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FHEEVE AR, XL T 103 1:2 121 2:1 3:1 A4S N:P ity ttfﬁJXM%%%%#F?aa?kik EFO AR 2 PR E AR P AR
FIRRCRIEI 25, BEGRIXT T 2031 LA NHS-N Fl NO3-N 9 N JRIESL T 5 4 N:P L BiXT P RIS Bl 1 24540 (5 i 24
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The effect of N:P supply ratio on P uptake and utilization efficiencies in Larix

olgensis Henry. seedlings
WEI Hongxu'?, XU Chengyang'*, MA Liiyi', DUAN Jie', JIANG Lini', ZHU Kaiyuan®, ZHOU Jianghua’

1 Province-Ministry Co-construct Key laboratory of Forest Silviculture and Conservation, Ministry of Education, Beijing Forestry University, Beijing
100083, China
2 Flower R&D Center, Zhejiang Academy of Agricultural Sciences, Hangzhou 311202, China

Abstract; The effect of supply ratio of nitrogen (N) : phosphorus (P) on P uptake and utilization in germinated Changbai
larch ( Larix olgensis Henry. ) was analyzed in our research. The seedlings were cultivated in a greenhouse where fertilizers
were supplied according to N:P ratios of 1:3, 1:2, 1:1, 2:1 and 3:1. Seedling morphology and biomass accumulation, P
content and concentration of needles and roots were measured. The method of vector diagnosis was used to analyze the
interactions among biomass, P content and P concentration. Some seedlings were cultivated in hydroponic solutions for six
hours to detect their kinetic characteristics. Two inorganic N sources, NH;-N and NO,-N, were employed to create the
same N:P ratios in the greenhouse experiment with the P source of PO}, separately. The results showed that root biomass

accumulation and diameter increased significantly with the increase of N:P ratio (P=0.0027 and 0. 10013, respectively).
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Compared to the N:P ratio of 1:1, the N:P ratio of 3:1 increased the fine root length, surface area and volume by 14%
(P=0.0178), 21% (P=0.0004) and 5% (P=0.0009), respectively. Root P concentration, root P content and needle
P content were not affected by N:P ratios ( P>0.05). However, needle P concentration was higher in N:P ratio of 1:2 than
2:1 (P=0.0270) and 3:1 (P=0.0014), but it was not significantly different from that in N:P ratios of 1:3 (P=
0.0669) and 1:1 (P=0.0804). In N:P ratios of 2:1 and 3:1, P utilization index was higher than the N:P ratio of 1:2 by
84% (P=0.0002) and 37% (P=0.0014), respectively. With the increase of N:P ratio, P uptake efficiency increased
linearly. N:P ratio positively correlated with P uptake efficiency (R*=0.978). Vector diagnosis indicated that, compared
to the N:P ratio of 1:2, the N:P ratio of 1:1 resulted in a nutrient dilution while the N:P ratios of 3:1, 2:1 and 1 :3
resulted in a nutrient deficiency for needles; the N:P ratio of 2:1, 1:1 and 1:3 resulted in a nutrient excess while the N:P
ratio of 3:1 resulted in a nutrient dilution for roots. The activity of acid phosphatase of needles in the N:P ratios of 2:1 and 3
:1 was higher than that in the N:P ratio of 1:1 (P=0.0026) while the activity of acid phosphatase of roots in the N:P ratio
of 1:2 was higher than that in 1:1 (P=0.0003). In solutions containing NH;-N or NO;-N, the P uptake rate did not
change among N:P ratios (P =0.3247 and 0. 0934, respectively). However, the P uptake rate linearly and positively
correlated with the ratio of NH}-N:P (R*=0.908) , while there was no significant correlation between P uptake rate and
NO;-N:P ratios (R*=0.005). In solutions supplied with NH;-N and NO;-N, V, and K, were regressed to be 0.89 and
0.60 mmol/h/g FM and 0. 15 and 0. 03 mmol/L, respectively. In conclusion, for improving the efficiencies of P uptake
and utilization of larch seedlings under the circumstance of both supplied N and P, nitrification should be avoided and the N

:P ratio should be increased within a certain range.

