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The growth and photosynthetic characteristics of Acer truncatum
seedlings in response to soil water and fertilizer coupling

LI Panting, DU Manyi, WANG Yue, PEI Shunxiang, XIN Xuebing "

(Experimental Centre of Forestry in North China,Chinese Academy of Forestry, Beijing 102300, China)

Abstract; [ Objective] This research aims to investigate the growth and photosynthetic physiological characteristics of
Acer truncatum seedlings in response to water-fertilizer coupling, and to analyze the optimal water-fertilizer combination
for the growth of A. truncatum seedlings. [ Method] One-year-old A. truncatum seedlings were subjected to varying water
and fertilizer couplings in an orthogonal test design involving four factors and four levels of soil water content, nitrogen,
phosphorus and potassium, resulting in 16 treatments. Growth indexes, relative chlorophyll content of the leaves SPAD
values, photosynthetic characteristics, and light response curves were measured after the treatments. [ Result] The
growth indices generally increased firstly and then decreased with increasing fertilization amount. At a soil water content
of 75%,1.2, 1.8 and 0 g/plant of N, P, K, respectively, the diameter and total biomass of the plant were significantly
higher than those of other treatments. Suitable soil water and fertilizer coupling could significantly improve the height,
ground diameter, and total biomass of A. truncatum seedlings. Moreover, there was no significant difference in the
utilization ability of low light among different soil water and fertilizer coupling treatments, and nitrogen fertilizer had
significant effects on the maximum net photosynthetic rate and light saturation point of A. truncatum seedlings. In
addition, there was no significant difference in water use efficiency ( WUE) between the different treatments for A.
truncatum seedlings. The seedlings grew normally even under lower water conditions, such as 45% soil water content, and

exhibited strong drought resistance. The effects of soil water and fertilizer on the growth of A. truncatum seedlings were
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ranked from high to low as nitrogen fertilizer > soil water content > potash fertilizer > phosphate fertilizer, based on a

comprehensive scoring method. The optimal combination of water and fertilizer was 75% soil water content, with fertilizer

comprising 1.2 g of nitrogen, 1.8 g of phosphorous, and 0 g of potassium per plant. [ Conclusion] Water-fertilizer coupling

had a significant effect on ground diameter and biomass of A. truncatum seedlings, but an insignificant effect on seedling

height, while soil water content and nitrogen fertilizer also had a significant effect on the growth indexes of the seedlings.

These findings provide a theoretical basis for the appropriate use of soil water and fertilizer in A. truncatum.

Keywords : Acer iruncatum ; water and fertilizer coupling; photosynthetic characteristics; growth index
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Table 1 Experimental factors and orthgonal design

WG RHEEKR/ % itk (-8 fertilizer amount
treatment soil water

No. content N p K
T1 45 0.0 0.0 0.0
T2 45 1.2 0.9 0.6
T3 45 2.4 1.8 1.2
T4 45 3.6 2.7 1.8
TS 55 0.0 0.9 1.2
T6 55 1.2 0.0 1.8
T7 55 2.4 2.7 0.0
T8 55 3.6 1.8 0.6
T9 65 0.0 1.8 1.8
T10 65 1.2 2.7 1.2
T11 65 2.4 0.0 0.6
T12 65 3.6 0.9 0.0
T13 75 0.0 2.7 0.6
T14 75 1.2 1.8 0.0
T15 75 2.4 0.9 1.8
T16 75 3.6 0.0 1.2
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Table 2 Coupling effect of soil water and fertilizer on growth of Acer truncatum at seeding stage

