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P FE WA AR, 0 mmol-L™" SEA i 2R ACH U AR AR 2  HA4H, 1 . 2 mmol-L™" il AR R
ik, 0. 1. 2 mmol-L™" fHEf & BRI T A BRI BLIR MR (AsA) B9 i, BIE T &b ; ¥ TN
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RGO RIS PP S R AR A,
S HEOE Y bR A Y B AL B (superoxide
dismutase, SOD). it %A 1k ¥ fi§ (peroxidase,
POD) Fili A4k &l (catalase, CAT) T P11
b, I SPUIRINAR (ascorbic acid, AsA) &AL
A1 L7/ 0 ]I STERZ ST iy WX N ST Aw i)
IVRUERA Sl I I REaS e - S TR 7 A N1/ e o
FBE AR A BTG PR AR R0 peAh, i
SIREMARE P A SR R SRR 2R, it il
BIEHE TRAERT A . B PR, TR AR
AR v IRl L 1872 1 R o
(Vicia faba L.) %t R 5 0 e U3 5 F 58 KM A
(Pinus taeda L.) 4 a5 52 Wi A KB, R B S
B BEZ AR BAE A EAE T

HOKAHIE (Acacia melanoxylon R.Br.) J& T
Z& ¥R (Mimosaceae) 4 & X & (Acacia Mill.),
BT MOR AT ) 2 4F Az s RIv AR, Head o
JUL baitEeR . A MPEILR, S S AR
A, Tk RAEHE Ty KL, BARLE
M B FAESMED . A 20 th4d 90 AR5 A
KE, O R, )0, R, mERGERIbX)
ZE AR R . A Hh X R A A A A
%, 3B (0.25~0.5 mg-kg™) 5™ B B iNEg
(<0.25 mg-kg ™)', FEMAK: F iR 2 Wi L
BIAE, Pt AnferskE S ORI E A e, 2
BN TR R R R e i@, HRT, 7E
¥ (Populus). #¥&#% (Eucalyptus urophylla S.T.
Blake) K& A b A7 1 — Sl & SR A B 12,
TEARA ) A K T % 0 PR 3 % o 37 At 5 4TS A 88 56
o ARG LB ARHIE T R SRA7 4 ik,
M TSR EER 25 A T A r A R R . AR
R AR A, B 7 BB FRAAR BN [ LA 2 7
Mg AR, Ay ) AR X A ) SR AR B B B 5 P
WAL, SAMORE . RBTREEPR A R2AKE

1 MRET®

IR 5iEit

DIMEAAHETCH: R SR17 MAFFEARE, EELE
JE—B HAR ST 1 KR40, AR SEK
VET RS, B TIAEEME ST, &
£ 30cm. F&24cm. F10cm, FANHBM1LA
TR 1/2 MS & S5 A 9 BEAE SR, pH N
5.8, IR T EMOL B A5 BE R MOl it 53 i

1.1

B (23°20'N, 113°19'E), =N HFLREY
25 C, FIBEL 70%, HIROEHIREZ 6 000~
7 000 Lux. DABEZMEHUR, BEE 0. 01, 1, 2
mmol-L™" PO TZKSEAR B, 4 s i 2= 3 a8 3%
Wb, EL2AH, B2 RAMFEREEE R,
JEV T SR 5 IR W, 45404 )ie o BOL BO.1,
B1. B2, MM ANMEH AN A4NEE, HE
V15 b
1.2 AEKIBIRHONE

e BE 35 0 d A1 2 A4 H 5 4540 BRAE AR IO B =5
MR KSR IRR, WALERE 4 N EA,
AN 15 BRATH .
1.3 MEESEWNE

A3 IARBUAS AL BEAE AR L 30 RE L 0.5 g, LU
80% PN A W A HE U, I 43060 B T e
645 nm. 663 nm K T IOLE, SHAK.:
442 a=12.7 % Age3—2.69 x Agys; M4EE b=22.9 x
Apus—4.68 x Aggs, BIMERE G =LK a+ 4t
b, RS ZEERE, AN 44
B AP RIBENLER 1Bk, 4RIk —FE,
e EKR,
1.4 HIEFUHYRSENENEREFEHNE

