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Effects of Fertilization on Growth and Soil Nutrients of
Pinus yunnanensis
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Abstract: To explore the effects of combined application on the nutrient content of pine needles and soil
physical and chemical properties of Pinus yunnanensis, and to provide scientific basis for the tending of
young forests, the uniform design of U (157) was used to carry out the experiment of combined appli-
cation of compound fertilizer, nitrogen fertilizer, phosphate fertilizer, magnesium fertilizer and boron with

8—year—old growing P. yunnanensis as the test material. The needle length, drying moisture content, total
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nitrogen, total phosphorus and total potassium of the treatment combination were 23.90-27.34 cm),
55.47%-60.88%, 0. 17%-0.57%, 0. 13%-0. 33% and 0. 17%-0. 82% , respectively, while the con-
trols were 24. 14 cm, 60.75%, 0.35%, 0.17% and 0.29%, and total phosphorus and total potassium
had significant difference. The growth rates of soil pH, drying moisture content, available nitrogen, a-
vailable phosphorus, available potassium and DBH were 4.08 —4.69, 17.27% —34.59%, 22.77 -
41.91, 7.70-11. 80, 66.44-174. 67 mg/kg and 23. 5%—50. 3%, respectively, while the values in the
control group were 4.42, 17.27%, 23.70, 8.23, 81. 11 mg/kg and 22. 4%, and the growth rates of a-
vailable P, available K and DBH in the control group were significantly different. The physical and
chemical properties of soil had a complex correlation with the factors, and boron fertilizer was significantly
positively correlated with the growth rate of DBH. The combined application of 1.6 kg/3 ¢m compound
fertilizer, 0. 10 kg/3 c¢m nitrogen fertilizer, 0.2 kg/3 c¢m phosphate fertilizer, 7. 5 g/3 cm magnesium fer-
tilizer and 1.5 g/3 em boron fertilizer could improve the soil physical and chemical properties, and pro-
mote the DBH growth of young P. yunnanensis forest.

Key words: Pinus yunnanensis; uniformity trial ; fertilization; pine needles; soil physical and chemical
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75 P KA ( Pinus yunnanensis ) H ¥ F} ( Pinaceae )
PO G AT RIA 2 U B R YA R TE =
FAFE S T IR EE W] Rl & R b B e A AT
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Tab.1 Factors and levels of the trial

A-EEH B-JRE GBI D-EEE  E-HIAE
K-
/(kg-?:cm_l) /(g-3cm_1)
1 0.80 0.20 0.10 0.00 2.50
2 1. 60 0.25 0.20 2.50 3.00
3 0.00 0.00 0.30 5.00 3.50
4 0.20 0.10 0.40 7.50 1.50
5 0.40 0.15 0. 00 10. 00 2.00

E.EP kg/3 cm #5444 3 cm F #RAE Ay Bt Sk e S AR
AFFHE A~E AR EZRD,

PO BOR A 1, M PR L T A B E4E
WS %, It 15 AR, B AR KT R FR
THE,

BEPERIRE A AR, 76 BT 9 - 3RoR SR EF T, 3
MRMOAR SRS — AR, 38 15 AN EFERE A
ESYNIEE= £ G [ B gl by P ST f=F ML e
FEdh pH AR AL 5E 5 430 2R ISR R A3 |
BIUER B LL €8 1k KON O BE R T ) A
(TN) (B (TP ) FIEF (TK) ; 1 HEBCA (AN) | B
(AP) FIEH ( AK) 43 51 B8 ff 7 180 L 1/2 H,80, ¥k
KA " X8R A SPSS #k itk
175087, K H Duncan’s Fl Person 3543 3|47 2 & L
BOFIAH AT

