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Analyss on relationship between diurnal changes of photosynthetic
and trangpiration rate of three afalfa varieties and related
factors during the branching stage

GAO Jinghui ,ZHAN G Ying,GUO Wei ,GAO Churrgi

(College of Animal Sciences and Technology , Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract : Under natural conditions,the diurnal changes of photosynthetic and transpiration rate of
three alfalfa varieties (WL-232 ,WL-323 ,WL-525) and related physological and ecological factors during
the branching stage of thefirst harvest in the third year were measured by us ng CI-340 portable photosyn-
thes s system. The ecological factors included photosynthetic available radiation ( PAR) ,air temperature
(Ta ,CO: concentration infield (Ca) ,temperature and relative humidity (RH) . The physological factors
included leaf temperature ( Tl) ,stomatal conductance (Cs) and internal CO. concentration. Relative analy-
sis and path coefficient analysis were used to discuss how related factorsinfluenced diurnal changes of pho-
tosynthetic and transpiration rate. The results showed that WL-232 was high photosynthetic ,high water u-
sng and low transpiration variety. The net photosynthetic rate of the three varieties appeared to vary in a
double-peak curve ,and the midday depresson mainly resulted from non-stomatal factors. Path coefficient a
nalys s showed that Ta was the primary ecological determining factor for the characteristics of photosyn-
thess and transpiration; RH was the main limiting factor for the characteristic of photosynthess; Ca was
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the main limiting factor for the characteristic of transpiration of WL-232 ,and PAR was the main limiting
factor for the characteristic of transpiration of WL-323 and WL-525. The main physological factor affecting
the characteristic of photosynthess of alfalfa was Ci, Cs was the main limiting factor ,and Tl was the main

physological factor affecting the characteristic of transpiration of afalfa.

Key words: Medicago Sativa; net photosynthetic rate ;transpiration rate; branching stage;physological

factors;ecological factors
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[9-11]

[14-15]

1.1

(Medicago sativa)

[12]

[13]

[16]

