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PLIEHS PRAE Kt H ARS8 — 7 4F 4R R K
AGHE AR IC BOE g FEA , 1R e
FAACAT I FPARL , AR THE 2 m x 3 m, PR R 2.7
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BLEEH 10 AR AT, M 350 ~ 770 nm S S5 AL
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SRETER T2 b B 2 S R 5
ot HEGRNLLD G L XHER ST BB I SN ok, HLE
JERILL G 4 X 4 S RE IR BN AN > il >
BB, B L AN 23 B e 2 79. 22% F1 79. 15% 5 B

DGR 4 246 368 45 6 BE A Hh ¥ R A, G ) 46 %
it BEAE AR AR K, 3R B R A Y DB A R
B LT ) 260 X8 5 56 REAE AN [R] B A57 SR 31 PN 2
W/, xR 2 X AT RERR R A S . R 1

F1 RBRKFEREBETIHE(350 ~770 nm) L3TiE5EELE
Table 1 The comparison of 400 — 750 nm spectrum difference in different parts of
the tree canopy in Lingwu Long jujube( pm/(cm’ - nm) )
JEk7 S/ [ 4o ol ot 2%
h’jd’; (350 ~455 nm) (455 ~492 nm) (492 ~577 nm) (577 ~597 nm) (597 ~622 nm) (622 ~770 nm)
¢ Purple Blue Green Yellow Orange Red
,er 79.41 £4.269 0% 77.15 £10.172 0* 21.50 £3.724 0*  53.57 +4.172 2% 59.65 £5. 141 8* 123.94 +35.040 8*
. Uz 48.09 £5.300 9% 32.47 £3.953 7%  16.94 +4.445 3" 14.43 £4.279 0°  14.65 £2.460 9"  32.02 £4.773 6°
Middle - leve
Sufsile 9.42 +1.8412%  10.97 +£2.959 2¢ 15.57 +4.173 4" 17.31 +3.228 3“ 14.71 £3.451 7% 37.02 +3.914 3¢
NE : . X ,
I'njn’j('}i 14.80 £2.5352¢  8.61 £1.788 6 17.07 £2.489 2% 7,46 +2.012 0“  11.27 +2.839 4% 25.26 +4.088 8¢
. i 10.73 +£3.298 8¢ 11.86 +3.261 3¢ 16.42 +4.010 5*®  49.42 +8.600 0* 57.12 £7.327 2%  30.56 +5.666 7°¢
Middle part
ztfr 54.28 +5.548 78 41.44 £5.529 9%  14.24 +3.157 8% 30.89 +4.216 2%  13.01 £4.485 4% 121.16 +18.078 0®

T« BT B3 0 3 + B iR 25 B m A Rl RS R A Ab B ) 22 57 25 (P < 0. 01)

Note: All data are average + standard errors; different uppercase letters represent very significant differences in the interaction between the

treatments (P <0.01)
2.2 REKERRBEMHRXES
L33

R, R KA 20 b6 S50
BipEER (P, =0.044 <0.05,P, =0.036 <0.05,
P, =0.025 <0.05,P,, =0.017 <0.05,P,,, =0.039 <
0.05) , it 5 Tr (Gs 1 Pn ¥57F L 23RIMNER, N
TFIEN, LR NERAY 1.9 ~3.3 %5, M A G
I WUE Fe5MRFRM K, ANFZ I Tr F1 Gs
WRION L2 > W2 > T2, TR LE0 50

HERML

T 30.00% A1 54.45% ;- | Pn #1 WUE 3380 F
2> F)2 > P2, PR BRI T 47.83% Fl
2.4 % ,F )20ty Ci TR 18.32, 0 F Tr 0l
Gs TEANRIEZ At 20 N 2 #issN, i B P
WUE 1 2 fe /e ANFFRALH R Tr Gs ,Pn Ci Al
WUE 1330 > il > I3, N L AR 4351
Wb T 33.32% 36. 87% 62. 55% 36.21% 44.12% ,
R Tr \Gs . Pn Ci Fil WUE FEAN[RERA f A0 31 N 2
s/, 2

x2 REKEFEAEBEMFAEESHILE
Table 2 The comparison of photosynthetic parameters of different parts of the
tree canopy leaves in Lingwu long jujube
Eiztn R SALRE Holt A R AL IE] CO, ¥z ABOKIIFIHAR

Index Tr mmol/(m? -+ s) Gs mmol/(m? -s)  Pn umol/(m? - s) Ci( pwmol/mol ) WUE pmol/ (m? - s)

FJZ Top 4.00 +1. 364 286.01 +68. 121° 8.97 £4.010° 344. 14 +41. 794" 2.24 +1.148°

12 Middle — leve 3.63 +1.348" 230. 63 +91. 571 4.68 2. 5427 294. 11 +54. 8354 1.29 +1.565"

T JZ Substrate 2.80=1.187" 130. 29 +86. 839° 6.18 +3.718" 359.92 +40. 766" 2.21 1. 876"

P Inner 2.09 +1.122° 113. 58 +84.120° 2.79 +1. 5674 257.22 +59. 4891 1.33 +1.618"

r#B Middle part 2.38 £1.172° 163. 74 +62. 527" 3.32 +1.490¢ 324. 47 +46. 239° 1.35 £ 1.249°

