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Interactive effects of soil water and fertilizer application on leaf net

photosynthetic rate and SPAD readings of Catalpa bungei seedlings
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Abstract: Recent studies have examined problems related to water and fertilizer consumption, including the excessive
application of these resources and their use in forest management. Many forest researchers maintain that the choice of
suitable irrigation and fertilization strategies for seedling culture and field planting could save water and improve production.
Catalpa bunget is a common, high-quality timber tree. The Chinese government plans to promote large-scale planting of C.
bungei in appropriate areas; thus, information about irrigation and fertilization of this species is important. Response surface
methodology (RSM) can be used to design experiments, establish models, assess significance, and determine optimal

conditions. In addition, RSM can be used to analyze how process variables affect responses and to generate three-

ESWE . EE T I RS SR H (2012BAD21B03; 2012BAD21B0304) ; #7 # 18 1 4 34> (20124404120008)
W #5 B H#A:2015-04-10; f&1T HH7:2015-11-30
# MIRVEH Corresponding author.E-mail ; 1jyymy@ vip.sina.com

http ://www.ecologica.cn



2 S % 36 &

dimensional plots. Rotatable central composite design ( RCCD) is a common experimental method for studying the
relationship between plant growth and soil water or fertilizer. Here, we used RCCD for a pot experiment with three factors,
five levels, and 20 runs to examine leaf net photosynthetic rate (Pn) and SPAD values of C. bungei seedlings ( clone 004-
1). Mathematical models were established to examine the effects of main factors, monofactors, and the combination of soil
water (W), nitrogen ( N), and phosphorus ( P) application on Pn and SPAD. Both W and N had significant positive
effects on leaf Pn and SPAD values (the sequence of main factor effects was N > W) ; P did not affect these variables
significantly. Analysis of monofactor effects showed that the values of leaf Pn and SPAD increased initially and then
decreased with increasing N or W, indicating that leal Pn and SPAD would be limited in seedlings subjected to excessive
irrigation and fertilizer application. RSM based on RCCD showed that the interaction W X N had a significant positive effect
on leaf Pn and SPAD; Pn values increased gradually with increasing W and N, while SPAD first increased and then
decreased. The W x P and N X P interactions had no significant effects on leaf Pn or SPAD. In addition, leaf Pn and SPAD
were positively correlated (P < 0.0001). Our results showed that N, rather than W or P, was the most important limiting
factor in the growth of C. bungei seedlings, and we conclude that leaf Pn and SPAD in C. bungei can be promoted by
rational irrigation and fertilization practices. Our findings provide fundamental information for seedling culture and

afforestation of C. bungei.

Key Words: combined effects of soil water and fertilizer; leaf; net photosynthetic rate; SPAD; Catalpa bungei
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1.1 W5 XA

RIS BEAE H A /N L AROlL B A0 58 BT 1 T, 1302 T 105° 54 7 E,34 © 28 'N,MEE 1160 m, J& i
PRI Z XS, AR [ K B 600—800 mm , 4EZE & 8 1290 mm , AEF-HHR 11.0 °C, Medimde g <l 39. 0 °C, Hedin
BARSIR-19.2 C, 4—9 ISR HFERCRAI%E 11—14 h, B e E R 2500 wmol m™ s, TTFEIHZ
180 d,
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TG AR AR T 2R 004- 1, B A B < B MR 5T 5% 5T 5 — BB A o 8 U5 DR A 2 B 0L, 76 /NPl L
MBI AT E . IERHEH EE (JRE H,NCONH, &% N46% ) WL (L #ERR S CaSO, Ca(H,PO,),# P,0;
12% ) AR (FREREN K,S0, 7 K,0 50% ), 2013 4 3 H A K —B Rl A 4 i it r B, >R A 30
emx30 emx45 em (JRAEX O X ) LA, B AR 1 bk, A0 FE 5 R, 20 b BT 100 Bk, LR A%
R RFRLE N 6.4, L+ RS — N 15 kg, R AT 1.15£0.03 g/em’, HH£FKH (FC)
(29.96+2.18) % ,pH (7.47+0.14) , PG, 4 N & P 4 K 0dift N AR P ML K & 520510 (29.62+
2.24) o/kg.(1.55+0.04) g/kg.(0.81+0.01) g/kg.(18.68+0.67) g/kg.(152.36+3.89) mg/kg. (48.34+0.31)
mg/kg F1(103.06£0.99) mg/kg, FEALERKZE S APHEAT0E , 00 A0 BT B A & B A A2 7390 0 31.2 em
5.9 mm,
1.3 5Tk
1.3.1 RABEIT

SR = R UK R R1H 38 e 1 (CCD) |, 3% 20 ASAbER, 4538056 I 2 RK - i E W3 1, K50
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Table 1 Coded and physical values of experimental factors

i K- 47K Soil water content(W)  Jifi%( & Nitrogen application(N) Jiti B phosphorus application( P)
Coding value (x,/%FC) (x,/g/plant) (x3/g/plant)
-1.682 30 0 0
-1 40 1.2 0.6
0 55 3 1.5
1 70 4.8 2.4
1.682 80 6 3

x2 HEHMERE

Table 2 Experimental design matrix

k38 w N P g w N P
Treatments % Xy %3 Treatments ¥ %y %,
T1 -1 -1 -1 T11 0 -1.682 0
T2 -1 -1 1 T12 0 1.682 0
T3 -1 1 -1 T13 0 0 -1.682
T4 -1 1 1 T14 0 0 1.682
TS 1 -1 -1 T15 0 0 0
T6 1 -1 1 T16 0 0 0
T7 1 1 -1 T17 0 0 0
T8 1 1 1 T18 0 0 0
T9 -1.682 0 0 T19 0 0 0
T10 1.682 0 0 T20 0 0 0
1.3.2 i/t