WL-232 WL-323  WL-525

2cm, 30 cm, 3
m!
pH 7.50, 13.29 %,

323.9 mg/ kg,

,2005-10-10 ,

O9mx3

18.9 g/ kg,
42.85 mg/ kg,

357.85 mg/ kg

1.2
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(LUE) (L9

WUE= P/ Tr;LUE= P PAR;Ls=1- G/ Ca
1.3
Excel 2003 SAS(V8.1)
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2.1
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WL-525 11:00 , Pn 18.45 17.50d mol/ (m* - s) ,
20.70 17. 60U mol/ (m* - s) ; WL-323 12:00 78.65%,90.00% 99.43%
1 ,Pn 20.50p mol/ (m* - s)  WL- 3
232 WL-323 WL-525 13:00 14:00 , Tr ( 3
Pn 6.79,10.50 12.73p mol/ (n? - 9, 13:00 PAR Ta ( 1) ,WL-
1 13. 91, 10. 00 4. 87 232 WL-525 Tr 7.31 7. 89
M mol/ (m?-s) WL-232 WL-323 WL-525 mmol/ (m’ - s) , ;WL-323  Tr
14:00 16:00 2 , Pn 16.28, 7.66 mmol/ (m? - 9) ,
~ —~— PAR; —+.Ta; —— RH - 25_00""WL‘2321 = .WL-323; -+~ WL-525
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1000.00 N (N4
E 800.00 3000 E 15.00
3 600.00 20.00 S 10.00
E 400.00 15.00 © £
Z200.00 %9080 3 = 5.00
Ef- 0.00 0.00 i 0.00 —_ " . . fo
& Q“ QQ QQ INTEY @ NN Q“ Q° Q\\' NN NI
NN UNZRCEERARNAEN N NN NN RN SRR RS
i i) - Jr]
Time Time
1 2 3
Fig.1 Diurnal changes of photosynthetic available Fig.2 Diurna changes of transpriration ratein
radiation and air temperature and relative humidity leaves of three different afalfa varieties
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2.4 3 Pn Tr WUE LUE (P<0.05) ,WL-323 WL-232 Tr
. WL-323 WL-525 (
1 ,WL-232 Ph WUE LUE ) ,WL-232( )
WL-323  WL-525(P<0.05) ;
WL-525 Tr , WL-232
13 Pn Tr WUE LUE
Tablel Comparisonof Pn,Tr , WUE and L UE of three different afalfa varieties
Varieties PV mol - m2.s 1 Tr/ (mmol - m-2. s°1) WU E/ (mmol - mol - 1) LUE
WL-232 14.22 a 5.67 b 2.52a 0.019 a
WL-323 12.14 b 5.95 ab 2.04Db 0.016 b
WL-525 12.25 b 6.16 a 1.96 b 0.016 b
: (P<0.05)
Note:Different lettersin the same column mean sgnificant difference at P=0.05.
2.5 Pn Tr Tr PAR Ta Tl Cs
, RH Ci ; Pn Ca
2.5.1 3 , Tr 3
Pn Tr Tr Ta PAR ,
( 2 , (WL-232) Pn RH , Ta ,
Tr PAR Ta Ca TI , PAR 3 Tr
RH Ci , GCs Ta PAR ,
(wL-323 WL-525) Pn PAR Ta
2 Pn Tr
Table 2 Correlative coefficients between Pn and Tr in leaves of different types of alfafa and environmental factors
Ecologica factors Physiological factors
Types ltem PAR Ta Ca RH Tl Cs C
Pn 0.706 " * 0.414" 0.615" " -0.452° 0.502 " 0.303 -0.825" "
Tr 0.857 " " 0.947 " " 0.411" -0.925"" 0.950 " * 0.138 -0.517" "
Pn 0.775" " 0.522 " " 0.547 " " -0.527" " 0.582 " " 0.448 " " -0.701" "
Tr 0.915" " 0.926 "~ 0.229 -0.888" " 0.932" " 0.320 " -0.528""
: WL-232;
WL-323  WL-525; *  * * P<0.05 P<0.01
Note: Type represents WL-232 alfafawith high photosynthetic rate ,high water use efficiency and low transpiration rate; Type includes
WL-323 and WL-525 dfafa with low photosynthetic rate ,Jow water use ficiency and high transpiration rate; * and * * mean sg-
nificance at 0.05 and 0. 01 level ,respectively.
2.5.2 3 , Tr Rira > Rirw >
Pn Ta Rl > Rimn Ripar) 0, PAR
, RH Ca PAR, Ca : Tr
PAR ,RH Ta i RH Ca PAR Ta, Tr
Ta RH, Rira :
' T2 Pn RH Ta
Rita > Rica > - 0.053, Ta RH  Tr : Ta
Riear) > Rirn). Rimr  Rirn 0 Tr
Pn ,Ta Ca , Ta 2.5.3 4 ,
) RH PAR ,RH Pn G ,
3 , Tr Tl,Cs , Ci ;
Rita > Rirw > Rimr > Rla | Ric) > Rim > Rlo , Rlo 0 Pn
Ric 0,Ca ; ,Cs ,C
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4 , Tr Tr
Rim > Ric) > Rlo , T, Rtm . T
Rio R 0, G GCs : Tr
3 Pn Tr
Table 3 Path coeficients between Pn and Tr of different types of afalfa and environmental factors
Indirect efect R?
Types Item Variable  Direct efect PAR Ta Ca RH Total effect D
PAR 0.017 - 0.772 0.062 - 0.125 - 0.818 - 0.029
P Ta 1.092 0.012 - 0.064 0.305 - 0.839 0. 640
n
Ca 0.131 0.008 0.537 0.137 0.813 0.196
RH 0.355 0. 006 0.938 - 0.051 0.539 - 0.508
PAR 0.001 0.120 0.022 - 0.019 0.123 0.001
T Ta 0.267 0.001 - 0.025 0.031 0.273 0.074
r
Ca 0.039 0.001 -0.171 0.017 - 0.115 - 0.010
RH 0.059 0.001 - 0.139 - 0.011 - 0.209 0.021
PAR 0.018 - 0.931 - 0.192 0.038 - 1.067 - 0.038
Y Ta 1.251 0.013 0.396 - 0.038 - 0.880 0.636
n
Ca 0.079 0.009 0.591 0.129 0.808 0.122
RH 0.453 0.008 1.092 - 0.023 0.623 -0.771
PAR 0.003 0.031 - 0.040 - 0.020 - 0.025 - 0.001
T Ta 0.069 0.002 0.068 0.015 0.153 0.016
r
Ca - 0.030 0.002 - 0.034 0.034 - 0.029 0.001
RH - 0.088 0.002 - 0.053 0.012 - 0.128 0.015
4 Pn  Tr
Table 4 Path coefficients between Pn and Tr of different types of afalfa and physiological factors
Indirect efect R?
Types Iltem Variable Direct effect Tl Cs Ci Total effect )
Tl 0.053 - 0.004 0.027 0.076 0.005
Pn Cs 0.031 - 0.006 - 0.183 - 0.158 - 0.011
Ci - 0.223 - 0.006 0.025 - 0.204 0.041
Tl 0.399 - 0.005 - 0.001 0.393 0.155
Tr Cs 0.005 -0.371 0.000 - 0.366 - 0.004
Ci 0.002 - 0.115 - 0.001 - 0.114 - 0.001
TI 0.098 - 0.001 0.043 0.140 0.018
Pn Cs 0.023 - 0.005 - 0.142 -0.124 - 0.006
Ci - 0.181 - 0.023 0.018 - 0.186 0.035
Tl 0.417 - 0.004 - 0.002 0.411 0.169
Tl Cs 0.004 - 0.393 - 0.001 - 0.390 - 0.003
Ci 0. 005 - 0.194 - 0.001 - 0.191 - 0.002
3 , Pn
1 3 (3
. Pn (10 1 )Pn , “
, WL-232 Pn ",  Farquhar ,Pn
14.22p mol/ (m’* - s) , WL-323(12. 14 Tr Ta PAR ,
umol/ (m?-s)) WL-525(12. 250 mol/ (m? - 9)) , , 13:00
3 LUE WUE Tr 1 T ’ 3
WL-232 P
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