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Effects of different fertilization formulas on Catalpa bungei seedling
biomass allocation and nutrient use efficiency

BAI Jingjing ', WU Junwen', HE Qian', SU Yan', LI Jiyue', WANG Junhui >, DONG Julan’
(1 College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China;
2 Research Institute of Forestry, Chinese Academy of Forestry/Key Laboratory of Tree Breeding and Cultivation, State Forestry
Administration, Beijing 100091, China; 3 Xiaolongshan Forestry Science and Technology Research Institute, Tianshui 741022, China)

Abstract ; [ Objective] The purpose of this study was to investigate the effects of nitrogen, phosphorus
and potassium fertilization on Catalpa bungei seedling biomass allocation and nutrient use efficiency.
[ Method] Biennial C. bungei seedling clone 14 was selected as experimental material , twelve different
nitrogen, phosphorus and potassium fertilization treatments were set, and the growth biomass and nutrient
use efficiency were determined. [ Result and conclusion] Nitrogen, phosphorus and potassium fertilization
had a significant effect on the biomass accumulation and allocation ; treatment 10 (12 g - plant ™' urea, 12
g - plant ™' calcium magnesium phosphate, 12 g - plant ~' potassium sulfate) had the maximum total bio-
mass[ (331.05 +5.21) g+ plant ™' ], three times of no fertilization ( CK) and two times of single nitrogen
fertilization of 12 g « plant "' (CK,,). When fertilization of N and K was fixed, the proportion of seedling

root biomass initially increased, then decreased with increasing P fertilization ,and the maximum value ap-
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peared when 12 g - plant ' P fertilization was set. Different treatments had a significant effect on nitro-

gen, phosphorus and potassium contents of seedling. Treatment 10 was the maximum in nitrogen, phos-
phorus and potassium contents [ (5.32 £0.17),(0.84 £0.07) and (4.89 +0.11) g - plant™'],

which were 5, 6 and 8 times of CK respectively. The maximum nitrogen fertilization efficiency was treat-

ment 10, (57.11 £0.94) g - ¢~'. Based on comprehensive analyses, the appropriate proportion of nitro-

gen, phosphorus and potassium fertilization can increase biomass and improve nitrogen, phosphorus and

potassium contents and nitrogen use efficiency of C. bungei seedling. Furthermore, potassium significant-

ly affects the root biomass accumulation.

Key words: Catalpa bungei; seeding; fertilization formulas; biomass allocation; fertilizer use efficiency
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1.1

AEXT—ZA AR 93 Bk 2013 4F 3 SR A% S 30
em x30 em x45 em(JEfR x F O x &) iES, &
MERBCA BRHEE, N EA BUZ H B RS,
MEFEAEIET 2 20 kg, FEFURARFLL N 6: 4 (176 %
TR L, pH 747, G ML 29.62 g - kg™, & N
1.55 g - kg', & P 0.81 g - kg™', & K 18.68
g ke BfENO.15¢g - kg™ H%P0.05g - kg™!,
WA KO0.10 g - kg™ 25 H 0.95 g - em S FLBREE
64.28% . it I FT, ot & 14 M B R (34.0 £1.9)
em, Hif2 4 (5.82 £0.42) mm, &4 1 ¥R4I1H.

1.3 #MRFE

1.3.1 sfles & RHZEEMILIXHA KT, &N,
P KB 3 AN Z. 3 FhAERE A i vg BH AR 3= = e
(FEH) HRFAE AR = NBE[RE, w(N) K
46% 11 10 #1112 g - k™' 2 AKFES PR [ #55EwE
A, w(P,05) Hy 129% 826,12 F1 18 g « Bk~ 3 4~k
FLKONE [ AR B, w (K,0) g 50% ] ¥ 6 Fi
12 g« k' 2 K JB3 12 A, B LR 1
G340, CK o Ml CK 4351 A St NIE 10 F1 12 g - #
AEFE, CK Ry as AL BE. BRAS AL 3R 6 ASE A, A it i
HIHY 3 BRBCIA IR, Totk &R 14 3841 93 #k.

