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BN AT 4ot AP, o B3 e T B 1K, BLACGRJE 5 8 (VPD) Fo vt BB JE (T,
W AP, W W E A AL VPD Ao 0 H R B A TG E A SP, i H
BRI (R4 0.774,RMSE 4 20.73) A% ALty T A 085 & W & ¢, oy 38 A 77 P10, 4B 3T 20
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Estimating in situ maximum net photosynthetic rate of Larix olgensis based on abscised mea-
surement. LIU Qiang, LI Feng-ri*, PENG Wei ( Northeast Forestry University, Harbin 150040,
China).

Abstract: The data of needle in situ maximum net photosynthetic rate (SP and abscised maxi-

nmux)

mum net photosynthetic rate (AP, __ ) were measured for the 15 year-old planted Larix olgensis

stand in the Maoershan Forest Farm, Heilongjiang Province, China. The change pattern between
AP and abscised time (¢,) was analyzed and the functional relationship between SP and

n max n max

AP, .. with ¢, was also established. Finally, the prediction model of SP

n max

+mas for planted L. olgensis
trees was developed by analyzing the effect of tree size and environmental factors on the decline of
AP,,...- The results showed that needle AP, decreased with the increase of ¢, without restoring wa-

ter supply. The higher vapor pressure deficit (VPD) and the leaf temperature (T,.;) would lead to

faster and lager reduction of AP Taking VPD and ¢, as the independent variables of the linear
o (R, were 0.774 and RMSE was 20.73).
The model prediction precision decreased with the increase of ¢, , but after 20 min it would be stabi-
lized at 97%. Overall, estimating SP

on abscised measurement not only had a well predictive ability but also had a stable predictive pre-

n max *

regression model had the best goodness-of-fit for SP

oy Of L. olgensis trees by developing regression model based
cision, and greatly improved the efficiency of field measurement. The results of this study could be

suitably applied to measure SP_,  in practice.

n max

Key words: abscised measurement; maximum net photosynthetic rate; vapor pressure deficit;
Larix olgensis.
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Table 1 Summary of basic information of sampled trees

FAS Wi ik i
Tree DBH Height Crown width
No. (em) (m) (m)
1 13.3 10.5 3.4
2 12.4 10.1 2.8
3 11.4 9.1 2.8
4 9.6 8.8 2.6
5 9.5 9.0 2.6
6 9.4 8.7 2.2
7 8.9 8.1 2.6
8 8.6 9.0 2.4
9 7.3 7.9 2.6
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£ 25~30 min, 4 P, FEJFICE FEUE(SP, . »
W I RS 5 59 T A5 2% (A 39 BT S 2% I B A 20~ 30
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S BSR40 min. ) S8 [ B9 53¢ R 6F R A4 I IR
& (leaf temperature, T, ) Fl 3% [f 7K 5 % 75 S E
(vapor pressure deficit, VPD).
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1.4 BRI R
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SP FAP, . 5 BREE AR .

SP,..=AP, . +aXt, (1)
Ao, R B R 8] 5 o SR SR, RO ES AR
PSR R,

SP, o =AP, , +BXL," (2)
K .g MR SH, B K 30 min J5 P, N
FEMREE ;0 WIE RS8R g ik s P, . 1 T EIE
AL EIEZ(0=1) M (0<o<1) AL (0>1).
142 KEEMA sp, TSR R T
FEARFEBAR SP, ..., AWF5E R S5 7
TR AN SP, ., TR AL 108, 2 BIR
K12 XA B SR TG RS S
SRS T (DBH #1 H) K3R48 A 7 (VPD Hl
Tior) FIRH DR ERR s IS, F 5 S B50ME Sk fe e 19 IR
FINARLT g ST AR SP, | TG AR Y (258 3 A
4) , FEXT HEAA RO AN RS B

n max

Sanax:Aanax+f(DBH’H’VPD?tleaf)Xta (3>
SPn max :APn max +f( DBH’H5 VPD ’ Tlcaf) X
; g(I)BH,H,VPI),'I'leaf) (4)

X, (DBH, H, VPD, T,,)f g(DBH, H, VPD,
T ) PR 5 DA PR RIS A A DAY R 2R

Table 2  Statistics of measured AP, .., VPD and T, for Larix olgensis
I A s AR bR R ME e/ MAE
Measured parameter Needle type Sample size Mean+SD Maximum Minimum
Bk B RO A HER N 90 9.33+3.20 16.30 2.58
AP Nop 90 8.02+2.77 15.36 2.77
(pmol CO, - m™2 +s7") N, 91 6.96+1.56 9.66 2.37
N, 92 4.55+1.43 6.71 1.46
VI SRVEREE S N, 90 1.48+0.65 2.70 0.65
VPD N, 90 1.49+0.40 2.41 0.95
(kPa) Ny 91 1.05+0.23 1.44 0.78
N, 92 1.01x0.21 1.24 0.66
I N 90 29.14+3.00 33.81 25.12
Teag N, 90 28.50+2.40 33.63 24.72
() Noup 91 25.0122.20 28.83 22.11
N, 92 25.22+1.58 27.35 22.85

N,.: LJ224FE A 4 % L A% Needle on current branch of upper crown; N, : 2 ZFEAR S EAYEN T Needle on perennial branch of upper
crown; N, 2L AEA R 4 A% Needle on perennial branch of middle crown; Ny, : TIRZAEERZ %M Needle on perennial branch of

lower crown. [ [A] The same below.
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Fig.1 SP

and variation of AP

n max n max

with ¢, for all needles.