Key Words: Larix olgensis; N:P; root; phosphorus uptake; nutrient efficiency; nutrient uptake kinetics
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OB 56 A AR S R G RIFR A BRI 7 SO os 4 SR WoR Pl = Rk A oy K 22 B SE 18 6
Sl E R IE 2 R R AR B AL N R P OB R IE A DG R Y AR, BT ARSI E 26
TETAEY M 13— IR B AR i 4 X TAR R IR MG RE R N X P AR R B AT AR A

CA I oTas R AR RN P ARSI N ZE ARG A3 a8 7 SR, N X PR R s 15 A
AL P A S R IG A 56 i AT AR T NH]-N BA R b v " fE AR AL N B3RS b
HIARMZ X PRI S A2 i mdr PEZ e N 2t RGP AR = A faf sz B RTAFSE 45 2R i A Ge
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K7 A (Larix olgensis Henry. ) | {Z 434 TR E AR JU 1L (42°23" N, 128°6 E) JL#lfif(41°52
N, 128°23" E) FIZRMK% B (45°18' N, 137°6" E) HiIX &ML A 2 s £ A B 2 — o DHCE AR STt 52 4
FEPE K A7E A AE TR BRI XA DA 2 B ERRAE ™ o ARS8 LA I3 AR G B S bRk 38 o Fs il 4%
RS N:P A BELA B3 AR NP A 50 L], B AR XS PR IRMSCRITR A AR 3R 285 DA B I P 6 T 7 12
BN (R —) o [, 2 B ET R AR AR JCHL N RIS S BE R ASHIFSE 5 368 [|] — At i A [
BT 250 #0815, 30 SO A R TEAUE S N R R A A58 —AH R B NP HE25 Fu i), FE AR
FXF P RIS (RE8 —)  HDARN TR RS — 1 25 SR AHIFSY IR A s R 06 T B AL
ffRE NP LUBIOC R AT P 2SRRI A2, S AH DGR 5T AR 7= T ARSIt — e 5%
1 #R5H®
1.1 gk

HARHY N K TTEHHA (L. olgensis H. ) FEFHET , BTk B 75 AR 75 AT V95 16 1 (43° 457 N, 126° 45
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E), EHEN35% , THE 3.9 ¢, AWFFEHMMREA N, HTFRE— Wi AR AT HTRE
TR AR R BT B R ORI R BRI A
1.2 Rk kit

(1) k55—

TR S AL T ]S ARl SE R RO R R . B A A AE N 24 em x 20 em X 36 em ((FAR x
AR x ) N 111 R M ECE A5 0. 16 g/em’ ,pH 18 6. 63, N 5K A6 5T 9L R L A [ Br 57
DA R R A= B N i 43% B8 N AL P At st BROBRA AL T AT BRZA FIAE ™= 19 P, 05 1 16% MY iR
B5 T R — 2 S R NP R % NP N 1:3 (N 15 mg/#k, P 45 mg/kk) (1:2(N 20 mg/#k, P 40
mg/Fk) 1:1(N 30 mg/#k, P 30 mg/#k) 2:1(N 40 mg/#k, P 20 mg/#k) 3:1(N 45 mg/#k, P 15 mg/#k) iAb
B, DA B4 NP A B S FRIE AR AL X (IE A B R BEE & i N P B & . 1:3 el AR ™=
SRR (W PR — 4% ,18-46-0) ANIBALALEE  1:2—3:1 Ll 73 il 7R IR (46-0-0) iB L2 Wi K EL 2 4E N St
IR P 3 AR, BRAREE3 B A 1 A4, s e ENIE T, 2009 4F5 H 14 H GEE /K ATk
VERE T BUAESR 4y , B Je AR R I 15 it IE 5 R AR R 50 RS A 29 H iy ,6 1 8 Hahl 55,6 A 13 HIH
WiR A EM 20, T RS A 2R 308 0.8 0.4 F10.2 L, SRS 3 UORK G %
PETHEIC— R LD BRsem . BLFE YR EE 26.3 C 8 OEHARS B 30.1 °C F120.2 C, 2510
BE41% , HAROCTW . 2009 4E 9 AHIsakiG A,

