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The Effects of Different Fertilization Treatments on Growth Characteristics

of Dalbergia cochinchinensis
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Abstract To reveal the effects of nitrogen, phosphorus and potassium (NPK) formula fertilization on the
growth and root development of Dalbergia cochinchinensis, the optimal formula for NPK fertilization was select-

ed to provide technical support for the seedling breeding of D. cochinchinensis. Using 1 — year — old
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D. cochinchinensis seedlings as materials, 3414 orthogonal experimental design was used to study effects of dif-
ferent fertilization treatments on growth and root morphology characteristics of D. cochinchinensis seedlings.
There were highly significant or significant differences in the effects of nitrogen, phosphorus, and potassium
fertilizers on seedling height, stem, leaf, and total biomass. However, there was an insignificant difference in
their effects on the main root length, root surface area, and number of primary lateral roots. There were highly
significant or significant differences in the effects of nitrogen and phosphorus fertilizers on ground diameter, root
diameter, leaf area, and root biomass. The influences of phosphorus on seedling height, ground diameter,
stem and leaf biomass, leaf area, main root length, root surface area, and number of primary lateral roots
were greater than that of nitrogen and potassium. The influences of phosphorus on seedling height, ground diam-
eter, stem and leaf biomass, leaf area, main root length, root surface area, and number of primary lateral
roots were greater than those of nitrogen and potassium. The influences of phosphorus and nitrogen on height—to
—diameter ratio and root diameter were equivalent, which were greater than those of potassium. The impacts of
nitrogen on root biomass and total biomass were greater than those of phosphorus and potassium. According to
the result of principal component analysis and comprehensive quality evaluation, the treatment of T6 (N,P,K,) ,
T7 (N,P,K,), T10 (N,P,K;), and T11 (N,P,K,) were all suitable fertilization combinations for the growth
of D. cochinchinensis seedlings. The growth of D. cochinchinensis seedlings could be promote by fertilization
with nitrogen, phosphorus and potassium. The optimum fertilization formula for the growth of
D. cochinchinensis seedlings is N,P,K, (300 mg N per plant, 80 mg P per plant and 70 mg K per plant). The
growth and root development of D. cochinchinensis seedlings was the best with a high level of N application and
a moderate level of P and K application.
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Table 2 The design of NPK fertilizers

Table 1 The content of each level of fertilizers
mg -
iR 557K F- Treatment AN P B K
0 0 0 0
1 100 40 35
2 200 80 70
3 300 120 105
mg - ¥

1. 2 AR EEAL T
N, P and K fertilization for the 1st and 2nd time

5 3~ 6 AR AL it
N, P and K fertilization from the 3rd to 6th time

G
No. Treatment R T A R Bl — A A
Urea NaH,PO, KCl Urea NaH,PO, KCl

Tl N,P,K, 0 0 0 0 0
T2 N,P,K, 0 8. 00 7.00 16. 00 14. 00
T3 N,P,K, 21.70 8.00 7.00 43. 40 16. 00 14. 00
T4 N,P,K, 43. 40 0 7.00 86. 80 0 14. 00
T5 N,P K, 43. 40 4.00 7.00 86. 80 8.00 14. 00
T6 N,P,K, 43. 40 8. 00 7.00 86. 80 16. 00 14. 00
T7 N,P,K, 43.40 12. 00 7.00 86. 80 24. 00 14. 00
T8 N,P,K, 43. 40 8.00 0 86. 80 16. 00 0
T9 N,P,K, 43. 40 8. 00 3.50 86. 80 16. 00 7.00
T10 N,P,K, 43. 40 8. 00 10. 50 86. 80 16. 00 21.00
T11 N,P,K, 65.20 8. 00 7.00 130. 40 16. 00 14. 00
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1L 2 RBEETEAC T
N, P and K fertilization for the 1st and 2nd time

