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YHDCHT R IX A B LRI L TR 408400

7 B W TR (Phoebe zhennan) %1 1 e A5 b N 45 LA K i MR 285, [ b0 SRy MUA 1) 352 40 48 BB it o R 5 %
Je B AR, LR Wi S A= B AR, SR A 24k 58, 8 & & 1B (Compound fertilizer, CF) | ii#i (Oil cake, OC) Fll
5 2% ( Duck manure, DM) 3FP TR}, 4K 35 45t 0 (N) & (Z4E%(0) 3% & 717K, 4351280 (NO) | 150 (N1) | 300 (N2) . 450

(N3) . 600 (N4) , 750 (N5) ., 900 (N6) mg/Fk, T-20144F6 8., 107 533U Jiti A4 4b BEAE 3248 v, W05 Mtk 1 78 —4F P 0
AW (8H) AR (1LH) MR A6 A AR BRI R 8 r, BREITAS [ IR 25 A it 280 /K75 WA 4 47 AR 4l i A
K SRR R . 25 R (1) CF, OC ) DMAL L il % 2 A A2 B AR w40 I FEN3 L N4 | NSACE T3k 21 i K
fH, HArABINOR 66.4% . 225.4% . 247.4%F185.2% . 95.6% . 148.3%. 3FHAEARL . Jifi FI DM it 4l v A= 1 (44 o 8 F i

If, OCR Z, CFH 25 1E45 it N/KSF- 1, 450-750 mg/ Bk % it 21 A= 1 A9 42 SE 85 R A 45 (2) Jii BB o] UG 32 boiri 40
B0 A NE N, HA CF S OCKHHIL T H A K 2t i (P) & i, DM M3 Jin 1k 5 P& i (3) JitiAE, 4%
SZDMANOC, 1] LME HEmI it e 24 0, #2006 A 33, A AR & T4 ARG IR = COLMk B AR T iy
AfE T, X5 AL S WA T N B R RIN/PIE A OG5 (4) 3RAEREEY REAS R 2 2 b fie 128 Mt e 4 B A9 ¥ v A b
&, G5A AR NG5 YA AR K R B & . AR R BLE 5 SR 15 1, CF. OC . DVUX A A 41 1 A e A it Nt 715
79 h405-446 | 478-652, 607-883 mg/Fk. LAY, ASHF 5T HiE N 607-883 mg/fRIDMIE e B 77 6. (K14 38
£:49)
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Effect of different fertilizers and N levels on the photosynthetic physiology and
growth of one-year-old Phoebe zhennan S. Lee seedlings®

LUO Jie', CHEN Hong’, SHEN Ling’, HU Tingxing', PENG Yong', YU Xiuyan', CHEN Yufeng', YANG

. kK
Shanshan' & HU Hongling'
' College of Forestry, Sichuan Agricultural University, Chengdu 611130, China

% Luzhou Forest Scientific Research Institute, Luzhou 646000, China
* Jinfo Mountain Monitoring Center for Scientific Research in Nanchuan, Chongqing 408400, China

Aistat This study aimed to explore optimal fertilizer type and application amount for one-year-old Phoebe zhennan
seedlings to provide a theoretical basis and reference for nutrient management. A pot experiment was conducted in a
greenhouse, and one-year-old P. zhennan seedlings were grown in sandy loam soil treated with a compound fertilizer (CF),
oil cakes (OC), or duck manure (DM) at addition levels of 0, 150, 300, 450, 600, 750, and 900 mg/plant per year (with pure
nitrogen as the standard), denoted as NO, N1, N2, N3, N4, N5, and N6, respectively. One-third of the total application amount of
each fertilizer was applied to the soil in mid-June, mid-August, and mid-October 2014. The results showed that (1) maximum
total height and basal diameter occurred at the N3 level for CF, at N4 for OC, and at N5 for DM. Total height and basal
diameter growth at the three levels for corresponding fertilizer were significantly increased by 66.4%, 225.4%, 247.4% and
85.2%, 95.6%, 148.3% respectively, as compared to NO. Application of DM had the greatest effect on the growth of P. zhennan
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seedlings, and CF had the least. Application of 450—750 mg/plant stimulated P. zhennan seedling growth the most among the

six N levels. (2) Fertilization increased leaf N content in all three fertilizer treatments, and application of CF and OC decreased

leaf P content, whereas leaf P content in plants under the DM treatment significantly increased. (3) Fertilization promoted

chlorophyll synthesis, which enhanced the net photosynthetic rate of P. zhennan seedlings, with DM and OC being more

effective. It accompanied with better photosynthetic capacity of P. zhennan under an environment of strong light and high CO,

concentration, which was possibly related to a better N/P ratio in the leaves. (4) Application of all three types of fertilizer could

increase height and basal diameter in seedlings, with combination the fitting results of annual N rate-height growth and basal

diameter during the last growth stage, and it was found that 405-446, 478—652, and 607—883 mg/plant were the optimal ranges

for N application rates for CF, OC, and DM, respectively. In summary, application of 607-883 mg/plant DM was the optimal

rate for the fertilization management of P. zhennan seedlings.

