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Diurnal changes in the photosynthetic characteristics of two high yield and high
quality grasses during different stages of growth and their response to changes in
light intensity

GUO Chunyan” , LI Jinchuan, YUE Jianying, YANG Shengquan, LU Ning, WANG Xiang
Shanxi Institute of Biology, Taiyuan 030006, Shanxi Province, China

Abstract: Shanxi Province is located in the east of China’s Loess Plateau. Traditional agriculture is restricted by the poor
environmental conditions, water shortages and low soil fertility. The only way to develop agriculture is by adjusting the
methods used to the local conditions and the development of animal husbandry. The shortage of browse and forage resources
requires us to find appropriate grass species for the local conditions. Panicum virgatum L. and Galega orientalis Lam. cv.
xinyin No. 1 are two high yield and high quality grasses, so we introduced and cultivated them in the city of Taiyuan,
Shanxi Province, China. By observing their phenophases, production, suitability, nutritional content, and so on, we found
these two forage species can complete their reproductive cycle in the local climate and environmental conditions and they
have many strong points such as better suitability, higher production and better quality than other species. We needed to do
further study on them before introducing them as new species for Shanxi Province. We studied the photosynthetic

characteristics of these two grasses in detail to determine if they could be introduced and cultivated in the Province. We
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analyzed the relationships between the diurnal changes of photosynthetic characteristics and environmental factors at different
stages of growth. We also studied the characteristics of how leaf gas exchange indicators responded to changes in the natural
environment, including especially light intensity. The findings confirm the adaptability of these two grasses and provide
theoretical reference for their introduction and cultivation as well as a scientific basis for the establishment of sustainable
grassland agriculture in this region.

We selected different stages of growth in these two species to measure their photosynthetic and ecophysiological
characteristics using a Portable LI-6400 Photosynthesis System ( LI-COR, Inc. , Lincoln, NE, USA) on 25 May, 6 July
and 25 August 2010. The results show there were significant differences in the diurnal variations and light-response curves.
(1) Xinyin No.1: The diurnal change of the net photosynthetic rate (P,) had a bimodal pattern and had a clear midday
depression. The daily averages of P, , light use efficiency (LUE) and water use efficiency ( WUE) during the branching
stage were higher than in the podding stage. However, the daily averages of leaf temperature ( T,) , transpiration rate (T,) ,
stomatal conductance (G,) and intercellular CO, concentration ( C;) in the podding stage were higher than in the branching
stage. (2) Panicum virgatum: The diurnal change of P, had a unimodal pattern. The daily averages of P, and 7, in the
jointing stage were higher than in the heading stage, and were also lowest during the flowering stage. The daily averages of
WUE and C, in the flowering stage were higher than in the jointing stage, which were the lowest during the heading stage.
The daily averages of LUE and 7, in the heading stage were higher than in the jointing stage, and were the lowest during the
flowering stage. (3 ) P, was significantly positively correlated with T, G, , stomatal limiting value (L, ), and
photosynthetically active radiation (PAR), but significantly negatively correlated with C,. 7T, was significantly positively
correlated with G, vapor pressure deficit (V) , air temperature (7,), T, and PAR, but was also significantly negatively
correlated with air CO, concentration (C,). T, and G were significantly positively correlated with PAR. (4) By drawing the
light response curves and by taking the relative physiological indexes into account, we could draw the conclusion P.

virgatum is a heliophilic plant and Xinyin No. 1 is a shade tolerant plant based on relevant evaluation criteria. Also, P.

virgatum has greater adaptability to diverse environments than Xinyin No. 1.