2 ERESWH

2.1 HMEBEXT#ASHIERFIFR S B0
2.1.1 HERBKFEAEITHEHIERFAZRS BRI
AEFRZA A R R RIET 7K R 45 23,90 ~
27.34 ¢cm H1 55.47% ~ 60. 88% , XF BE ) ] >y 24. 14
em 1 60. 75% , i AEXF I 2 855 JC i 35 1Y 22 S 52 1
(P, =0.546 P, =0.205>0.05) ; AbFEZH A1) TN,
TP H1 TK 23514 0. 17% ~0. 57% 0. 13% ~ 0. 33% Fl
0. 17% ~0. 82% ,%F FRAYIIZA 0. 35% 0. 17%F1 0. 29%
AbFRZH A ] TP A1 TK 223080351 25 5 ( Py, = 0. 025,
Py=0.047<0.05) ,FRACFRA G 13( AL 0. 8 ke/
3em EIEO. 1 kg/3 em WAL 0. 2 kg/3 em EEAE 10. 0
g/3em WAL 2.5 ¢/3 em) Ml 14 (E A AL 1.6 kg/3
em AN 0.2 kg/3 em FEAL 7.5 ¢/3 cm WAL 2. 5 ¢/3
em) A0, AT TP #4955 X I BRAC B A 3 (B A
fIE 0. 4 kg/3 em &P 0.25 kg/3 em @A 0. 4 kg/3
em BIAE 2.0 g/3 ecm) Al 8 (BEAE 0. 30 kg/3 em EEAE
5.00 g/3 em AIAE 3. 50 g/3 cm) &b, Heqx iy TK 25k

TR (35 2) , I EE RaE 7R, 25 AR T
2R BCTE BE M 0 5 (2 o 25 g A 4 AR 1 3% 5 i
K, ZBAE A5 ISR 3 BRI MBS

F2 AWAEBEASHMSTEUMER

Tab.2 Physical and chemical properties of pine needles

b3 IH- 4 Aok 2

R e e otk DT AR
HE /cm /%

1 0.32+  0.25+  0.43+ 2578+  59.02+
0.07  0.07ab  0.06b 0.27 0.85

2 0.27+  0.31x  0.63+  26.92+  59.44x
0.06 0.07a  0.07ab  0.82 0.36

3 0.40+  0.18+  0.17+  27.27+  58.78+
0.03 0.055  0.03c 1.58 0.99

4 0.33+  0.19+  0.43+ 2734+ 5940+
0.08 0.01b  0.14b 1.88 0.79

5 0.31+  0.25+  0.54+  23.90+  59.89+
0.07  0.02ab  0.11b 1.66 1.24

6 0.19+  0.28+  0.82+ 2493+  59.79
0.01 0.05ab  0.0la 0.81 1.05

7 0.39+  0.25+  0.61+ 2433+  58.75%
0.10  0.02ab  0.19b  0.55 1.01

8 0.42+ 0.15+ 0.26+ 24. 81+ 60. 25+
0.12  0.03bc  0.10be 1.14 0.25

9 0.36+  0.23+  0.34+ 2671+  58.76%
0.09  0.0lab 0. 14be 1.08 1.04

10 038+  0.24=  0.30x  26.63x  59.00%
0.02  0.08ab  0.12be 2.18 1.12

1 0.57+  0.33+  0.33%+ 2544+ 5547+
0.19 0.02a  0.20bc  0.94 1.90

12 0.30=  0.20&  0.66%  25.44x  60.43%
0.06 0.00b  0.09ab  0.98 1.79

13 0.17+  0.13+  0.36+  25.83%  59.49:
0.01 0.0lc  0.11be 111 0.57

14 0.4+  0.15+  0.42+  27.34x  60.88%
0.02  0.00bc  0.01b 1.31 0.30

15  0.29+  0.19+  0.52+ 2506+  59.23%
0.06 0.02b  0.18b 1.00 1.30

16(ck) 0.35+  0.17+  0.29+  24.14x  60.75+
0.11 0.03bc  0.17bc  0.68 0.98

E . REFEHNO0.01 KFHEFRE, NBFHH0.05K
TFHEFRE(TR),

2.1.2 ¥IRHHEISENESEFREMRKERE

S TN & S W R A, o TP
TK BB AE ; B 15 X 6] 90% I, TP ) B.C Fl E
IR K ] B A 3 1 25 5 (P s o = 0. 063
0.086 #1 0.056 < 0.10) , Hr B, (&ML 0. 15 kg/3
cm) Y TP 5 25 1b & T H A 4 4~KF B, (BIAE 3. 00
g/3 cm) [ TP B M= T E, (MIAL 2. 50 /3 em) 15
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S TN A TP BSR4 0 A B;CsD,E,,
S Sehr R m AL 4 A 11 (A,B,C,D,E,) Y C &
A—3 {H C(0.00 kg/3 em) F1 C,(0. 10 kg/3 cm)
JERSBAKOT  AN— B 2 2 KO [ A 22 BAR
FHFTEGTK MBS IA &8 A,B,C,D,E,, 53R