[Rgywands fertilization; Phoebe zhennan; seedling; photosynthetic physiology; growth trait

A0 8 A A ARl rp 49 38 5 A, (H R RN &
(30%22 47 ) 1, A 33k it ) 2 0 R 858 338 o fa 4L, RISt 2
X R A R A T R . A AT R, TR AR AT 4 it
FRE R RER LA, 3™ 5 b T 3 E AR5 X
. ST AR I X ER S VR R fE 5, it A AL B Ak e
VRl R R/ TR T e i R AR T it 25 R Y RN 37
v R, ARAE RS FT RN 8 2 A B 0, MR EA
HLAE S J5 5 24 0495 x 107 ¢, ATEEAEAL (N) | 8 (P) L #1 (K)
R4y 7.4 % 107 t B BRI H FTA HLALA 8GR 1 4 B A e BT
SR TR, dn oy £ B AR | 5 v AECRLA % | A R R R K
JE HATAF T 0 G .

NEWMYT T RKETCKZ—, 5NN E
TG, MR 2 AE B Bk 2R I, 22 AR ) AR f A Kk
FREEN P KB EN, NG ESEOLE ERA
B SR A A SR R, (NIRRT R 2 o
i I NP7 32 05 W AR ) 6 A B8 . 3 4k, A N i ek
75 A BE A% 5 1 R A ' A VR 2 AR P i e /U R R
P BER ] B N A 00 i A8 LA K O NER B, AN 2 3l 2 I
1 A RN 25 R AE , RFNZE AR 45 10 25 S A AU
SOV R Ak B, 5 Rt Ak B A G, Tt R 2 A 1
RIS e AR EE AN RE R
B, 7630 B A NR TS B, it A0 B A% 42 U v R A i 8
PR e MR A AR TS (AN i s e, AT A X A
A AE R AR R, ok S5 4T 4R A L G 2042 (Sequoia
sempervirens) S AT T A6 A AINZ AL 21 L B, 1 Nk
JIE B 2 R A 248, Al A AR I S 2R BT R, T R
%) o 3 it s 1 e T R AR R R N R R A 4

Wik (Phoebe zhennan) X FHEMR . B AR, JE % B
(Lauracea) 1i§J& ( Phoebe) K IvA, HIEFEA, BEEK
T AR AR R R R | B | S P SE W T A
BTN MG E, g TR EE . R EnE
D5 1T, S —Fh T AR A2 B AT R AR T R A
SN AR, AT AR TR IR AR B =, KM T A AL
ARESRAIELG . AT G AR BT 5T 35 BLAE T/ W A A= v
Fofr, %o e o AL A FF 55 R X A 20, A DL B R e 2 e e 4
X WU 40 T HEA T T AR AT, HLE 5T R B it 0 KT 4
/U, B T SE MU A P A B T . Rk, AR F ST R 3
B PR AP 2, 185 it R AL 2 K, B VR 20 B T AR TR

FERE | AN [0t FES 7P Bl Al 4l 7 A S0, LS S A e T A
AR HE AT AR A1 7 A A 0 52 o LA, BT Af R A 40 i ) e A
T EAE, WU 2I) i k2 1 3R 20 A BRAR BB ARG 5 2%

1 GREETs

1.1 X BE M AE

58 b R AE DU 1 A DR 2 FUE B R X, o F R4
102°59'16", L £429°58'52", #4580 m. ZAEFHS - 16.2 C,
=10 CHYBURS 231 C, AR 29.9 € (TH) , AFH
WARIR3.7 °C (1), AE¥ H AR 039.6 h, oA #1298 d, £
AEPEIREN L 774.3 mm, 25 50OFHRE79%, JRT G R
HEESR 7S
1.2 R BE#F 4
121 REFRELE  RAMMS %09 E04£2520 cm,
TI4£23.60 cm, 5524.20 cmfi 2B €0 LS RISV I ARAE 2
L WA TR 10 ke, R0 I FH 4 O Y b 1 A
TR ALIE O AN 5.27 g/kg, A 201617 mg/kg, R4
46.30 mg/kg, B A 3.74 mg/kg, AL 17.38 g/kg, pHIE4.83.
122 #hEBHRTEKSEE  20134E10-11H FHNTIE
R AE B WU AR 52, AT A BRI, BE, JFiEAT
P, 20144037 S8 I (WA + b)) i, 7 [EBE S
em, SRIGTE LI 35— 2492 emE BT, BB KR, R
WU TS B K R, SRR B Y | A K AR 2T
WAk B E R A, A IR, IR AT LA A R aE P
AL R A R, SR A HH24- 488 K 430052 2 (ML2x, GBR) i
W LR E DL, PR EE R AR EL S K B AE18 % e A
1.3 KEHR
131 KBt AR A AT A HLAE,
K3 R K- 58 4 REALIZ T 56, AEURHRR 245 30 o s 7
FIE AR (N 24%, P 10%, K 14%, iC/ECF) | ik (N 2.96%,
P 0.80%, K 0.90%, itfFOC) DA KM% (N 0.67%, P 1.87%,
K 1.61%, it/EDM) . AEFAC KL 50 (CK) | 150, 300, 450,
600, 750, 900 mg/#k 7t B K-, B4Rk A, PRI IR
ANHERE, Ry 3R0AL AR AL BEAL A, A ERi e 1714