Key Words: Galega orientalis cv. xinyin No. 1; growth stages; Panicum virgatum ; photosynthetic characteristics ; Taiyuan
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Fig. 1 Diurnal variations of environmental factors of G. orientalis Lam. cv. xinyin No.1 and P. virgatum L. in different growth stages
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Fig. 2 Diurnal variations of photosynthetic physiological characteristics of G. . orientalis Lam. cv. xinyin No. 1 in different growth stages
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Fig.3 Diurnal variations of photosynthetic physiological characteristics of P. virgatum L. in different growth stages
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P& A BARIEHE AR MO I F R AHDCOC R . WRTPAT B P, 5 T, .6, L, PAR HA W3 A COC R
(P <0.01) KRB HN0.706.0.711.0.560 .0.619, Hitf 5 ¢ MR ;5 ¢, BB ERAML(P <
0.01) ,MHXEREN-0.591;5 C, LR FEAIIKE(P <0.05, r=-0.397);5 T, R B EIEMHE(P <0.05, r=
0.446), T, 5 G,V .T, T, PAR B2 B EFEACKR HE 6, MRS (P < 0.01,r=0.815) , HIK K
T,(P <0.01,r=0.754);5 C, £ BFETMHIE(P < 0.05,r=-0.448), G, 5 PAR BB FEMAE(P <
0.01,r=0.615), C, 5 L, WUE 2 EBEHRFIKE(P < 0.01,r=-0.969;r=-0.546) , V,, 5 T, T, PAR 21}
BFEIEMI(P < 0.01,r=0.953;7r=0.962;r=0.494) , 5 RH 2 B FHAHKE(P < 0.01,r=-0.705), T, 5
RH S B F A (P < 0.01,r=-0.539) , 5 PAR 2 BEFH (P < 0.01,r=0.590) ,

x1 SEXGERSHRERFEAEXES T

Table 1 The correlation among the gas exchanges indexes and environmental factors

P, T, C; L, LUE WUE Vo T, T, RH PAR
P, 1000 0.706** 0.711** =0.591** 0.560** -0.024  0.230  -0.397"  0.346  0.423  0.446*  0.050  0.619 **
T, 1,000 0.815** -0.192  0.161 -0.175  -0.218  -0.448*  0.650** 0.754** 0.745"* -0.133  0.714**
G, 1.000  -0.084 -0.010 -0.219 -0.167  -0.412* 0.168  0.351  0.335 0.286  0.615""
o 1000 -0.969**  -0.379% -0.546*" 0.435* -0.404* -0.363" -0.391"*  0.363* -0.196
L, 1.000 -0.375%  0.608°* -0.356  0.459%  0.419% 0.452* -0.392* 0.200
LUE 1.000  0.441% -0.359  -0.014 -0.042 -0.049  -0.226 -0.559*"
WUE 1.000  -0.009 -0.140  -0.117 -0.085 0.211 -0.082
C, 1.000  -0.328  -0.385* -0.379*  0.147 -0.183
Vo 1000 0.953** 0.962** =0.705"* 0.494**
T, 1,000 0.993** -0.537** 0.567*
T, 1000 —-0.539** 0.590**
RH 1.000  0.015
PAR 1.000

s il AR B MK A3 0. 01 #10. 05

2.4 e R 2k K KA AR bR

HREAVERN E 2 X FP Sk R P2 T GG VR FE G A o Rz 1 2R, 38 0 D' e 17 /i &, ) LA
Wi LCP \LSP .Q \P,,.. “fatr., Kl 4 5K 5 APIFHOEAFAF M PAR-P, 5 PAR-P, Yem i &k, M
PAR-P, HIZR & H Al LIE Y, P, 7E PAR 35 1500 wmol-m s Ze A7 Jy k5, B PAR 4kZ: T MiF&A% ; PAR-P,
MZEIE AR, P, 7£ PAR A 1500—2000 pwmol-m > s™" Z [AIHRFFRU/INGIG R 1220 2R 1R 52 4 b S e 1 P b
WEAEE IR, P, B PAR Z84biash . I, PAR-P, #G MZRCR AR

2 APFPHCRAEOER T 5 PAR BB B R XA AR R, IELS el LUE 851 1 5 4071

F2 AEEBEHXGIEM-SLIE # £ 7ERE XIS

Table 2 Fitting equation of PAR-P, response curves and correlative indexes in different growth stages

- At BRHOLEEE  SEHRAL SeRMEE R (B SEES
?\:’j[‘a/{jrial GroéEw li fﬁage i%lﬁfffiifi r P Lsp/ Lep/ Ry
(pmolem?+s7") (pmol'm™+s™) (pmol'm?+s™)  (pmol-m?2-s™")

