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Effects of Light and Nitrogen Addition on the Tree Growth, Needle
Morphological and Functions of Picea koraiensis Saplings

XING Honglin, LIU Tianyi, ZHASHIDUJI, CHENG Lin, YANG Ling"
(State Key Laboratory of Tree Genetics and Breeding( Northeast Forestry University) , Harbin 150040, China)

Abstract: To screen soil nutrients and light conditions that effectively promote the growth of Picea koraiensis saplings and to pro-
vide a scientific basis for establishing growth promotion techniques for P. koraiensis saplings, a split—zone design experiment was con-
ducted with P. koraiensis saplings plantations of 8—10 years old in Jiamusi City, Heilongjiang Province, using three light conditions
(full light, 0.5 depression, 0.7 depression) with nitrogen addition (100 g/plant—yr) and control plots to analyze the effects of light
and nitrogen addition on growth and leaf morphological function of P. koraiensis saplings. The results showed that; (DThe annual
growth of tree height was the highest under full light conditions, and the annual growth of ground diameter was the highest under full
light fertilization conditions, followed by 0. 5 degree of depression; the effect of N addition on the annual growth of tree height and
ground diameter was small. (2) Between different light conditions, with the increase of canopy density, the specific leaf area and chloro-
phyll content increased, leaf dry matter content and chlorophyll a/b decreased, and leaf nutrient content did not change significantly;
the effect of N addition on leaf morphology, chlorophyll content and leaf nutrient content was not significant. The effect of light on the
growth, leaf morphology and photosynthetic capacity of P. koraiensis saplings was more significant than that of N addition, and saplings
under full light and N addition had larger annual growth of tree height and ground diameter, and the lowest annual growth ratio of high
diameter. Nitrogen addition can promote the photosynthetic efficiency of saplings. The full light condition or nearly full light condition
should be selected for the forestation of P. koraiensis, and the photosynthetic capacity of saplings can be improved by nitrogen addition
after forestation to promote growth.
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1.1 HFERHEER

ST A7 T R R VLA A AR T K =
(130°32"42" ~130°52"36'E. ,46°20"16" ~46°30"50'N ) , ¥k
170~575 m, HHERARILIRE AR . T8 by K
PEZR RV, AR 2.7 °C e 35. 6 °C ik
SIR-38.6 °C AFEYFERR R 550 mm , JoFRH 120 d Z244,
AAEH FERPEC L 955 h,
1.2 HiigESEE

KX B g 7 ik, B 2 F R R OB IR
FRIRIN) 6 FhAb B S HEAR 3 AR oA P B 20 R 4
6 K 0.5 ABATEEFIART 0.7 fBHIEE 3 Fhac e, 1%
S K EAS NG ARG AN 2 Fpab B 152
HEIX, 2019 4F 7 H i B AL b B Ak B R XT BE 5
SBEE 3 B 10 mx10 m BEHE, 3t 18 BkEs
1.2.1 e

SFEHL U B AE 90 MRBE, A2 T AR 8 a &1
Fe mAZ G A S BE 2 500 #k/hm®, KR 0.5
VAL BE T 0. 7 ABPA BERE M4 EEAE 90 FRPERM TN 79 #k
P, A7 hm? 2k 50 a V&M (Larix gmelinii ) N T AR
NHEPK 10 a L1 ZAZLI  FIAEEE R 2 500 #R/hm®
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A% 50 em LA/ CTH AL B RR s i i 2 IR %,
RERRBEAT 100 g, AR 4k 2205 30 B A8 Ak o8 779 i AE £, 3L
v 5 At 30% .7 At 40% .8 A it 30% , BRI 4
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Tab. 1 Basic information of soil in test site

+JZ/cm 4B/ (mg - kg™') A/ (mg - k') W/ (mg - kg™') &8/ (mg - kg™') A/ (g kg MM/ (g kg)
Soil depth Total carbon Total nitrogen Total phosphorus ~ Total potassium  Available phosphorus  Available potassium
0~20 5.52 0.39 4.69 11.95 5.70 53.13 92.05
20~40 5.50 0.27 3.29 3.75 54.25 75.72

1.3 PEFE
1.3.1 KM

5 2019—2021 FAERK R (9 H T A)) I
RN L B A2 AR KA AR, B ERRE 2T R
IZEIR R 40 ~75 Kk, A RO 6 1 = F0 e
R REAR ) 0. 1 em, AR R RO & A2, A
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1.3.2 MBS S5YIEESHr