(2)il5—

2009 4F 4 H AR VUE FL7 ik T UK I B R N R OF & . W PR BORE A AR 1, 2009 4 B Zx 1 K
A SIS 1 B P AS [R) 6 S B A R 3 — B R IS A 1 R 500 BRI DAVKEL (0—4 °C) fifiz ELR =, T
BOEAE T = 8.4 cm HbAE 1.8 mm, PEEHR R R L1 K28 B n , HZE B AK X R4 T 24 h IR DLER
THALFH

KSR FEIR T SRS, T 900 FF4G , R H AR OGIR a5 10 )i B2 R HF7E 23 °C., #IIR & TR pH
HIZ 6.5, KU IR B AT AL FA 90 mL 7T, B 10 Bk 1. 430 LA NHL-N H1 NO-N 4 N
PITEATE N:P BE4 Ho 0] 0 W i 3 F1 243 56, 3 o % N MR S B NP OyR B8 e ] 1 A8 fk . NH-N i
(NH,),S0, #&fft NO;-N H KNO, $2{,P i H,PO, $&fit, & N JH4 1 HE 5 > NHE.0.6.0.9.1.8.3.6 Fl
5.4 mmol/L/¥k, FrAAbHE P ¥EEYI N 1.8 mmol/L/BE, PRI, £ N VBT 23 5%t i A% — A/ R 64 1:3
1:2 101 .2:1 3:1 (L], RRAb3 5 HAE B — NI BT, DL/l 26 [ e T Ab, S da il o &
WG, BRI IA 1 H,0,, #EBIFREIA 6 h, ZIIC MR, B IR RN 75 mL, R85 7E 30 s P
THRRFMAK ST VI F AR R IR 2 JroRs I AR 8 J A AR BUR P vk, DA iR kiR B S 58
LUBAE R REE
1.3 F5bRilE

RIS — AR WSO S5 37 RV PE AR 2R 2R 1

Horp 10 ¥Rt ZERR 3 384, AR R EEH S, A H EPSON 1600+ SUOGAR RIESHH G, LA
WinRHIZO® #fF (INEE K Regent 23 &) /- Hr i A= iy TIF B A, FRIRAHIR R B R M AL IR A AR EUA
SEYEAIEAE . R RMZE R THAN 70 CHET 48 h E R TEAEY R, 258 #E 5 1 mm 5
J& , BL0.5 g FEAR DL H,80,-H,0, 1H2, 7 mL I8 BE R 2 50 mL, @5 0.45 pwm JEIESE P YR E (ICAP-
OES, Perkin Elmer Co. , Waltham, United States) '’

RIS R AR P I IR R

RIS — T REAE ST A 10 BR A LA AU 22000 3 00 A T 1R A ol il 35 42 1) 0

0.1 g fEFE FHZRIB/K U LT 5 IR AR T, B T %A 10 mL SR (LA 0. 2 mol/L CH,COONa A&7
pH {H 5.8 B 0.5 o X AMIEABERR —40) i P, 78 25 °C BREAM FRESE 30 min JGZZIA 1 mL (9 6
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mol/L NaOH £ 1E OB, fE K 405 nm 2RI FE S HH X S8 W) (NPP) IR (g ) , FRIEBEFR IS TELL pg
wp/min/g MR FW R FIR I LIEIRRTMA 1 mL () 6 mol/L NaOH Syt
1.4 Wit
P R AR AT 52 % Hawkins' ™ Il A58, DA A BRAE D0 (mg) BRDANE R P W (% ) 1951, P
WA AR R P i S it PSR i i A LA B, O S BV B R AR R PO AN ] A
ARFRR B R EATHA , B % Salifu F1 Timmer' ' BT A 28 1) 5% 5 37 43 3B B0 T 36 40 S 1 AR AR 28 v £
A P AR PR OC R IMLAK A, BRI R [ (mmol +h g B ) (YA IR AR AT A Y
Jiik:
C, xV,-C, XV,
T x RFM
K, €, Al C, AR A BTG SR B IR (mmol/L) , ARES LV SR N B TR B W AR f kT4
P TE V, AV, 2300 3 m A BRI IS B TR A ATR (L) T AL BRI (h) s REM AR FR S H (g) o
Michaelis-Mentens J7 a4t i A1 K F] Hanes-Wolf 2R My ) .
c _K, + C

