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B OE UBRERREREDRRAMA SR, RER DN E T FED LB R, N T2 A (TN) f1 28
(TP) & &, JT B A L ARAM AR E IR0 W, AT 48 L AR AR IR 2 IR A% R, 1 20 (R 3t 48 1L AR OF 9 2 K B 6 I8 Ak 2 Fn
MALE, AR BB F TR DR A EMRE LT, SREA LR KEMNE(HE DBH>26
cm) 77 29.0% , FA K N RAR A B9 48 L ARAME (18 em<DBH <26 cm) B 9 60.6%, 4 1L A4 #F NP
HENHI N 12.65 F11.34 g - kg™ N P N 10.24(<14 My ARA £ KR ZRFE) ;N P B UL 7 433.8%
f148.0%, £ 0~10cm £ &, LG LMHHNNP EEERFAMA ARG LHENNPEEER
FEMX, EENBESR LM N:PERE _RBHXR, L UNEFAEKZLIEN R, EMAMA
7042t N - hm R ER AL AR A K IR, W PR RGN, B @M i BEA R KN K EMNE 0N
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Nutrition diagnosis and fertilization of Pinus armandii forest in the Qinling Mountains, China. DONG Zhen-
jie', GUO Ya-ru', HOU Lin"** ('College of Forestry, Northwest A&F University, Yangling 712100, Shaanxi,
China; *Qinling National Forest Ecosystem Research Station, Ningshan 711603, Shaanxi, China).

Abstract: We examined the contents of total nitrogen (TN) and total phosphorus (TP) in needle, litter, and soil
of Pinus armandii forest on the southern slope of the Qinling Mountains in Shaanxi, China. We conducted nutrition
diagnosis of P. armandii forest, analyzed nutrient limitation pattern, the fertilization types and amount to increase
growth, to provide support for precision fertilization and scientific cultivation of big timber of P. armandii. The
results showed that the proportion of big timber (DBH>26 ¢m) and individuals with the potential to grow into big
timber (18 em<DBH <26 cm) was 29.0% and 60.6% , respectively. The needle N and P contents were 12.65 and
1.34 g - kg™, respectively, and the N:P was 10.24 (<14, unrestricted threshold of forest growth). The N and P
resorption efficiency of needle was 33.8% and 48.0%, respectively. In 0—10 cm soil layer, soil N and P contents
were significantly negatively correlated with that in the needle, but positively correlated with that in litter. The rela-
tionship between the needle N:P and soil N storage was expressed by a quadratic function. The growth of P. arman-
dii was N limited, and an addition rate of 0.42 t N « hm™ would ensure normal growth of all individual trees. We
recommended the rate of 0.16 t N - hm™ to the trees with the potential to grow into big timber to promote them to be
big timber in a short period, allocating nitrogen to individual plants in proportion to the biomass of individual trees
in the stand per unit area.

Key words: Pinus armandii; big timber; nutrition diagnosis; fertilization; nutrient resorption efficiency.
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ARG, 28 T T AN [R] X S 2 i Al
HHH e U7, DL R C NP 5 i K H AL
SETERARAE T BRI I H E K B R e R
T R T A = R A A I e
(55 i ST AR AR 1 22 4, DA e ks Ak
Xif AR Yy L ER AL 2R G ER B 5 0 B RS
WA T BRI E B A K A AR S e 2E T
REAE 24 SR LA LR 2 it A A 288 A B o 2 5 B it
BB A Z UL,

TE1LHA (Pinus armandii) &3 [E R A W FR 7652
BEARM FA SRR 45 O T R 15 G EEAE M H
HHEED S & AR A4 R, BRRIWMRZ 51
T R AT SRR VR AN B B
FEICENGINZ B, MRHUAE T MR A K 2218 >
AR IETAR IS MAE B AL 2= R AR, 2 B FL 5%
1 BRI SRy, BFFE AR SRR IE A K A it AT Fh 2 N
Jit B AR I R R R R SRy

1 ARMREHARTGE

1.1 WX

HF 5 XA T B P 48 2 00 T XL 5 PRyl T ) %
AR/ BE (34°10'—34°20" N, 106°28'—106°38' E) |
HbAh B 7 2% 0 P AR e 4 L 280 3 % i 0 R VL L
MR 1580~2739 m, BRI A TG = R R,
Ji B Tl Y T Ll A AR R 7.6 °C L AR R
K 1097 mm, FEAKEHF 7—9 H ; R D)L #
PRl ARHER F . X ARME RN 96.8% , MRIX BT
JEFEE, HAREYE LU SR IR A MRS o 3, E bk
AP R ILAN B HR ( Quercus aliena var. acutesr-
rata) FiH 1"&( Pinus tabuliformis) &