QbR Hi i/ em 142/ mm TR g WRT iR/ g B/ g
treatment No. seedling height ground diameter dry weight of shoots dry weight of roots total biomass
T1 28.26+0.49 a 2.94£0.08 be 1.32+0.39 be 3.38+0.26 he 4.69+0.61 abc
T2 28.78+0.38 a 3.01+0.04 b 1.54£0.03 abc 3.43+0.37 be 4.96+0.37 be
T3 28.66+0.73 a 3.01+0.04 b 1.18+0.13 be 3.40+0.57 be 4.58+0.64 abc
T4 27.43+0.16 a 2.85+0.03 ¢ 1.00+0.15 ¢ 2.70+£0.22 ¢ 3.70+0.35 d
TS5 28.70+0.91 a 2.98+0.10 be 1.90+£0.32 a 3.61£0.59 b 5.51+0.70 b
T6 28.68+1.17 a 2.92+0.08 be 1.26+0.45 be 3.07+0.20 be 4.33+0.63 cd
T7 28.20+0.48 a 2.90+0.03 be 1.26+0.43 be 2.96+0.80 be 4.22+1.17 ed
T8 27.68+1.18 a 2.87+0.01 ¢ 1.19+£0.22 be 2.71£0.37 ¢ 3.90+0.59 cd
T9 28.41+0.77 a 2.92+0.08 be 1.70+0.18 ab 3.01+0.55 be 4.71+0.67 abc
T10 28.48+1.07 a 2.87+0.07 ¢ 1.36+0.54 be 3.03+£0.24 be 4.38+0.46 cd
T11 28.29+0.88 a 2.95+0.12 be 1.38+0.18 be 2.95+0.24 be 4.33+0.36 cd
T12 28.07+1.42 a 2.87+£0.07 ¢ 1.21+0.06 be 3.09+0.53 be 4.30+0.57 cd
T13 28.49+1.38 a 2.95+0.09 be 1.92+0.30 a 4.75£0.41 a 6.67+£0.63 a
T14 28.74+1.27 a 3.29+0.11 a 2.01£0.64 a 5.06+0.17 a 7.07+£0.81 a
T15 27.72+0.72 a 2.94+0.08 be 1.17+0.14 be 3.57+0.65 b 4.74+0.65 abc
T16 27.23+0.14 a 2.95+0.06 be 1.04+0.06 ¢ 3.33+0.66 be 4.36+0.64 cd
W 0.32 9.80 """ 2.05 21.25*** 14.93***
N 4.09 " 9.29 """ 11.72%%* 9.00 """ 14.78***
FiE es
Fovalue P 0.30 8.15 2.16 1.67 2.76
K 0.28 4.23" 1.55 3.67° 3.77"
WxNxPxK 0.68 6.69 " 2.67 3.94* 4427

T RS FRER IR 0.05 KT 225 83 W NP K 2008 SRR EUE BRILAIEIAL; =, = = F = = = 23 5150R P<0. 05,

P<0.01 I P<0.001, T[], Different letters represented significant differences at =0.05 level. W, N, P and K represent soil water content, nitro-

gen, phosphorus and potassium respectively; * , * # and * * * indicate P < 0.05, P < 0.01 and P < 0.001 respectively. The same below.
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Fig. 1 Coupling effect of soil water and fertilizer on chlorophyll SPAD of Acer truncatum at seeding stage
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Table 3 Coupling effect of soil water and fertilizer on photosynthetic parameters under leaves of

A. truncatum at seeding stage

s e R L WECOKE AR

treatment No. (pmol-m™-s7") (mmol-m™+s7") (mmol-m™-s7") ( wmol -mol™") (mmol -mol ™)

