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Abstract; In order to explore restrictive nutrition elements and reasonable fertilization measures of Picea
koraiensis Nakai, changes in C, N and P contents and C : N, C : P and N : P in needles of P. koraiensis
in Juglans mandshurica Maxim.-P. koraiensis mixed forest, Fraxinus mandshurica Rupr.-P. koraiensis
mixed forest, Phellodendron amurense Rupr.-P. koraiensis mixed forest and P. koraiensis pure forest were
compared, and their variations and correlations were analyzed. The results show that C content in needles
of P. koraiensis in four stands shows a trend of “increasing—decreasing” , and reaches the lowest in May
and the highest in August. N and P contents in needles of P. koraiensts in four stands mostly show a trend
of “decreasing—increasing — decreasing”, and reach the highest in May and the lowest in September.
C: N, C: P, and N : P in needles of P. koraiensis in J. mandshurica-P. koraiensis mixed forest and P.
amurense-P. koraiensis mixed forest increase gradually, while these three indexes in other two stands show
a trend of “increasing—decreasing—increasing” , and these three indexes in four stands reach the lowest in
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May and the highest in September. In comparison, the coefficient of variation of C content in needles of
P. koraiensis in four stands is the smallest (5.02%-6.17% ) , while that of C : P is the largest (16.59%—
23.46%). N : P in needles of P. koraiensis in three mixed forests is less than 14 from May to June,
between 14—16 from July to August, and greater than 16 in September; while that in needles of P.
koraiensts in P. koraiensis pure forest is between 14—16 from May to August, and greater than 16 in
September. The correlation analysis result shows that C content in needles of P. koraiensis in four stands

shows a significant or extremely significant negative correlation with N and P contents; N content shows

an extremely significant positive correlation with P content; C : N and C : P show negative correlations
with N and P contents, and most correlations are significant. It is suggested that overall, the growth of P.
koraiensis in four stands is limited by N from May to June, commonly limited by N and P from July to
August, and limited by P in September. Therefore, it is recommended to apply nitrogen fertilizer from
May to June and simultaneously apply nitrogen and phosphate fertilizers from July to August.

Key words: Picea koraiensis Nakai; stand; nutrient content; ecological stoichiometric characteristics ;

coefficient of variation; correlation analysis
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Table 1 Changes and coefficients of variation of nutrient contents in needles of Picea koraiensis Nakai in different stands
D UNGPERAXY /E\E/(g . kg’l )2> C content in different months® 5
CV/%
Stand"” 5 H May 6 H June 7 H July 8 J1 August 9 H September FH51{H Average
S1 451.23£22.22Ac  472.86+15.82Abc  484.48+25.56Ab  517.20+23.55Aa  486.70+14.19Ab 482.49+28.94A 6.00
S2 431.09+6.28Ab 464.72+31.32Aa 466.34+30.00Aa 489.06+8.55Aa 468.56+27.86Aa 463.96+28.70A 6.17
S3 454.86+12.33Ab  461.49+21.89Ab 473.11+19.99Aab  490.83+28.20Aa 475.33+23.82Aab  471.13+23.64A 5.02
S4 462.61+39.23Ab  469.24+17.64Aab  480.86+14.79Aab  498.58+22.04Aa 483.08+25.60Aab  478.88+26.36A 5.50
D AR AG N &®/(g - kg')? N content in different months? N
CV/ %"
Stand") S H May 6 H June 7 H July 8 H August 9 H September SEH(E Average
s1 23.03:0.85ABa  20.69+1.18Ab  19.60:0.89ABh  20.41x1.61ABb  17.85x1.52ABc  20.32:2.00A 9.84
S2 22.13+0.85Ba 20.77+0.82Aab 17.59+0.25Bc¢ 19.49+1.01Bb 16.93+2.09ABc 19.38+2.24A 11.56
S3 21.23+1.68Ba 18.87+1.42Bb 18.78+1.26Bb 17.59+0.86Chc 16.03+0.86Bc¢ 18.50+2.09A 11.30
S4 23.88+1.08Aa 21.52+1.04Ab 20.43+1.67Abc 21.24+1.28Ab 18.68+2.02Ac 21.15+2.18A 10.31
PAND REAG P &/ (g kg™')? P content in different months? N
CV/%
Stand" 5 H Ma 6 H June 7 H Jul 8 H August 9 H September SEHIE Average
y y g p g
S1 1.82+0.06ABa 1.54+0.07ABb 1.38+0.02Ac 1.31£0.09Ac 1.03+0.06Bd 1.42+0.27A 19.01
S2 1.90+£0.09Aa 1.62+0.11Ab 1.22+0.04Cd 1.39+0.08Ac 1.06+0.04ABe 1.43+0.31A 21.68
S3 1.77+0.04Ba 1.42+0.05Bb 1.27+0.04Bc 1.17+0.05Bd 0.98+0.04Be 1.32+0.27A 20.45
S4 1.71+£0.08Ba 1.47+0.03Bb 1.31+£0.03Bd 1.39+0.05A¢ 1.11+£0.03Ae 1.39+0.21A 15.11

DS, SHBERK - 21 K2 = A2 IR A pk Juglans mandshurica-Picea koraiensis mixed forest; S2: K MMl - 21 J2 = A2 1R & MK Fraxinus mandshurica-Picea
koraiensis mixed forest; S3: WHE—2T 2 R A2 IR AR Phellodendron amurense-Picea koraiensis mixed forest; S4. £I % = A2 4liMK Picea koraiensis pure

forest.