I Vi Vi

K, C R EFRWE UL (mmol /1) 3V, A KIRH R (mmol -h ™" g™ ) ; K, FRWOKRH L,
1.6  HdEAHT

FH SAS 9.0 /% (SAS Institute Inc. , NC, U.S. A.)HJ ANOVA it BB N:P HE45 Hpi (1:3 1:2 1:1
201 3:1) Xk — AR B B R A P R SORIUR il I 1 DA S Y PO 3R 2 SR Y s i SR
one-way ANOVA RN {2 35 W] DL Tukey #5568 X 45 SR AE a=0. 05 KFEHAT L H L, H Sigmaplot 11. 0 8 fF
(Systat Software, Inc. , Washington, U.S. A) XHEgE—r P WA HECHE Al g —rp P W Iscs R B0 E 17
[ ELG A3 BT I 48 HHAH OGO R B o B 28 PR R X LR AT A A . X LR A Hanes-Wolf 2P 6 40 i 1550 11 Y
Michaelis-Mentens Z5UZEANIE] N YR AL BT X AR 255 P WOBCGHE R ) 22 5, 31 BE g5 RAG ARG B
2 MIRER
2.1 ERA A A LY

Bl N:P HEZS H BB =, K 7 AR T ARAR R A R I I (P=0.0027) (£ 1), 2:1 F13:1
e AR 2 AR R o A 103 U3 T 18% (P =0.0250) 1 29% (P =0.0003) , [Fif 3:1 Hl FHR R AW
A 11 B T 28% (P=0.0056) . FIAR RAY i RS (0L, MR R AR R Bl 5 1L N LU 491 i B2 v
MM AR (P=0.0013), 3:1 WAl MR E FREBMEARS 5 1:1 WHE S T 14% (P=0.0178) |
21% (P=0.0004) F15% (P=0.0009) ,{H X P~ LB N AR R AR B sl iR 2 85 0] 34 00 28 22 S (AR R AR P=
0.0934; #2R% P=0.1153) , 1:2 W N R KB R FIB M EE 1:1 WH TR ARG 10% (P=
0.0024) .13% (P=0.0018) #1 17% ( P=0.0005) ,

I =

R1 TE NP KA EMHRERREEMEMESEROZ0E

Table 1 The effect of N:P ratio on root biomass and root morphological parameters of L. olgensis seedlings

N:P Y/ mg K/ cm F WA em? AR em® MIRHB 5 HAZ/mm
Biomass Length Surface area Volume Tip number Diameter
1:3 9.66+0.07¢ 34.66+0.36ab 6.49+0.21b 84.11+5.44¢ 69.83+1.39b 0.57+0.01b
1:2 10.00+0. 61hbc 36.01+2.52a 6.68+0.28ab 95.70+3. 80ab 78.59+1.21a 0.57+0.01b
1:1 9.70+0.45bc 32.80+0.34b 5.91+0.06¢ 87.75+5.59b¢ 67.13+4.48b 0.58+0.01b
2:1 11.37+0.48ab 35.64+1.31ab 6.85+0.21ab 99.63+5.28a 78.83+0.45a 0.61+0.01a
3:1 12.46+0.22a 37.26+0.17a 7.14+0.23a 98.43+4.00ab 65.46+5.34b 0.61+0.02a

[ii)— 1 AN ] S B R 28 Tukey K86 [ B 311X 45 2R (52 00 ) 22 54 0. 05 K- 1.3
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2.2 N:P HfXs PR WISORIA] 4 52 0

N:P HEEG L BxF i A P W B BE M (P=0.0187) . 1:2 W@ R A P BERR 2:1 F13:1 LRl 73 5l
7 37% (P=0.0270) F145% (P=0.0014) ,fHJE 1 1:3 8¢ 1:1 [H] 22 F A8 (1:3 P=0.0699; 1:1 P=0.0804)
(Bl 1), N:PHEZEHLBIXTHR R P W EE(P=0.8889) Flt i SR P & & (M P=0.2459; 1% P=
0.9971; & 1)HJE @ &M, Ak R Pk R LA A B ,2:1 F03:1 Lufil ™ P ORLHFE £k 1:2 Lt i 2%
$ 755 84% (P=0.0002) F137% (P=0.0014) (¥ 2) , UGS R B7s 24 N:P il 0. 488 mf P H 5 ECK 2% 2
/ME 16, FfiZE N:P E45 LB HE R, P WOIRCR M IE ARG R (&1 2) ,3:1 Fufil R 9 P IR 4% 1:3
12 Lol v 1.9 %A1 1.6 £5(P=0.0004) ,