1.2 HEHixE

2019 4F 5 H , 783 56 X 35k B ST M 2% 14 40 8L G
20 mx20 m#E LA AR PR 8 A 1 25 B, A Hb TR
P 1605~ 1880 m, Hi & 18 ~42° Hfi 5] 122 ~278° , #k
Gy E 275~433 Bk - hm ™ HRHAIE 0.4~0.8, 34K
££(22.03£2.77) cm, il 41 ~ 60 47, i I5 ) )=
2~4 cm,

XTEEHLP DBH=5 em AYAE ISR BEFT REA
KRS A W AR A B AT AR TE RS KR
RIEHEY I ,4 cm jil*/l\ﬁég&, A ig RN , BT,
6.0 cm<DBH=<10.0 cm, 7480 8 em, TER TR
TR P BERE 3 RIS HEA , F AR K 7 M 728 Ak 5 LAY
O A I B = SR ) v BV AN P KB '
e i

1.3 FERCRE S

HRAE - I B A2 T A 45 R ML P S 5 R LU
PRUEAR CREEE I 75 Y) T IERE T E TR
BEmt S B BT E R AR AR (P RS AL 4 A7 I BB,
JH 30 emx30 em Ji 75 YU d s xt A 2k M v
Y1, TERIBRIRTE Y R 58 e , He ot 4k i+
HEREROREE A AR IATE G , RERZ (0~ 10 cm)
- BERE S IR TR A JFUR T - R E I E
PR A T4 &0 (TN A28 (TP) & Bl
SR (TN) Fr it 2R P it B I 0k I, 4
(TP) 5 HR AR BRI L e sz 2
1.4 HdiEabr
L4 1IN R RYEPRAAAR S 1A 1 fa
AP RAEEN TR AR (R D),
1. 4.2 S ILAAEF R P50 NP it AR4E Hou
FE TR

D, =WxR
K, D AR I RS Y0 NP fif &
(t+hm™) s W R A8 A & b AR 95 B0 19 AE )
(t - hm™) ;R HAE IS E T FIIR &P NP & &
(g-kg™)o
1. 4.3 4B 1A bR+ N P fifie AR IR 250
W RE A

D,=0.1xCXEXF
itq:':Dzﬁil 0~10 em )20 N P fiii&= (t - hm_z) ;C
HEENP Fi(g - kg™ );E NLJZEE 10 em; F
HHIERE (g em™),
1. 4. 4 F R EE e N P F253 IRHOE R4 IRk
FRRAETERMITEARX,

NuRE=(1-R,/R,x0.745) x100%
A NuRE AR IAAEFIT N B P 37245 IR R,
R, 43 ) 48 LA R 7% ) AL B b NP S
(g - kg™");0.745 ST H-REFR Y B BRI T

®1 FLNEYEER

Table 1 Regression model of Pinus armandii biomass

e At ] T AR R?
Organ Regression equation of biomass

F Trunk InWy =1.02363In( D*H) -4.4997 0.998
J% Bark InWy, =0.88417In( D*H) -5.38472 0.997
% Branch InWy =2.575511nD-4.08452 0.987
£ Needle InWy =2.75687InD-5.75891 0.980
2 Root InWy =0.9712In( D*H) -5.26301 0.979

D Myf% Diameter at breast height; H: $ Tree height; Wy. T4 &
Trunk biomass; Wy, : K49 Bark biomass; Wy £iZ4E# & Branch
biomass; Wy : M4 ¥) 5 Needle biomass; Wy : HREY & Root bio-

mass.
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SKJH SPSS 22.0 B TR AL B, F T Origin
2021 FRAFAEREL, SRILAsEr JHIE YR L IEAN - P
KHFE R ILFER, RHAAKZE (one-way ANOVA) Fl
Duncan JEXTAEILAAEF i AV ) A R38R N P &
HHN: P T 2EZ0 T MEE B (a=0.05),
K H] Pearson ¥ 73 Hr A8 LA B I | - ST 7% 1 11
N.P &@A N P Z A, BR T EdE -1
B bR

2 ERESH

2.1 fRINIMEG A Y o AR
M1 R LA H A LS K42 43R ( DBH > 26
em) 4 29.0% , HAT K RAR A 1 1 1A LLAR AN A
(18 em<DBH <26 cm) L3R 60.6% , Ho A=Wyt 41 il
RIS MR AR S AE Y 1Y) 37.49%F1 37.6% .,
2.2 ARIANE S i TR AR AT R R
MZR2TT LI, AR LA BT I N o2 R VR

35r a

121 abe

abc abc

A AR
Rate of biomass (%)

~

F be

8 .‘12.16.20.24.28.32‘36.
F % Mid-diameter (cm)

B 1 ARSI AR

Fig. 1

armandii.

R/NG FHE R R 2 57 1.3 (P<0.05) Different small letters meant sig-

nificant difference at 0.05 level.