3 S B4 A BRAT AR (%) 13843 AR, R
K 7 Bradford yAI & Al &R A& 5222 5 FILA
FRACE He Z Rk 2 MDA & 2% SR e = Eilvk:
HEAT Pro 2SI E R 5 R HPTIR i R S AL
fEAk AsA EALA: BB AT IR IR (DHA) Y 5
SE AsA 1A LR TN AsA &P 5 FIHA
W DU GRS L E SOD 16 ERS 5 SR 224Nk i
Pl E CAT MR 5 FIH @AM 5 I POD
TEPERE &R Wang 25 P9 iy 2 I E LOX I
P R LRNARRIEINE PAL &R, fp4ab B
M4 AFHETP N BELER: 1 8k, 4 bRy —E
5, e PEE,
1.5 EFTEZRENNE

A3 BB AL B AR B3R RS, T
1 105 °C A7 60 min, 65 °C T & i fE &,
AT, BE. B S BE. MAEESRTE SR
E. BMNY/T2017-2011, FIFH4 A 3hE &40
ERME R, RSO RNE R &, FIH
KGR F W G BRI B & i SR
DB12/T 846-2018, #| %5 & T & S e i {3 &
BECBEM AR, SR LY/T1273-1999, FIFH T K
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- F g B 2 I B 5 . TEAR M 4 AN F
Wi Eh oy MIBERLIERE 1 bR, 4 BRI —E R, 3
6 1N EE.
1.6 HIEAESSITHT

FIH Excel 2016 Fil SPSS 22 Xl 5E 25 5 k47
B4 4b BRI ANOVA B[R 2 07 22 43 0, #I
Turkey HSD #7345 2 H bk, wHEHEA BEME
25 S BIAR PR HEAT F AT 43T, TEST BRI SRl
bbb B, DITHPR NS, B kR
X; = (x; = x)/s;, Hhx A& FEIREIAEEE, xR
A FRJF AR IME, sPAbRiEZE . AT A
WERRAEE AR T 1, BRTTHORIAE] 90% LU 12K
PRUECR B 5T o A UM (W) K Zi e
453 (F), CEIR AKX W =P /3P, K, W,
FORH A F R IAE, P R | FRUY BTk
R, RIGLREHEARE F=3(F < W, BV, F RR& £
L N LD /N W = R (= Ty € R (Y R D)
SR RBE : Uz (X=X, min) /(X; max- X; min),
H X h5 j LGRS, X min 5 | AN Ea TR
PriR/ME ;X max 95 j NSRS TE bR RO E
e Ja S E R BRI E A5 S, ARG RN
(D), HHEALH D=Z(Uj x Wj )o

2 HERH9H

21 HWEXEAREELHEEKISRIZNE

ANRVBER 2, R A AR KRRV TR
[ (& 1), BO ByHERRM F (& 1A) I BO.1(&] 1B)
FE¥E; 1 B1 A B2 RBLH IR R ak iy KA, HH
Ayt R AL (K 1C. D). MREJF I, BO B
THAEBHER TR, MRS (& 1E);
B1 1 B2 MIARA A0, LG % 00 3 34 = 1 e 4
(B 1G. H)o HULULET, JoBl i85 5 45 4 ff 8
ARAEL G A ERER, Rk, AR FIMIAR
Bk, FEARARGG s BEE IR EE s, ghiiaz
2 TSR REEEN, ks, ZrtEiei
%, DARARAN, AL

Hi AR AR AR I E 4521 (1K 2) 1511, BO.1 HE#k
PR SR AL BO AR IR =g K (E R G (L0
SEAYRSEIG I, MRS I R N, B2 Bk
KAt 7.05 cm, [ BO.1 AR E KA1 54.9%.
AR Sk m ARG IR, B0 MR &t
B BO MR KK A 1M B1 A1 B2 (MR K K &