®1 WMEEKREETR
Tab.1 Schedules of fertilization for Catalpa bungei

AL (g - B

IR N JE P jE K e
Tl 10 6 6
T2 10 6 12
(k! 10 12 6
T4 10 12 12
5 10 18 6
T6 10 18 12
7 12 6 6
8 12 6 12
9 12 12 6
T10 12 12 12
T11 12 18 6
T12 12 18 12
CK 0 0 0
CK,, 10 0 0
CK,, 12 0 0
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G N IR 10 F112 g - k71 2 AN FKE (i
P N Bl Ny ) RIAE T, N, 4 0. 525,15 H 45 & it N
B(#£2).
F2 TR 1 -4 MISHE N BRAR

Tab. 2  Schedules of exponential fertilization for Catalpa

bungei clones 1 —4

Jiti N4/ (g - #k71)

H 1]

Ny N,
05 =30 0.149 0.159
06 - 06 0.192 0.206
06 - 13 0.245 0.269
06 -20 0.316 0.350
06 -27 0.405 0.456
07 - 04 0.521 0.594
07 - 11 0.668 0.773
07 - 18 0.858 1.007
07 =25 1.102 1.311
08 - 01 1.415 1.707
08 - 08 1.816 2.223
08 - 15 2.223 2.894
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it - CKpy N (8 PUK) 36/ it N (2 PLK) &
Hx 100% ; fEAEHCR = (it 245 35 /Y S E Y i -
FEAE AT B A / i N (=P LK) B

1.3.3  ##FE M7 WA RS N
PRUEZE 2R Excel2003 XHAR R 17480 Al
2P, R SPSS19. 0 B FE 47 )5 2253 Hr Al Duncan’ s
ZHEILK.

2 HBRE5TH

2.1 AEHEELENERENES BN

MFE 3 HIAL NP UKL i R REAT RCH AR
TER 1 -4 EYRBUR. 12 A F, TI0 84 Y
AR, & CK 13 52, & CK, 1 2 f5 2. NP K
Bt (T1 ~ T12) g AR Y W] B i 1 PRt N AE Ak 3
(CK,y,CK,,). 7F P B K e Al 5 AN AE B O T, it
12 g - Bk~ NJE(T7 ~T12) B A4k & 5 H L 10
g+ Bk NAE(TL ~T6) 4bFH; N HE K A Jifi A AR
(GO, P X B A 5 12 g - A~ Ab 3
KF 6 F18 g ™ AbH; 76 N AE P AL it AE A AR
MMEEL T, B o E K AE 12 g - k' it K
M6 g- k.

N AEAG B F B SR i B i, AR P ACZE Wy ik
SIECIAT . AR 3 AT, 2 N IR K
i, P ERIAE 12 ¢ - BRI P RAR FR A B
KL ZE YRR 6 g - R TURR B 2 PR
I8 g - BT, B R H R B, 25 - LB
K. KOJEX AR 25 A= ) s 119 3 B 5% el S B NJIE
REA AR AR 5 AR i it N AR 12 g - R 4b
AR 25 IR R T 10 g - AR TTAREE 4 N K IR
Jit AT B 31 5 FF, i P ISt A s 3, AR 2R AR
HERSC T R R AR, 1E 12 g - bR A I K 2 R
{H. N P JIEita e A S B it 12 g - B T K IR AR PR
ARLZE IR Tt 6 ¢ - bk K R AL
2.2 AEMEELEZEE NP K 5N

MR NP K i A R TR A R R D
AR AR A R LR,

AN [ i JE FE D7 AR FEXEAR 25 & AR E NLPLK
Er RO BT AL 1T RT I AR AR N 5
HEF gt > A > 25, Horp ORTR AL PRI AR 25 34
AR BE ) 25 5, HA AL 3% & F CK| CK,, #I
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Tab.3 The biomass allocation of Catalpa bungei seeding under different fertilization formula
% i .
hb GBI E‘tb”/ W, R/ NP/ MR/ R ;H:”/ 1> / %%E/
o fD % (et (e B 8 o8 % e CF
T1 69.36 £2.22i  34.89  35.76  60.95+2.80h 30.66  23.61 68.50+2.52g 34.46  30.49 193.15+£1.98j
T2 75.25£2.57Thi  35.65  41.64 64.36+2.44gh 30.49  27.03 71.45+2.13fg 33.85  33.44 201.99 +1.48i
T3 95.19+£5.31f  39.30  61.59 72.12+2.42¢f 29.78  34.78  74.88 +1.06def 30.92  36.87 229.8 +2.15f
T4 125.02 +4.15¢  44.75  91.42  76.16 +2.14de 27.26  38.82 78.19+1.33cd 27.99  40.18 249.54 +8. 1%
T5 66.17 £3.10g  31.68  32.57 69.33+2.33f 33.19  31.99 73.39+1.82f 35.13  35.38 218.08 +4.69g
Te 63.70 £2.09¢  30.56  30.09 70.46+2.44f 33.80  33.12 74.28 +2.0lef 35.64  36.27 219.98 +7.0lg
T7 82.81+£2.39h 36.98  49.21  68.30 +2.31fg 30.51 30.97  72.79 +£2.93f  32.51 34.78  210.46 +2.49h
T8 107.05 +3.34f  41.61 73.44  72.64 £2.64ef 28.24  35.30 77.57 +1.62cde 30.15  39.56 232.8 £1.11f
9 134.01 £3.56b  43.94  100.41  85.35+2.69b 27.98  48.02  85.63 £2.64b 28.08  47.62 304.99 +1.72b
T10 144.35+2.00a 43.60 110.75 93.23+3.07a 28.16  55.90 93.47+2.47a 28.23  55.46 331.05%5.2la
Ti1 75.37£4.62d  32.23  41.76  79.08 £+2.72cd 33.82  41.75 79.38+2.42¢ 33.95  41.37 265.51 £8.46d
T12 82.60 £3.34c  33.78  49.00 80.83+2.21¢ 33.05 43.50 81.12+3.38¢ 33.17  43.11 286.97 £6.78¢
CK,, 44.38 £2.96]  30.14 10.77  51.59 +£2.141  35.03 14.25 51.29£1.27h  34.83 13.28  147.25 £1.281
CK,, 49.06 £1.19j  30.91 15.45  53.14 £2.501  33.48 15.80  56.52£1.451  35.61 18.51  158.71 £1.79k
CK 33.60 +2.56k  30.84 0.00 37.33+2.33; 34.27 0.00 38.01+1.81; 34.89 0.00 108.95+1.99m