P, T, . ¢ WUE
T1 3.28+1.22 abe 1.44+0.70 abed 0.04+0.01 abed 238.01+32.63 ab 2.49+1.01 a
T2 4.38+1.26 a 1.71£1.00 ab 0.04+0.01 abe 213.56£16.77 ab 2.95+0.92 a
T3 1.43+£1.13 be 0.57+0.15 efg 0.02+0.01 ed 258.72+48.53 a 2.39+1.45 a
T4 1.40+0.37 be 0.54+0.15 fg 0.01+0.00 d 192.46+43.00 ab 2.59+0.36 a
TS 3.31£1.97 abe 1.58+0.87 abc 0.04+0.03 ab 260.98+37.95 a 2.16+0.48 a
T6 3.42+1.26 ab 1.39+0.38 abedef 0.04+0.02 abed 236.93+46.62 ab 2.46+0.73 a
T7 2.53+1.67 abc 0.99+0.53 hedefg 0.02+0.01 bed 245.01+47.38 ab 2.49+1.52 a
T8 1.32£0.33 ¢ 0.58+0.27 efg 0.01+0.01 cd 210.20+£79.43 ab 2.89+£2.07 a
T9 3.67+1.22 a 1.57+0.44 abc 0.04+0.02 abc 244.07+32.70 ab 2.40+0.73 a
T10 3.30+0.82 abc 1.41£0.64 abcde 0.03+0.01 abed 223.88+14.89 ab 2.69+1.36 a
T11 2.38+0.74 abc 0.76+0.40 cdefg 0.02+0.01 bed 161.51+71.96 b 3.54+1.07 a
T12 1.35£0.79 ¢ 0.52+0.21 ¢ 0.01+0.00 d 174.82+91.66 ab 3.19£2.36 a
T13 4.19+£1.46 a 2.05+0.44 a 0.05+£0.03 a 248.49+59.26 ab 2.12+0.83 a
T14 421122 a 2.18+0.63 a 0.04+0.01 ab 226.02+30.43 ab 2.02+0.66 a
T15 3.50+1.88 a 1.08+0.35 bedef 0.03+0.02 abed 193.19+93.94 ab 3.30+1.36 a
T16 1.42£0.97 be 0.66+0.25 defg 0.01+0.00 cd 236.89+67.40 ab 2.46+1.82 a

W 1.23 0.67 1.46 1.24 0.70

N 13.62°"" 5.07"" 12.01*** 1.81 0.53

FE

Fovalue P 0.57 0.12 0.32 0.56 0.70

K 1.06 0.19 0.33 1.26 0.79

WXNxPxK 0.29 0.08 0.04 0.67 0.90
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Table 4 Correlation analysis of photosynthetic parameters
under soil water and fertilizer coupling in leaves

of A. truncatum at seeding stage

et P, T, G, C WUE
P, 1
T, 0.9437* 1
G, 0.946**  0.965** 1
C, 0.283 0.432 0.492 1
WUE -0.289  -0.535* -0.507* -0.853** 1

T+ = FRTE 0.01 KT WFMK; = F£mATE0.05 KFTF
BFEMIE, * # indicates a significant correlation at the 0.01 level;
* indicates significant correlation at 0.05 level.

- & T] -T2 —+T3 —+T4
L ——T5 <«T6 >—T7 ——T8

net photosynthetic rate

AR (wmol * m2 - s7)

FeB A 3RS (wmol * m2+s71)
PAR

2 FREKIEHEELAETHITENL E SN GEEIN NGB IR AN 5L
Fig. 2 Responses of net photosynthetic rate(P,) to photosynthetic active radiation( PAR) of
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A. truncatum at seeding stage under different coupling effect of soil water and fertilizer

AR S B S KIEL BT 14 AT s R ES BB L 5,

x5

FEIKEFE S IE TR TTENL B SRS EEI S H RRS N ESE

Table 5 Characteristic parameters of responses of net photosynthetic rate to photosynthetic active radiation of

