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AKEFRIE 1 P U JE H 0.05 mmol/L (fIXHE, HIP,
Fx ). 05 mmol/L ( IE W HE®E, M P &), L
FAMNER A KR ZL LR (NAA) FIE K EE
A T ZE AR H EAR R (NPA) 719 P+NAA
P\+NAA, P+NPA, P +NPA, 3t 6 MubBH, A0
AANER, TEEMILHES, &7 d SR KRR AL
B BIRRAN S E Yoshida Bt )7, 1856 Pk )5
KH,PO, AT, Kb B R i #i 0 = DL KCL b3,
pH EHTZE 5.0 ~ 5.5, 7 d EIEFHWR 1K, @
1 RHNIHEE (10° ~ 107 mol/L ) RGHf & 7w
JAK) NAA 5% NPA BIHGE FHE A 1 x 10™° mol/Ls
1.3 FEEREE

B 10 AR, B PEREHLEI 6 #R4hH
Geit HHAR A ]I SR A2 P SRR AR AR R 5
o, THUETE, BETREE, I AR S A

WA WYIHIEE . SR R4 ) 105k
WeAE . e N R R AR R A R KT
G, PR R IR MR 3 UK, SRR I
LR 250 M AEHERR AN HEAR 2 AR 07 IR R 5
W, TECER TR 4 h 5, BUZY 10 mL UCEEME, TN
A 2 TSR, 5 E T -80 CHKARR VR IRAT
.
L4 W H S5k

M bR AW 5 H,80,-H,0, 14, PUHB A
R

FRTERSRIE L : 2 M0 Cameron 25 ') [l 71k,

MR A WA AT ILIR B I - SR FH B A
FHEA 3% (HPLC) 7. 2R Agilent 1200 1= %50 A
IR, @RI 35N Synergi 4u Hydro-RP
80A 014 (250 mmx 4.6 mm ID ), Wi BIAH K 10
mmol/L ABERR A BAW (pH 2.45), HHR 35%C,
Wit 1.0 mL/min, HEFE 10 pL, &0 K 214
nm, S3HTETH] 10 mine ARHE O HARE S A OR BA s ]
O R S A HLRR AN
1.5 BdEgia

B Excel 2010 472180 ShrifE 2 1T
LT AR, I SPSS 20.0 #EFT B 2 5
F53H1 ANOVA (LSD ¥, «=0.05),
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2.1 RPN BRAE AR A B S R A2 1l
URPEL 1T 7R, e 30X R e SR A e e O A R

ARENZEw, 506 (P) AL, EH
B (Py) Ak FH AW U SR 4y i i 5 o
I 23.17%, A FRBE S 0N 12.17% ., NAA 5§
NPA Py A, b 25 52 e (E At R L 5 A A 1 R
FRAGHSE S, Hodr, P+NAA b P A IR R 4
7 FIAR 2R W 7 b Py A B0 ) 2 R v 17.11%
F1 8.18%, T P+NPA AbH (1) i 5 FIAR 2 5 2 & )
3Py Kb 35y 0 3 B AR 9.59% F1 9.34% 5 Py+NAA
AL 3 ) RN e SR Ay e i e RO R i A Py b3
A3 9 B F AR E 10.20% F1 10.26%, 1] Py+NPA &b 3
B R W A Py Ab SRR AIK 8.93%, THTAR &R
SR T REAUIE, A, P+NAA AR HE AR B
RYEH R RS Py BT i 25 7
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B 1 BEFNA KRNI R R A eI 5 AR R E RN
I ARVNG FREFOR AR TS 22 R B3 (P<0.05),