DAY R #EE, LAA—NIRNEFHEE A FLEE ZFREE (P>0.05,Duncan’s 3% ) ;2) St A4k E vt A4

F5 b EAEY TG ;3) KNG 54525 CK 6 £ 1A
BYRN12 g« Bk N B EAI R AL PR N & d
A 25 0] ORI NP K AR iE XA N 5
AR

Y5 CK AH L, By it I e A A AR 25 i P &y
i (HAR ] it A Ah B AR 25 0 P 4R R AN T
(FE2), HEAR P &EHET It > M > 25 &K h e ik
FRRIFAR P & 22 5 2, b AR P & R i s A
K TI0[(0.345 +0.059) ¢ - #' 7], HE CK
[(0.037 £0.002) g - £k ' 19 5. £ 4b5 T,
T2 T7 M T8 Jiti P& k6 g - £k, TS.T6 T11 il T12
Jiti PR 18 g - KR HILHIMR P S EART P &
12 g« ¥k ~"ALBE(T3 T4 T9 F1T10) , AT WL,6 g - #k ™
fiti P RE B AN A2 DL A B Y P g A, 18
g - kUit P AR EIIEI AR P AR AR,

ANTR) it A A B i) 4 bR K A B 22 7 (A
3),TI0[ (4.89 £0.11) g - # '] &k K S EEER
T H: At T J7 it AR 4k 38, o T10 [ (2.64 +0.04)
g BRI K R oA R, J2 CK[(0.21 £0.01)
g BRI I3 £, i Hi ARk K S RAY 54.0%. T1,
T3 .15 .77 .19 A1 T11 jiti K B R 6 g - #F ", T2 T4,
T6 T8 \T10 Fl TI2 jifi K B K 12 g - k™', 12 g - # ™'
WFELE 6 g - MR AL PR REM R K SRR R 12 4
Jta AT AL i R] 2 5 i 2 (P < 0. 05) , A WL, AN [i] NP K
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NERCHEXT AR K & a2 A B EH].
2.3 AN[E)HE AR Ak 2 Xt B 7K o YO IR 48T 3 2R % e BE 3
B EA ]

FERCHCE AT L e NP K IS L. P
K AR AE R A AS S LR, b NOAE 12 g - Bk ' AR FRAY
FMRCRCR = T 10 g - #R T AABL(FR4) , HAA it
JIEAb B 22 S S (P < 0.001) ,T10 fy N P B
SR i 2 35 ke i [ (76,11 £3.87)% . (48.68 +
4.71)% . K JEF MW WCR By TO[ (112,11 +
0.65)% ] ,N P AL [ %, K AL 6 g - #k ' Ab B3
WIS F12 g+ Bk AR (T9 \T10 X 2 ~4b B
A KRB AR . NP K 32 UL 5085 36 4 G 43
B s , NP F Mg 8 5 28 TR AH G, N UK R0
W ISCB e  A SB E AE A G BB NP UK BC it % AE R
FOM SRR A B BAER , H T10 19 3 2 AL H
NP K &R ISR % e e A AL .