KRR EIA IS 6 (AB,C,D,E,) HE Al D
A—E(F2.%23), HERRUDLX K LR
SRR, 1 B AL R B s F A I 2R i
AHEBEALE TP & 2w, WiF 2 F - E A
TS R AT il A AT 3% 0 B ) T SR I

R3I MHFRIAENMESN

Tab.3 Range analysis of nutrient content in pine needles %
TN TP TK
K-
A B C D E A B C D E A B C D E
1 0.31 0.37 0.34 0.32 0.29 0.21 0.21b 0.23ab 0.23 0.16b 0.42 0.53 0.53 0.44 0.43
2 0.35 0.36 0.30 0.28 0.41 0.20 0.21b 0.23ab 0.23 0.26a 0.43 0.37 0.55 0.60 0.43
3 0.43 0.34 0.34 0.43 0.39 0.24 0.20b 0.20ab 0.24 0.2lab 0.38 0.40 0.40 0.38 0.40
4 0.28 0.23 0.29 0.35 0.28 0.23 0.20b 0.16b  0.20 0.24ab 0.60 0.54 0.26 0.43 0.60
5 0.32 0.40 0.41 0.31 0.33 0.23 0.29a 0.27a  0.21 0.25ab 0.44 0.44 0.46 0.42 0.41
R 0.15 0.17 0.12 0.15 0.13 0.04 0.09 0.11 0.04 0.10 0.22 0.17 0.29 0.22 0.20
ER/CER B>A=D>E>C C>E>B>A=D C>A=D>E>B
'ij/qu‘gﬂlﬁ\ A3B5C5D3E2 A3B5C5D3E2 A4B4C2D2E4

2.2 HERBEXT T EEFR RN
2.2.1 13 pH & 7k 2 R i3 &5 W $ o i AR Y
i iz

AEFRZH A1 pH A K551k 4. 08 ~4. 69 Fil
17.27% ~34.59% , %F BERG I oy 4. 42 F117.27% , ik
FHZHE 9(EEHE 0.4 kg/3 em  AHL 0. 15 kg/3 cm,
BEAC 0. 1 kg/3 em, BIAC 3.5 ¢/3 em) B9 pH {EAR .35
Mg T 5 R R it AR Ak R 2 A 0 KR T
XA (P~0.000<0.01) , B4 4 IE Fist & T Z 1
JE T IR, 15 AL A A B 4 AN
AP AK FlH 25 K343 5k 22. 77 ~41.91 7. 70 ~
11. 80 .66. 44 ~ 174. 67 mg/kg 1 23. 5% ~ 50. 3% , %}
HEFK I Ky 23,7 .8.23 F1 81. 11 mg/kg Hl 22. 4% ; kb
PR AR AP A AK HA R B 125 5% (P~0. 000 <
0.01), BRACEA G 5 40, HARMEAC A3 ) AN Fi
AP B TR, 15 b FRZH A 0 g A2 35 R AR
BE M TR (R 4) . RG22 114
148 AN AP F1 AK W95 i, i — DA HEMROR g A2 4=
KO HABH G 4(E A0 1.6 kg/3 em AN 0. 10
kg/3 cm AL 0.2 kg/3 cm, BEIE 7.5 ¢/3 cm, HIE
1.5 g/3 em) MRCR AL,
2.2.2 1BHRXY B ZE K TR NE AL