5 B it LA B A B0 A — B AT A A A Y 4 AT Y
MENLE ($4li & i) 45-90 kg/hm® ™). AR 4RGH , AHF
FEH90 kg/hm M by 14T A= iR 4 1 4 4F it NAY JE A &, i
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B EOHE AL 40.05 m®, 88 254450 mg/pot (FCfE
N3) , fE 3R, F7E LR B 55382 135 3 A & (150
mg/pot, ICVENL) | 2/3% 3 A& (300 mg/pot, iC/EN2) | 4/3
fis KA H (600 mg/pot, 1ICAEN4) | 5/34% A H (750 mg/pot,
JCFENS) | 2fF KL AN (900 mg/pot, iCFENG) , X IR AIENIC
FENO, 4 EBiat 5 NO-N6 L 74t A /K. 45 A Ak i 248 442 4l N
B S B B I LT, £ IERLP, K R AnFR2FT . K
AN 2450 A 340y, 40 201446, 8. 107 15H #E 177t
A,

FR1 1FEEMELEIFER FHEIEE
Table 1 Annual application rate of the three fertilizers to one-year-old P.
zhennan seedlings in 2014

FUKFE EAHNE Compound WA Oil cake i 2% Duck manure
Nitrogen fertilizer (CF) (0C) (DM)
level CF (m/g) N (m/mg) OC (m/g) N (m/mg) DM (m/g) N (m/mg)
NO 0 0 0 0 0 0
NI 0.63 150 5.10 150 22.40 150
N2 1.26 300 10.20 300 45.00 300
N3 1.89 450 15.30 450 67.50 450
N4 2.52 600 20.40 600 90.00 600
NS5 3.15 750 25.50 750 112.50 750
N6 3.78 900 30.60 900 135.00 900

2 IFAERILRE (P) $F (K) &2
Table 2 The contents of phosphorus and phosphorus of the three fertilizers

A AT Compound  iHiAS Oil cake

I %%¢ Duck manure

Nitfkgzknqlzevel fertilizer (CF, Ir(n/mg) (:))C, m/m;ci) (I])DM, m/mlgi)
NO 0 0 0 0 0 0
N1 63 88 41 46 419 361
N2 126 176 82 92 841 724
N3 189 265 122 138 1262 1087
N4 252 353 163 184 1683 1449
N5 315 441 204 229 2104 1811
N6 378 529 245 275 2524 2173

132 WBAE  HEIEE AN A B I T
HE AT BE 4 3 BB BRSO ER IR F= AR BV IR 42, BRI 1o+
T A 09 7 720 JUR R R A 3 T A AR R 2%, T R
HF5 em. HFAPLIEE WA R RIPAIZLE R T, K&
it A XHED A K ARF, BT LUC AT 7 A& B A B, SRS
TR H B e Y4 ) b D e 25 7 TR %

133 BUEEAZE 0201448 A | TLA 745 /it e b B
R AL I 3N A AR R, B A i B SR — S T aE R,
B NVBRHS, bRiC A B 5 B Tk g, Sr B RS0
AT 2R A, TR T AR DT 65 CHET, B
JE M E TR0

1.4 MEIIRRFE

141 £KIER b, RS B T20144E 6 (FARTT) |
107 K 1A SEA7TI0 & #Rm R SR & CR)E: 0.1 cm) ; Hi
TSR FHHL T AR - R & RS2 0.01 mm) .

142 REBESE  HLEKPY 0% NI 5T K L
B LR A PR UL,

143 REEBEEHMESE A HFE20144E8H | LLHF AR
FIRAT, BEBOIR A L R R AR —fe Th g, SR A Li-
64001F 3% =6 A 7E 4% (Li-Cor Inc., USA) , A T4 CO, 1k

N SHE A Y244t  Chin J Appl Environ Biol

http://www.cibj.com/

£ 47400 pmol/mol . Ji BE K 25 °C . SGRESR AR F 1200 pmol m™
s MBS A HE (P) | ZEBHER (T) \AILEE (G) .
Ml COL B (C) , B ME A 10 Ik,
1.4.4 HE-KMBEMEE-COMEMEHNE  HEA
[ &R AL B, 2R FHLi-64001% #5 = % 4 4E X (Li-Cor Inc.,
USA) 5 45 4b BEOF |6 A =G ma iy i 26, D6 A A R ot
(PAR) 5 B % & 2 000, 1 600, 1 200, 1 000, 800,
600, 400, 200, 100, 75, 50, 25, 0 wmol m™s™, I ] 125 i
BEFIEE N 30 °C; FIHLI-6400-01 4k COAN 4 A\ R 4 4
$£CO, (400 mol/mol) F2 7 . M A-4b B 5 & — CO, M L HH
2%, BEECOME 0, 50, 75, 100, 150, 200, 400, 600, 800,
1200, 1 600, 2 000 mol/mol, %2 i Y6476 ZkE i i &
1 000 wmol m™s™, M2 i J&F % 5 430 C.
145 MAFESESENE AR B AL BUSBR 401,
B BE Ay 0 1 W 2-3 7 A RS A i T e, IR A IS, 2K
Ve, BT, 2 A AME PR 1105 CHLAE RS min,
B B R AICHL AR IR B 5565 °C, gt gt T B . Ms, 4y
SR B IG E AU BB B ikl 2 i N P& (LY/T
1269-1999F1LY/T 1270-1999) .
1.5 iFELE