5 3~ 6 WCRBHIHENE 531
N, P and K fertilization from the 3rd to 6th time

%7 AL P

No- - reament % ST U V7T % BEAH S
Urea NaH, PO, KCl Urea NaH, PO, KC1

T12 N,P K, 21.70 4.00 7.00 43.40 8.00 14.00

T13 N,P,K, 21.70 8.00 3.50 43.40 16. 00 7.00

T14 N,P, K, 43.40 4.00 3.50 86. 80 8.00 7.00

. FILEARER (FRE 46%), PRILHHHraimiie — 20, PALH A prai s e
Note; Urea ( containing 46% nitrogen) was used for nitrogen fertilizer, analytical pure sodium dihydrogen phosphate was used for phosphorus fertiliz-
er, and analytical pure potassium chloride was used for potassium fertilizer.
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Note : Different uppercase or lowercase letters indicate highly significant ( P<0.01) or significant differences ( P<0.05) among
different treatments.
E1 AEEBMHRLEETRUASEYIEESIEE, RIEE, SRR
Figure 1 Comparisons on increment of height, ground diameter and ratio of height to diameter of Dalbergia
cochinchinensis seedlings under different proportion of NPK fertilization.

®3 FEEELETIHEESBEESEE, HWEEE, SEERESWNSERER
Table 3 Range analysis and multiple comparison of height increment, diameter increment and ratio of height
and diameter of Dalbergia cochinchinensis seedlings under different fertilization treatments

A LR K0 K1 K2 K3 ez
Variable Element Level 0 Level 1 Level 2 Level 3 Range
N 11.52¢cC 13.51bB 14. 42bAB 16. 10aA 4.57
H R b
PR L P 7.05dC 13. 18cB 15. 54bA 17. 08aA 10. 02
Increment of height
K 10. 75¢C 13. 65bB 14. 51bB 16. 51aA 5.75
N 2. 50aA 2. 88bB 2. 88bB 2.89bB 0.39
FA ot EL
R . P 1. 88aA 2. 84bB 3.00bB 3.32cC 1. 44
Increment of ground diameter
K 2.24aA 2.87bB 2.93bB 3. 06bB 0.82
N 0. 60aA 0. 60aA 0. 64abAB 0. 70bB 0.10
L
. . . P 0.59aA 0. 61abAB 0. 65bB 0. 65bB 0. 06
Ratio of height to diameter
K 0. 63aA 0. 62aA 0. 63aA 0. 68bA 0. 06

I AR, DNEFER NIRRT BFE (P<0.01) BERFE (P<0.05) %R,

Note; Different uppercase or lowercase letters indicate highly significant ( P<0.01) or significant differences (P<0.05) among different treatments.

2.2 FRERECLL HEAEXS 4h E A E RIS Yy R4 kAR W R e 22 S PR AR 3 (P<0.01)
N, P, KXY, 2EYR e BZESMERE (P<.05) (K2), REYE, 24E
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aA
47 abaBcD  2bABCD aAB

abcdABCD abABC
abcdascp  20CABCD

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14
AbEE  Treatment 0OES =@ i@ 4k

T AR, NG TR RS AL B 3% (P<0.01) B(H R (P<0.05) 25,
Note ; Different uppercase or lowercase letters indicate highly significant ( P<0.01) or significant differences ( P<0.05) among
different treatments.

B2 AREBHHEILAEEZA EEDH AR LR

Fig. 2 Comparisons on growth performance of Dalbergia cochinchinensis seedlings under different fertilizer treatments

x4 AEEERLETIHEESER, 2, HONSEMERESTNEZELLR
Table 4 Range analysis and multiple comparison of root, stem, leaf and total biomass of Dalbergia cochinchinensis
seedlings under different fertilization treatments

AR JLE KF0 K1 K2 K3 2z
Variable Element Level 0 Level 1 Level 2 Level 3 Range
N 0.47aA 0. 89bB 0.93bBC 1. 15¢C 0. 68
)FEEE%E P 0.35aA 0. 89bB 0.98bB 1. 02bB 0.67
Root biomass
K 0. 67aA 0. 89bAB 0. 89bAB 1. 08cB 0.41
N 0. 26aA 0. 52bB 0. 55bB 0.70cC 0.44
éiwg P 0. 15aA 0.51bB 0. 59bcB 0. 64cB 0.49
Stem biomass
K 0. 34aA 0.52bB 0. 53bB 0. 70cC 0. 36
N 0. 56aA 0. 78bB 0. 85bB 1. 13cC 0.57
u =N
+¢%£ P 0. 22aA 0. 79bB 0. 88bB 0. 94bB 0.72
Leaf biomass
K 0.47aA 0. 84bB 0.79bB 1.03cC 0.56
N 0. 99aA 2.2bB 2.33bB 2.97¢C 1.98
I‘—_ll =N
MEE%E P 0.73aA 2. 19bB 2. 44bcB 2.61cB 1.88
Total biomass
K 1.48aA 2.21bB 2.25bB 2.81cC 1.33