SN - HE pH R A% 1 1R 32 5 X T2
JE,pH AX E P2 A 1) B A i 3510 22 5% (P =

0.000<0.01) , BB LKV G N A B;C;DE, ; I
KRN ZAKRFHFEAREENZER (P~
0.000 < 0.01), B 41 & A A,B,C,D,E,; 5 i
AN AP AK I /K Z M £ 51 FE R A IR AEEAE,
ANUHZE A D B REXER(P,=P,=0.035<
0.05) , FEEA A M A,B,C,D,E, ; 50 AP K %
A.DFIE HAW B EXESF(P=0.000<0.01) ,#ig
LA A A,B,C,D,E, ; 50 AK fJIZ A .C.D M E
BARBEERE(P~0.000<0.01),HE B AH B
FEER(P=002<005), HiglhHE N
(A,B,C,D,E,) , 55F% AK e Kb FIZH 4 6 584
— 3 H ARSI A 5 5L PR i KA — 3L
(FR5) . Vi ilmngs b sEm A S/ w4 i 2 A
ERNEABEL e E A AR SRR AR
1) RN T 25 R AT s A2 - 96 Ak U A A 75 oK
PRI B I A S B et e O A — 35, S TR 3 ) B A
ZHAEH SR
2.3 iStREMEXES T

FHICHEST T (3R 6) R K5 1 pH(P=
0.01<0.05) 1 B HZ(P=0.049<0.05) & B &M
A, B A M0 18 6 BB A1 R T AP 5 B R UIE
P 4 pH, T P06 £ i BT SRR TN
TP Fl TK 5 BT A5 46 b 1 28 /K7 ) ok 22 30 4 3 22
S(P>0.05) 7R SeFE bR AZ it IE A sE /N
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Tab.4 Soil nutrient content and DBH growth rate of treatments
Ab PR A pH TR/ % AN/(mg - kg™") AP/(mg - kg'") AK/(mg - kg™") Mare 3/ %
1 4.21+0.02BC 17.41+0.58C 37.24+6.42 8.50+0.19B 145.00 = 0. 38AB 44.0+£4.0A
2 4.09 +0.03C 21.12+0.58AB 27.91+0.93 8.57+0.59B 125. 11 £ 1. 60B 33.8+3.4AB
3 4.16 0. 01BC 23.70+ 1. 15AB 27.91+2.60 8.17+0.12C 144.89 = 1. 64AB 31.9+2.4AB
4 4.13+0.01BC 21.20+0.57AB 33.97+4.74 8.34+0.30B 162.22 + 0. 62A 50.3+4.5A
5 4.08 +£0.02C 19.79+ 1. 15BC 22.77+3.27 7.70+0.20C 96.11+0.78B 37.4+4.0AB
6 4.25+0.05BC 30. 10+ 1. 53A 30.24+4.28 8.55+0.09B 174.67 £ 1. 07A 34.6+2.5AB
7 4.39+0.07B 19. 15+ 0. 58BC 34.44+£4.28 7.90+0. 18C 66.44 £ 1.75C 27.7+2.4B
8 4.53+0.04B 20.92 + 0. 49AB 29.31+3.65 7.95+0.37C 96.44+£0.91B 37.0+4.0AB
9 4.69 0. 04A 23.21+0.48AB 36.31+4.15 7.89+0.13C 121. 89 +2.39B 24.6+2.3B
10 4.55+0.03B 20.43+£0.54B 41.91+2.60 8.24 +0.21C 154. 67 £ 0. 92AB 28.0+3.4B
11 4.59+0.01AB 19. 84 £ 0. 32BC 30.24+6.42 9.79+0. 18AB 88.89+1.42BC 26.2+2.3B
12 4.55+0.03B 17.87+0.51BC 31.17+£2.60 11.80 + 0. 26A 75.44 £0.29C 23.5+1.7C
13 4.60+0.01AB 18.48 0. 28BC 31.64+£3.52 9.55+0.23AB 83.44 +0. 89BC 28.5+2.3B
14 4.58 £0.03AB 19.87+0. 18BC 37.71+£3.06 8.74+0.29AB 109.33+0.51B 27.6+3.0B
15 4.57+0.01AB 34.58 +0.48A 30.71+£3.82 11.05+0.37A 77.89 £ 0.40C 33.8+5.3AB
16(ck) 4.42+0.01B 17.27 £ 0. 60C 23.71+2.60 8.23+0.42C 81.11+0.29BC 22.4+2.4C
x5 TERERIRESHT
Tab.5 Range analysis of soil indexes
pH AN/(mg - kg™") MR HE R 2/ %
K-
A B C D E A B C D E A B C D E
1 4.51 4.35 4.33 4.37 4.59A 36.00a 31.64 32.81 31.48ab 33.35 28.06B 30.92AB 28.18B 30.34B 29.99B
2 4.31 4.42 4.37 4.40 4.56A 36.3la 33.66 34.32 29.93ab 34.44 40.65A 27.80B 37.79A 30.38B 25.89B
3 4.40 4.44 4.44 4.40 4.54A 27.44b 32.42 32.42 27.44b 33.35 33.54AB38.29A 38.29A 33.54AB 29.77B
4 4.40 4.33 4.38 4.31 4.15B 29.93ab 31.95 29.77 36.3la 29.00 30.38B 37.79A 27.80B 40.65A 40.75A
5 4.37 4.46 4.45 4.51 4.16B 31.48ab 31.48 30.94 36.00a 31.02 30.34B 28.18B  30.92AB 28.06B 36.58A
R 0.20 0.13 0.12 0.20 0.44 8. 87 2.18 4.55 8.87 5.44 12.59  10.49 10. 49 12.59 14. 86
EX/ SR E>A=D>B>C A=D>E>C>B E>A=D>B=C
& A, B;CsDsE, A,B,C,D,E, A,B;C;D,E,
AP/(mg - kg™") AK/(mg - kg™") EIK R MC/ %
K-
A B C D E A B C D E A B © D E
1 8.56B 8.11 8.66 8.20B 9.78A 101.52B  90.63b 117.22AB 147. 15A 90.22B 19.35B 19.60 20.49 25.67A 24.31]
2 8.53B 9.41 9.23 10.47A 9.95A 138.85A 125.00ab 141.75A  92.81B 106. 33B 19.50B 20.67 22.40 24.52AB 19.38
3 8.48B 9.16 9.16 8.48B 7.91B 93.81B 106.44b 106.44AB 93.81B 94.93B 20.18B 24.31 24.31 20.18B 21.09
4 10.47A 8.81 8.86 8.53B 8.20B 92.81B 140.11a 114. 17AB 138.85A 144.33A 24.52AB 23.26  21.09 19.50Bb 23.70
5 8.20B 8.75 8.32 8.56B 8.41B 147.15A 111.96ab 93.33B  101.52B 138.33AB  25.67A 21.39 20.50 19.35Bb 20.74
R 2.27 1.30 0.91 2.27 2.04 54.34 49.48 48.42 54.34 54.11 6.32 4.71 3.82  6.32 4.93
FRKAT A=D>E>B>C A=D>E>B>C A=D>E>B>C
4l s A,B,C,D,E, AsB,C,D,E, AsB;C3DE,
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Tab. 6 Correlation analysis between indicators and factors