T 2020 4F 9 H (AEKZFAR) 2021 4E5 A (A K
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LR 1 ARARESRAS | B ARG R 2 40 . —1 4 CIK
FAIRAAE , R CBE SRR L 12 1 IR A WA it
i SR B — I R R, 60 CHEARAET,
BRESAY B J5 1 100 H i, {8 FH B R - i A Ak &0
IR UATIH A, R W 5 Lok ik 2 1 i
FRBAU L ORI 2 8 & i | JOA DGR TR I H 4x
o, MHREHE RSB S A B Y
WEEME 3 K, T 7 H BEYLEk B
10 BRZL B BAZ G, RAEM S 3 AR P4 R Lk 4
AR 1 AEAEAR A4 1A, N BENLE L 160 1R
BRt (il AR RS BI04 i R TR IR
AN ARSI R/ )= =
1.4 FitFH=E

% H Microsoft Excel 2019 #4758 4 31 | {d FH
IBM SPSS Statistics 19 Geit43 7R 5% b 27K F-
FHATIRE R I 25081 5 AR R 7 22 00t , 4
P<0.05 B}, 22 5 W 2 B 45 2R DL B An o
R FoR, I A Sigma Plot 14. 0 #f4: (SYSTAT
NCIDE (S
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2.1 RBERAMMLIR =ZHZHMESMERKE
EH# T

TEAAEXT G AR 1 4F A K S e AR B (P>
0.05) , A CHE MU 47 AR B de R, 0.5 IS P B A
B R AR AR AR/ s TG AR X GRS A A A K
SN 3 (P<0. 05) , Bl A& AR B3, M AR AR AR
HOEWE IR, 0. 7 AR E T AR AR A K
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1 44% ,0. 5 AR FEEREML 50% ) ; Y6 410X S i
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AR S D S AN, 0. 7 HREF EE T E A L
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76% ,0. 5 HRIH BEREHL 91% ) 5 6 44X S W 7l it 5%
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0. 7 IS P A b e 47 AE K e/ s, L3R 2,
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RSN Mo AR A A K i 5% ) i 2% ( P<0. 05) ,0. 5 A8
VA BE R U N I 2 B IR 4 A b AR AR A K it (P <
0. 05, F¥AK 49% ) 3 Z B I Sl R i 78 4F AF Kt L g
M i} 2 (P<0.05) ,0. 7 ABFA BE T 248 i 25 B AR 4
R EARAE A KB T (P<0. 05, FRAK 30% ) 5 IR N XT
WIFSIEE IR 2 AN B3 (P>0. 05) , L3 2,

R R T 2250 W a5 R W, 6 S5 2 e W 41
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Tab. 2 Average annual growth of Picea koraiensis saplings under different light conditions and N addition
222, =X
s B R R on R PETPERIE O e g
Treatments Annual growth of height Annual growth of DBH ua’ growti rato o Annual growth of crown

height to diameter

S AR
I 16.53+5. 60a
Full exposure
€ow ) 1)1
12.84+1.

Full exposure+nitrogen addition 8421.65a

[A] JBE % BB
0.5 fiBFA X 1 16.13x1.48a
Canopy density 0.5

valis
03 ﬁmgﬁ.ﬁﬂﬁ . - 13.80=1.02a
Canopy density 0. S+nitrogen addition
0. 7 S FA] B2 Xof 1
Canopy density 0.7 16.4124.37a
0. 7 HR P B L 10,5541, 534

Canopy density 0. 7+nitrogen addition

5.57+1.22a 28.24+3. 7lbc 14.25+1.78a
6.40+0. 74a 20. 00£0. 24¢ 13.22+0. 80a
6.19+0.51a 26.13x1. 44bc 12.74+1.94a
3.17+0. 54b 44.96+4. 14ab 9.50+1.99a
3.22+0. 62b 49.81+4.09a 10.55+2. 38a
3.07+0. 38b 35.04+5.31b 17. 84+6. 70a

T A =3I RN FREROR 22 57 35 (P<0.05) . TIA

Note; Different lowercase letters in the same column indicate significant difference ( P<0.05). The same below.

2.2 XBERFMMLIEZEHMHESSIhEE
A
2.2.1
A
AN gl A i K 5 i T AR R R B (P>
0.05) , Fifi IS P BE 3 in , 5 o i R 184 0 0
A ARSI K T AURAIG, 0. 5 A JE A1
TR T AR R 5 O AR PR E I T AR )
(P<0.05), @Yk Lo i1 AR g K T AR T
(0.5 F10.7 fiBHI ) (P<0. 05, 1% T 0. 5 AR A EE AL
M1 16% ,0. 7 HBEA BEREHL 28% ) ; 6 G 44X -y ot
BRI (P<0.05) , 2GR R T8 &
WEETHAT (0.5 F10.7 ABHE) (P<0.05, 5 T

