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Light and temperature and their effects on photosynthesis
characteristics of stereoscopic cultivation in strawberry

CHEN Zong-ling', LIU Peng?, ZHANG Bin', WANG Jia-yi',
SONG Sheng-yin' , WANG Hong-ging'*
(1. College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China;
(2. Fengtai District Science and Technology Commission, Beijing 100071, China)

Abstract “Akihime’ strawberries( Fragaria X ananassa Duch.)were planted in grooves of an A-frame with the mixed
substrate in three different greenhouses (medium-scale glass greenhouse, medium-scale plastic greenhouse and large-
scale plastic greenhouse) . The effects of greenhouse conditions on photosynthetic characteristics were evaluated. The
results showed that the root temperature of plants in upper tier was higher than middle and lower tiers’ on an A-frame.
The daily variation of net photosynthetic rate showed double-peak in upper tier, while single-peak in middle and lower
tiers. The daily variation of net photosynthetic rate and photosynthetic active radiation displayed great discrepancy
between facing east and facing west in middle tier and lower tier. The leaf photosynthetic active radiation in middle and
lower tiers were 51.21% —62.49% ,33.64% —44.86% of upper tier, while their net photosynthetic rates could reach
t062.42% — 77.98% .42.14% —53.51% of upper tier. It indicated that ¢ Akihime’ strawberry had some adaptive
capacity under low light environment. Correlation analysis indicated that the leaf net photosynthetic rate was closely
related to photosynthetic active radiation and air temperature,but almost not related to root temperature.
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temperature; photosynthetic characteristics

ﬁa@ﬁﬁ%ﬁﬁﬁ@h%mﬁﬁﬂﬁﬁﬂL i AR ORI J 0 e e AT DL SRR R A T
SETRSE N B W2 7K AR iRy ﬁ%%ﬁ%@ﬁ%%%%i?ﬁﬁDEWﬁ%Wﬁ

kR H . 2010-03-31

e HH [ RKRHE S THRIIUH (2007BAD3602)

H—AEH . WRaEE 5K A . E-mail: zonglingc@126. com

WIAER . LW, BB, 2 F R AR L B 5, E-mail : wanghq@cau. edu. cn



Bl

Whos B 45 . SLAACHR I B 5 1) DI AN B L X O 4 4 5 ) 43

— B % AR HIE 3 A I A AR A P U AR
RBORN . R TR R AR T E AN R 2
B RGBS Z R 2R R R R ROk B
P TR BR R R R B R R R R AR R Tl A
[F1) 1) Y 2850 23 o A i L % 47 B LR DR AP

LTI A H LR A7 e R AR 22 283, B i
BBy D SEORHE 2 M B EE IR AL IR A iR
A 73 9 L i A AN i I A AR L4y D
B A A A AR R A . H AT L st X H
PRV ELR ARV e S LS R R VS T
BT HOL R E AR K SRR R
T 2 P9 AR RE R TR B O EREE L IR A
JEMUR I B = AL SR ERHNR. A
ek RV e S RSN e e o G
S A Z= A RE A PA R 1 ) B A 0 9
2 e LASE A ot B I l e N R A e G
HORNY L HOGAL S L B SRR RDE S R R
T ATV0 M A A AT T 2000, C E AL
LA FOAE R UL AR s L ET L B NIk
FURE R EOL B VRS AR DRI R B AR AF T OB
SR B R L T R RS 5 O R
SEAT — 58 BYIE N RE T 5 EFI AR BT LSRR 5RO T AY B
BRI R L B s A AR X OB RE RO R T RE T

I = A ST AR B R [ A AP A T — B R R
B T [ AT R AR ST R R A AL AR R
BT g . A IS B A OF S S AR BRI AR AT
BRI G IR AN B e A R O HE— A R
i 2 ST MOR B HOR S i & O E R A RDOLS
A B A 2 TR B R AT A

1 RS

1.1 BE%E

AR B F 2008-03—2009-03 43 B 7E Ik 52 1 i
TE X H [ AR M K A B 2% el Hh B g 3 L = IS IX
TSR % I BT XK T BRER 5 3 3 FAS R 44 1
FIUH) H OGN AT BR A A TR RB R
FRiAg

JUT 3 v R B B Ui A A R [ AR L K 2E R AR B Y H
iR E A 560. 0 m® B & 2.3 m. JEEAICE
M. ARVEE . T Btk . & ZREEARE, B
FPBEAME . A F3 R ATy ) 4 B, R M A
B, JefBEsEREA 25 1.0 m e EE. A FHREK
JEHN 6.0 m, 5 1.5 m, PMEEE 1.4 m, 2 .