I AFRK, NEFEE TR AR BRIAATEWR B (P<0.01) HEFRE (P<0.05) 25,

Note; Different uppercase or lowercase letters indicate highly significant ( P<0.01) or significant differences (P<0.05) among different treatments.
Wik, AR MAEREYESEIM N, P, Kk AR AR BURI 2 — AR ) 5 G
JESEhmEE i, T11 ARFER, RAEWE, HAEYE  FER (P>0.05) (K3), EMRKKEEN, P, K
Fatkd: Wi & i, 20 CK & 291.04%, PR BL G b, T2 AR FE A FHR K A
772.91% Fl 544.74% ; iZEAY e fE K, HCKK 31.89%; HREMBIRE N k5% N2
T10 4B, b CK 5 470.04% (1 2), N, P, K BUEHS KIS, Bl PRI K VB2 A3 R i i,
ZHNEMRALEA YR AR 8 N>P>K, %F T3 AMBEAR KM AR K, CK K 49.91%; #E

LRI AR YRR BIHER 8 PSNSK (K 4) FEBE N YR BERS IR fn, BE P AL K9 LR 0 5 B
2.3 FBEHEC L HEAE X 4h B AR Y200 Sl A R/Y, T14 A BRR HARR KR, H CK K

N X4 AR EAR S I 22 P W P RS2 16.56% ; —ZMIAREKE N AT K B 4 1 in 2 35
SRR, KW FEES, N, PL K X4 s, B P WA nmsgn, Ti4 4By
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Note: Different uppercase or lowercase letters indicate highly significant ( P<0.01) or significant differences ( P<0.05) among
different treatments.

E3 ARMGRELAETRAHEHEHERK, RRAR, RELM—RMRHLLER
Figure 3 Comparisons on taproot length, root surface, root diameter, and the number of primary lateral roots
of Dalbergia cochinchinensis seedlings under different fertilization treatments

*5 AEBEELETZAZTESEERK, REER, REGH—NRFRESTNSELR
Table 5 Range analysis and multiple comparison of taproot length, root surface, root diameter and the number
of primary lateral roots of Dalbergia cochinchinensis seedlings under different fertilization treatments

st T KF- 0 A 1 A2 K 3 %
Variable Element Level 0 Level 1 Level 2 Level 3 Range
. . 478. 39aA 485. 59aA 479. 99aA 483. 72aA 7.20
EMRK 435. 36aA 459.95aA 505. 71aA 493. 19aA 70. 35
Taproot length
K 446. 76aA 451.99aA 502. 60aA 486. 42aA 55.84
. N 276. 50aA 328.28aA 310. 98aA 285. 75aA 51.78
IR P 266. 35aA 293. 72aAB 319. 71abAB 363. 74bB 97.39
Root surface
K 2717. 36aA 299. 42aA 315. 48aA 316. 60aA 39.24
/ N 1. 60aA 1. 72bA 1. 67abA 1. 75bA 0.15
W ER
. P 1. 60aA 1. 75bA 1. 66abA 1. 67abA 0.15
Root diameter
K 1. 6aA 1. 71aA 1. 67aA 1. 70aA 0.11
— SRR % N 19. 98aA 31.98aA 31.02aA 16. 87aA 15. 11
Number of primary P 22.22aA 27.53aA 28. 36aA 51.63bB 29.41
lateral roots K 22.98aA 33.59aA 27. 81aA 26. 69aA 10. 61

W AR, NG FERHFRR R RSB R A % (P<0.01) BiE R (P<0.05) 5,

Note: Different uppercase or lowercase letters indicate highly significant ( P<0.01) or significant differences (P<0.05) among different treatments.
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2.4 GBESAEE bL e BB 3 45 AR A 2 0 VIR EE N P K AR HEMH AN, N, 5 N, |
N. P. KX EBERHMES R EE (P< N, N, XZ5MHHE%E, P, 5P, P, E5MHKE