2 [ 5] rR R [R) K S A 2 R TEAN [F AR 43 ] 2% 5 i 35 (P<0.05) Different uppercases in the same column indicate the significant ( P<0.05) difference
among different stands; [F 7 AR ING FhEE R TR [R] A 4oy 18] 22 5 5 3 (P<0.05) Different lowercases in the same row indicate the significant

(P<0.05) difference among different months.
DV, A8 5F 2B Coefficient of variation.
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0y 4 PR RLT I BRI EE I P A B Ar 7 B 22 5%,
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(9.84% ) ; B ML ZAZHYEN T P S 24 T R
TS BMERAR IR 7K - 2T 1 A2 IR AE K (21.68% ) |
BT AR AR (20.45%) Bk -21 2 =42
TRAEM(19.01%) L1 A4 (15.11%)
22 AEABRSHPLAEZEZIHMRESESUEITE
BIHETURTRSHT

ANFEMRIF LT B 2 K2 R 35 0 AR Ak 40 T
FEAE(C: N.C: P HIN : P)fb MR AZBWFE 2,
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Table 2
different stands

Changes and coefficients of variation of nutrient ecological stoichiometric characteristics in needles of Picea koraiensis Nakai in

AFEAG C: N2

C : N in different months?

oD
" CV/ %
Stand S H May 6 H June 7 H July 8 H August 9 H September SEHE Average
S1 19.59+0.44Bd 22.88+0.72Bc 24.71+0.58Bb 25.40+1.12Bb 27.37+1.57Ba 23.99+2.83A 11.80
S2 19.51+0.97Bd 22.36+0.64BCc 26.54+2.07Aab 25.17+1.74Bb 27.87+1.99ABa 24.29+3.40A 14.00
S3 21.49+1.15Ad 24.49+0.79Ac 25.22+0.71ABc 27.89+0.48Ab 29.65+0.57Aa 25.75+2.97A 11.53
S4 19.35+1.12Bd 21.81+0.35Cc 23.62+1.36Bb 23.49+0.59Ch 25.98+1.49Ba 22.85+2.45A 10.72
ZNT) ANEHAH C: PP C: P in different months?
o3 3)
CV/ %"
Stand" S H May 6 H June 7 H July 8 H August 9 H September SEH(E Average
S1 247.68+16.12Be  306.81+17.88ABd  350.18+20.19Bc 394.46+21.48Ab  472.14+32.55ABa  354.25+80.55A 22.74
S2 227.81+11.63Bd  288.71+27.45Bc¢ 383.88+27.98Ab  353.55+15.85Bb  444.29+30.53Ba 339.65+79.69A 23.46
S3 256.79+8.49ABe  324.35+16.97Ad 372.37+£22.27ABc  419.08+23.06Ab  484.62+30.46Aa 371.44+82.03A 22.08
S4 271.90+28.03Ad  320.10+11.17Ac 368.23+10.19ABb  359.83+12.22Bb  436.88+23.00Ba 351.39+58.30A 16.59
AP ANEHAG N:P?  N: P in different months? N
CV/ %"
Stand" S H May 6 H June 7 H July 8 H August 9 H September SEH(E Average
S1 12.64+0.59Bc 13.44+1.14ABc 14.17+0.64Bbc 15.54+0.74Ab 17.33+1.85Aa 14.62+1.97A 13.47
S2 11.68+0.52Bc¢ 12.90+1.00Bbc 14.47+0.48 ABab 14.11+1.31Bb 16.05+2.03Aa 13.84+1.87A 13.51
S3 11.99+0.97Bc 13.26+0.93Bc 14.78+1.14ABb 15.02+0.68 ABb 16.35+1.13Aa 14.28+1.78A 12.46
S4 14.03+0.91Ab 14.68+0.70Ab 15.65+1.28Aab 15.33+0.81ABb 16.89+1.73Aa 15.32+1.44A 9.40

DS, BBk - 21 F2 = A2 IR &R Juglans mandshurica-Picea koraiensis mixed forest; S2: 7K Ml — £ 2 = 2 IR 3 K Fraxinus mandshurica-Picea
koraiensis mixed forest; S3: TaEE-Z1 Jf = AZIR S Phellodendron amurense-Picea koraiensis mixed forest; S4: £I 5 7= F24liMK Picea koraiensis pure

forest.