AT y=0. 0556x-3. 4624 0.6641 18.69 398.42 62.27 -3.54
Il 52 I y=0.0263x—1.9222 0.3949 20.71 860. 54 73.09 -1.89
Panicum virgatum L. FHAEH y=0.0384x-3. 1819 0.8020 15.83 495.10 82.86 -2.47
ITESI=) B2l y=0.0305x—1. 629 0.9102 16.93 608. 49 53.41 -1.75
Galega orientalis Lam. L5 ¥=0. 0579x-3. 6663 0.9911 13.92 303.74 63.32 -3.14
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Fig.4 Light response-curve of G. orientalis cv. xinyin No.1 in branching and podding stage
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Fig.5 Light response-curve of P. virgatum L. in jointing, heading and flowering stage
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B KA ER . TEANAIREE R TR T | T, .C, .G, T, A6 A AR B b 2 A A8k, e K51 P, 1Y
Ak, BiE 1 SATILEE P, HARE RGN SLIAAETE LRI B4, X 5 K2 HuYt & H A8k
FARARML > ZEBR B, 35 1 S AR 07 LR G BB A AR TS R AR M R AL S R, K
VU X n] RS2 5 DEIKBCR A PR B i B R B R N, S5 38 26 A4 pr 45 SR AR IR, MR R P,
H A5 b 5 B 28, 100 PR O 1R Y A R S S e TR R A TR SZ RE T, X 5 e A A A R R i g 4 SR A
o BASKRUL, B9 1 SR I AT R0 P, H B{E R T 245 JE0) MR BT 1 P, H (A S AR
Z RN . X SR AR AT 3K (AR R AR AR A RE R R AR (453%) SR A KRR T,

HATERRE B 2R A B R BRSBTS, R S A SRR A, P, 5 7 RizE#H
AP EEIR R, WP, 5T MHFRZ, I HXEHFAHE W, DA B ol A, PAR 5
T,.T, .V, .G, T, P, WE A, MG 71 725, 3 56 S E LA, o p T,
Y15 ¢, MM S, TR CEER T S ALURHE TR KRN, EENMEYIR A BT E 220
VT IhRER T, Hoh — A E LI RR IS i 1k i TR VR 5 K A3 4 i 2k

SEmi W ARG Hh S e T AEY) P, R PAR AL TEMOGR T, P, i L LT, BB EHIA S
Wi, FEIE IR, CO, MR EE AR, B2 Ah B il SR SFLBR ) 7 R 3 FE X — B B, S A DAL s s 5, 75 2L
Calvin JEFR A P2 K P-4 5 DG A TR AL 2R 78000 AL AL TR, A AN B BeE | P, 328852 v ) =
Py FBEE A KR PR 7E75 35 1, 70066 BUR M AL IR AEAE LR RIPAP R R, FIROCR KA
T A SALIRHIAE R T BRI N XA AR AL T BRI, P, W AE R, (H 2 PR 2 1 K I AN ]
A0 Co, FAbA R S GREM I e B 4% 38 32 BH , Rubisco FRALTE MEFFAIL , iX — M Boid & A A EH
JERERL T BE TR, TR 218

R B B 6 R M A T R X S BE SR R (A R 2 I WA 4 T BH P 1) — > B B4R b, 4R
PEAE YT Em (I BR AL G LA o3 0 BHEAE S  BAPEAE ) s T 03 Z (R AT PR . — i o0 T et
I R AME S B R T A, 2 8 T BHMAR S 0 M s I, YR R s 5 v A R 4 X'
PRSP IO P A5 5 T M s 58 i, DGR A A A I B o o e 5 ) KR B MR A ) e
£ /N 20 pumol - m s YEARLF A A 500—1000 wmol - m - s~ B F AR, T BH R AR 42 4 0 A2 55 50—100
pmol - m s~ JEA I A4 1500—2000 pmol - m s~ BEHE 1 S5 A S A 2 B RS R [ RS
M s AN R R MR g BE A A, TS| 1 S AR5 1 2R RN TR AR, EMVERR HErs ] 1 S 4071
2T XEFREE I B MESR  FULE TROCR R T ARG BE BRI O, 4 TR S R R, 0 TRk
RAQY —JBAE 0. 04—0.07 ZIA" | A SIS A WAl AR R S5 7 I JE R O, R AE B3 AQY MG AT 2257, R
HEBR KA B2, 75 2 — L i 5 4 .

LG 42 38 T P 2 3 R T 4 X 1) PG 3 S P A X U 0 T R X, A SR 4 K WU e, 1 4
B AR 8 Sl A AR Ge Aol & R BT, KRR BB RV R E Y & SR S5 580, X T shRE R AL &
HOW 1) T AR B MOl 5648 | P Bl P b 254 f 7 RPEE R IR AE S R G IR R AR RAE T K P4 HA B R
PRSCERE L, AR SCHES R b (4 FE At X0 18 1 A AR SO 0E AT T A AR B S RIS, A8 T 3K T P 0
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