. F3E. A 9IEEM#E 1.3, 0.8 F1 0.3 m, ¢
S Z A AR 0. 8 m,

JUT 32 v R0 9 R I 2 R IS IX. = i B s 9 e (X
B A ™ H OB . AL 560. 0 m* B & 4. 0 m, &%
Ap AT RS AR PUE ). TRUHI Oy SR AR . A R AN
AP . A SRR A Ty 1) 22 A 0 A b
PEIEREG 2 0.7 m SEMEIE ., HALSHS Al g
Wi E 3.

ST e R AL IRHIR % O B P DRI S i A 7 H
JElE L AN 700. 0 m* B 5.0 m, JRE A LEA
S ARPEE . TR SRR AR . A ZE AN AT L
A TR Ay 2 0 I E I B R A
270.6 mEMEE. AFEKFE NS Sm.H 1.2
m, B 98 1.0 m, 4y bR 32, 4 ) B M i
1.1.0.6 1 0.25 m, 22 528 2 [a]}H & 0. 8 m,

1.2 ##

LT S o (Fragaria X ananassa
Duch. cv. ‘ Akihime”) , 3% F %k 55 78 FhAg , BF 48 4 Bk,
PREE 15 em, 2008-08 %% 4k 2 it % #E 47 37 A& 6 + 4%
B, 16 FH 8 A R0 B e = TR A SR AR B B
BUAE o DA 8 J01 2647 IS i 0 TG 5 it ) % TR e 1) 0
T AE A5 e JEAE 7= 1 B L AE B L BT HE AT 25 g
TEB R
1.3 WEFZE

XA FHL bRy E CRPBEAEEY 3.5 #]5.0 m) 4y
FoH R 3 )R KOE AR P REALAL G 6 DAL
R B R A AT ORIR DL R AR E .
8:00—17:00 FH 3% j@ 6 B H P 1 h & 1k 10
em BRAE AR BRI BE . AN 8:00—17:00 F 3% i i B
AR LIhE LR E, B TRASIEE. &
ARG A BRI 1 R B S T (3 ) R A A PR L B AR
WEH 3 R HIaE M, T 05 R R A 56 [ LI-COR 2\ &) i
T 9 Li-6400 i 45 20O 45 1 I 2 & 48 A\ 8: 00—
17:00%K% 1 h WU & vt 7 o6 & A &0 5 f gt &
A,

1.4 Zitatr

% F Microsoft Excel 2003 X il] 78 2435 #E 114>

583 . F DPS %4 4b B8R Ge A7 11 A AH & 2047

2 HRE5SMH

2.1 3MHEXBREIRBREESRFEEAETN
M1 AT PAF Y 3 2 S R R B 2R b R AR AR PR
T EEAE B R R g i T, R R AR T R b



44 hoE ko R e R

2011 4F 25 16 &

THIEREB /N o T BB i 4 S R SR R R AR P it S —
Krp—H LR BRI % 2~3 C 5 7 P 2 SRHiR
EXHRMERRER 1~2 C, XEZEEH T
TR i AR B A R PR R & T 2~ 3
CL 30 TR B BRI 2 T o - A 7 2R v JEE 4K
iR AR PR T A8 . SE AR A TR B R Al B

LTHITIETR S

[ (b) *hRUIBHR

R PRI A — R RN 2257 . BEA SR LR
FARPRRE S TR TR AR S WA 2 5.
AT b1 T OE R R L R AR AR PR E B R TR
PR EL G b el AR DR PRI SBOR L T A 2 L P
A R AT I ARl 45 AT » 3t T 3t J3E LU R AR o T 2 5
1~2 C,

(o) REIERHR %S

8 8 .
8:00  10:00 12:00 14:00 16:00 8:00  10:00

i %)

—— i bR —e— g2

12:00  14:00 16:00 SH:UU

i %)

—a— [l TR -2 - L2

12:00  14:00 16:00
)

—o-—iFlE —+— HommiiReE

10:00

--x - (f PR

E1 3MAXEBEESRMREEREW

Fig. 1

22 3MARBREIRBBEEENTSEEALL

MIEL 2 BT LAA S AR IR 2 N R A
J3E S B e AR e SR AR P A, X 5 — R P R B
MRS O . R v 2 B H i A 20 i) b v R R
= AR RHR = 5 2~3 CH 4 Cysp, il
PRI 2 53 0 L v 28 SRR L 5 R OR R ORI