LIRS B
HIEAE DR

Kot ha

FKkFE  IN TP TK Fk#E  pH AN

L 3%
AP AK LS A B C D E

Bt g -0.071 -0.028  -0.036  0.030 0.078 -0.367+ -0.223

FKE 1 -0.155 -0.119 -0.176 0.017  0.180 —0.040
N 1 0.001 -0.185  -0.136 0.155  0.194
TP 1 0.193 0.053 -0.191  0.063
TK 1 0.234 -0.237  0.063
T KR 1 0.010  —0.006
pH 1 0.209
AN 1
AP
AK
Mtz B
H#E A
B
C
D

-0.193 0.041 0.144 -0.027 -0.295* -0.153 0.027  0.154
0.031 0.189  -0.077 0.008  0.223 -0.160 -0.008 -0.039
-0.133  -0.098 -0.067 -0.054 -0.060 0.194  0.054 -0.041
0.023 0.170 0. 081 0.158  0.266 0.09 -0.158  0.292
0.180 0.015 0.255 0.130 -0.009 -0.208 -0.130  0.075
0.191 0.208 0. 062 0.538: 0.188 -0.093 -0.538:k 0. 086
0. 378 —0. 451 %k —0. 418+ —0. 133 0.078  0.146  0.133  -0.830:*
-0.023 0.219 -0.094 -0.298+% -0.039 -0.168  0.298+ -0.196
1 =0.377= -0.213 0. 141 0.079 -0.193 -0.141 -0.517=*
1 0. 166 0.190  0.242  -0.408: -0.190 0. 563
1 0.051 0.080  0.082 -0.051 0. 350

