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Research on dynamic characteristics of photosynthesis in muskmelon

seedling leaves

HAN Ruifeng, LI Jianming*, HU Xiaohui, DA Huiguang, BAI Runfeng
College of Horticulture, Northwest A & F University, Yangling 712100, China

Abstract: Plant light response curves reflect dynamic charateristics of photosynthesis with the photosynthetic active
radiation ( PAR). The data collection for the curves is time-consuming and the photosynthesis is sensitively affected by
surrounding environmental factors, so it is vital to establish suitable time interval for data determination in one day.
Muskmelon is top ten most popular fruit in the world. However, researches on dynamic characteristics of photosynthesis in
muskmelon seedling leaves were rarely reported. In order to probe into the relationships between characteristics of
muskmelon photosynthesis in light response and environmental factors, suitable time intervals for measuring light response
curves were optimized with potted muskmelon seedlings as test material, and the light response curves and several
parameters of photosynthesis for different position leaves and environmental factors were measured by LI- 6400 portable
photosynthesis system from 18 October to 23 October, 2009. Each leaf position was measured at 3 intervals of time:
10:00—12.:00, 12.00—15:00 and 15:;00—17:00 in one day. All of light response curves were fitted with the modified

rectangular hyperbola model, which was widely applied and could fit light response curves that photosynthesis rate decreased
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obviously under intensive irradiation. Maximum net photosynthetic rate (P, ) was selected as an indicator of photosynthetic
capacity. Direct and indirect effects of environmental factors on P, were calculated through the path analysis. The results
show that when photosynthetic active radiation in environment increased, leaf temperature ( 7]) rose, and air relative
humidity ( RH) decreased; photosynthetic active radiation in environment decreased, TI decreased, and RH increased.
Light response curves between 10;00—12.:00 and light response curves of leaf 1—4 between 12;00—15;00 were
characterized by hyperbolic curves and the photosynthetic capability approached saturation under intensive irradiation, while
photosynthesis rate of leaf 5 between 12:00—15:00 and photosynthesis rate between 15;00—17;00 decreased obviously
under intensive irradiation. P, and light saturation point ( LSP) were the highest between 10:00—12:00 and declined
between 12 :00—17:00 during one day. Light compensation point ( LCP) and dark respiration (R,) were higher between
12.00—15.00 than that under the other two time intervals. Quantum efficiency at light compensation point (¢, ), stomatal
conductance (G,), and intercellular CO, concentration (C;) all generally displayed a declining trend, however, stomatal
limitation value (L) increased from 10:00 to 17:00. Stomatal limitation was the key factor for different time intervals
influencing photosynthesis. Light responsive parameters of leaf 4—35 were positive at the same time interval between
10:00—15:00, the P, of leaf 3 was the highest, leaf 5 was the second between 15:00—17:00. G, and C, of leaf 5 were
lower than that of leaf 1, while L, of leaf 5 was higher than that of leaf 1 between 10:00—17:00. Non-stomatal limitation
was the major factor of influencing photosynthesis for different position leaves. RH was the primary determining factor that

; measuring time ( Time), vapor pressure deficit at the leaf surface ( Vpdl) and T! were main limiting

max 9

influenced P
factors, so it was helpful to improve P by increasing RH, limiting Time, Vpdl, and TI. The suitable time period for

measuring light response curves was between 10:00—1200.

Key Words: muskmelon; light response curve; light responsive parameters; leal position; environmental factors
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#1 XENERARANERERLEERRS (PAR,) MHEBE(T) ESHEXRE (RH) M EBIZRESER(Vpd) L
Table 1 Change of PAR,, Tl, RH and Vpdl in greenhouse at different time intervals during photosynthesis measurement

g i Wi OLATAGRE PR, BRI L
Leaf position Date Time /(pmol-m™2-s7") Tl/C RH/ % Vpdl/kPa
1 10-18 10.00—12:00 234.61—758.15 26.18—29.31 66.63—32.21 1.23—2.97
12.00—15.00 619.70—386. 60 28.27—31.40 44.58—27.18 2.16—3.13
15:00—17 .00 570.68—85.13 29.67—26.01 31.84—39.78 3.09—2.16
2 10-21 10.00—12:00 292.20—635.41 20.10—24.61 76.40—50.41 0.57—1.55
12.00—15.:00 706.26—457.23 23.23—30.65 50.38—34.61 1.49—2.75
15.00—17.00 558.62—91.78 29.94—25.35 34.64—42.96 2.65—1.92
3 10-19 10:00—12 .00 365.57—663. 09 22.45—23.38 61.39—49.44 1.08—1.44
12.00—15.00 707.75—217.98 23.32—26.24 51.77—32.69 1.42—1.88
15:00—17.00 255.27—103.85 25.95—23.25 46.69—50. 88 1.83—1.45
4 10-22 10;00—12 .00 521.15—1134.80 22.79—29.80 60.22—45.28 1.21—2.25
12.00—15:00 913.90—460. 23 29.72—34.40 45.51—29.01 2.36—3.69
15:00—17:00 857.15—253.66 33.61—29. 14 29.06—40.07 3.70—2.62
5 10-23 10:00—12.00 458.20—850. 15 23.41—28.71 72.39—41.95 0.91—2.31
12,00—15 .00 906.48—740. 48 27.72—30.73 46.08—31.43 2.28—2.88
15.00—17 .00 710.58—137.40 31.52—28.07 29.18—29.87 3.11—2.34