A. truncatum at seeding stage under different coupling effects of soil water and fertilizer

treatment No. AQY (pmol-m™*+s7!) LSp LCP ‘ dark respira£ion
T1 0.05+0.02 abc 3.27+0.57 bede 769.41+198.55 de 14.58+1.30 b 0.62+0.12 a
T2 0.07£0.02 ab 5.58+1.36 abe 1 164.69+71.57 a 9.43+£5.42 b 0.56£0.36 a
T3 0.03+0.01 ¢ 2.54+1.72 cde 845.71£69.39 bede 24.02+20.86 ab 0.39£0.20 a
T4 0.04+0.03 be 1.31£1.08 e 566.13+116.64 ¢ 20.56+15.28 ab 0.48+0.54 a
T5 0.08+0.00 a 6.32+0.45 ab 841.71£33.94 bede 6.13x1.34 b 0.46+0.08 a
T6 0.05+0.02 abc 3.97+0.97 abcde 1 096.23+287.48 abc 11.35+6.80 b 0.52+0.29 a
T7 0.04+0.02 be 2.53%1.14 cde 861.27+292.45 bede 11.44+5.47 b 0.31+0.12 a
T8 0.06+0.01 abc 1.86+0.74 de 683.31+198.36 de 10.94£5.22 b 0.51+0.25 a
T9 0.04+0.01 be 4.64+2.48 abed 1 114.50+203.82 ab 15.72+8.99 b 0.59+0.25 a
T10 0.04+0.02 be 3.11+1.34 cde 821.61+104.72 bede 18.00+9.86 ab 0.55+0.08 a
T11 0.04+0.03 be 3.71%2.50 abede 864.43+59.74 bede 12.97+9.63 b 0.36+0.25 a
T12 0.04£0.01 be 2.16+1.32 de 602.82+48.22 de 15.39+5.10 b 0.43+0.06 a
T13 0.06+0.03 ab 6.52+2.89 a 888.43+92.48 abed 14.49+10.01 b 0.73+0.25 a
T14 0.05+0.01 abc 6.83+3.09 a 1 165.89+47.41 a 20.48+11.50 ab 0.88+0.42 a
T15 0.06+0.02 abc 3.36+0.61 bede 751.90+98.55 de 7.87+4.04 b 0.38+0.17 a
T16 0.05+0.01 abc 0.89+0.47 e 816.97+155.94 cde 39.01+29.47 a 0.85+0.56 a
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®5(4)
e ST P bR )=vd JEHME R/ I 3/
L & 1, max o o P
reatment Agv e ) Gl ) (el ) (el s )
pmot=m =5 LSP LCP dark respiration
\4 2.00 1.23 0.46 1.66 1.91
N 2.54 12.64 " 13.76 %" 1.32 2.07
F1iH
Fovalue P 1.64 1.68 2.60 1.58 0.57
K 1.69 1.30 0.49 1.57 0.16
WXNXPxK 0.77 2.10 4.66""" 0.55 0.12

24 R Z0HI, HHESAKR(W) (A
JE(N) BEIE(P) R8P AE (K) B3 HAE X 1 4F4:
TCEMENH R TR (AQY) (e REHLA
FR(P, ) JCAMEE I (LCP ) IS I 1) 54 5 F) 52 0
PIREZ (P>0.05) , XSGR F AT (LSP ) AY 52 i B
% (P<0.001) , BEXT P, HLSP 77K 3
M (P<0.001) , AQY 7E TS AbBH Rk, 200 T1
B 1.6 fi5 78 T3 AbBE e/, T2 . T5 \T13 B35 T
T3, LCP 7£ T16 AL K i K, T5 /M, P, .
LSP [ i T 122 () 15 I S 3 hin e ek 78 T14 4b 3
TR, 5 TU M, 400 3 I 17 108. 69% #i
51.53%., WEPFME A8 7E & 4b 30 [H) TG i 35 M 22 =
(P>0.05) , WENHrEERAT 5, 0 P, Al LSP
1) 4 ZE FWINFE N NSP>KSW 20 AQY 1 4
P I 0 N>W>KSP 520 LCP 1 4 [H %
FRIFF IR WPSKSN 5200 I I 3 1Y 4

R EWIFHEIA N>W>P>K,
25 KIEBELEBETTEWNHEHEARE LS
EENEEITEN

VIR GEE L & 42 L B VA i SPAD B, P, .
WUE.P, .. LSP Sh¥8Hx, i HEE G Pk LR
Wri XA B2 G (£ 6) . KRB MBEALAYAE
S RBOL TR AN 8 AR AL, 4300028 0.156
0.029.0.192.0.036 .0.400.0.165 .0.507 F1 0.214,