K, BIFERR AR R AT N2 70 S om B IEREEA . ZAETFS A15H 6 H15 H .7
A 15 HIS: 3 Wit A BRI 173, B8 B8 (BRERET 32) #4976 5 A 15 H—RHHA
1.3.3 KA

K H FOM/mts #5500 R TR SR B AT R K, BERS 1 d X R A KR T E . &
UMZERT, S /N5 3R)2 10 em 2oy 1)2 , PRl AL SR I BREHR A SEA T 22 | 15 2R 8K it MR s 1+ 18
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K, AP FEAAR S KR, B3R (b B ERKE R ] R A FEFRR KR FRRanEE 2, anit s
By S K BT FRRIFEAK , HEKEITE AR T EKE (ml) = [ (HERKE-TESKE) /A E] x
B R/ KB SR 1000 ml CR5H6EF 10 ml) F&EEI5E

x3 WREARMFS®EEEN SPAD FEHE "
Table 3 Average leaf Pn and SPAD of C. bungei seedlings

QLT Treatments Pn SPAD AL Treatments Pn SPAD
T1 10.98+0.62 33.9+1.3 T12 13.31+0.50 38.6+0.8
T2 10.72+0.99 33.3x1.1 T13 12.38+0.92 38.4+1.3
T3 11.11+0.36 34.5£0.4 T14 12.66+0.56 38.5+1.0
T4 11.23+0.28 35.4+1.3 T15 12.66+0.43 37.2+1.1
TS 9.18+0.68 31.7£1.0 T16 12.65+0.32 38.3x1.4
T6 9.64+0.26 31.8+0.7 T17 11.71+0.24 38.5+1.1
T7 12.93+0.26 39.4+0.9 T18 11.96+0.33 38.3+0.6
T8 13.79+0.26 39.7+£1.2 T19 11.80+0.62 38.5+£0.7
T9 9.05+£0.49 31.8+0.9 T20 12.30+0.54 37.9+1.0
T10 11.56+0.57 34.6+0.5 sig <0.01 <0.01
T11 8.58+0.71 25.0+0.5

«SPEIEIRTE 6 A 7 AR 8 A = INSE (A T E

1.3.4  JEFER

(1) M Fr BERT OG5 3R (Pn)

T 2013 4E 6 A .7 HF 8 Arhf, i Li-6400 EHEAOCAAEH - 248 (£ H) T L4 9.00—11.00 i#47
D7 BEALI S bk, e B, FRRRIE SR 3 Fr ohgent O3, e AR Pl LL- 6400- 2B 2L ¥ G IR , JBiRik
BN 1200 wmol m™> s7', MFR I E N 35 C, HXHEE R (44.7+5.0) % , K3 CO, WM (396.3+6.0) pmol

- mol ™',
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2 HRE5S
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BIE (3R 3) B & B, A BRI 53 G & DR A AER D 3 25 57 (P<0.01) , Hov el £ T35 /o AR AR 1 A 32
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Fig.1 Monthly dynamic of leaf net photosynthetic rate (Pn) of Catalpa bungei seedlings
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Fig.2 Monthly dynamic of leaf SPAD of Catalpa bungei seedlings
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Table 4 Significance test of regression coefficients and R*for the regression models after ANOVA

AR YpN Ysp
Variance source F ratio p value F ratio p value
X 10.43 0.0009 5.73 0.0377
) 86.60 <0.0001 93.19 <0.0001
x5 0.88 0.3713 0.04 0.8428
X2 27.62 0.0004 27.38 0.0004
X%, 28.60 0.0003 15.62 0.0027
PN 1.17 0.3047 <0.01 0.9762
x3 12.01 0.0061 47.07 <0.0001
X3 0.34 0.5753 0.27 0.6138
x2 0.90 0.3651 0.76 0.4030
HEH Model 18.61 <0.0001 20.75 <0.0001

R? 0.944 0.950

yox Fl yop 435 B W A8 0 et 4 3R SPAD {H (6 A 7 A F1 8 A MEE M-V 3I1H)

231 ERNHr
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MR (1) F(2) BT LA H it 0 R A 387K 40 X AR v A i it 380 R SPAD {4 B 3 IE 300,
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2.3.3 KRG RN ST
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A3 AR 3o Ay 5 - IFEK G5 ><itl Z80 R 5 20N 1 17 1T 6T (6] 4A FNIEL 4B) o HIEL 4A T Bl 1 4587K 53 Fi
Jiti Ut AT T, AR B A It e s £ o 3 S B A T R 0 A 8 A B, 204 K 43 R R et R KT R B i
| 1.682 W, Hi Fr v e A Rk B, A SPAD B 5 T, Wi 4B Fis , W25 1 387K 43 Fiti 20 B A 8 i
PR B AR - SAPD A SR e 5 v N AR (e 3 ELAAROR U, B 25 1 58K 43 it 0 2 ks, ot
SPAD B Fifi = 38, 24 37K 53 At A et 7K 7[RI B 55 51 0.841 B, I ) SAPD i 14 B W, 177 24 +3EK 43
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Fig.3 Monofactor effects of W, N and P on leaf Pn and SPAD of C. bungei seedlings
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Fig.4 Interactions between W and N on leaf Pn and SPAD of C. bungei seedlings
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(P 3) LAJ I R SPAD B A 7K SRR A3 450 i 157 P (PR 4B) SR, a4 7K 43T S Rt 2, 52 17 23 490 il BBk B 1 A
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