SR AR B A U 2 A5 TR L5 ' A — i I i 28 FEL AR AL
T R AR5 6 G- COL M R 2R, I3 3 A B (9 45 1iF 2
HPY. SR FISPSS20.048 143 M 44 (SPSS Inc., USA) Xk 1
Bs AT B 2 T 22 4017 (One-way ANOVA) | A7 5C 34T
K R85, I /Ng 35 22 808 (LSDik ) T2 & L
%, F1-HlSigmaplot 12.5 ( Systat Software Inc., USA) /EI&].

25 RS I

2.1 HERR XY M 4h & A KR i

M 23T LAE Y, it I AT AR S R R 25 R AR
(P>0.05). 7Eis FH3RACRLS , B %5 ACRHR: /38 In, &g o
A1 (6-10H ) ik i 2B K dat 35 RS 3G 5 e i 2, Hovhit
& AN (CF) i), BRN34MHE & 3% = FNOSN, HAxi 5 N0
SARE (P>0.05) ; MEMA (OC) Ff5E (DM) 43T,
BN 5N02E 1 38 (P <0.05) . B4R AR K4 (10-11
A, 3R RS NACEZ [ 22 AR AR B 3 (P> 0.05) . Jifi
HESASF I, AU 40 v A K X 370 S A A e 745 3 A 0 —
., CF. OCK DMZFHI7EN3 . N4 N5/KF T35 8 K fl, H
A3 AT I B NOES 66.4% . 225.4%F1247.4% (P < 0.05) . £
XF 3R R P, KA 5 bR B K R A S i R B, A
[ 7KF-CF. OCH P, K% 2t 5 bk e 1 AH DG MR 35, i AN )
KEDMATP, K& 5 4 5 2 3 IEAH G, R DMh3Fh T
RO EA A A AR AT TR A K i

b AR A= A 0l i A % e -5 R e A K e AR AL, (H
M) J37 4 AR XA /0N, 40T DL Y, bt I A 40 i AR
2 SONEA S (3R AR SN A 5, WA 4 AR A K
ek P NP 1 412 73 1T 42 S 1 S B a3, CFL OCRIDM3
FEN3 | N4, N54b 3 3k 51 de A, 73 53 NO S 25 42 15 85.2%
95.6%F1148.3% (P < 0.05) . #HICrHT (3£5) KW, 3FILELH
FIP, Ko 5 Mo A2 0 R AR K e R 56 3 mT 2 A AR A
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R3 REFEIRANEX IFEMELSEREERKBZMm (N=9)
Table 3 The height growth increment of one-year-old P. zhennan seedlings treated by different fertilizers and application rates during the growth
period (N=9)

5, - L
MR R HHE AT HEAE i W A K B g T LCLLL L L
fyp.e? 0 Fertilization level Before fertilization Net increment (4//cm) AW (6-10/7) G4 (10-11)
ertilizer June to October October to November
NO 8.09+0.88 a 6.60 = 1.09 b 6.13+1.23b 0.48 +0.31 be
N1 8.59+1.10a 9.53 +1.69 ab 8.53+1.57 ab 1.00 + 0.24 ab
gEN N2 874+125a 9.85+3.41 ab 8.40 + 3.75 ab 145+1.01 a
Compound N3 8.66+0.80 a 1098 +3.23a 10.30+3.42a 0.68 = 0.32 be
fertilizer (CF) N4 820+ 1.11a 755+ 1.57b 6.88+1.54b 0.67 £ 0.10 be
N5 8.31+090a 9.00 +2.22 ab 8.30+2.21 ab 0.70 + 0.14 be
N6 7.94+0.80 a 7.90 + 0.87 ab 7.70 + 1.00 ab 0.20+0.14 ¢
NO 8.09+0.88 a 6.60+ 1.09 e 6.13+1.23d 0.48+0.31 b
N1 8.64+073a 1178 + 1.41 cd 10.70 £ 1.21 ¢ 1.08 +0.38 ab
. ) N2 871+0.40a 12.83 £3.05 cd 11.68+273 ¢ 1.20+0.40a
«Elaffaigg)cake N3 8.69+0.90a 15.68+0.97 b 14.40 +1.45 b 1.28+0.57 a
N4 8.76+0.99a 2148 +0.94 a 19.98 +0.63 a 1.50 +0.62 a
N5 8.64+ 1.16a 13.33+0.62 be 12.33 £0.51 be 1.00 + 0.14 ab
N6 813+ 1.22a 11.28+2.324d 10.33+2.00 ¢ 0.95 + 0.44 ab
NO 8.09+0.88 a 6.60 + 1.09 d 6.13+1.23d 0.48+031 ¢
N1 8.97+0.63a 10.90 + 1.54 cd 10.13 + 1.49 cd 0.78 + 0.34 be
153 Duck N2 8.90 +0.91 a 14.93 +3.10 be 13.35+3.20 be 1.58+£0.70 a
manure (DM) N3 8.84+130a 15.58+2.13 b 14.50 +2.29 be 1.08 + 0.41 abc
N4 8.43+0.61 a 17.05+£4.52 b 1595+4.42b 1.10 + 0.33 abc
N5 8.96+0.67 a 22.93+£398a 21.55+£4.47a 1.38 +0.59 ab
N6 8.66+1.11a 18.70 + 3.06 ab 17.88 + 3.15 ab 0.83 = 0.39 be

