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i E XFAFHREANEA(N)E R 36.36 K 18. 18 mg W& B it 0 K 1.82 ¢ FM &
WL 2x2 AT BRI, K A EH R ARG EHRERRETHR. EREA EIELEXH
BE AEHERE(K)NRRATEEY . R AVERERS T KE>L cm B —Z
REFE(P=0.040)  F MK (TRL,P=0.012)Fn £ R K 5 E & (P=0.008). & & & & L4 2
T, HAMRNIKE(P=0.035) L K& T (P=0.005) MR (P=0.037)F % T+ (P=0.030) F
NEEURETHHP)EE(P=0.4)HETREZERELE, G EEZBRELAET, ¥k
HH B A T+ NRERE T 137% (P=0.040) 1 21% (P =0.013) ; ¥ i A HL I
®BEHT#TF(P=0.020) MR(P=0.017)F# T+ (P=0.013)F NKE. LR EFK 00,5
EABEREEATIHREEANPWIE, HHEANLEA R TR NP HEZ (255K O H
HAKAFETRBHENET, ZVUKRAGHREEA 18 mg WEBIEFE M 1.82 g FM AHL/E
i # B .
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Effects of controlled-release fertilizer and organic amendment on the construction of nutri-
ents reserves in Larix olgensis container seedlings. WEI Hong-xu, XU Cheng-yang, MA Lii-yi,
JIANG Li-ni ( Province-Ministry Co-construct Key Laboratory of Forest Silviculture and Conservation ,
Ministry of Education, Beijing Forestry University, Beijing 100083, China). -Chin. J. Appl. Ecol. ,
2011,22(7) : 1731-1736.

Abstract: A 2x2 factorial experiment was conducted to study the effect of fertilization on Larix ol-
gensis container seedlings. 36.36 or 18. 18 mg controlled-release fertilizer (CRF) N and 0 or
1. 82 ¢ FM organic amendment (OA) per seedling were applied. There were no significant respon-
ses to fertilization in the seedling height, collar diameter, biomass, and potassium (K) uptake.
Applying FM OA increased the number of first-order lateral roots with a length > 1 em (P =
0.040) , the tap root length (TRL) (P=0.012), and the ratio of TRL to seedling height ( P =
0.008). Comparing with low application rate CRF N, high application rate CRF N increased the N
concentration in root ( P =0.035) as well as the N reserves in stem (P =0.005), root (P =
0.037), and stem plus root (P =0.030), and the P reserves in stem (P =0.047). Applying
36.36 mg CRF N plus 1. 82 g FM OA increased the N concentrations in leaf and in stem plus root
by 137% (P =0.040) and 21% (P =0.013), respectively, and the N reserves in stem (P =
0.020), root (P=0.017), and stem plus root (P=0.013). Vector analysis revealed that high
application rate of CRF N led to the excess of seedlings N and P, while applying FM OA alleviated
the N and P deficiency but led to the K depletion. For nursing L. olgensis container seedlings, a so-
lution of CRF 18 mg N combined with 1. 82 ¢ FM OA per seedling was recommended.

Key words: Larix olgensis; controlled-release fertilizer; organic amendment; nutrient reserve;

root.

0 [ ZRHE BOGHHI H (2006BAD24B01 ) Bt B
# o WIVEH . E-mail: cyxu@ bjfu. edu. cn
20110107 Yok ,2011-04-25 #3%Z.



1732 A

M

O (4

22 &

B A B — R RO 4 3 Y B A AROE 22
— U2 ORI AS SR 4 R PR R ST A R
AEER . F O B B AR AR AL 22 i K A
Ko, 20T v R 37 45 R BB VR A D) B A i
ELIBRALIR o H R T — &80 1
JIEAE FE A0 R 0 b ) 22 A % i R ol
A Xk A A A BIF ST AR XD

R R ], RN A F T AR K IFRe g = L
FEA R BN TR BT K L2 4
T IR0 R B X AR A ) A K B 5 ) 4 T
[T P <578 = 3 W0 W 7 Y AT SR - A OB FETER  ERD =
TN A HLRE AR 1 A A K 5 i A R SR 5T A L
SRR E AT AR Py s 1 Ir AR o 2 B, HR
ASCAT DA S 355 1 i (81855 7 B B e A P A R RN 43I
W X MR AR A K A B A R
WA A UL ISR 2 48 b T HX RO A i 1 45
FEAFIRIE T TSR X AR 1 A B i A4 A 5
Tz,