0.5

— 50 L
N WA =
(\% 0.4 ®
=1 T 40
] S
£ 03¢ = 30
Q 1) I
E E
a 027 : 20 L
b o
0.1+ L
& & 10
0 0
1:3 1:2 1:1 2:1 3:1 1:3 1:2 1:1 2:1 3:1
N:PEEA] N:P ratio N:PELA] N:P ratio

E1 KEEMHREAMAFMRES PIRERM P FEXARE N:P L4806 52

Fig.1 Responses of P concentrations and P contents in needles and roots of L. olgensis seedlings to different N:P ratios
35 06 -
30 a

25 + ab

20

PR

P utilization index
o
&
DT/ E S
P uptake efficiency/%

Y=3.86(1/X) - 15.81(1/X) +32.19

sl Y=0.11X+0.14
? R2=0.943

R>=0.978

1:31:22  1:1 2:1 3:1 1:31:2  1:1 2:1 3:1
N:PEEA] N:P ratio

E 2 A[E NP LA EEMHAEAR P F AKEM P RBELEH RN

Fig.2 The effect of N:P ratio on P utilization index and P uptake efficiency of L. olgensis seedlings

PL1:2 FEBE RS BB TR R IR 4 0 BT B 45 S B XTI e B 11 H 03] 3 B H AR X 3 0 g %) e 4
Hh,3:1.2:1 F 13 Lo R B AR SR 5 o B pE R (I 3) o BT 2:1 A1 3:1 Fefil Rt PO AR
T2 LBl P NP ERR i R AR 3553 5 e R R B 3 (&1 3) o ARIMT,2:1 301 LBl R it
Fr PR PERE BRI G VE 255 T 122 [l (P=0.0026; % 2), F11:2 BIAA L, 3:1 LB TR R A Y 8RS
(F 1) B P FREMEEARMAREE (K1), FIGZ A B AR 55 WA 72 0 R Bk, Rl i Heg
LA T B A N R B AR SR i i R (1B 3) o AR R PR MBS BTG MR AE 102 Ll N 3 & T 101 e
(P=0.0003; £2),

2.3 REJCHL N IESXT P RN 3h )12 e 5

TCIEFE NH;-N i8J& NOJ-N W, AR NP Ee il = P Wi R m] 22 2 4R .3 (NH;-N; P=0.3247;

NO;-N: P=0.0934) , NH;-N Jgrh i N R EESR S5 AR r) NP LB, P IS R s 2 vk L T 4K
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Table 2 Responses of activity of acid phosphatase in needles and

roots of L. olgensis seedlings to different N:P ratios

N:P £t Needles & Root

1:3 64.42+4.43ab 84.52+4.91ab
1:2 32.16=0. 18¢ 95.67+4.83a
1:1 49.28=+1.03bc 66.52+6.93b
2:1 76.6420.33a 79.10%3.30ab
3:1 63.24%2.37ab 90.3627. 14ab
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o NH,-N&Z A Y=-0.0115X+0.6671
= Lo Lo NO;-NRS A& R2=0.0054
= L
on
%E 08 | %
3
® g o -
XE 06 f
g:\(\
& § T ?
o 04 !
<
2
502 kb - _
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Fig.4 Effects of NH;-N and NOj-N originated N :P ratios on P

uptake rate in roots of L. olgensis seedlings

#3 FENBEHEFERLTRKEZEHREARI P ZRENHNFUSSHME T REEE

Table 3 Estimation of indices for kinetics of P absorption by roots of L.

olgensis seedlings subjected to different N sources

ZH0 Parameter

A G Regression reliability

N ¥
N R 222 N
N source SR V KICH K,/ (mmol/L) e R ‘ ﬁifrmﬁ
/(mmol « h - g BfFE) R? SE of estimate
NH;-N 0.89 0.15 0.769 0.107
NO3-N 0.60 0.03 0.753 0. 166
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