2.3 N[ BRI [R] 057 i ol 1 244
AN TRV B Y 56 W 1 2 BOFF A B 2 S (3R 2) M R it i P, TR — R B AS 6] i B, 43R 31
410:00—12:00 P ﬁm,ﬁﬂlﬂ 4 M 10:00—12:00 P, 435l 12:00—15.00 A1 15:00—17:00 F+ & T

max

70.75% F179.69% ,552 4 5P M12.00—15.00F15.00—17 .00 £ LR 451 3P M12.00—

max max

F2 AREEHIKAREMAM AR SEH

Table 2 Parameters of light response curves for different position leaves of muskmelon at different time intervals

W H S ] E‘ﬁ@;‘ﬁA HR JEAMES R TR s JEHLAA M I R e
Leaf position Date Time e e LCP_ ~ LSP_ B Ry
/(wmol-m™2-s7) /(mol/mol) /(pmol-m™2+s7") /(pwmolem™2+s7") /(wmol-m™2-s7)

1 10-18 10.00—12.00 15.52+0. 14 0.0577+0. 0024 41.98+6.50 1571.69+163.23 2.73+0.62
12:00—15:00 10.44+2.47 0.0491+0. 0030 53.69+4.19 1205.63+111.81 3.19+0.30

15.00—17.00 10.98+2.33 0.0485+0.0104 41.70+£10.84  1033.79+112.34 2.18+0.15

2 10-21 10.00—12.00 15.00+6.41 0.0595+0. 0040 31.42+5.04 1533.01+262.17 2.07+0.33
12.:00—15:00 12.16+1.48 0.0570+0. 0100 43.76£22.14  1222.33+169.32 2.76x1.07

15:00—17.00 12.15+2.52 0.0554+0.0042 42.06+8.58 926.39+134.97 2.60=x0.43

3 10-19 10.00—12.00 17.34+0.26 0.0661+0.0043 29.69+9.22 1516.48+54.09 2.11+0.57
12.00—15.00 14.15+2.58 0.0635+0.0063 32.78+1.55 1213.14+182.01 2.31+0.25

15.00—17:00 15.36+1.28 0.0597+0. 0049 29.61+8.77 1013.98+55.70 1.9320.77

4 10-22 10:00—12 .00 22.30+6.12 0.0640+0. 0056 44.27+14.03  2588.91+345.15 3.06+0.75
12.00—15.00 13.06+6.20 0.0506+0. 0030 73.95+2.01 1264.87+134.88 4.74+0.33

15.00—17.00 12.41+2.49 0.0610+0.0074 50.13+15.49 861.89+90.49 3.46+0.78

5 10-23 10:00—12:00 21.45+3.19 0.0676+0. 0035 46.73+20.06  1788.32+523.80 3.47x1.46
12.00—15.00 17.08+3. 88 0.0590+0. 0048 68.85+20.12  1182.97+301.86 4.36+1.01

15.00—17.00 13.76+2.90 0.0523+0. 0084 56.96+6. 85 838.23+38.52 3.25+0.19
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Fig. 1 Light response curves of net photosynthetic rate for different position leaves of muskmelon at different time intervals
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(0.208 mol - m™+s™" 0. 162 mol - m™>+s™";270. 47 pwmol/mol ,224. 73 mol/mol ) #| 15.00—17:00 (0. 209
mol-m~+s™"0.194 mol-ms™";271.43 wmol/mol 244.36 wmol/mol ) W& TFiEs . 5 &, AH R & IF B | AN [] it
AR :10:00—12:00 L3S 1 0 G F C, dem L, A5 3 .5 M G, #il C, 8K L, Bmi . 12:00—15:00 LASS
1 G, flC, 5, L, 5% 565 5 ™ G, Fl C &AL, B, 15:00—17:00 LIS 1 M G, il C, fefm, L, i 46
4 500 G M C, Bk, L, fem .
2.5 P, S¥EEHETF X RGER ST

FASC ST HIT (A5 Be N 3RS R IO 34918 45 R KW (3R 3) , P, 5 RH B2 R EFEME, 5 PAR, B W%
AHIC, 5 IE B (Time ) F1 Vpdl S BEMBE MM, 5 T 20K, RH 5 Vpdl Tl 1 Time S 1235 1
X, MIEEHE T P, TG 50T, 45 2 B R