K A& A (Larix olgensis ) 238 E AR AL b X
UL IR SRR B B AR e 1 2B 25 A0 (B R R L A
(. AR, B TFAE 7 BB KOK R E
Jridk ORI 05 4 T0 VA5 B S0k . BT, A
FHA UG BN X2 R R iR 2 1 AR 3: B 1 RIFSE o4
K ULHGE | 7 EHOGH B - 3 AR R 40 P A T Y
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FIFLR 520, LN T 25 8 v 00 R 27 i AT 4 1L 2
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FE N Ly v s 0 v W S A TR S S BB Y R
WEFE B AR Aol 52 56 bl R % . Y o K A g
A 45 DB A MR TV % 06 1 I (43°457 N,
126°45" E) f&fit. FF LK 2K 35% , TR E 3.9 g. K
FRAE# A  J5 %, SRL A% 0 24 em x20 em x
36 om, HEFEIEFONRFLL 12 1 (RR AR S, H
KEHO0.16 g cme,pH 6.63. K HH B = K1k
IR R A BR A E A g R,
N:P,0, : K,OFEH K30 : 14 : 10, BFEHTE
=54% JERHH S IER TR, T2 BRI 3 4>
AUl L. RS AHIE, b & KR
53.98% +1.89% & N 4 11.93+0.98 mg - g™,

&P NS8.22+0.77 mg - g

2009 4F5 A 14 HXMRAEGIKK 2 LG eIt
&R0 S0 k0.5 H 29 HIFUARHTE,6 H 8 HEIAKHST,
6 7 13 HIHH 5 R45E bk 20 BR. i i =2 = Rek
Z AR 4 0.8 .0. 4 F10.2 L. 3 HR %
FEm 55 4R EE 3 I, R IR o A8 —. ARk
JEI O BB B ph GBS BH 45 . 2R 1 m s S ROl
1 T30 R N 428 1 A 7K 3 R DU T . 505
SEERRE R 26.3 C, & ARSI 301 °C AN
20.2 C, 25 HN0E 41% . 53 J5 5 FEHLA R &%
L.
1.2 Wk
L2, R8st R iE R AR B AL N £
36.36 B 18. 18 mg ML RENE, 48 0 5 1. 82 g FM
A LR 2x2 BT BETT. m K2R B AR 45 2 )
SAR S T4 7= RS oK 550 RRBRAR T B A2 B
200 FI1 100 kg AU N F. 3 R I 25 1 ) T DL E AT
FITFK P95 P BAR B AR i A 0L TR B, A5 HLAE
RO AR 24 T 10000 kg FM + hm™ B9 FH ) (it 25 4,
1 N(54.9 kg - hm™) Fll P(37.8 kg » hm™) (i it
5 Davis %7 WF 5% 3B 1Y b= A HLAE b FE
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TE AR 22 58 B 75 50 T DI 5 rp A 0 1 s (T
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OES, Perkin Elmer Co., Waltham ( MA ), United
States) "7



7 BULLBAE . ZEREHEFIA ALAL RS 3 7 I FA 25 45 1 97 20 AR R ) R ) 1733

x1 BUEX—ZMRE ERKMREEDE LRI

Table 1 Effects of treatment with or without organic amendment on FOLR, TRL, and R/S ( mean+SE)

b B — SRR FERK TRL ERK/ R R/S
Treatment FOLR (em) (em - em™)
TEHLAE Inorganic fertilizer 6. 47+0. 32b 9.09+0. 73b 2.78+0.27h
FEHUIE Organic fertilizer 8.35:0. 76a 13.36+1. 20a 4.3720. 34a

P 0. 040 0.012 0. 008

FOLR ; Number of first order lateral roots in length >1 e¢m; TRL: Tap root length; R/S: TRL to seedling height ratio. AN [R]5EH:FE R AN [ AL B[R] 2% 57
5.3 (P<0.05) Different letters indicated significant difference between treatments at 0. 05 level. T[] The same below.

1.3 Hdeiba

FRar (NP K) 2 ik phy FO B2 s AR W ik A5 31, R
FH SAS 9.0 %t {4 ( SAS Institute Inc. , NC, United
States ) ) GLM 1+ 72 X &g 9F 47 22 B NE A AILIE Ak
Y 2 IR 7 22001 24 two-way ANOVA #8784 i
ER R A DA Tukey K30 7E o =0. 05 7K P47
ZH W R GRS S R R IR
SO ITE WL SCHR[ 18 1.