1 0.333% 0 —1.000=x 0. 3333
1 0 -0.333% 0.133
1 0.000  0.000

1 -0.333=%

A ATIRAFR B EME(P<0.05), +x A TIFRMBFME(P<0.01),

TIEEACRGHZE A R D 45 2% 8 2% IEAH
KA (P~0.000<0.01) , BVt 52 4 JE AT 3 fin
FrKE AL S EHIE A pH 5 AP 24
WEIEAHE (P=0.008 < 0.01) , HJ 4 38 i B AP
SR, [FN 5 AK(P=0.001<0.01) Jgieik
K (P=0.003<0.01)MHZE E(P=0.000<0.01) £
R 2 7R OC s T A 25 BAIK 1 pH, 38 i 1= 458 AK
S, 5EKEARRE,AN 5HE A FID 55528
FZHARRHIEA (P =0.047 <0.05) , I /02 4 A0
SCHMEEAL FTHE = AN % & ; AP 5 AK(P=0. 008 <
0.01) FIFHZE E(P=0.000 < 0.01) 43 5 £ 4% i 1h
AHICHIEAR O, 3 AL AT 455 AP & i sl FE IR AK
s, AK 5 & C(P=0.005<0.01) fl E(P=
0. 000 < 0. 01) 43 7] 5 B¢ i 2 67 AH 5 RN IE AH 5& | )i b
WAL S I AAL T $E m AK S,

MR RS pH 2R W 3 TR G, R 4
8 o i AR H pH R I AMOR AR K [l R
HEREZBFIEMIKE(P=0.018 <0.05) , RIFHALAE
MK, X S5 AR R U A IR B K i
TABFFA Bk 1 00 A 5 e g 4% 34 K 2 1) 3 5
T MRIERZE T B T HET 45 A A S BT
H AR AR TR 25 T) AH DG | IR it 2 B R BE
APk - e IR i S AR U AR 39 pH, E—
HAR AR A

3 ifit55R

TEANEEIS R | A2 A5 FIE I BR 22 45 B ) T ot ) Ak
RIGFEIE KRS LI A & & R EAC, 1
it O SEA A AR 4 s BRSO AR SR AL At A X £
HEFRE o BOMAR AR K 52 i), S5 6B, it 500 o/ #R A
A ME AR b fry - 18 A7 A5 R o bR e AR 1Y =
6.01% F1 37.36% , #k 43 34 B 42 bb oA it BE 1) &
7.27% . ARG A AL E AR b 50 A A 4
T, R FARA B A2 A K 25 5 5 H— 3, AU A i
WX TR o B e AR B AR W, AR
B2 IR A e 2 I it ) - A R R e T
i AE 4, 5 38 5 A AN AR R A B e
P e O A AL, 48 R U T Y
TR R PHAE T 2 I, SR It v 4R e 2
AREF I B AR SR AR R Xt S AR I
rh gl B — 3 BIVAC it 42 45 B 0 £ B e R T B ok
BEmegR o i USR] Tt AR S — 2 R T RS
AR, BRFRE ST R RO 1 1 s B
BeAE R 2 AT 5 R S — 3k, R I AU
Pt T A2 E AR AR A K B R A TR ARG

T — WA A O il R A A R X Al A N T A sk
ek ), &5 SR B ik 1 548 2 ik R A9 [ B pH
L , WA A K, (EARIR S 5 HARYE , g
R RS + 5 pH (S48 A SR, B pH E



- 150 - 2 ST |

E48 5

ey | X AR A R R T P A AR T AT RE AN TR Y
PR 139 pH (HEROR R T80, AW IA
RO ARG, D A 2O AR X ) - 3
B 1 5t AT R e 0N kA R 25 e
5%

ZEA T, R A TS IR R 2R R A
MRS 25 A AL XS = BN ET 7700
R AR PR T S A T A R AR B A
FIIRAE XS AN FIR ARG K R 2 0 B IE AR G,
WO 2 i 2 Sl PRt ES R FH 422 45 R R ol 2 e 2% i
it , Z AL 1. 6 kg/3 em FE 0. 10 kg/3 em BEAL 0. 2
kg/3 cm BEAE 7.5 ¢/3 em WAL 1.5 ¢/3 em WILHETT
3G SRR I A T S r A MROR I i A K
T R PR B L
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