Diameter classes and biomass distribution of Pinus

®2 FLMStMH5REY . TEESUFITERE

PIR 1.1 5, R IR 43 1%, = 22 ER B E,
B P S RS TR B M L, R
EFPFAIN: PR T HE, = H 22 EFREEES,
I N fifi i B = TE R IE Y, 25 Y 37.6
A128.2 5 AF B N g2 AR TE Y N i 25 R A
F. ORI YN P AR T A P A
PR 5 1.9% , SIS N DIRRCR
33.8% ,P AR N 48.0%

2.3 ARiErIE S R TR A ST R RRIE
FIPSER

3 T LA RRIIRE T N S8R5 P &
HEEFIEA, 5HH N SR E MG, W%
YN P SEXE I N SN B3, Bk Py
5 FEYR N P &R W TG, &
MNP SRR N E AN B SE P Y
W UEC, 5 I VYR NP AR
WEIEMNKE, WEM NP SESHENP SEX
N:PBREBEFFEMHC(ES,

2.4 AR SE S BRI R S e T

HWFFRFM N #JF <20 mg - g AN : P<14
I AR K2 B N RRT TP R IE <1 mg - g7
N : P>160F, M E K2 5] P BRI 24 N il p
V1R 5 R L 9]l A2 3k S 2% A B, N P A SRR
H2220 0 Ak, BRI AR I AAET I N 2 P(10.24) Al
N e (12.65 mg « ¢") Bon i N FR#I (% 2)

W 2 fiw, LI ER I N - P 53N fif &
HAEBEN ZRERBCR, RBEAN y=7.574" -
16.16x+10.68 ,R>=0.64, M4%Fm N : P ik F[H(H 14
BF, B IR E KA 32 N BRI 2 g Rk, Ak
ARARAZ N BRI, S AR - N figg 20
J93.84 ¢ - hm™, HAY, A ILASRHE 58 N fiff ity
3.38 t « hm ™, P75 N &8 0.12 t - hm ™ AR 1A
EIF N [BISSCR A 33.8% (2 2) , k] LAHENRT 78
AN 0.42 ¢ N - hm 2 0] USSR N XS LA B
AARARK BRG], 7E M bt A SE B e, S S st ]
PN 2 R RAR M L], 1T DL 3% HR R AR A MR A A A 9

Table 2 Stoichiometric characteristics of needles with litter, and soil in Pinus armandii forest

41% N AR P AR N B P i NP NEBER P RIBGOR

Component N content P content N storage P storage N resorption P resorption
(g-kg!) (g-keg™™) (t+hm™?) (t+hm™?) efficiency (%)  efficiency (%)

£l Needle 12.65+0.72a 1.34+0.39a 0.09+0.01b 0.01+0.00b 10.24+2.95b 33.8+1.3 48.0+2.0

7% Litter 11.18+0.78b 0.84+0.09b 0.12+0.01b 0.01+0.00b 13.47+1.02a

13 Soil 2.97+0.26¢ 0.48+0.05¢ 3.38+0.34a 0.54+0.07a 6.27+0.51¢

RIFAR T /ING F 1 3R 22 57 1.3 ( P<0.05) Different small letters in the same column meant significant difference at 0.05 level.
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Table 3 Correlation coefficients of the stoichiometric cha-
racteristics of Pinus armandii needles with litter and soil

£t Needle

N p N:P

£t P 0.579*

Needle N:P -0.340 -0.939**

+35 N -0.615**  -0.762"* 0.720* *

Soil p -0.356 -0.676 * * 0.692**
N:P -0.216 0.023 -0.087

&) N -0.468 -0.844 " " 0.872**

Litter p -0.322 -0.626** 0.672**
N:P 0.051 0.155 -0.205

# P<0.05; * * P<0.01. FIA] The same below.

Fa4 HRURKLTESAZEVESUFITSHMENERX
Table 4 Correlation coefficients between the stoichiometric
characteristics of soil and litter in Pinus armandii forest

+ 3 Soil
N p N:P
k2] N 0.845* 0.766 " * 0.872**
Litter p 0.588* 0.594** 0.672" *
N:P -0.133 -0.201 -0.205
30
o 25
Z 'y
=
2
20 =7.57x—16.16x+10.68
R=0.64""
15 . . : !
1.0 11 12 13 14

In+3ENf#EE In Soil N storage
B2 ARILFAET N - P ORUMHL -4 N fif e 4 119 5¢ R

Fig.2 Regression relationship between NP in Pinus armandii

needles and soil N storage.

St b MRS PN T ROR A A S A A 1 LA B R AR
ARIAE T ZE, AW, BA T KA 11
AEAMA (18 em<DBH<26 cm) 4= 412 /5 kb iy
SEFRMAAA A 1Y 37.6% , R I EL 1) A i
Jiti 0.16 t N « hm ™, FH F| FAINA KM BT .