[ B AS o) /)N 55 7 B AR 2 45 it AL Ak FURH 1 [RIFE0.057K P 22 57t ik 35

The different lowercase letters in the same column represent significant difference among fertilization treatments at 0.05 level.

R4 765 BE b B2 X AU 4D B AR AR KBRS (V =9)

Table 4 The basal diameter growth increment of P. zhennan seedlings treated by different fertilizers and N rates during the growth period (N =9)
K Increment (4h/cm)

it I o 25 i A 7K P i AL iy 2t 30 0 [ e A K ; -
Typgg%?e[r?iilizer Fert?%jgtijérﬁevel Beforgﬁfgiﬁgzation N?tti}r?cjfzrlr?ei?jjljfm) A (6-10H) G2 (10-1U7)
June to October October to November
NO 1.20 + 0.04a 1.82+0.20d 1.49 +0.22¢ 0.33 + 0.08bc
NI 118 £0.01a 2.80 +0.30 abe 2.48 +0.15ab 0.32+0.21bc
"E N2 1.15+0.02a 3.08+0.30 ab 2.62+0.49a 0.46 + 0.05ab
Cf"mPf’““d N3 1.21+0.02a 33740672 27140562 0.66 = 0.14a
ertilizer
(CF) N4 1.24 +0.01a 2.98+0.39 ab 2.55+0.64ab 0.42 +0.25b
NS 1.21+£0.03a 2.49 +0.35 be 2.28 +0.35ab 0.21 +0.04c¢
N6 1.20 +0.02a 230 +0.36 cd 1.97 +0.37bc 0.33 +0.11bc
NO 1.20 + 0.04a 1.82+0.20d 1.49 +0.22d 0.33 +0.08b
NI 1.23+0.02a 234+027 ¢ 2.04+0.24c¢ 0.30 + 0.09b
i N2 1.19 £ 0.01a 247+0.20¢ 2.08 +0.14c 0.39 £ 0.12ab
0il cake N3 1.28+0.01a 342+0.15a 2.96 +0.13a 0.46 + 0.05a
(0C) N4 1.22+0.16a 3.56+0.28a 3.17 £ 0.26a 0.40 + 0.06ab
NS 1.20 + 0.04a 330+026a 2.94+0.2la 0.37 +0.11ab
N6 1.24 +0.03a 292+014b 2.58 + 0.08b 0.34 + 0.07ab
NO 1.20 + 0.04a 1.82+0.20d 149 + 0.22¢ 0.33 = 0.08b
‘ N1 1.31 +0.02a 2.99+027 ¢ 2.65+0.32b 0.34 %+ 0.09b
LB N2 1.18 + 0.00a 326+021 ¢ 2.85+0.15b 0.41 + 0.16ab
D“CE‘D%““W N3 1.22+0.06a 3.94+040b 3.51+0.39a 0.43 +0.09ab
N4 1.22 +0.04a 4.31+0.47 ab 3.84 +0.64a 0.48 + 0.19ab
NS 1.24 +0.04a 452+043a 3.95+0.41a 0.57+0.11a
N6 1.23+0.01a 294+026¢ 2.63+0.18b 0.31 +0.10b

) G ANTR] /N B 5= B AR T4 i L b BER B[] 7.0.05 7K T 28 S ik 25

The different lowercase letters in the same column represent significant difference among fertilization treatments at 0.05 level.

RS IMEHPHRASESHS. HEREKENEXIT (N=7)

Table 5 Pearson correlation analysis of P, K contents in three fertilizers and total height , basal diameter increments (V= "7)

B 5 A CF# fr it CFE it OCH: 7 fit OCH 7 fit DM# &kt DMEfr i
Height and basal diameter growth P content in CF K content in CF P content in OC K contentin OC P contentin OC K content in OC
B 4 ) KB . ok
kg B R -0.425 -0.425 0.356 0.360 0.971 0.971

Height growth increment

uh 44 4 PN
HoAE R b -0.169 -0.168 0.685 0.687 0.715 0.715
Basal diameter increment

" P<0.01; P<0.05.

http.//www.cibj.com/ Chin J Appl Environ Biol )i JH 5354244k
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ANTRAE A i IS R G A AP X AT A WU 4 1 A B e 5