2 RS54

2.1 ZBRENEAAE HLAE XS B AT 25 A AR 4 a2 1) 5 )
SERERE ] 2 AN A HLAE IR I 5 5 6 v (2R R
JE.P=0.952, AHLIE.P=0.429) it (ZERIE.P=
0.130, AHLAE . P=0.328) Ml T +R A= b (2%
BRI . P=0.065, AHUIE: P=0.870) X0 W & 50,
I H 28 B IR AL BE X FOLR (P =0.110) #l TRL(P =
0. 110) o i F &2, 5 TEHLALAH Eb , A HLAE &b B
f#ff FOLR A1 TRL 435142/ T 29% F147% , - TRL
HHRZH(R/S)EE T 57% (£ 1). RHAHLE
X T AT AR RIEAS B K] DR 31 B &
HEVEF. R/S B 1> 1, 36 B 506 MU IR T SR A 1
B AR JE 0T A 5 40 i R T KL G R I R AILAE X
BT (BRI, P=0.055; AL P=0.436) MR (2%
BIE.P=0.103; AHLIE. P=0.485) fll ++4R (2
BAL.P=0.065; A HLIE . P=0. 870) W4 I B
FRO B RS
2.2 ZREAA VLR IR S NP K WU 5
(iRl
2.2.1 BRI ESAIIER MK ARZEEH 5
R EZZ RN AL B EE | 5 i 2 A A B 7+ AR AN
B+ N S ' T 53% (P=0.005) .
58% (P=0.037) f156% (P=0.030) ,P & &/ 92
BT 105% (P=0.047) .71% (P =0.118) F1 83%
(P=0.064) (1) 7] U, = 5 2 B AL X 1 R N
SRR I W6 P AR B A R T o

FUMAIAE | T L. TR B A i 2 A HLAE b
FH PO 25 g 5 B K B R R BE T 5
(P>0.05).

SRR RN AL LA A TRAE [, i R A R
AR RN N W WS T 22% (P=0.035) ,{AX}
T LA T HAR M B2 (F 2) . v R RS
TN X 7 A ) I IR 2 53 43 e vy e i = A
FERR AR b Bt HLAE 43 0 7 T AR T+ AR
N S T 20% (P=0.020) 26% (P=0.017) Fl
21% (P=0.013) (& 2). o] UL, A5 AL A9 78 ik i 44
FROTEEN Y N YRR B BA T mEER. AL
JE &b 3 % 5+ (N P =0.836; P; P =0.510) , #
(N:P=0.081;P.P=0.419) flff F+#M (N, P =
0.216;P:P=0.773) ) N . P S0 B E . X
Al RE-5 B AR A Py 6 A AL AT Ak B ) 7 AN 2
NP &R IR R 5 AR e AR

251 0 F Stem

o 2 Root
20 F m T+ Stem+root

15r

N& & N content (mg * plant™)
5
_|

I . I
Z21/EALH CRF treatment
1 ZERENEH T AR AR P S Y R

Fig.1 Effects of controlled-release fertilizer ( CRF) amount on

N and P contents in stems, roots, and stems + roots (meani
SE).
I:36.36 mg N; II. 18. 18 mg N. T[] The same below.
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Fig.2 Effects of controlled-release fertilizer with or without or-

BB
N concentration (mg * g™)
= = NN W W oA N
S L © L © i © W

S W
T

ganic amendment on N concentrations in seedling stems, roots,
and stems + roots ( mean+SE).

M:0gO0A; IV: 1.82 g OA. F[i] The same below.

2.2.2 BREAHEMAHIIERINA s EAER 5k
JELFH 2 A0 HILAE o4 i Ak B 14 22 B AR 35 g e ik e
N YREE(P=0.005). jifi = 2 22 BENE AR 42, FG
HUAEAL BEAR L, ARG LRC A A H N o B 4 o
T 137% (P=0.040) ; A7EMEAL 2 BAE R ETIE T,
TN HLRE A B A N W AR T 30% (P =
0.014) (K 3a). 7ETCA MBI RTEE T, Al i
SR PEAR L, IR R IE AL B & T N
W4T % (P=0.015) ;{0 7EA HLAC TIN5 i 42
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Fig.3 Effects of organic fertilization (b) on needle N concen-
tration in seedlings treated with CRF (a) (meanSE).