2.2 BN HER A 22

I 2 Hhnl DU, e 2 R R R 2R
I HAR Y i 5 IEH e (Py) AAFEFHEL, X
B (P A3 R 1 SR ) 7 HEAR B0t 3 1S
73.94%, HAHN, NAA B NPA f4 it FH %R U2 51 4
HIHERR (= A B s, Hod, KB (P) 4b
PR, gt NAA A 35 0 8 5 R 40y 1 HEAR 250
FHEN 16.19%, T jiti JH NPA Ab B HERS B 2
WD 26.32%, HAE P+NAA bR PN 1 B HEH
Bz, ERAEEE (Py) AT, JiiH] NAA &
B 5 U 1 2R 4 1 HE AR R A 2 23.24% ,
M7t NPA AR -HEAR £l 12 35080 26.76% .
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2.3 RPNBIRA AR R IRV RR R TS VE 21k
WA 3 Fios, S i 5 R T R R R Al i HE
HRFAAEHEAR PR M B MR B 1 16 M . 5 1IE % 8% (Py)
ARERAREE, fKBE (P) AbERAGHEAR B PE BB B E TE
BB 47.79% ,  AEHERR R T B4 I T 1 0 2 A
1 53.07%. A iF, NAA o NPA ) Jits F R 2 3% 5%
M PR Bt 25 12 T R 108 SR 40y 7 HEAR 0 HEAR i 1
FRTG TG ME, o P+ NAA b PR HEAR AR HEAR R
P W 1R il T M Py Ak B3 ) S AR R 13.70%
30.50%, T P+NPA AbFRAGHEH FIHEHEAR fR M i iR
FEG P 3 Py AbHL 53301 f 3 R AR 20.67% F 25.98% 5
EIEH AL (Py) ACBER, JCISJE it A NAA 6 &
NPA Y0 5 R4 i HERR AN HEAR R Vi R Tl 11
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R RARRVEREREESE [pe/ (gFW - h) ]

2.4 PRI RIRL AR R A DRI S o i i) AR Ak
WA IR 1 AR R A LR 3 W R ANk 1 BT
N, WA R 2 0 2 U T IR R R4 AR
AANIRE /. SIEH Gt (Py) ALBEAA L,
K8 (P) AbEEAHEAR FIEAEHEAR A LR 73 S it 5y
I T 59.93% F1 112.00%, [F)HF, P+NAA 4k
P HEAR A EHEAR A HLER 73 Wb B i 5 Py Ab 3143531
Tk F RN 30.87% F1 22.59%, 1] P+NPA A4t FH i HE
HR AN HEAR AT HUIR 430 A 1 458 Py AL B 43 ) Sk 2 e
1% 28.51% F1 41.11%; Py+NAA 4k 3 114 HE AR F1 JE HE

[ we/ (gFW - h)]

pusE i
PR AR AR FLAR AR S
Py 46.94 +3.91b 13.83 £0.91b 3.46+03la 1.27 £0.18a 0.11+0.02a 65.61 £3.63b
P +NAA 62.29 +3.59a 18.41 £ 0.62a 3.66 + 0.28a 1.31 +0.13a 0.20 £ 0.02a 85.87+3.78a
P;+NPA 34.52 £ 2.64cd 797 +0.17¢ 331+0.15a 1.11 £0.12a — 46.90 +2.54¢
Py 31.34 £ 1.95d 6.69 + 0.38d 2.11+0.12b 0.89 = 0.04b — 41.02 £ 1.69d
Py+NAA 36.93 +2.72¢ 7.87+0.43c 2.19 £ 0.14b 0.91 = 0.04b 0.08 £ 0.02a 47.98 £3.33¢
Py+NPA 25.46 + 1.55¢ 4.64 +0.29 2.08 +0.13b 0.86 +0.05b — 33.04 + 1.32e
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piEd ]

PR SRR WA LR AHURR S
Py 15.89 £ 0.98b 6.16 £ 0.13b 1.67 £0.13a 0.42 £ 0.03ab — 24.14+0.97b
P +NAA 19.34 £ 0.60a 8.01 £0.18a 1.78 £ 0.16a 0.47 £ 0.03ab — 29.59 + 0.55a
P;+NPA 7.93 +0.25d 4.22 £0.13¢ 1.61 +0.13a 0.46 + 0.03ab — 14.22 +0.18¢
Py 7.15 £ 0.42d 3.14 £0.15d 0.69 +0.03b 0.40 £ 0.03b — 11.39 £ 0.49d
Py+NAA 9.36 £0.51¢ 4.15£0.15¢ 0.77 £ 0.02b 0.43 £ 0.03ab — 14.72 + 0.66¢
Py+NPA 5.63+0.33e 1.99 +0.08e 0.65 + 0.05h 0.41 +0.04b — 8.67 £0.23e
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A HLER 43 1 4 B 45 Py A Bt 4 1) S 3 8
16.95% F11 29.24%, i Py+NPA ZbFE R HEAL A EHERR
A LR 73 B 5 Py A 353 J31) 18 2 R A1 19.45%
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TFARHERR A o