TR AR, A AR N B R R, AR A A AT 1
R, MR AKZ 3] T— e BE S ttsh, Wit
MR AR TR, NI SR %5 = VEM.
2.2 MEREXTMELh E IR RS =R

FFR6nT L, #E8H, CFAL B AY M- N7 5 i Jifi 0 /K - 1
Tk L TR, (AR B 22 RN (P> 0.05) , Hinb A
P& BRAEN3AKCE T 5 3% 5 FNOAR (P < 0.05) , Hofth ACF- &%
FAREE (P>0.05); OC, DMALH F M AN, P& 3
B it 25 05t I 7T B B8 5 2 TS R ka3, HL s UK
(N6) T AN, P& 3% " TNO (P <0.05) ; #]117,
CF., OCLL J DM A [AI A& BE B I T AN A5 4, 2 BIAENS
N4 | NS/KFAb 3k 3 5 RAE, A EENOS> 51 i 2 38 111100.1%
124.5%F1156.5%, H 3T AERME 5 = 2K (N6) 4R 3
FTNO; A —J5 T, it FHCFRIOCKEAR T i Fr P&y i, 7EN67K
SER, AR RS> 5 FENOYE 20 20.5% | 14.4%, 1M1 Jiti I DMEBE %
I R P
23 MR MELEE S BENHI

18, ifs FHCEM i 4w i 4 K S i Chl (a + b) SRR
FRERAH WAEZE AW (11LH) , BRNAKSE 538 & FNOAk, H
RSP ENOZE F A2 (P> 0.05) 5 1fifjifi FH OCHI DMK #ii
Tl &h 8, TG A o A A S 2% A 31 2 il it 0 e A 8 i R B
BTG Bt S, HAES NALHL (N6) FChl(a +b) &t
2 ETNO (P<0.05) (3£6).
24 HEREXT ML E S S HHI R G

H T LA Y, A8, 3FH AR 4% it HE /K- f 2 4R
RO 4010 G 4 TR (P, L {HL i T s 2 R ) |k 42 ik
I, CF, OC, DM BITEN3 ., N4, N3IKFEAR AR PR ) 1

114, CF. OCH A N-Jiti Fi EAEBR (1 P, T B FRA%, Hh7ENG
K53 B HENO & 25 R IR 13.8% . 14.7%, TiDMAS 4% i 44 i
P, TENS/K-IA B e KA, FENOE 49 134.1%, 2% A it FH 9
FENT AT A1 B A0 A a0 S e ) T

Jite R X6 ot Al 40 7 AL B (Gy) FIZE IS 0% (T)) 152
Wi 55 o) P S e B AT AR ARIPE . 8T, 3F AL RENS G A T 5 Wi )
I A B G it A e 38 i SR R e AR R i, BN
RPN G, TASR B35 TNO; 72118, G, T FHCFAN
OCHyM N 5 7F8H — 2, M AEDMALFEF, G, THIE & it A it
AR 30 8 25 A (P < 0.05) .

A A W, 7E8H, it 3FH AL AL X6t - i [3] CO,L ¥k B

(Cy) W52 A 2 0 B 0 B R M s AR LU, 3P AR AN
WERNC, (P <0.05), HHDMA T CHE iR K.
2.5 HE AR XS A 40 B O & - e B2 K S - CO, M Mz /Y

2

P PRI 2] 601, AR 40 v AN i) A Ak B e 37 it A o ) 434
TS S b THE T MR 34, e A= ], NOAb B w1 fih 28 3 #¢
K. 7RG8R, B 25 6 TP AT A 2 o FIE sk 2281, CF,
OCHE T Y N67KT- 14 o i 17 il 28 5 NOAR HAIE.

f R 7RI, 8 5 11 H B it AE & (Y38 hm, 4% >4k B ¢ 0
PR (AQY) Hi KA % (P, 28T G B
IR AE L #a#4, CF, OC. DMl /N3, N4 | N5/KF-ik 5 f
KAE, 3SFAL KL H, DMXTAQY 5P, i #E1E K, OCIK
Z, CFR/N. S AQY S P, HHE R T 1A, XAl & A
A 257 B R R S B0AY, iR 7E A KA, SE &ML
LLH )y 3558,

FHEI2FT L H, 4% AN A0 2 A CO, M 1 i 2 A7 76 BH i 1)

*®6 TEMEMEAEMMEHEHFXEEE. B BIENFMW (weke', N=9)
Table 6 The chlorophyll, N and P contents in leaves of P. zhennan seedlings treated by different fertilizers and N rates during the growth period (w/g kg™,