6 IS RIS A 21 B = A2 Wi I I 25 19

0.5 A BEAEHL 9% ,0. 7 AR EEREHL 15%) , W3R 3,

RIS i T AR | B R AR S e A
SRR B3 (P>0.05) , 2065 0.7 fRHA TR
E=RAI T = S (ER vt T S - A1 1B
RAARG LU 1T AR, 48 v i T ot 5 ik, (HOR A 31 I 2
KL UL 3,

XUH 2T 2250 M R R B, 6 I 5 A i 52
HAEHE WAL 2 gt 5 e A T4
Jo B i i SR BRI R (P<0. 05) |, G R RE I 4
R4 o & w0 2R R (P<0.05) . FfiE AR
PR BESE I, 4l Rt i L i RS im0 B (5
BT, TR BRI

®3 FEREEMEHENTLEZHH RS

Tab. 3 Changes in leaf morphology of Picea koraiensis saplings under different light conditions and N addition

4t 3 i-K/em i B em? HI Y (g em™) TR AR (50 g")
Treatments Leaf length Leaf area Specific leaf area Leaf dry matter content
Y- 5o BR
%%XT 1.41£0.07a 0.46+0. 02a 130.05+1.37¢ 0.34+0.004 7a
Full exposure
Gt
AL . . 1.44+0. 08a 0.46+0. 03a 129.23+0. 63¢ 0.34+0. 007 3a
Full exposure+nitrogen addition
EilESaRil
0-5 ﬁmﬂg:xjm 1.58+0.01a 0.55+0. 03a 154.01£1.97b 0.31=0. 004 8be
Canopy density 0. 5
A
05 ﬁBl?ﬂEﬁﬁHE . . 1.45+0.17a 0.45+0.07a 150.22+10. 83b 0.33+0. 008 6ab
Canopy density 0. S+nitrogen addition
.7 R T B
q ﬁBHJ;)fT 1.54+0. 13a 0.51+0. 06a 180. 60+12. 27a 0.29+0. 003 Oc
Canopy density 0.7
. 4] 5,
0. 7 fA LA 1.62+0.07a 0.51+0.02a 173.24+1.53a 0.31+0. 004 3¢

Canopy density 0. 7+nitrogen addition
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Jn, s a/b FEAL 9, A 1 B,
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1.2 a
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2 E 10 a
=z 08 a
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B E 04 Lo
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02 c
0.0
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1.4 a
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< c
0.2
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o RO 0.5 fiBPA XS e
Full exposure Canopy density 0.5
2OLAL 0.5 fiRIA1 FE it

Full exposure+Nitrogen addition

Al — AR/ FRRR 253 B3 (P<0.05) , TR,

Canopy density 0.5+Nitrogen addition

AN 2 (P>0.05) s BANINFE 5 H 2644 T
EHINAE R o BRSBTS E a/b(P<
0. 05, 43 9 T-XF kL Hb 40% 33%H1 35% ) ,7F 0. 5
AR BE S5 F T 2B g nnt 28 K a MFEEE b ALE
MR SR ARKE B E KR E 1R,

KU 27 253 BT 25 R 3 BH , 6 A A I 5% I 21 2
SRR a b ARSI SR S 4t a/b
B BRI K - (P<0.05) 16 5 H A E 4%
a F ISR E a/b 19 EZ RGP 5 (P<0.05),
HEAR Bt AR A BE B, i SR 2 S B, AR
a/b TR, (AR IR/

0.35 a
0.30 a L
= a
£ 025 a
= 020
= b
=
Z 015 a b
=
5 0.10 N A, cc
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0.05 chd
0.00
2020-09 2021-05 2021-07
] (4 - 1)
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8
a
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6 a
< ;
= a}fi})}) b b
= b b
= p
EQ 4 aa aag8 cC
=
=
&)
2
0
2020-09 2021-05 2021-07
MFI] (4 - 1)
Time(year—month )
(d) M43 alb
(d) Chlorophyll a/b
0.7 fiBFA XS e
Canopy density 0.7
0.7 AR FE T

Canopy density 0.5+Nitrogen addition

Different lowercase letters in the same month indicate significant difference ( P<0.05). The same below

& 1

AR FHMBERMTAR ZEYRHHERSEELWN

Fig. 1 Changes in chlorophyll content of Picea koraiensis saplings needles under different light conditions and N addition
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Koo AP 0.5 fiBIA1 BT HE 0.7 A8 B X HE
Full exposure Canopy density 0.5 Canopy density 0.7
At 0.5 A HE ft 0.7 A HE ft

Full exposure+Nitrogen addition

Canopy density 0.5+Nitrogen addition

Canopy density 0.5+Nitrogen addition

2 AEEFZFHMBEANTLRE SRR B HEETL

Fig. 2 Changes in N, P and K contents of Picea koraiensis saplings under different light conditions and N addition
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