JEAERCR AT LA e NP K F I 6. Wk 5, T8
AT {1y P LK il I R0 B K, 4300 o (301,41
1.549) (96.49 +0.57) g - g~'. N JE R ECE
JTI0 [(57.11 £0.94) ¢ - ¢~ '], Kk, 7 NP K
R 12 ¢ - #k ' ECHERT, N AE A 53R B g, AR 4
3 g0, AR AL AE T10 3K 3 k.
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Fig.1 The accumulation and distribution of nitrogen in Catalpa bungei seedling under different fertilization formula

1.0

~08} B 0% et

0.6

de
04

PE R/ (g - MR

0.2

0

T1 T2 T3 T4 TS5 T6 T T9 TI10 TII TI12 CK, CK, CK

b3
El kT EJ7, LBA —DMHRVING F 85 Fon A ] bk P i 2 5 A3 (P >0.05,Duncan’s 1) .
B2 AT HE AL BT AR i AR 25 ) SRR S o A
Fig.2 The accumulation and distribution of phosphorus in Catalpa bungei seedling under different fertilization formula
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Fig.3 The accumulation and distribution of potassium in Catalpa bungei seedling under different fertilization formula

F4 FRAMBLEHEA NP K RWRIEK R ERR R0

Tab.4 Effects of nitrogen, phosphorus and potassium uptake and utilization efficiency of Catalpa bungei seedling under dif-

ferent fertilization formula

e UL e & MR/ (g g7")
P K N P

T1 32.28 £2.05i1 25.65 +1.50e 34.81 1. 14¢ 38.56 +0.43¢ 246.33 £2.75d 59.12 £0. 66f
T2 36.83 +2.75gh 29.07 £1.68d 21.08 £0.42i 40.48 +0.32f 258.61 £2.05¢ 31.03 £0.251
T3 49.16 +1.87d 21.76 £0.76f 63.89 +0.94d 46.52 +0.47d 148.62 +1.49h 71.34 £0.72¢
T4 54.93 £2.28¢c 24.89 +£0.67e 37.43 +1.68¢ 50.81 +1.78bc 162.32 £5.69¢ 38.96 £1.37i1
T5 43.65 +£2.25ef 12.78 +0.38¢ 54.89 £2.02r 43.98 +1.02e 93.65 +2.17k 67.43 +1.56d
T6 45.43 +3. 14de 13.17 £0.94¢ 29.25+1.57h 44.39 +1.52e 94.53 +3.24k 34.03 £1.17k
T7 33.42 +£1.37hi 35.00 £1.54c 47.65 +1.70f 35.27 £0.45h 270.37 £3.46b 64.89 +0.83e
T8 40.11 +1.95fg 42.94 +1.26b 31.08 +£0.49h 39.31 +0.20fg 301.41 +1.54a 36.17 £0.19j
T9 61.70 £1.22b 36.10 £1.50c 112.11 £0.65a 52.39 +0.31b 200.84 1. 19f 96.40 £0.57a
T10 76.11 £3.87a 48.68 +4.71a 71.70 £1.97¢ 57.11 £0.94a 218.93 £3.6le 52.54 £0.87¢
T11 49.32 +3.39d 19.17 £ 1. 14f 82.27 +3.11b 45.24 +1.53de 115.61 £3.92j 83.24 +2.82b
T12 55.09 £2.55¢ 21.87 £0.75f 49.40 +2.10f 49.13 +1.23¢ 125.55 +£3. 141 45.20 +1.13h

1) AR5 3G, LAR — MR B FHH A FARE £ R RZHE (P>0.05,Duncan’s 7).
http://xuebao.scau.edu.cn
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TR FRROR TGP 2R 14 N AR $5 £ AR fe A 5 10 ~ 12
g BT URTEAE N Z bl B AR i B
A7 BB AR T 2955 05 T 5 0E, NP UK it RE A5 A
R N BRI, M T ARE Y i R A4S
B, R ] N POK FLRt e, A= i R
ANTE]. Hitn NS A ) Ao AR A= R A, N
P K i it G o 1 AR A ) f SBUREDRT it N IE s 4
K, A0, N P K STt A AT NOBE R ISOR T, 4
BiAA Y R Hp N B R 12 g - Bk E 10
g - AR TR T R A SR AR TR N K it
T AR ARAEY RS P &% VA5G, i)
FAEYRIE P12 g - M AR K X5 Tr-
eseder 25" 1 Giisewell 287 UBF5E 245 251, 76 P
ZRRBEO T, Sk AR R i P RR eSS N
R Ay, 4 mx N i licae 7). K 5 NP /R
LA, BRSSO N A LY 5T Y 4, T
LK B TRIERS 508G AR sE R, 5 it
K AEREGSAE I A FERE L U & 7 R R
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