0.01) (K4), AFEMGACABEA SR s %, 5P, TRFEER,; K, 5K, ZRMEREH,

WA T CK, Mo T3 AbFifE e, L CK & 5K, K BEEER RIEWEA, =R

115.54% . F/NEE T4 403, {UH CK K 11.95%  ZEXIHHHBGZIHIT A P>N>K (%6),

(K 4), M fLRE N, P K R 38 hinif 36 K,

351

aA

_ abcAB
30 abcAB

abcAB bcAB

a
chabcAB abcAB T abcAB g

254
dcb

|

________________I
1
L]

204 dDE

eEF

3

Leaf aarea

154

- 1 A /em?

104

[ e | B E— e e e L B E— 1
15 T6 17 T8 T9 T10 T11 T12 T13 Ti4

hb 3 Treatment

-]
=
—
N
-y
w
—
E=N
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Note: Different uppercase or lowercase letters indicate highly significant ( P<0.01) or significant differences (P<0.05) among dif-
ferent treatments.

B4 FEHEAEALIERT 32 Bb 818 4h w8 E AR R im Y b AR

Figure 4 Comparisons on effects of fertilization on leaf area of Dalbergia cochinchinensis seedlings

#*6 AEAKELETHEMHERRESNNSELE
Table 6 Range analysis and multiple comparison of leaf area of Dalbergia cochinchinensis seedlings under
different fertilization treatments

LR K0 KF1 K2 KF-3 ez
Element Level 0 Level 1 Level 2 Level 3 Range
N 11. 84aA 18. 63bB 18.24bB 20.71cC 8.87

P 10. 64aA 17. 61bB 18. 99bcBC 20. 25¢C 9.61

K 14. 12aA 18. 73bB 17. 82bB 19. 27bB 5.15

e AR, ANGFEHIFRA R AATER B3 (P<0.01) B B#F (P<0.05) 25,

Note; Different uppercase or lowercase letters indicate highly significant ( P<0.01) or significant differences (P<0.05) among different treatments.

2.5 REHELEENZRAEEYERMESE O WERSHAMA KMBIR AR W35 A0,
S HERKEAMIE;, KEKRKT S5 cm B— M0
2.5.1 RBRATECILEIERT 4 B I5ARea Rk (SRR MR S A OE

M ERCHEALAL B, K I8bRZ B R ZHAFAE 2.5.2  RA4TEILENR T 45 £ K384 £ R0
L EE R WA OCOCR (RT), MEEE . A 3 WIREHIEER T 1 I A BE AR s
WA MPEARR, 22 WEYEZEME PRI 28 89.99%, KM 3 A~ ERSC LA
W PR IE AR O EMRKAC S W m i i, AR BCRB ST M S B 25 A K A8 bR ok 28 ik R &) v R
AR AR 0 E MR EA DG, MRS BREAEm (K 8), Mk 8 ARl 3 4 E
i MARNGE . MR B A R E R,
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Table 7 Correlation analysis of various indicators of Dalbergia cochinchinensis seedlings
e i B ﬂﬂﬁiii N = =N ¥ - En| 42
A R WA 24EYE YR - EREK  WEER RER
EXIN Increment of i R
. Increment Root Stem Leaf Taproot Root Root
Traits . ground . . . Leaf area .
of height . biomass biomass biomass length surface diameter
diameter
i B
Increment of 0.92""
ground diameter
REYR 0.83°  0.74"
Root biomass
VA 7/h
=EURE 0.89°°  0.78  0.96"
Stem biomass
It E=N
A 0.77°°  0.66%  0.96"  0.96"
Leaf biomass
I AR : .
R 0.78*" 0.70" 0.92% 0.95 0.95"
Leaf area
ERK 0.71"" 0.69"" 0.43 0.50 0.32 0.43
Taproot length
1
RARER 0.59 * 0.67" 0.49 0.51 0. 40 0.57 * 0.67"
Root surface
7%
*Eﬁh 0. 06 0.27 0.32 0.21 0.28 0.24 -0.22 0. 06
Root diameter
— AR K
Number of primary  0.26 0.42 0.25 0.24 0.22 0.38 0.12 0.75"" 0.15

lateral roots

W S FOREME R (P<0.05), " FaRMEER B3 (P<0.01),

Note: “ and *” indicated significant at 0. 05 and 0. 01 levels.