Diurnal change of root temperature of strawberry in three solar greenhouses
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Fig. 2 Diurnal change of air temperature of strawberry in three solar greenhouses
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Table 1 Relative photosynthetic active radiation of strawberry leaves in different locations
on an A-frame in three solar greenhouses %
B 2
= i & H &
8:00 9:00  10:00 11:00 12:00 13:00 14:00 15:00 16.00

IR WA LEZE 100000 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Hi A 2 39.89  74.40  74.51 85.67 62.48 28.75 18.72 50.28  58.28 54.78
MATZ 21.64 27.24 65.78 64.78 62.81 20.88 12.10 31.27  36.36 38.10
WP EZ 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
74 )2 20.63 16.96 15.28 47.38 54.11 72.70 74.76 80.34  78.74 51.21
MmvE T = 11. 48 9.78 10.54 32.55 39.47 50.94  60.47  43.40 44.12 33. 64

PEERIEE WA LEZE 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
[N 64.82  76.37 93.13  90.11  74.37 40.08 22.77 19.64 18.79 55.57
WA T2 22,79 25.23 74.04 91.36 59.40 56.97 21.65 20.34  26.79 44,29
WP EJE 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
[N~ 15.65 11.07 13.55 78.11 84.56 83.75 81.53  84.02 57.22 56. 61
[V 33.73  19.48 10.73  64.15 75.40 96.85 61.65 26.13  15.59 44. 86

KEBERE WHREZE 100,00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
WA T2 61.31 91.03 79.85 75.32 74.78 72.12 13.71 12.55  21.68 55. 82
AR T2 19.42  32.52 75.77 77.75 86.30 28.33 11.63 10.36 18.08 40. 02
WP EZ 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
i 75 2 12.15 17.70  30.02  67.85 95.72 89.79  91.64  90.81  66.71 62. 49
[V 6.26 11.13 11.71  40.09 80.38 84.72 65.49 25.30 31.54 39. 63
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Table 2 Relative net photosynthetic rate of strawberry leaves in different locations

on an A-frame in different structural solar greenhouses %
A 2l
i % fir H Ryt
8:00 9:00  10:00 11:00 12:00 13:00 14:00 15:00 16.00
v 7y Mz FJ2 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100. 00
IR s MAT)ZE  69.61 119.60 101.13 83.18  90.35 42.28 19.91  27.68  56.34 67.79
MATFZE  25.43 79.37 77.39 64.15 92.69 35.60 15.46  28.41  28.42 49. 66
WP EZ 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
WPHE  39.15  27.40 29.43  57.84 113.51 106.30 97.37 95.63  98.35 73.89
MPEFZE 14.22 20.29  23.33  26.26  86.38 80.59 72.58 37.29  29.93 43.43
rfr WA EZ  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
kR = WMATZE  86.75 92.44 90.09  79.94 91.55 52,02 27.56 22.67 18.76 62. 42
MATFZE  24.65 35.65 76.00 78.25 77.43 65.08 19.98 11.85 35,97 47.21
WP EZ 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
MPEE  24.33  25.54  27.00 87.13 100.55 88.50 85.73  84.09  74.10 66. 33
WP FE 56.61  40.32  15.59  72.37 91.14 83.22 78.99 29.78 13.56 53.51
KA WA EZ  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
¥R R 2 MATZE  95.37  98.65 110.47 105.43 96.04 88.76 18.86 16.52  17.37 71. 94
MATF)Z  34.85 53.61 101.38 90.48 80.28 55.49 12.39  14.81 12.45 50. 64
S EJZ 100,00 100.00 100.00 100.00 100,00 100.00 100.00 100.00 100.00  100. 00
WPEFZE 17.62  27.38  52.92 92,91 117.32 113.00 101.66 102.42 76.61 77.98
[ 5.54  10.73  17.74  49.49  81.17 80.20 78.66  34.36  21.38 42.14
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Table 3

Correlation analysis between leaf net photosynthetic rates and root temperature.air temperature,

photosynthetic active radiation of stereoscopic-cultivation strawberry

H il = AR B i AR G R G
RS HOBIRE 0. 007 0.536" 0.917*
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