P, = —39.562 + 1.121Time + 0. 0134PAR,+ 1. 8127/ + 0. 162RH — 11.381Vpdl (R = 0.8725,F =
5.7412) ,F AHIR 3 B 7K, Time \PAR, Tl F1 RH (") RECH IEAE, TL ZEHEK, Time REOKZ, Vpdl ZECH
TE HER, B P A FZE R 42 Vpdl Tl Fl Time

Bl —e— JOi2 o3 Tok4 —— JUS

12:00—15:00 15:00—17:00

S ILFE G/(mol-m2s)
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Fig. 2 Light response curves of stomatal conductance, intercelluar CO, concentration and stomatal limitation value for different position

leaves of muskmelon at different time intervals
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£3 P, SHEETEGELSH

Table 3 Correlation analysis between P, and environmental factors

FEZR L Relative correlation Time PAR, Tl RH Vpdl P
Time 1
PAR, -0.54" 1
Tl 0.47 0.27 1
RH -0.78 " 0.11 -0.81"" 1
Vpdl 0.62" 0.12 0.97"" -0.89 " 1
P -0.65"" 0.53" -0.4 0.66 " -0.54" 1

* K8 0.05 BEKF, + « KR 0.01 WEAKF

®4 WREEFHHLX P, HEERSH

Table 4 Path analysis about the impact of environmental factors on P, of muskmelon

A lEEs 2 (BT , .

%t FEkfR TR PR RH
. Direct path Indirect path coefficient 5
Variables .. R*(i)

coefficient Time PAR, Tl RH Vpdl

Time 0.6783 -0.3795 0. 6963 -0.3556 -1.2918 -1.3450

PAR, 0.6995 -0.368 0. 4009 0.0486 -0.2555 0.2459

Tl 1.4949 0.3159 0.1876 -0.3683 -2.033 -3.4393

RH 0.4549 -0.5302 0.0747 -1.2102 1.8688 0.3917

Vpdl -2.0936 0.4186 0.0854 1.4517 -0.4061 -2.1053

R R BAOERRE B RGN AR R O T e — 75 P, KRB VIRLEL, A BE IE A b 36 W]

FRIMEIERR, N X P, RN /N, 6 P, S 37 T8R800 (£
4), NEPTEBIEE I X P, HEEW K/ NEF A Vpdl>TI>PAR,>Time>RH, H. Vpdl %t P, W E 50 K
e, R P FHE T e T P, B EEE W IE, T P, W EESE WK HiE T Vpdl X}
P, WEFEE N 7 K HI, P, 5 TSRS/, VORRER (i) = 2P, r, - P2(P, N HZR i X}
DS B Bl AR R A, R FAR I § SIS ) Pearson HHOG FR A0 23 A2 40T P I PR SEE BR , F B 0T LAAE
HIEER TR P BILEAER AT HER , AR Rk Ar s R AR ' 3B R T4 P, MIPRIR &R
B, HAHEFE ] R (RH) >R*(PAR,) >R*(Time ) >R*(Vpdl) >R*( Tl) , H:H R*(Time) ,R*( Vpdl) 1 R*( T1) #R/NT 0,
N RH i FZPLR AT & Time  Vpdl 1 T1 i FEZFRGIAS &, Kk, 288w P, , it RH, BRI Time , Vpdl 1
Tl FEALREF PAR, o
3 #Zit5iTie

FSEHFFTIN N 2 FE 406 S I v AV P i 17 il 2 AR 1 — 2R ELAWUR R, 24 PAR>1000
pmol-m™>s™ i}, P, fifi PAR 3458 JL-T- A HTH & A EMAUK -, A" Ik PAR ¥t LSP J& , B e
T3 P, R R, B LI-6400 J6A M 2255 H 3 light-curve” BT & SHARE T , 76 AT OGRS T IE
1—3 min (R E] N IR IA SCBR M S P, ARPE R, NAERSE UK e R G o R, F ok R
Mg o7 i1 £ S BRI R B G B A X S B 2R B A , TA A L Y M £ Ay A R ST T
TEZF J 5 REPD T, A GO SRBE IR R, 4R A A A T BE R AR A VE R AR AR BSR4
AT P, 10:00—12:00 Fi 14 :00—16 :00 Z [AI#EAT0E VR FHINE B RV 38 B, A5 10:00—12:00
N5 BRI 17 1 28 A WUt £ VA TSRO TR P2 2R3, 12.00—15:00 55 5 HEFESRG TR 2 A4 63, 15 :00—17 .00
AN I R e SR T = AR R R R B el PR, RS 1 il S RO AR 1, 38 B AE 1 F 10..00—
12.00 HEATIE  (HIRAN IR 220 A5 IR - 22 AR K, 32 A6 I s T A 7 100400 5