Y, = 0.37X, + 0. 35X, + 0. 37X, + 0. 38X, + 0. 35X, +
0. 37X, +0. 25X, +0. 28X, +0. 09X, +0. 43X, ;
Y, = 0. 06X, + 0. 12X, — 0. 24X, - 0. 18X, — 0. 31X, -
0. 16X,+0. 45X, +0. 46X, —0. 46X, +0. 34X, ;
Y, = - 0. 21X, +0. 02X, - 0. 05X, - 0. 12X, - 0. 06X, +

0. 01X,-0. 34X,+0. 29X, +0. 53X,+0. 66X,

AT L i A A BR A 28 5 15 0 Y T AT AR 4
T1, Hr T3 (NIP2K2) ZRG 1350 E, &Ik
PEH P A8 Sy 3 A8 Bk M 4 B A K Y e AT T L
(£9),

®8 AREEREL LR EEL ST ERKBIRER RIS

Table 8 Principal component extraction and analysis of growth indexes for Dalbergia cochinchinensis seedlings

under different fertilization treatments

o Bt T 2R/ % FAEREE 1 FRAEmEE 2 RHER E(E 3
Component Total Variance percentage Accumulate Eigenvector 1 Eigenvector 2  Eigenvector 3
W R (X
R ( 1,) 6.27 62.70 62.70 0.37 0. 06 -0.21
Increment of height
AR (X
AR (X,) 1.49 14. 89 77. 60 0.35 0.12 0.02

Increment of ground diameter
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D% Bt T 2B % FAEFEE 1 FRAEREE 2 RHEE E(E 3

Component Total Variance percentage Accumulate Eigenvector 1 Eigenvector 2  Eigenvector 3

HRAEYE (X))

. 1.23 12.38 89. 98 0.37 -0.24 -0.05
Root biomass
LR (X
EOR (X,) 0. 64 6. 48 96. 47 0.38 -0.18 ~0.12
Stem biomass
1 7= (X
fﬁz%% (%) 0.24 2.40 98. 87 0.35 -0.31 -0. 06
Leaf biomass
AR (X
FERL (X) 0.05 0.57 99. 44 0. 37 -0.16 0.0
Leaf area
EREK (X
B\ () 0.03 0. 30 99.75 0.25 0.45 -0.34
Taproot length
H (X
AR (X) 0.01 0.14 99. 89 0.28 0. 46 0.29
Root surface
w42 X
ﬁﬁﬁ (X, 0.01 0. 06 99. 95 0.09 -0.46 0.53
Root diameter
— A X
FIHL (Xo) 0.01 0.04 100 0.17 0.34 0. 66

Number of primary lateral roots

*x9 FHEEEKEHRERSSH
Table 9 The main components analysis of growth indexes for Dalbergia cochinchinensis seedlings

gy b3 Ji/3#543 Component score Vo RATiRAS HERE
No. Treatment F a4y 1PCI F 43 2PC2 F 4 3PC3 Total score Rank
Tl N,P,K, -5.07 -3.68 14. 41 -1.94 14
™ N,P,K, ~0.61 ~0.70 0. 04 ~0.48 1
T3 N,P,K, 2.01 1. 64 5.11 2. 14 1
T4 N,P K, =3.17 -2.25 4. 67 -1.75 13
TS N,P K, 0.98 0.79 1. 48 0.92 6
T6 N,P,K, 1.31 0.94 2.34 1.25 3
T7 N,P;K, 1.91 1. 66 4. 84 2.05 2
T8 N,P,K, 0.79 0. 65 1.23 0.74 7
T9 N,P,K, -0.20 -0.01 -0.39 -0.17 9
T10 N,P,K, 1.30 0.92 2.12 1.21 5
T11 N,P,K, 1.37 0.79 2.09 1.24 4
T12 N,P K, -0.92 -0.97 0. 14 -0.70 12
T13 N,P,K, 0. 67 0.63 1.08 0. 65 8
T4 N,P K, -0.38 -0.43 -0.07 -0.31 10