M 6 1 IR IRZES TR AW AN RPN X 5
LA B BRI T14>T2>T13>T5>
T15>T9>T6>T10>T1>T11>T7>T3>T16>T12>T8 >
T4, 4 HES, HHEE/KE RIE BRI AL A1)
ZAEAY M 0.77 1.85,0.44 F10.56, itk 4 HE
B FRIE R N>WSK>P, G 1P s
T14 Kb A5

x6 ZATDENNMEIRBELER

Table 6 Analysis of orthogonal test results by comprehensive scoring method

o e

L I '}:(J-jgh[il—: W spap i b kSRR, Ot fnfff‘%
No. ratio diam‘eter biomass SPAD value " WUE o max LSP score

ratio

T1 0.68 0.27 0.29 0.06 0.64 0.31 0.40 0.34 0.45

T2 0.31 0.31 0.38 0.52 1.00 0.61 0.79 1.00 0.74

T3 0.77 0.33 0.26 0.28 0.04 0.24 0.28 0.47 0.29

T4 0.66 0.26 0.00 0.00 0.03 0.38 0.07 0.00 0.13

TS5 0.12 0.23 0.54 0.12 0.65 0.10 0.91 0.46 0.57

T6 0.63 0.07 0.19 0.46 0.69 0.29 0.52 0.88 0.55

T7 0.44 0.17 0.15 0.22 0.40 0.31 0.28 0.49 0.33

T8 0.36 0.23 0.06 0.12 0.00 0.57 0.16 0.20 0.18

T9 0.00 0.15 0.30 0.33 0.77 0.25 0.63 0.91 0.55

T10 0.68 0.00 0.20 0.50 0.65 0.44 0.37 0.43 0.46

T11 0.26 0.29 0.19 0.51 0.35 1.00 0.48 0.50 0.44

T12 0.53 0.11 0.18 0.40 0.01 0.77 0.21 0.06 0.23

T13 0.50 0.22 0.88 0.36 0.94 0.07 0.95 0.54 0.74

T14 0.66 1.00 1.00 1.00 0.94 0.00 1.00 1.00 0.86

T15 0.91 0.42 0.31 0.81 0.71 0.84 0.42 0.31 0.55

T16 1.00 0.58 0.20 0.71 0.03 0.29 0.00 0.42 0.23
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AR AR S 28 B AR Y R IO R
Jo e (R BB b, H P R AR R TR
LR ROIRAL , T2 a8 B AR Y B UL T i AR LG
WAL SRR ORI GT A R & B, 7E 45% +
SRR T JTEM G BB e e R
FT R RS A Py B T R e THE
K S AR RS A R, RIS HE AR R R R
WLk By A8 ALk T E S e 25 X IR AE
( Zanthoxylum bungenum ) BT & I, B 5 Hb A2
APy SIS A DG OC R X R R 5
T (A e o A R B Rl b i, B AR AE
F 5% e B B AP it S 7K P 1 90 BT P, T o it S o 3
i, PR ERE A ( Phoebe zhennan) 41T 1 34, 7F It 3
filt_E- 2 21 it AT AR DU 2 e 0 A A R T
JE 3ot i T B ) 5 3k 0 DT 7 A AR ) B B
PEHIY . ARHEFE R T4 AbFRAGAE K dehr 5 KT
T1 AP IEUER] Tt s him A, A
A2 2T T SR R L Lt A X6 2 L LB ( Carya
illinoinensis ) @i A= KA 2 PEAE T, Hrb X6 e L i
2 Ay ) S 2 R A AR K/ N R NSKSP L, AR
ISR e 7K A G R0 %of 1 A28 0 A )t 1) 5 i)
B3 R T, SR ZER E
REAO & A K AR 3% H B R e ik
VEFR (T BRAL ) o WO AR Wy i ) e B G 6 AR 4 1
R BRI G2, s S 0% 1 v TG k2 M S e AT g
A E AR/ A T AR BRI T
SrEFRAER Y

