seedling height and ground diameter after different fertilization treatments

Fig. 1
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AR K W RE T P, w4 0l J, i
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2.3 ERLLMEABXY 4 B E AR REIEE M

HI 3R 3 AT, BT e e B i R A B 12, B
(A AT 9 FIALFR 11, 20 P9 /Y 748 S R B0
8.11% ~24.05% ., N.P K X% i &2 45 KO i (1)
FRON N IR F K (P<0.01) P FIl K R
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IR IR K/ R N>K>P, 26 B 40 i 0t N R 42 5
ST RS B, M IR AKOF B % BRAD i N3P4K3
BIRWA TS R (E 4),
2.4 ERLLEREX 4 B MR ESER N

M S Al AR R a e PE 12 i, AR

H S AR R A KR

SRBGEFE N 2.02% ~12.97% ;W5 E b & & FEA
PES fem, AR SR R FGE BN 3.03% ~ 15.71% ; B0
RETEALE 2ERG, ETFABUEN
2.35%~9.42%.,

¢ 2 RIHL, it N RN KX I R S R
KPR B R K (P<0.01) 50 P XF 2R E a Hil
M4k b AN (P<0.01) X AR A
WEM (P<0.05) , & B RXIHLRER a FLEH 2%
R N>K>P i K XF 28K b A9 520 i
LN RZ P S/ g UL AN [RGB 2 R
e o A7 25 5, N RS IR 2 R A ) E 2R
MR AKCSF- F & B i N2P4K2 Al {4 & b &
RS i NAP4K2 ¥ J /K7 1 8 3% W vl 4 of
LR ER a LB SRR EEMBR(E6) .,

2.5 FLL R S E M FES SENF T

HE 7 o]0, 0 N S 11 s, AR S
ZHOEFE N 0.15% ~4.31% ;P SR 15 5,
AR BB N 1.90% ~4.76% ;K & EACHE 10 f%
B R RBGEEN 0.24% ~1.60% . 7 W Bt it A
RN, AT A SR R R H A et
X NBREGGT K, BT P,

Jite I PR 28 X 3% 40 S A R R R i N KX
YU E I N P K i A 52 e K 4 2 KO (P<
0.01) ;i P XF4FIHE N FI P & 4 (5 00 ik B4 5 2
K- (P<0.01) , (HXF & K & B %A B 3E 52w
(P>0.05) (% 2), N.P K X &M N & &m0
F/NHEF R N>K>P X EFIE P32 (5% Wi HE P by
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Table 2 Variance analysis and visual analysis of N, P and K fertilization ratios on seedling growth physiological indexes

£zt kS F{d &= Eiztan kS F{& &=
Index Factor F value Range Index Factor F value Range
TS N 9.13 0.96 MR Db N 7.10 #x 0.13
Growth of seedling height P 3.07 0.57 Chlorophyll b P 6.37 %% 0.11
K 3.53 % 0.74 K 13.05 = 0.16

AR K N 21.01 #x 0.75 ISH S N 19.11 s 0.63
Growth of ground diameter P 111 0.18 Total chlorophyll P 315 % 0.27
K 3.95 * 0.34 K 6.27 0.34

Mo b A N 37.47 2.79 N &t N 136.47 12.78
Above-ground biomass P 0.75 0.4 N content P 844 337
K 2.52 0.67 K 12.24 #* 4.04

T LY N 30.46 0.89 P N 134.29 0.46
Under-ground biomass P 333 % 0.3 P content P 41.35 % 0.26
K 3.07 * 0.29 K 8.00 0.11

SR N 47.95 #x 3.53 K &t N 21.77 0.57

Total biomass P 1.66 0.6 K content P 0.56 0.09

K 3.97 * 0.96 K 148.62 == 1.53

M43 a N 29.64 s 0.59 g N — 5.42
Chlorophyll a P 705 s 0.33 Membership value P o 1.65

K 14.05 =* 0.46 K — 0.65

T o Fll s 230 BTN HNE B 3R AR B8 FR AT B35 (P<0.05) FIR 520 (P<0.01) ,

Note; Fertilization factors with * and *+* have significant (P<0.05) and extremely significant (P<0.01) influences on the corresponding indexes.
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Different lowercase letters indicate significant differences of fertilization levels under the same factor (P<0.05). The same below.
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Fig. 2 Growth of seedling height and ground diameter at different fertilization levels
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Fig. 3 Effects of different fertilization treatments on biomasses of Pinus massoniana seedlings
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Fig. 4 Seedling quality indexes and biomasses under different fertilization levels
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Table 3 Seedling quality indexes under
different fertilization treatments
pUBL] Jpisseice Hrr g Joivcie i1 QN 352
Treatment Quality index Rank Treatment  Quality index Rank
1 0.60+0.07h 16 9 1.36£0.2abe 3
2 0.77+0.17gh 13 10 1.32+£0.18abc 4
3 0.74+0.06gh 14 11 1.41+0.21ab 2
4 0.83+0.17fgh 11 12 1.60+0.15a 1
5 1.11£0.22bcdef 7 13 1.06+£0.17cdefg 8
6 0.85+0.14efgh 10 14 1.19£0.22bed 5
7 0.90+0.15defgh 9 15 0.62+0.11h 15
8 1.16+0.24bcde 6 16 0.79+0.19fgh 12

. RIREVING TR 4 HiR] 22 5 .35 (P<0.05) ,

Note; Different lowercase letters indicate significant differences

betwee

n different treatments ( P<0.05).

RAE RS S HHE BN WK, P IRZ, K &
/N, H AR B8 il I8 41 5 )& N3P4K2, BV X 1 iF 28
TR EE 12 255 R S B4 it N P K
e FE 4351 h 8.25 .1.00 ,1.50 mmol - L5 35 A
TP B BN 25 B T i

3 3w E 4

3.1 HERERT B R4 B £ KA T

Tt A2 7 A 7 S i v (R B 1 R I o 1
i, A B Y it I8 nT R TR B OR R A (F A,
2021) , ARWFFEFE N P K B H it IE X 5 AN 4h
BAERKAREER, BEZWE & R EY
O AR AR B A R Y R T
BN R N>K>P x5 Ji 845 (2020 ) B 90 3 5 1L %
Bk N P K L e 45 R —3, sKEEE (2019) A
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Fig. 5 Chlorophyll contents of seedlings under different fertilization treatments
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Fig. 6  Chlorophyll contents of seedlings and nutrient contents of needles under different fertilization levels
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Fig. 7 Nutrient contents of seedling needles after different fertilization treatments
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Table 4 Comprehensive seedling quality evaluation of

seedlings under different fertilization treatments

o3 Mfﬂﬁﬁip HoE || b Mjﬁﬁﬁip R
Treatment value Rank Treatment value Rank
1 0.70 16 9 5.86 7
2 1.65 15 10 4.88 6
3 1.39 14 11 8.18 2
4 3.06 12 12 9.54 1
5 3.73 13 13 6.82 5
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