LU 10 SR 40y B HEAR 3 W e i B T AT R
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LR, HIEwWMLEE (Py) ABAH L, (K8 (P) &b
BB HEAR 53 006 1 R A R B i R S R 49.78%
WIRR SR D EIRE 106.73%, TR D ER
1R 64.24% , A7 FR 0 E R 43.61%, [RIET,
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{2, P+NPA Kb 1 HEAR 73 06 ) ho A 45 R % 1
B Py AL PR BRI 26.47%, SRR O B T AT
42.40% . P\+NAA A3 HERL S0 6 P b A R 5
W Py AT i E L 17.83%, SRR S B
T 17.59%; 1] Py+NPA 20 B EHERS S0y e ae
Mg o w4 Py AbFR B S5 FRAIC 18.76%, SERR S =
FHREAL 30.64%, BLAN, TCISMREE L I F ek At
BT, NAA S0 NPA X 5 S 4 v HEAR 3 2
HRLIR S50 41 TR A s 34 0 B

EHERR—AE, SO R R AR HEAR S 8 A
WRNFFEE R . SRR . IR KN AR 4 XA VLR,
Hrp g it fe ey, HUORTRIR, HIRS
A TRADS R, T ELA A DR 531 B ST
WL SIEHALEE (Py) AAFRAIEL, (KB (P.) &b
FEAYAEHEAR S I AR . SRR SRR & i oy
9 e 2 B 122.18% . 96.49% F1 140.38%, 1M A1
iz 5w sk, [FEE, P+NAA AbBR A AEHER
S UAY PRI R 5 S R R s A Py A B )
L 21.67% F129.96%, i P,+NPA Ab# 1 {E HEAR
YIRS SRR B i A Py ALY ) i
R A% 50.11% 1 31.48%., IL4h, P+NAA b AR
HEAR A3 iy AT B IR 5 S SRR & R A3 Py A 33
i) i 4R 5 30.89% H132.31%, 11 Py+NPA Ab By
JEHEAR 53 W TR AR IR 5 S R R & i R Py Ak
A3 ) B REAR 21.34% F1 36.66% ., [AlkE, TCIeARHE
B IR BER , TSI NAA B0 NPA XM
U IR A EHEAR 430 rh B S50 A PR B e A 0
R,