T AREZ R FREAL T i N R 56% (P =
0.043) (& 3b). BLEATEA MLALES N B AE 0 = i 2%
AL AEALLE N i) - B 43 .
2.3 ZERRHEAA HLAC G AE SR 4 25 b

S 2 R A B L, 28 PR AL B T
T+ AP N P K & A X B, PRt 3R
Frorid ERAEIE (8] 4a) . SHEGT AT DLAC AL BEAH L,
KItiA HUIEALFEE ARG N P AL AT AL P e
IRFEEE NP A i Z RS (& 4b) . (H 37t
AHUEG IR T K e 2[R B BEAR, 3 300 R A
FURM) K HEHFE (& 4b).

AAXT A Y7 B Relative biomass
71 100
110 a K y
105 © /!
.

//
100 - ]
95

g
g 90 ; L

& /B ,~"A R Nitrogen

§ 85 / e % Phosphorus

g / L, O 4 Potassium

S 30 A N v N X

E 50 60 70 80 90 100 110
g AR & ] Relative nutrient content

[0

2

k= X4 & Relative biomass

9 100 103
5

R

i

®

Z

90 95 100 105 110 115 120 125 130

AR 3743& & Relative nutrient content
B4 ZRICHLS () A PLIEE (b) X8 T+ R A ) =
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Fig.4 Vector analysis of relative changes in biomass and con-
tents and concentrations of N, P, and K in stems and roots in
seedlings subjected to controlled-release fertilizer (a) with or
without organic amendment (b).

A B:F%43id 5 Nutrient excess; C: 218 5 F2 /A XL Z Relative nutri-
ent deficiency of the reference. Low = IOO;D;%QLH*% Nutrient deple-

tion.
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RIS I BRI B4 AL RS A
i FAR 2 K AT BB, 5 Jacobs %
R 8 H1 16 g 28 B N0 Ab 30 6H 1 HEHA ( Pseudotsuga
mencziesti ) 1 AAER A ST 45 SR AHAL. X AT 6B A AR
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T ZERNE AL 25 BR A8 Wl f2 A< 1 v AL 4 I AR K A
BB HEAT AU RE AT R HE O 1 I RA AR AR R
AR (% 1),1X 5 Davis 25" BI85 R — 2
AT B, BTG FEAE S A AILIE AT DL 35 2 204
( Quercus rubra) F7K M ( Fraxinus americana ) B 1
AR, AT A HUEREAL IR A H AT EL Ge-
bauer % 2 B 5E 45 B R VKRB E R ORR
FAE M A S R AR, A PLIE B v T
R/S, UHTEDLUIE 2 kK AL & W AR R B 43 L
PN T R ot B w1 SN LT e &

o e 2 BRI A 25 s A HUIE YA R TR A%
FEAAGE AN N & (1) FIVREE (B 2) AR R
[, & i G2 B AL B b P oA AR 35 Y
B FR P AR TC R m N (& 1) XA RE S
ARSI 8 FH 14 28 AR R 2545 €. Oliet 45 A H] 2
FPARTE] N (P, 0y (K, O fHEZ5 Lo B S RN Xof B iz 1 4%
( Pinus halepensis) T ARVEATIRE 5 & BL,9 : 13 : 18
Fefil4e 17 = 10 = 10 BHiE G i ARRFIZE D P AR,
e i RIS T Bt A AL K i A I
N YR (B 3) R A e s R | [l
BEANHEBRAR 43 R N Vi B2 B 82 8 0k A 22 T I 53 43
[, Millard Fl Grelet'™ & H B Kt N 47 F
B VR TR 0 DA 2 Tl A e e Bk R A 1 B AR A
RS HEGMIRE N AR Z 0 FUR BT 22 oA ]
TR R Z 4 N IEAFEAR BT S0 h (R BT 2 FL
HRIR R ERST).

i REAL T B AR R TR HH N P,
K BOfig AR (8] 4) Rt iy s e .
Tt HLAE iT LG BE AR N P BULR (11 4), 5
Coleman %" Fll Veijalainen %' (UBF 5 45 - —3%.
WIAAHUILIS , B AR P H B K it 1 45 FE i i IR B
JFE o E M BCATEL ™. van den Driessche Hl Pons-
ford ' B4 B NH, *XF K* WS B Fposgm . 28
PIRGAELIHRE ( Quercus rubra) T A H R HI L
B AR K4 W SO0 it A A 2R TG ik 2 i 7, A, 97742 F
T KRR v A 4 RO RN 32 2 T NH,
R JERTREA K A2 5P A R M, 5
PERMGIR | Sy kA 5. ARSI Ttk — 2B 0.

ZE LnT UL, AR A N & 18 mg MIZEREIE BT
Jiti 1. 82 ¢ FM A ALIE L2 B A 41 A= 4
Fror M.
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