N, : L2 24FE A 45 2% A% Needle on current branch of upper crown; Ny R L2 AR EAYER T Needle on perennial branch of upper

crown; N, -

lower crown. B [d] The same below.

1.5 BOAEES

ARSCHEHI AR 5 A48 br ok 0 A5 24 B 4805 Al
R B3R R S 0 E REC(R?) (7 Rk %
(RMSE) [“PHiR 2 (ME) T 31% 22 46 % {H ( MAE)
FIMGTIRGBE (P) , HLA e WSTR[ 22 .
L6 Hdlasbit

K H Excel 2007 il SAS 9.3 ( SAS Institute Inc.,
CAROLINA , USA ) # /0 Bt A 5t it o3Hr. 23- 5l %
FHLEHE I RIS Y IR SP, AP, R £, 1E4F
[ 54341, F Pearson 15 %F 2 50 K AH ¢ A F UE4T 40

R3 SHHEHER

Table 3 Parameters fitting results

H 2 ZAEA K % E% T Needle on perennial branch of middle crown; Nlp: TFTEZHEAR % FiY4EE Needle on perennial branch of

MG A Excel 2007 ARAFAEIAL
2SR5

2.1 AP, i W%ER

FIFHE 1 A2 gy SP, AP, 5 BIRRECE
R, HEER T 3K 1 S B A SR T
VLB, a MAIRER/N, o 75% 4 F 0.10~
0.25,1 ST RZAEABIE Ershm (N X o i
a3/ N (a=0.06) ,5 S F 2 2SR
PRI (N ) X o B T2 R K (a=0.44) A 2

N SR e FEARE Tree No.
Equation Parameter Needle type 1 2 3 4 5 6 7 8 9
A1 a N 0.18 0.42 0.25 0.24 0.44 0.18 0.14 0.22 0.20
Equation 1 N, 0.25 0.36 0.22 0.13 0.24 0.29 0.19 0.24 0.22
Nop 0.11 0.17 0.11 0.11 0.09 0.09 0.13 0.17 0.21
Ny, 0.06 0.07 0.10 0.12 0.15 0.08 0.13 0.11 0.11
N2 B N, 0.20 0.94 0.44 0.34 0.88 0.25 0.20 0.21 0.34
Equation 2 A\ 0.31 0.71 0.33 0.07 0.29 0.50 0.30 0.38 0.40
N 0.08 0.24 0.10 0.11 0.09 0.08 0.15 0.17 0.27
Ny, 0.05 0.06 0.12 0.10 0.16 0.10 0.16 0.13 0.11
0 N 0.97 0.74 0.82 0.88 0.78 0.89 0.89 1.03 0.82
N, 0.93 0.79 0.87 1.20 0.94 0.83 0.85 0.86 0.81
N 1.12 0.88 1.03 0.99 0.99 1.04 0.95 0.99 0.92
N, 1.04 1.07 0.95 1.04 0.97 0.95 0.94 0.95 1.00
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XS HEE A E AR REOXZE RN EENE
(K1) NI SP AP, I BIZRPE R
LAEREISEAUS 25 AT LR 1, % S8 AEA
[ 56 2 () VA B B S P R (3R 3) , BRIk
ARWFFEAEXT SP, . AT AL TS 5L i A 4%

AR NS o R AP, |, B ¢, 17T R
RMNERATUFEN, o SHARKNH LRI R
M5 VPD Ml T, 2 3 IE A0 G, Ui g KA rh
VAT L B B e B BRI AP, T BRI T
UL PRt AP, T R ORI 32 B T IR AR

*4 BLSHENHETRIFEETH Pearson 18X IS

AR, T a2 B BT Ak i AR A . v 2 &
B s VPD I T, I B IEAR DG, 524
X1 PBER LR —BG S8 0 SRR/
K ARG T, WAESC MRS, H o 5 AH ¢, Ul B Bl 5
Ty B FH 0, B AR RII AP, B9 B 8k,
AP, TR EIE Rzl AT ik (0> 1) 224 Ml 6
(6<1).

T VPD 5 T, [IAEZE B 0 A S AR DG (r =
0.735,1 2), H vPD WitB B aE T T, Hik
AICK VPD 5IARIEA 3 FIREA 4 o 28R
25 6. 0\ 36 A& H h BEALAE 28 AHAE ALY
PGB, T 4x 8 AR A AR AR (% A e B A, RS AY 1
2.5 F1 6 IS EAN TR RGP W2 5, th A
RIS I L T 5 07 22 4, IR A BIF 98 R AL
LA 7 200 B 5 7 25, ACeR 00 3% B 2 IR SOk
[23-24]. \BLHUY R? A1 RMSE 1] LLE B 5
HAEH AR (R,* =0.90, RMSE=0.07).