FI T, X6 A VR I — i 07 R A7 00 (R A TR A AR 2210519 2020 e e T A 00 il 2 A5 R 07 PR Ay )
127 ABH TG P, BE PAR BE5R TG —Beih £k, A 244 i Ho & i A DUl 248 10 AR R RN AR B £
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XUHH AR AR T AU Z0& AR T UAR S b 40L& P, Bl PAR 3835 17 FAIG  JL-T- AN AR R AT T e 1) '
N R 3B R 3Z , 0A 2 SR e S, T FH TS R BRBE 25 A T A B R PE T AR B Hh il 52 1
S g ik B P, B PAR 45T FRARER G, SR FH A AU 2 A& IE A RPN [R] e B g i 4%, #0065 584

MG VR R DN 2 KRB0 A LR R S ALBR I WA, Farquhar 1 Sharkey ™ 42t H €, H1 L, #9728
A5 e E A BRI N K . P, B, €, BRAR L, This AL R W EERFIN R P, FRAE, C, Th L,
AR JESLIN S F R E . ABFSEH,10:00—17:00 P, Fl €, ik R ARG L THE, ol UL [E
BESALHZE A sgmie S E R 0 FZ RS 2R MR BORE A R P, F1 L, LIS S MR, 55 1 HRAIR
PASE 5 MG, 50 1 mhag s, BEBHEE LI 2 s i A [l i i R G4 P R BRI R

TR TR (o) BB T RGBT 5506 % WS RN 8 B ) R 5% 70 A e g ) R WG K v 4 ik
o W AR T 6 IR GRS AR R A BE I, %ot H G IE S00h T A e BRI 72 th R W o BB LR o,
M AR R TR ARSI o, R HEPIRHEEE BRI R L o B RE S MU M FE G BE AYSE
F, ARG — KPR BES 4 1 o, RIMFERETGEFHE L EMAL o, — ELVN, B B B A 4316,
AT RE S PRI Y I BEAT O, — R Z2 Uk A 1 S 80 ka3 A Rk — 250 9E

R B PR LA R TR S I R AR A 6 7 W B LK J5oB RIEE 4 7 2X a 49 pz 3
) PEZR g ) 2 Wi— KB 0] A 40 53 B 5 T 6, T RE PR TR RR 9 B AR A, i < U L OO A
Y, HI,10.00—12.00 Ye A RE I8 . 0 B R T C A ERE LB WL R, T A EHRRIL, 42
M 8 SAENAS A LRA TS R, P, HARL AL Gl 28 | I (E AR 900 Zify, 1 = B AL S
RO I 12,00 ML ,8:00 B P, #E ., B, 15.00—17 .00 B EEEDREE 3 1F P s 4R
5 HERAT R SRR BA E,

LCP AREYIHEAAE MU CO, FIEIRAE FHB A CO, A, F L% A 8 FH 3 0 8 i A0 Ol IR G 3
IR E T, R AR A R, Lep B DY L ARRFSE T, 12.00—15 .00 LCP A1 R, #55,10:00 —12.:00 F1
15:00—17 .00 AKX, 2 bk 3 —2, Wik TiX— 5,

VR R, B B b T b A T RE ), BoA & B 50 3% (AN M 45 b R4l 4R 454 2 3L B AR
BHK , AT BB B e A W B, G ORI, 1 T0UAE I 5 S5 4 R AR ST RE i R o8 3% OB B VE RS . A
B, KRS 4 .5 0 P o, B0, Rk, X 5 XABET e HRRE R LR g R —8, 5
B IR LA R A R AT T 25 AR — 3L,

B p /PSS R N ZS SRR 4R S RN P R G R P A e TRV T 30 s KT R A T
PRI M R 2R HOR A P I HOBUR SOE B A KT . ARBFSE R RH NSEMW P, ) B AR
i, Vpdl FBRHNAE &, ATLAT 12:00—17:00 Ff BEd i 255 I, 34 hn RH , B4R Vpdl, 9 Im G, i $ & P, o
5341, Time 2 PR AR 22— AR B i o7 28000 28 A6 mT BE 5 &AL 0 < AL B IN A B2 A
K FEH] 12:00—17:00 5 10.00—12 .00 FHFEFREEAAE T BN S 500 AR LA f iE— 25058 .

25 LT RGN i R S i 4R35 BLAE 10.00—12.00 SE7I 2 , S AL Z A [ B BEG A VE AN )
FIEZERGBIRZE, B L RA e iy ERILR R AR A A e A E AR EERTHE, =
AR (RH) R E B SR R T 0 G B B (Time ) - TG 400 FZ% 9505 5 Bl ( Vpdl) FO TR (70) b 8RR
P, AT DR B AS it ke $2 i f IRt R it & vERg .
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