E: AL E: & 0 mmolL™ MIRRIE RIS B, F: & 0.1 mmol-L™
MR R E R MR FE; C. G: & 1 mmol-L™" #1819 & 3R W85 7% 5 D.
H: & 2 mmol-L™" BIR HYE FR 5 57

Notes: A and E were the nutrient solution culture containing O
mmol-L™" boric acids, B and F were the nutrient solution culture
containing 0.1 mmol-L™" boric acid, and C and G were the nutrient
solution culture containing 1 mmol-L™" boric acids, and D and H were
the nutrient solution culture containing 2 mmol-L™" boric acid

1 AEHEHE BARBE B4 S FRA D

Fig. 1 Effects of different boric acid content on the
leave and roots of A.melanoxylon seedlings

124 BO.1 1Y 59.6% 1 41.7%., ifi % HE 0 & i 1%
T, AR BRI R B 0 & s> . B Ui,
BO.1 A B A A KA BO JE kil 2 7Y,
MRk, ARAR A, EMRRIAR AL B I
B2 i il s EIEH, &KL, WA
fb, . R g, KR Z R, Fit,
PEIE SR BEAA B AR AT EENEZ —,
22 HHEXMEAERHEHEESENTNE

B 3#HH, BOMHMRIANI4RE a FInf 4%
b & &K T BO.1 MKk ; BO.1HERRAYAHERE a Fl
M4 b S RE; M B1 A B2 kA4 %
a Mt R b iy & B WA, motHERr, 0.
1 1 2 mmol-L™" FBE Al & 15 51 R 2R A AR B b 15
SRR PR, I ROCEYER, iz
MR IEE A KEE
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Notes: Different letters above the bars represent significant difference among the treatment when p<0.05. The same below
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Fig. 2 Growth indexes of A.melanoxylon seedlings cultured with different boric acid content nutrient solution
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Fig. 3 Chlorophyll content of A.melanoxylon seedlings cultured with different
boric acid content nutrient solution

23 HHMEXNEAEESHHEREETEYRESEN K 58w, 7€ BO. B1 A B2 4 /& SOD A
= POD Mif PR, HE W AR B 5 S5 (R
YRN8 B R Y S MRS & TR H 3R H0, IR . CAT 2

W RS, W 4 FoR, BEEMMENRN,  HEYIERNTERR HO, B R B/ —, FfiE (L0
BAARY RN TR O S e, RN TN, DR FEA ) HO, 82, CAT BT Pl
PRI S BTG BR . AsA SRV AP ORI ISR &, PAL SEAR YR N R A 9 2R T o AR 1Y) 56
%E%%ﬁ%%ﬂ,mA%ﬁéﬁmmﬁﬁww HEBE, PAL WETEZE BO. B1 A B2 4hihobes, it
, BHEGEOEAIE N, AsA RS SRR,  WIBLENANAIN T R SR T AR A P R A A R
ﬁ%WLE SRR T RRAM BRI A LR NS B A R, LOX & —F AL IR i A fb i il , I
B LRI 0 . MDA J&id S8R B i B r=4 2 IR A R P i AR B, XA R
—, HE R LU AR N BE BT ALK, P AEEEEERE N, LOX & MAE BO. B1 fil B2 4))
#£ BO. B1 Fll B2 fitk{K N MDA &% BO. AR FARPIRGIN, 150 B SR AAI AT o 25 ol SR A AH S 4y
M, UOITEEE 5 RAMEUR N IR B A WA TR A RO . DA SRR,
T . Pro BAEYIRME SN B SAET Y2 e AR T SR ACH A A KRR
. TR LT SR 0B S T, Pk, (28T LOXEREMERRE I, (40 Bhg =4
mﬁ%% Pro %7 BO. B1 f1 B2 fitkiANE:  ab% kS ii; € 7 SOD. POD. CAT %% ik
o, ULEA SN A L T R R RBE WA AR A R PAL BTG PERG N, DA