N=9)
b 8J1 August 11/ November
Treatment AN AP MR AN H-Fp MR AL
Leaf N Leaf P Chl (a+b) Leaf N Leaf P Chl (a+b)
NO 576 +0.44 a 0.78 +0.02 b 477+0.26b 11.30+£2.24d 1.32+0.03a 1.24+0.25b
- N1 6.17+091 a 0.75+0.02b 4.24+£0.18 be 18.45+£1.68b 1.17+0.01 ¢ 1.80 + 0.04 ab
HA N2 6.33+0.35a 0.83+0.14b 471+0.28 b 19.94 +2.66 ab 1.01 +£0.02d 1.75+0.21 ab
Cf‘e”r‘t‘ﬁ‘i’z“e‘;d N3 718043 a 1.05+0.10a 475+044b 22.61+2.06a 1.25+0.02b 1.93 +0.86 ab
(CF) N4 6.60+0.20a 0.85+0.01b 4.02+0.26 ¢ 22.29+046a 0.95+0.04 ¢ 2.32+0.09a
N5 6.51+£0.56 a 075+0.02b 5.39+0.38a 1772 +2.42 be 1.06 £ 0.05d 2.01 +£0.68 ab
N6 6.83+0.22a 0.72+0.06 b 391+0.24¢ 14.56 +£0.73 cd 1.05+0.02d 1.51+0.32b
NO 576 +0.44 c 0.78+0.02 ¢ 477 +0.26 be 11.30+2.24 ¢ 1.32+0.03a 1.24+£0.25¢
N1 6.84+0.12b 071+ 0.03 ¢ 491+040b 16.75+£2.28b 1.25 +0.02 ab 1.35+0.39 ¢
N N2 6.53 £0.40 bc 0.74 +0.03 ¢ 413+£0.09¢ 2373+1.23a 1.16 £ 0.02 be 2.66 +0.49 ab
oil c{aF?(iﬁ(OC) N3 6.72+0.17b 1.10+ 0.00 b 6.38+0.32a 2449+ 140a 1.22 + 0.08 abc 2.69 £0.78 ab
N4 793+0.10a 1.10£020b 570+0.13a 25.59+042a 1.32+0.10a 296+0.89a
N5 7.87+0.06 a 1.41+021 a 4.63 +0.32 be 2520+3.21a 1.13+0.05¢ 2.11 £0.28 abc
N6 6.77+0.72 b 0.69+0.10 ¢ 3.21+0.78d 2558 +2.26a 1.13+£0.07 ¢ 1.80 +0.48 b
NO 576+0.44c 0.78 £0.02 ¢ 477+0.26¢ 11.30+2.24d 132+0.03¢ 1.24+0.25¢
I 3 N1 8.11+0.37 ab 0.86 £ 0.09de 457+122¢ 24.42 +£0.78 be 1.61 £0.04 ¢ 2.34+026b
Duck manure N2 8.23 £0.48 ab 0.89+0.03d 473+0.35¢ 25.18+0.29b 1.46 + 0.04 d 2.20+0.26 b
(DM) N3 8.31+0.58 a 092+0.01d 6.31+£0.26a 26.11+0.90 b 1.50 £ 0.06 d 2.34+£077b
N4 833+0.65a 1.57+0.00 b 5.40 £ 0.28 abc 25.95+1.69b 1.83+0.02 a 2.61 +£0.31 ab
N5 9.27+0.89 a 178 +£0.00 a 6.02 +0.30 ab 28.98+2.68a 1.72+0.04 b 3.33+£0.61 a
N6 6.87 +0.70 be 1.47+£0.03 ¢ 5.05+0.50 be 21.88+0.75¢ 1.82+0.05a 2.91 +0.48 ab

[FI S AN ] /N 55 < AR e 4 it A Ak PHURH L A1 FE0.05 7K 22 57tk 35

The different lowercase letters in the same column represent significant difference among fertilization treatments at 0.05 level.
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Fig. 1 The photosynthetic parameters of P. zhennan seedlings treated by different fertilizers and N rates during the growth period (N =9). CF:

Compound fertilizer; OC: Oil cake; DM: Duck manure. P,: Net photosynthetic rate; G Stomatal conductance; C;: Intercellular CO, concentration;

Transpiration rate.

I it A KT (R B8 52 5 B THR TR M . SRR R BT,
CE (BILBCR) 5P, AT AQY S P, s AR HEAE
K/NAIAQY B DM > OC > CF.
26 REIEESH

ST S g b AR A R 0 0 B A R, AR 9T
PEMURE S B 2S4E AR KR (1UA) AY 1 v 0 A28 2 1) 5 4K it
REIAT T RIS, &M AECFR BT, 4F it % &=
Hikm 2 RELMEME (P =0.019), MS5HERHE (P =
0.083) ; FEOCAN B, 4P il A it 5 bk i | Hb AR 34 28l 3 4 vk
& (P =0.003, P=0.011) ; [fij7£ DM, 4t & 85 0k .

T.:

r

i A2 2 U] A 2R PR AR DG (P = 0.001, P < 0.001) ; Hivifl
LI 0TI e A0 R A2 A A B89 ot 3 3 I s v it N 174 388 A o
FHIa B a2, FEX A 7 R Q0 B 4T 7R . i T A5 A AT i AU
it AN EER, BICF, OC, DM AF: i & & [H 4
WIH405-446 , 478-652. 607-883 mg N, FHif fib £ 1 & A K 4y
WIo19.64, 24.98 25.10 em, BRE A AR A= K0 ) 3,92
4.31, 5.23 mm.
27 XSS

oM (3R8) R, MU Bk . iz Ak =z
R A SR PR MR, A RERS I H0.655 (P <
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Fig. 2 The photosynthetic light response curve of P. zhennan seedlings treated by different fertilizers and N rates during the growth period. CF:

Compound fertilizer; OC: Oil cake; DM: Duck manure; P,: Net photosynthetic rate.