3 it it

3.1 RIAERT N P LA HRRRE
I NP S EEEEIEMC(ES),
TREL T RIS 5% 50 R R 50CR A B S Y L AR
FEH AR IR ER T N S (12.65 ¢ - kg™ ) I RAK T
FREVE R AKX (23.00 g - kg™ ) M A AT 1L

HbIX (24.80 g - kg™ )1 P FiE (134 g - k')
I F AR ARIX (1,12 g « kg™ )M AT 5
HIHBIX (1.62 g - kg™ )™ N : P(10.24) KT )5 W%
(14.88.15.31) 17 WM 975 3700 5 M B A
Lb A1) 2 F 35 A R AR 3R Bl Y, S B B 2
DIRERE SRE R L B I BOA 265 AT RE I 26 G
PRI ZEBHAT T AR AT R B SR i Wi, -3
FAF R W T RIS SRR, ABIE ST AR L A AR 1
N.P&H(2.97 #0.48 g - kg™') B T P4 B AR IX
(3.76 F1 0.8 g « kg™ )™ & T W 1 M X
(0.69F01 0.4 g - kg™ ) "> i A Al 43 5 A7 KR A
A 3 A RS 5 R W T, 3 — R A5 A
EFORIUIE B IX dek 22 FARAE Y AWFSE X IR (4F
i 7.6 °C) W BALF PR ML IX (4E47R 8.9 <€)
FIE P R LB IX (AE3E 15 °C) 0, X T RERHLAS
TaAA WA Y Bl ARG T VR0 4y
fiff, FLEF IR & BT A ME R T oy it
TR A R AR P ) A+ SRR Ak, 52 ma (A )
W Bl AR VE o i PR N A
3.2 JHIEY S 5 N P AR RRIE

P75 W53 fl A A bR R SR o+ 3 1) =
BRI RIE , AFERYL AEY T NP S5+
NP SEEDFEEMC(RS), LEPNAP &
AR 2) , R AT e PR V& 9 b i AR A
AU FREIRGE T 08 5 0 o fge > SRS EF T
A N P Fri 2z a2 B A (R 3) , [
FATCRAENEI L B B U R A R
REE) N FE P M MR (RNA IR AR FE—
otk P 2 A LR R A AR AR K R P N
P AT —EERY peAh, A A SR
Tk B RER AR sh v RS XSk 0 B ok 1 43¢
+-J2 0, Bk B (800~ 1200 mm) P KA IE > 7T Ak
T T YA L N AP Rk A A
W) N TP B/
3.3 AR ISR

R R 5253 U B R AR 2 15 LU S0 A
WA AR A K TR A BRPIR B B ZE R 7, PR N« P
FEFRor de E T RE S e N Bl P oA B = AR 4
KoerselmanZ§2 Fl Aerts 25120 42 110 19 35 43 B il A
HELIF ST X AR IR ET I N - P (10.24) AT N ¥k B
(12.65 mg - ¢™') Wor it N BRI, SR, AL SF )
N : PEI{EJE N FRfil<10,P BR#I>2027 M6
LR AL SR BRI A bR i > H AT 88 A9 IE
T A b 5 R 3R 4 BRI 2428 O T T 1 e TR



8 10 HARIAF : W ARILRAE FRZ IS AR it HE

2055

A5,
3.4 MRHLHEAE T %

AWFFE R, A LA NP IR N 33.8%
48.0% , W1 WAL T & [E P4 B AKX (29 70% F
80%) """, AT RE A 7T X R AR BT I A K T30
Feor PIRRAR . 455 7757 s e AR As 31,
TEARHL P H 0.42 t N - hm 27T U#RR N X421
FA AR BRI, JERT R R IARTR 2E Ak
IEH AR KT ZE] N BRE bk N BRI T ik
Jifi 1.49 t N« hm ™, {H it B 503155 Z 0 TR - A
Feor PR X — BN R, AR T —Fhid
FHIMRAHERE J73 , BV e Je A A S Al 2 i 24 Al
SCFLIS FIBT R HIAMRA I 5 A K i B SR T R M, 1
FENEALFPE B A AR I R N o P ORTRR M 1 3 5%
SR EIEOC R RS G T VR Y T IR ok
TR R 3R 4y mSCRCR T A M S AR, T
P AR R AR L), AT LA A B K ok
M FTAAK (18 em<DBH <26 cm) A7 AE
ARG IS A LR A i o S TR P AMROR
B 37.6%, BRI R 1) AR b RO 0. 16
t N - hm™, ZERGACSE e, AT Dhd B bR pROR A= )
gt o B TR A A P ) E A R R
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