ISR RO TR AR, P PR A A

24 HMEXEAEBRYHEHINEFEFTEN (Ao

A1 25 HEEXMEARBRSEERTRSENZIT
SOD H1 POD JZ A 1A N 48 I H B AT H,0, 1 TEREIIAN, AFEFRITR Z 2™ A g ek

HEHRA, R e SR BT E . W SEPURERT, X SERE B e U A AR A
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Fig. 4 Physiologically active substance content of A.melanoxylon seedlings cultured with
different boric acid content nutrient solution
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Fig. 5 Oxidoreductase activity of A.melanoxylon seedlings cultured with different boric

acid content nutrient solution
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Fig. 6 Mineral element content of A.melanoxylon seedlings cultured with different
boric acid content nutrient solution

Moo R SR LA MEER; MoR 5AM
BouR LU RAREAEN; fEMT R AR A Y
M, ATDMEREE TR AR, (E A A A
BRAEKHET, i T T R R,
26 IS ERBEIRBEZEESH

T SR AT AN PR A B AN [ AR
M N FR R, R LA 2 R AT AR AR AT
TR, AiRARH (R 1), RPN ERETERRIY
TTERER 0N 75.14% . 19.66%, Zit vtk FRik
94.80%, FHHFEICHT I T 853 7T LARER K53
FRVRIE B o LURFIE ) REAE PR IE (55 2),
B ERMEEE 12,77, HhdoE SR
FEMKE ., e KE . LOXTEM . AsA &
., FonR S E., WotRSE . PODIEM:. Pro
i, SOD ihME ., MKMK s HEAWE . PAL
TR fr B B s 3 R R IEE  3.34,
Hrpmar R b M EaKem. Hitk, aTHL,
b 14 A FEFRVE A P A AAH XA [R) AL A 2 45 14
T8 T ) FEEER

HRAE T A FRAE 0] B R B TR (3% 2), 3K
FRTTPAS TR B 7

F,=0.27Q,-0.27Q,~0.27Q,+0.27Q,~0.27Qs+
0.26Q4+0.26Q;+0.26Qg+0.25Q—0.25Q15-0.25Q+
0.24Q,+0.23Q43+0.21Q44+0.21Q45-0.14Q 5+
0.19Q;7;

F,=0.06Q,-0.10Q,+0.13Q;+0.14Q,~0.10Qs+

F1 ZETNERMERRERTEHE

B1

B1

B2

B2

Table 1 Principal components eigenvectors and

cumulative contribution rates

TiH FE 1 FE2

Item Prin.1 Prin.2
#1457 K content -0.98 -0.12
43K & Leave number growth -0.98 -0.19
Pt K& Plant height growth -0.97 0.24
B4 A BREE LOX activity 0.96 0.26
PUAILER 75 % AsA content -0.95 -0.19
54 & Ca content 0.92 0.37
W1+ &B content 0.92 -0.31
AR % POD activity 0.92 -0.23
[ 28R & & Pro content 0.91 -0.32
A B AL RS P SOD activity -0.88 -0.36
R KK & Root growth -0.88 0.39
[ K JE Protein concentration 0.84 -0.51
KRR Z B % PAL activity 0.81 -0.55
& & P content 0.75 0.37
-4 2at & Chlorophyll a content 0.74 0.67
-4 2b 4 & Chlorophyll b content -0.49 0.87
AR EEE N CAT activity 0.67 0.75
FF{iE{H Eigenvalues 12.77 3.34
oo
@%&ﬁfﬁférﬁribution rate L Pt
R TME % 75.14 94.80

Cumulative contribution rate
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Table 2 Comparison and comprehensive evaluation
of the subordinate function values under different
boric acid supply

tom AR F URIUR D ol
BO 153 248 -1.73 029 0 023 3
BO.1 396 125 287 0 099 021 4
B1 113 129 116 061 1 069 2
B2 436 007 343 1 064 092 1