2.5.3 RARATEILEIEAT Y R EAFN 13 AIP AL H T11 (N,P,K,). T6 (N,P,K,).
AL FEZH 1) QI IR T AHENL XS R4 T1, Uit T10 (N,P,K,). T7 (N,P;K,), N, P, KKZHR
B IE AL F AT D) R S 8 QLR % (R 10) . HF% & HEZ &AM 4 48 T1 (NPK,) . T4
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(N,PK,) . T2 (NP,K,), HAREIITERAGRE,
ULH 3 AT X TR BT e 2O 2, 6k
—ANHT

3 #itHitie

Jit A2 8 B RS I o (1) 6 BE A i, A P A T
Uit A 2444 58 1 A S5 ) SRR R R 2 — 1 ARk
URel R, EUBE A T EL it AR X 58 ik B AR — A A
AR AR RN, B s B
B AR, EARL, AR, R, RER
At A, EX AR RERE, —HAAR %
WA TC B E 2 R, Wm MR e EAR
K| BRI P=K>N, X 2E Y
M A, AR R A — AR FE
MR P=N>K, SHRAYE | B R
WAL N N>P>K, X 5S4 | Fsgb
BEH AR D) AR ARAED YN RS AAR G
L MR L AR R A AR R B R 1 F o
AT E—E, XS RIS AR,
BV I R AR AR M AR

N. Pl K3 5T 28 %Al 9 A 1 31 b H B 22
MIVERT, A B At AR S RE R 008 R A K
L MR, BRI R, ZE o, BAEYEY

B N, P, KRB S missm, (HEREK, R
FHEA, RER, — MR R 2 e G
FEARAFAY, B 3 ZKF N ¥ By — 2 AR B b T
AHERER AR, HAb ) 3 K A9 BUE Y TR it AR
By, HERE N, P, K 2WHERERK, &H
Z NG i B T e N TR s E X 5
shEBEET | RS R AR5
BIARMAEK Z B Y & & B 5 m, J2H
AR R AR Ay S FAE AR IR AEKE
Wt Rk®E, HHIESHENRIEHFRRNE
B, AFAEN 2 AR EARE A R 2 5 R
AR I X AN [5) A BT 52 Mk #4840 1 19 255 48 b E
TEO7HT, 455 26 B 45 A K A8 b 8] A DG B8 ¥ 8 v
ARSI S R, IR KRR CE .
R, WL BP 3 PR S Bk A AR A KA B RS
HAEH, 3 BRI ZM AT S —A> 5 A L)
A fe A ORI AE A, R 3 R A T R 4
J o 2F A VA 45 R AT AL, T6 ( N2P2K2) T7
(N2P3K2) . T10 (N2P2K3) #1 T11 (N3P2K2)
PR R il BAC B A 1 AR K AL A
AWFFEAE S0 B 55 5 AN AR 2 R BRPE
AFEHETE bR, JC BRI E AR, 25w
WA, RS, 5 DL o¢ 3 ik

®10 AREEBHAGELLER TZAREYHEERGERERL

Table 10 QI index of each treatment of Dalbergia cochinchinensis seedlings under different fertilizer treatments

% HARB T B/ g AR R Ql Lia Y
No. Total dry weight Ratio of height to diameter Ratio of stem to diameter Rank
Tl 0.55 0.59 0.47 0.55 14
T2 1.44 0. 60 0.70 1.19 12
T3 2.44 0. 64 0.70 1.88 9
T4 0.92 0. 56 0.62 0.93 13
TS5 2.62 0.65 0. 67 2.03 6
T6 2.71 0.63 0.59 2.28 2
T7 2.61 0. 64 0.63 2.07 4
T8 2.41 0. 66 0.57 2.03 5
T9 2.52 0. 69 0. 69 1.90 8
T10 2.81 0. 67 0.67 2.13 3
T11 2.97 0. 68 0. 66 2.30 1
T12 1.94 0.58 0.55 1.77 11
T13 2.21 0.57 0. 60 1.92 7
T14 2.01 0.56 0. 62 1.82 10
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