R7 FAEIHEIE AL B IR, CO,M R 4FAES 4 (pmol m™s™)
Table 7 P, - light response and P,- CO, response parameters of P. zhennan seedlings treated by different fertilizers and application rates during the
growth period (umol m’ s™)

Kb 8/ August 11 November
Treatment Pooas AQY Py CE P AQY . CE
NO 43059 0.0108 16.1303 0.0203 4.05 0.0115 13.2625 0.0170
N1 4.8010 0.0110 21.9129 0.0279 472 0.0131 15.2991 0.0205
HA N2 5.2018 0.0143 27.1897 0.0283 5.68 0.0127 17.1431 0.0216
Compound N3 7.6464 0.0183 25.3355 0.0309 6.52 0.0134 20.7475 0.0248
fertilizer (CF) N4 6.5964 0.0172 20.7451 0.0217 4.95 0.0121 18.0915 0.0238
N5 7.1296 0.0207 22.0050 0.0226 481 0.0113 19.7259 0.0258
N6 6.9461 0.0179 17.8873 0.0210 3.93 0.0084 14.3948 0.0194
NO 43059 0.0108 16.1303 0.0203 4.05 0.0115 13.2625 0.0170
N1 7.0138 0.0179 22.0812 0.0180 4.90 0.0138 14.3948 0.0216
. ) N2 6.6490 0.0180 25.6503 0.0261 5.58 0.0135 16.0376 0.0195
“mﬁ(glcl)cake N3 8.6023 0.0174 28.1883 0.0300 5.12 0.0146 19.0584 0.0232
N4 9.5848 0.0204 25.3899 0.0253 572 0.0152 23.9112 0.0228
N5 8.2449 0.0233 22.4901 0.0227 5.32 0.0136 21.1696 0.0243
N6 6.6588 0.0228 16.1103 0.0196 3.96 0.0108 18.0204 0.0151
NO 5.1783 0.0108 16.1303 0.0203 4.05 0.0115 13.2625 0.017
N1 6.9183 0.0137 24.0283 0.0227 432 0.0116 18.2630 0.0234
N2 8.9704 0.0176 20.5740 0.0258 5.50 0.0147 22.8275 0.0200
DM N3 9.7108 0.0215 24.3925 0.0233 5.69 0.0156 22.5948 0.0209
N4 10.3471 0.0263 30.6601 0.0285 6.50 0.0153 25.4457 0.0257
N5 11.2128 0.0248 33.2391 0.0303 7.38 0.0179 28.7143 0.0275
N6 9.2128 0.0234 27.2928 0.0269 6.10 0.0153 27.1251 0.0212

P TR~ COLM R AU G 7Y di G454
P’ indicates maximum photosynthetic rate of CO, response curve.
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0.01) F10.547 (P < 0.05) ; TP, N5 H:mf N i [B) 47 76 % &
FRYMSESE R X KW, M NAR o] RE 3 i 4 T AR N &
PIsgsE O A RE ST, VEmifE Y TR R,

%8 B EAE KBRS EE A BIEFMEEST (118, N=7)

Table 8 Correlation analysis of P. zhennan seedling growth and main leaf
physiology indices (November, N =7)

LAY 7= iy e AN
Index Height growth  Basal diameter n Leaf N
4% Basal diameter 0.822"
HOLRHE P, 0.655" 0.547"
N Leaf N 0.710™ 0.861" 0.407"
AP Leaf P 0.594" 0.702" 0.344 0423

"P<0.01; " P<0.05.

© WSS

I 55 U s A 00 W) 17 DI B 5 BB T B — N B B R A, [
B I 1 0 AV P 5 3R 0 2 S s DDA DG ™Y, IR, FE AR
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(P RRFEMCKR, XTZHBRLRT 280 K
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Fig. 3 The photosynthetic CO, response curve of P. zhennan seedlings treated by different fertilizers and N rates during the growth period. CF:
Compound fertilizer; OC: Oil cake; DM: Duck manure; P,: Net photosynthetic rate; C;: Intercellular CO, concentration.

http://www.cibj.com/

Chin J Appl Environ Biol | 1535 E1)2-4k



834 ANIFIME R KA AL AKX VAR AL TR Al e S A B B 54

30

y=-1.104 x 10°x* + 0.0195x + 16.485
28 —&— CF R*=0.97 P=0.001
26

241
20
200
18}
16}

Wi Height growth (h/cm)

14+ y=-2.356 x 10°x*+ 0.0181x + 16.166

R*=0.86 P=0.019
12+

10

y=-5.874 x 10>+ 0.0071x + 3.088
R*=0.97 P<0.001

740—0(:

J14% Basal diameter (@/mm)

y=-4.017 x 10°%> + 0.0036x + 3.]113
R*=0.71 P=0.083

0 100 200 300 400 500 600 700 800 900
At % Annual N rate (m/mg)

0 100 200 300 400 500 600 700 800 900
A% Annual N rate (m/mg)

B4 FRAESMMEERKE (11A) E5. HEMNXR. CF: Z4IL; OC: jiliflh; DM: Mg
Fig. 4 The relationships between annual N rates and height growth, basal diameter. CF: Compound fertilizer; OC: Oil cake; DM: Duck manure.
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