SP, e =AP, o *(ay+byXVPD) Xt (5)
SP" max :APn max+( a0+bOXVPD) XtaD()XVPD < 6)
2.3 BRI

H1ZR 6 WL B 1.2.5 F1 6 Xf sP, ,, FIfh
TREE ME ¥7£:£0.05 pmol CO, - m™ - s7', B
RUBAT W B9 e A SR LG B 7 5 711 6 1) MAE
PR TR, RAFLEL pmol CO, - m™ - 57!

Table 4 Correlation validation with Pearson coefficients between parameters with tree factors and environmental factors

FREIE 28 Pearson 154 A KT Tree factor 355 K7 Environmental factor
Equation type Parameter Pearson Hag 4% I=5 KK 5 B M F i
validation DBH (em) Height (m) VPD (kPa) Tiear ()
nA 1 a p 0.056 0.115 0.828 0.797
Equation 1 P 0.745 0.505 <0.001 <0.001
W) B p 0.077 0.104 0.876 0.835
Equation 2 P 0.654 0.546 <0.001 <0.001
0 p 0.112 0.150 -0.685 -0.817
P 0.514 0.383 <0.001 <0.001

R5 SHHTERRERUSME

Table 5 Parameter-estimated results and fitting goodness of each model

TR 28 HUAE Fitting goodness

Model Parameter WA e R R, HIHARIR2Z RMSE
1 «(0.182) - - 0.491 0.11

2 B(0.239) 0(0.912) - 0.455 0.12

5 ay(-0.038) by(0.171) - 0.901 0.07

6 a,(0.799) by(—0.235) ¢,(0.487) 0.874 0.07

R SHERT R SEATTHE) 77 2Rk MR RIED | BIAL 2 BIAL 5 FITEY 6 s $UE J5 R4 Jy 26 37 ) — o Iml V3 5 R ff o A e 78 o G
OB 1 2 5.6 AURLCE A3 R 170, 17,08 1/6,8 1/6,%° Parameters in the table 5 were expressed in terms of parameters ( estimated

values). The weighting factors were determined by establishing the unary regression equation based on the variance of model 1, model 2, model 5 and

model 6, respectively. The weighting factors of model 1, model 2, model 5 and model 6 were 1/¢,"*, 1/¢t,%% 1/t,"® and 1/1,%, respectively.
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Fig.2 Relationship between VPD and T\ .
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AE77, HEIA VPD AR5 5, #6 A0 A] LUAR G i i 34
BE 55 A A B A G A FH R T TR I AR 7F 5 5
PR 5 VE AR HIE IS SP, . PSR L LAk A5 A
BRZZST AL LI 3.

2.4 ESURE A XA AL UM RS RE G R
Y T SE BRI s 8 T B A A

*x6 Sp,.. THEEAKRIGER
Table 6 Validation of SP, .. predicted models

] FHiR2E FERFEXE AR
Model ME ( pmol CO, - MAE ( pmol CO, - P
m?2-s") m?2 st (%)
1 0.081 1.762 91.5
2 -0.252 1.713 91.2
5 -0.165 0.706 97.6
6 -0.252 0.713 97.4
0.3
ks
# 8
Y|
g
&

4 6 8 10 12 14 16 18 20
WA Predicted value (umol CO, « m™ « ™)

3 TR R DA i R O A B R A AR B 2% 1Y

oA

Fig.3  Distribution of the residuals of SP, .  predicted model

for Larix olgensis.
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Fig.4  Relationship between predicting accuracy ( P) and

abscised period.

Y T RS e - i B R4 700 o 5 B B — i A
W], R, ASBFSE R 52 AP, K4 5 min 4 6] FR
W153h 6 4B B, I 43 B 2R AN [R) i AR Bsf B 1 540
Xt SP, TR R R R 4 ] L 2SR R A
] 0~5 .5 ~10 F1 10 ~ 15 min B B P4 14 508 %
SP, o AT THUA ISR BE 28855, 4330 99% ,98.7% Fi
97.9% , B A B VA ] [B] (10 14 T, A5 R0 A 68 ) ALK
ATEES K 20 min ZJ5 , B A9 AL B 0 AR X AR
FEARFRTE 97% e A5 ARSI () SP, ,, T 5
TR S B I Be X SP, | HLA v B TR 5%
B Y g AR 5 20 min S5, IR TR G AL RS E
UYSRIRFFLE 97 % 2 A, U B2 B R HL A e o ) 3 3
PERIRR E P, 76 57 A0 52 B 8 A i 5L A v 19 g
Hr .

3w #
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L CO, concentration (umol * mol™)
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Fig.5 CO, response curve and validation of transpiration rate (T.) and stomatal conductance (g, ) with ¢, for abscised needles.

UM Fl L 3 5IR R L2 2T JZ U, M and L represented the crown location of upper crown, middle crown and lower crown, respectively.
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