SPAD {5 M4% 2R & i B A 5 BE AR OC1E , HofE
S £ 2R % 1 ARG I, PR Lt 2 R AR AR O
BREN I ETARAR 2P R D e R
AN[FIERRAL PR T, 15 I AUIE it FH ==, 6B 25 15 ok
A A SPAD i, ERACEES W 5Tt R B BE# + 3%
K53 it 2R B 3G, A ( Catalpa bungei) 1 AR
- SAPD B 52 B e s/ i AR AL i 3 ix
BISARMIEA RA . AFE SR Bon KA B
0 fE AT ok A SPAD fH, (R )2 4 & HE 48 5
3.6 g/ MRS T SPAD (H Y T [, It R 7E T34 hn 4
S K ] DU HERE P 0 % 3 i SRR JE L
IETREER , AL i — i T, 2 THOX M,
SO S 3R G B, R I AR 38 AN RS, F 5T
25 R 0.7 it 9k £ bt 4 1 X SPAD (TG B 3
SR, — 5 T 5 T AR A B T IR A G
75— 7 THI 2% WA B L AR B TR0 22 S /N, BRI A

i Rt — 2 AR ST

Ewida % i 0F 55 2 B, & 21 0 A 48 1 AT
R (Mangifera indica) Vit B3R FNZE 15 3R 1 0
SRR R AL TR S WO 3 B AN
IIERE S B EE R AR , ML) CO, ¥k B R LAK)
Wit A s R AL R LR RS R LN &R 5]
EEEKE S AR P, TS5 6. =HE
MR ETEAEIE R, UL G AN v 1 5 I A<
FLR/NHE R R BRI, W, P, 5 C IR R IE
AHSAEFEAS 35, Ui A DT ST R s R i - T
AR RAIUER B AESALE RS R, A&
TR DR A B R D 5 A 45 B B R AR AR [) , e
FOCA VeSS I BB & H AN, BT
HHE LR E 2%, T80T I E A B 5 224 1T A HAH
T, AR N A BFEDY . WUE MY A H
A I K AT T RE AR CO, B, B3I T
HELPIT R B (438 B RE 1) ARIFSE KB, 4% b 2
] WUE Jf- 035 22 5, Ui T o0 S H7E 2K 43 541
BT BB A i o

e - Ry iR S T ARG R G A
ARG I, e RO A HE R (P, ) &
fE TR A SRR TR (AQY) A&
St 7 i LR B B AER B R BT X 55 G ]
FHRE S5 YeAME S (LCP) FIYGHLAI S (LSP) )R
B 1 R A X 5 D AN SO R RE 1 I R/ TN
i LSP IR LCP By AE 9 %) % 19 3& 1 BE ) 8
B SO) ORBRSEAE R KB P, FT LSP i % i AT
T 0 S BN e, 7 T14 AR R ok, H
T14 AP SHUE D 3 & T T3, X 5% K%
TEAEA ( Phoebe zhennan) b BT 5E 45 AL, T2,
T5 . T13 ZbF AQY W3 = T T1, X Ui W] 14 Hl
TRV A T A 13 7 ARSI 1 X6 S RE 1 R Y
FEEDLRER A, AT L K AENEX P, H
LSP A e 8 2 5 4 PR 28 rp U 19 5 i 4 FH 0
K, X AT BEE K o BB S T oC E M Ao
Rubisco BEAY & 55 16 Mk, U4 58 1 o0 52040 1
FIYCA T, X SR AOBFFE 25 SR AL,

ZEAMAT LIAS 4 RIE A EWIF R N>
W>K>P, 1 454 50 5 W40 i ) e b B 40 &
T14, B 4+ HE &5 KR 75%  Z AL 1.2 o/Fk ., # A
1.8 o/FRFIBHIAL 0 g/ Fk .
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