M EIndex weight 0.79 0.21

I B, F2 AR B S I SR S 1608150, FIRE TR 481590
U(F1). U(F2)7 IR S LR S FRARFI SR BBl , DR LR FIR R
B TSR A TN

Notes: F1, F2 represent independent comprehensive index,
respectively; U(F1). U(F2) represent the subordinate function values
of comprehensive index, respectively; D represents the
comprehensive evaluation value of principal component and
subordinate function analysis

0.20Q5-0.16Q;-0.12Qg—0.17Qg=0.19Q;4+0.21Q -
0.27Q4,-0.29Q5+0.19Q,+0.35Q5+0.46Q 5+
0.39Q4, (=X Qi Ry S FR IR HITE)

F i G A X F=0.79F, + 0.21F,,
SRR R 25T, BIPIAS FE LR G
455 (F), 79 BAMEMNA KL B Z Mo HE
J¥ >4 B2>B1 >B0 >B0.1. 74k, FIFHAAE (W) K&
KB SR BUE R A A R 25 1 T B A R 2 i A=
KEFMLEEIFNE (D), 45REW (K 2), Xk
AABL A K E B WRafE R B2>B1 >B0>
BO.1. A, PEACHH JE &) v AH X3 B 8 AL
0.1 mmol-L™", 1 0, 1 A1 2 mmol-L™" Ay HER 34
I BRAAEY N ERKE
3 it

FEMIEFIEAERK AT EXREE, IR
FEAAH SR AZ B B A A R R AR A AL R A
b, XHETMAT BERE fHEA LR, M E
R, RsEMOoRE = BAREEE L, ARk
B, RO A T A R A
K, PEUEHRZEDN, RERDEIH, DIErptoid
UESE T WE 2 S Y AR K0 E,  AnEal e &
BB (Poncirus trifoliate (L.) Raf.) T [ 454, #
RO ARG L, EARREEZ KD 0 & e
%] (Vitis vinifera L.) B 5 AR R AR K 3452 31 19 3
NI 5 FRXUR (Jatropha curcas L.) Fl bk & 444

KFEAL, HAR R M AR & T R f 2%
TR (AR X SR A AR R A I O K A
S, 3] BEAE PR R BT R A AR A M RE L A S A
PERE 2 CEEMIERSY o ST, fEkk
T0 sty A 20 240 R S0 1 A2 ST il i Y
I S A BB Ao B A TR | AR B TG e A
For iR, SRS ENSHERT AR, JHimFE
MR T o A AV E R o, s K Az 25
U PR T N )V STER S = e N D SR e e S 3y
b, MakR A R, O= RN IE T 4 A
JEEPERG I, AR RPN IR TR Z L S BEN IR R 2R
TR R AR R S AL, M e,
Hegazi %59 X4l (Olea europaea L.) W jiti M- i
IFRAIERA T4 K a. MHEE b, DR E ST
S5k B, Kk, #Eba SeEIR AR 40
Mg, MmIAEARAR S AR R AR, R4 &R
i, WHEDCEER, SRR I A

LA 3 36 R 3 3 R 2 T EUAR N TR SRR
AT 35 5 40 M 1) S A i 0 . AR R, 0.
1 1 2 mmol-L™" LRI T, BEAHIE 135 LOX
I P A1 MDA % it 34 5 T 0.1 mmol-L™" i it &
(Y, 33K & WS A0 R A 3 e B X X A AR 3 B T
B, FEGER ARSI, AR AN
W, [, AT ASAREEAE 0, 1 F1 2
mmol-L™" L & T~ ¥{KF 0.1 mmol-L™" fiLfl & T
[, 2R BB A PR o R A TR SRR T
MR NI AsA, T30 AsA & & [ ik, SOD.
CAT F1 POD ¥ EE LA LR, A58t SOD
H1 POD V& PEZER A 2500 T & s CAT Wi
FESRI A TR, B 2 T I . X R I
JoN3E S5 375 T A A L S A R SR R LR,
NI e S A A T X Jh 3 7 ) ) R AN IR
FHIEL, TSRS bR R 40 th 2 R AL R XBT
A AL, ARSI AR R AR 055