3 1tig

3.0 BEFIA A XN U S HEAR T BRI 5
FEIXT 53 P 53 43 1 e ARACHR M 3 A T
AL EEETTIAM:, R . AR R A AR L
BN AR DT (ER — R A e AR 4
AR R AR i AT AR AR 7 A R Y HE
Mo PS5 REVEY &, KB T
MR I R B HEAR B R b 8 o WA ATl 174 T
FLO200 SR g SRR Sy — o IR 1 S IR B
R F B Z AR B, HAT 58 3 o I
fBE S P At Y R R R B, PR
AT Re e SRR IR R AR P AL, 1 K
AR HERR 1 A, A BT e
BT, WU SRR AR HEAR Bl i 3, i
e AL 07 DU ) R SR HEAR 7 A . ASBIFSRAS
WRM, SIEFMEBEAALL, BT BRI
FHARE G W N, UL AR A7 T I 2R
AL HHAR, X 507 ARBFEEs R—2
HARZES S FHEYR R LB W R EZY
RZ—, HEYHRMEESkE SR EEE
AR, Wang 2§ VOTERSESE R R I, AR HbEE
5, WhAMEAERKER (NAA) Gefg i E3m e
3 S HEAR BB, T A K 3R A 1 3 A o 5
(TIBA ) WU HEAR AT . R385 1) S
R, AR RSN 2P SHEAR R,
AR E WS FEAHR (NPA) it 5 HEAR B
F R, AR P, TCISRHRA 2 H
SEFRTE AN A ER I A s R R4 AR
FHEAR R, it HH AR ZE A IS A i R NPA
D 48 A T R SR A AR R AR Y74 . NPA J&
PRI AR ARz 1) — AP B, A
WRIRHEHOE S, SRTALE B E P
TR AE R IEA 2, UL, AR AR R HEAR
CE A RETEE B CEEME.
3.2 WA A OGN I SRR 2R AR B 5 )
bR TR RIEE Lk Assh, RARTEATE Lyl
I P A L SR AL ) 3 7 5kl B 1Y) g — S AL
i, WA LR ARSI« B P Wi il 7% 1 1 5
T B A AR B A 20, BUA TR E R,
K P R U SR A R G R R Y
AT DA A 5 4 i KR A LR o 78 PR
W75 T B A HEAR R 3 o A K A LR AR
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JEHEAR I AT IR . SESRIR . FERR OIS A R
4 AEHIRN E, WLUFF BRI R R R, HikE
SRR, I HHER (978 BILER 53 a2 15 T AR HEAR
7, n AR a0 RO T R M SR AR R AR P A 1 G
e, SEm I TR R A VR W AN, AR
ZR TR O T A 0 100 135 A 2 A 0 38 AR P
f 5 v 2 — P AR, 5 IE A BEAR
B, ARmAL B 3G T O B SR HEAR AR HE
FRERVE B R B A TG, O ELFIEAR A% R P Wl P i
W FAEHARTRAL, BRI BEf i F
TN U SR AR R I ER E R R A, X 554 11 P b
o Y R RS SR A3
EAMIERN, AR FEIEAEYR Z X BemE b
R F R EE A Y EAPE T, EK
2 NAA it 3 3 50 T BB A B K T HEAR
R bt , [ AU 2 T el 11 ) b L HEAR
FAEHEAR MR PE R BRI IS 1 12 ARBRSE, R
R KA, A2 NAA Bt B &g T
TN RS L AR R A HLER I 43I i, i A AR+
FM A2 A0 R NPA D) AR T AR R A LR
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NPA {149 it F D000 ] 1 HlE AR R HE AR A 2 2 A 2 2R
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Effects of phosphorus and exogenous auxin on cluster root production and phosphorus utilization of macadamia seedlings
QIN Xiao-min, PAN Hao-nan, HUAN Xiu-ju, ZHOU Chun-heng, HE Xian-yang, WANG Wen-lin, ZHENG Shu-fang,
DING Jia-dong, QIN Zhen-shi’ ( Guangxi South Subtropical Agricultural Science Research Institute, Longzhou Guangxi 532415 )
Abstract: A hydroponic experiment was conducted to investigate the effects of phosphorus and exogenous auxin on production
number of cluster root, physiological characteristics and phosphorus utilization of macadamia seedlings. The results showed that,
compared with normal levels of phosphorus supply, low phosphorus treatment significantly increased the number of cluster root in
macadamia seedlings by 73.94%, and promoted the exudation of organic acids and enhanced acid phosphatase activity in cluster
and non-cluster roots, and the increase in organic acid exudation was mainly dominated by citric and malic acids. The application
of Naphthylacetic acid ( NAA ) also significantly increased the number of cluster root in macadamia seedlings under low and
normal phosphorus treatments, and significantly promoted the exudation of organic acids in roots ( cluster and non-cluster roots ) ,
and which mainly increased the exudation of citric and malic acids; while the application of Naphthyl o—carbamoylbenzoic acid
(NPA ) inhibited the generation of cluster root and the exudation of organic acids from roots. In addition, application of NAA also
significantly increased the acid phosphatase activity in cluster and non-cluster roots of macadamia seedlings by 13.70% and 30.50%
under low phosphorus treatment, while NPA application significantly decreased the acid phosphatase activity by 20.67% and
25.98%, respectively. In this experiment, low phosphorus and auxin application increased the phosphorus uptake of macadamia
seedlings by promoting the cluster root formation and changing its physiological characteristics.
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