2) a5 R[] K G b R 5 AN [ ARk 3 6] 2% 5 1 3 ( P<0.05 ) Different uppercases in the same column indicate the significant (P<0.05) difference
among different stands; [T HPANE/NG FRERRFEAR R A 43 7] 22 7 8.3 (P<0.05) Different lowercases in the same row indicate the significant

(P<0.05) difference among different months.
D eV, 55 Z B Coefficient of variation.

SEus SR, SABEAR - 21 12 = A2 TR A ORI B B - 41
KRR L ZAZ W EF I C 2 NC = P Al
N : PRIUCHFFE T mlad, MKt -£0 % =218 58
MRANLL R mAZ AR TP L1 e A2 C 2 N.C 2 P
N : P RIK i —FEAR—F+ = a3 4 Fhobksy
A ZAZHE C:N.C:PHIN: PTES Al
R A9 A, 55 ALk, 4 Fhbksrrh 20 52
SRME C:NC:PHIN:PFE6 HinZR 9 Ay
S R (P<0.05) T,

Ji 2T R BAORE , SEI i E] R — H
1y 4 PRI 2098 C: NC:PRIN: P
HHERELER, S TU R ZRE C: N
BIE N SR AR K Ry B BE - 20 J2 = A2 IR A K
(25.75) JKIMHI-L1 K mAZIR MR (24.29) | EH kAR -
LI RAZIRZEM(23.99) L1 mAZ 4tk (22.85) 5 4%
ML e AR E I C P OIS R BR AR IK
R EE-LT i AR AR (371.44) SABCMK-21 2 =
WIRAEIR(354.25) L1 % =24k (351.39) 7K HiT A0 -

ZLRE mAZIRA(339.65) § S MITHLL = AZ I it
N = P PI(E M e BUIRAR IR R AL Je = AZ 4R (15.32) |
WM -2 2 A2 TR AE R (14.62) \BEBE-21 i A2 1R
MR 14.28) JKIMMI -2 52 = A2 IR 3SR (13.84) . I
H 4 Mo = A2 095 C.N.C: P HIN = P
FEHMET B EES

ML mF2 g C: N C:PFIN: P
A 5 RO R BRI MUK R K f M - 21 2 = A2 TR 32
MR35 H 14.00% 23.46% F1 13.51%) Bk -4L
Fe ZIZIRATHR (435 11.80% \22.74% F1 13.47%) .
BOBE-ZT [ RAZIR SR (43 900 11.53% ,22.08% Fl
12.46% ) LR mAZ B (435078 10.72% ,16.59% Fi
9.40%) .
23 AEARSFLEZEZHHTHFSSERESWK
RS ERHEXES

ARG 2L B AZ I ISR 5r (138 C N
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Table 3  Correlation analysis on nutrient contents and ecological
stoichiometric characteristics in needles of Picea koraiensis Nakai in
different stands"

BBRAK—£L B2 ZAZ IR A MR P A5 TR AR AR OC R 5

ok Correlation coefficient among indexes in
EYaN

Juglans mandshurica-Picea koraiensis mixed forest

Index
C N P C:N C:P N:P
C 1.000
N —-0.734%x  1.000
p —-0.823%x 0.842#x 1.000

C:N 0.534% —0.706%* —0.682* 1.000
C:P 0.681#% —0.463% -0.902%* 0.332 1.000

N:P 0.218  -0.197 -0.751=* 0.483%  0.455* 1.000
K A ~£L B2 Z5 FZIR SRR T 25 H bR AR O R AR
ok Correlation coefficient among indexes in
Index Fraxinus mandshurica-Picea koraiensis mixed forest
C N P C:N C:P N:P
C 1.000
N —-0.663:x 1.000
p —0.603#x 0.846=x 1.000
C:N 0.186  —0.587#x —0.389 1.000
C: 0.474% -0.178  -0.916=** 0.551=* 1.000
N:P 0.537+ -0.241  -0.665+* 0.308 0.242 1.000
PHE-LL B RAZ IR A SRR A SC R KL
ok Correlation coefficient among indexes in
Index Phellodendron amurense-Picea koraiensis mixed forest
C N P C:N C:P N:P
C 1.000
N —0.492: 1.000
P =0.633#% 0.763s* 1.000
C:N 0.386% —0.702#* —-0.176 1.000
C:P 0.208  -0.598## —0.935** 0.146 1.000
N:P 0.082  -0.594% -0.126 0.095 0.528+  1.000
AN oy Z oI SRR CLAN TP e
ok Correlation coefficient among indexes in
Index Picea koraiensis pure forest
C N P C:N C:P N:P
C 1.000
N —-0.835:*= 1.000
p -0.582%  0.819=x 1.000
C:N 0.617#% —0.642%* —0.416% 1.000
C: 0.340 -0.124  -0.868x* 0.637=* 1.000
N:P 0.209  -0.704#% -0.752+% 0.405 0.232 1.000

1>C; C ¥ C content; N;: N 1 N content; P: P & &t P content.
# . P<0.05; **. P<0.01.
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