FEWIAR PN BRI T 2R 5 mT DA e & 24 VR )
LS AE PR HADE FRIC R SR Hi . AIESE
RIL, B E IR TN BE BN, SRR M
L EBO R G, BB AR A R
SRR A G, o Z IR HE - S B0
PRAK IO CE & f RV AR B 5752, i
WS . BRI IR . WRRE . RXHRR Y OCHE K
gy, AR R EEEERYY ; #E 40 ZF0EGH
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Effects of Boron on the Growth and Development of Acacia
melanoxylon R.Br. seedlings

CHEN Zhao-Ii', BAI Xiao-gang'?, LI Xiang-yang', ZENG Bing-shan', HU Bing'

(1. Key Laboratory of Tropical Forestry Research, National Forestry, and Grassland Administration, Research Institute of
Tropical Forestry, Chinese Academy of Forestry, Guangzhou, 510520, Guangdong, China; 2. College of Agriculture and
Biology, Zhongkai University of Agriculture and Engineering, Guangzhou, 510225, Guangdong, China)

Abstract: [Objective] To study the changes of growth indicators, physiological and biochemical character-
istics, and nutrient element content of Acacia melanoxylon R.Br. under different boron content, and reveal
the response mode of A.melanoxylon to boron stress environment. [Method] The A.melanoxylon clone
SR17 1-month-old seedlings were cultured with nutrient solution containing 0, 0.1, 1, and 2 mmol-L™" bor-
ic acid for 2 months. The changes in the physiological and biochemical indexes, such as growth index,
chlorophyll content, physiologically active substances content, oxidoreductase activity, and nutrient ele-
ment content, were determined under each culture condition. Based on principal component and subordin-
ate function analysis, the contribution rate of each index for A.melanoxylon response to different contribu-
tion boron content was comprehensively evaluated, and the stress degree of A.melanoxylon seedlings with
different boron supply levels was compared. [Result] The results showed that 0, 1, and 2 mmol-L™" boron
supply inhibited the increase of plant height and root length, reduced the aboveground chlorophyll content,
and caused leaf degreenization, yellowing, and even abruption phenotypes. 0 mM boron made the primary
and lateral roots white and thickened, 1 and 2 mmol-L™" boron made the roots brown. The dosages of 0 , 1,
and 2 mmol-L™" boron reduced the content of ascorbic acid (AsA) and caused an oxidation reaction. The
contents of malondialdehyde (MDA) and proline (Pro) were increased, leading to increased lipid oxidation
levels and osmotic stress. It increased the activities of superoxide dismutase (SOD), peroxidase (POD),
catalase (CAT), lipoxygenase (LOX), and phenylalanine ammonlyase (PAL) in vivo, leading to the accumu-
lation and removal of oxygen-free radicals and hydrogen peroxide (H,O,) as well as the synthesis of sec-
ondary metabolites. The increases of boron content of A.melanoxylon promoted the increase of phosphor-
us and potassium content, and the calcium content was the highest under 0.1 mmol-L™" boron supply.
Through principal component and subordinate function analysis, fourteen indexes, including potassium
content, leaf number increase, plant height increase, LOX activity, AsA content, calcium content, boron
content, POD activity, Pro content, SOD activity, root length increase, protein concentration, PAL activity,
and chlorophyll b content, could be used as the main indexes of A.melanoxylon growth and development
response to boron stress. [Conclusion] A.melanoxylon seedlings grow better under 0.1mmol-L™" boron
supply, and their growth indicators, physiological and biochemical characteristics, and nutrient element
content are significantly different under different boron supply conditions. A.melanoxylon responds to boron
stress by regulating plant phenotype, the content of physiologically active substances, oxidoreductase
activity, and nutrient element content.

Keywords: Acacia melanoxylon; boron stress; nutrient elements; principal component analysis; growth
and development
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