SR Outer 3.13 £1.251% 179. 91 £66. 335" 7.45 £3.999% 403.25 £71.707° 2.38 1.497°

TE - BT BRI S + Bl 22 s B R A TR/NG PR A b BE W) 22 5 i 35 (P <0. 05)

Note ; All data are average + standard error;different lowercase letters after the data represent significant differences between treatments ( P <

0.05)
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2.3 RERKERABEMHAHEERKSHZE
S

R R, R A A A5 2 it i 4 R 08
HBHF, F, F/F, qP ¥)Jo2: 57, AR JZEM
K F, F/F, ETR fl Yield }y£ B N |2 > H)2
>TNE, FTEWLZEAEMIT 14.42% |
11.36% \55.50% Fil 62. 50% ; - B qP Fil NPQ %
WATRE> EE>HE, mEETEREIKT
6.25% f121.33% , W F F, F./F, .ETR fl Yield

m m»

%3

Table 3

TEA[FEE)Z 6] B 1 3R & s/, i i 7 gP A
NPQ e h R &/ AEFRALM R F/F, (P il
ETR $R IR N > il > S, S8R Lo &8 43
WIFEAE T 8.98% (14. 12% 40. 54% ;i F F, Fil
Yield ZEH R rh B > 430 > NEB >, dhaf e k2
BIREAR T 11.92% .40.91% , it F,/F, . qP F
ETR 76 /K [5] &8 057 1 P9 2 40 & 87 0k /N, i F, A
Yield ¥J7EANT I/ N, £ 3

RERKELEBEM FHMHERERXASHILE

The comparison ofchlorophyll fluorescence parameters of

different parts of the tree canopy leaves in Lingwu long jujube

. s " R etz Wl ERET EART
Eh W Bk Pt : N PRI N
o ¥ 7 BBCR RKER BKEE R P
. ¢ " F,/F, qP NPQ ETR Yield
2 Top 150 +21.289% 534 +82.034* 2.73 +0.355 2% 0.79 +0. 056 5% 1. 81 +0. 359 6™ 3.91 +0.432* 0.16 +0. 022 8"

$1 2 Middle —leve 153 +26. 192*

T )2 Substrate 139 +12.967*

525 +73.182°

457 £52. 067"

2.72 £0.443 3*

2.42 £0.350 7*

PR Inner 133 £10. 473" 438 +£34.740" 2.45 +0.338 6
H1EB Middle part 151 +11.456* 429 +90. 324°
ANEB Outer 141 +14.272* 440 +60. 654"

0.75£0.135 6" 1.66 £0. 640" 2.03 £0.670 2/ 0. 07 0. 019 1°
0.80 £0.0114*2. 11 +0. 119 7" 1.74 +0. 141 47 0. 06 +0. 031 2°

0.85 +0.025 8* 2.51 +0.282 a 3.33 +0.928 72" 0. 13 +0. 045 8"

2.29 +0.150 6 0.76 +0. 074 8" 0.55 =0. 090 392.75 0. 544 7°° 0.22 +0. 045 6°

2.23+0.425 8 0.73 0. 134 1" 1.36 0. 509 0° 1. 98 +0. 607 6° 0. 16 £0.017 9*

TE BT BRI M + iR 22 s U R A R)/NG PR A b B W) 22 5 (B35 (P <0. 05)

Note ; All data are average + standard error;different lowercase letters after the data represent significant differences between treatments ( P <

0.05)

2.4 REKEFAEBERIRRERMELER

AR, R A A [F] 5 2 2 S i o 2 £
TR 2 5 (P = 0.048 <0.05, Py =
0.031 <0.05, Pyyy =0.000 <0.01, Pyyyy s =
0.000 < 0.01, Pyyypp =0.000 < 0.01, Pyyny =
0.000 <0. 01, ) , Hrba] i e iR . rI b 2R 2
N 2R IGTEAMI R IR K, A6 8 3R RIS B 34
PRI AR, MR R AN ARR B K. AN W]
JERMSRR MR BB R TZ > )2 > k-
2, FEWT R0 T 11.04% F1 11.90% 5
KiHE PRMEARFHRANTZE>TE> B
2, BIEHA)ZE 55 T 2. 25% F110. 71% ;1
AT E R AT IS PRI TE 2R B i oK 4R
KU EIE DR OAR T YT FERD
ANTR] AL P 19 2 R R AT P R XS SRR AN > oh
ik > BB, AR L AR 43 il v /b T 20. 34% Fi
25.73% ; MM SRR E b RZIHRI R NEL >
AN > R, R HE N ER 2 s b T 39. 049% Fl

4. 14% 5 48 (0 1 FI 2 B 24 76 rh i R Bl ok
=<4
2.5 REREAREEXREXREGHFIERRE
A ST Y FE K 1

R, BREOEAT , L0005 HA AT WG 5
2 Bl A TEAT G, P A SC R B R A 5O
(FHRFRECH 0.852) EE(AHIKERECH 0.936) Fil
FOL(AHIRECN 0.624) ; 500 5O RN B & IE
SR (HSC R EON 0. 952) s DE B L 5t 3% IEAH
FK(HHRFRECN 0.562) 5 TOEANFEL L2 M 1 2 TEAH
KOMRREN 0.915) o Tr HEDEM S AR
BFIEMR; 6 556 W6 OO R B3
B IEARSE  Pr 5500 D FOE DRI
i B R R IE A O G S DG BRI
22 0 3 O 3 IE AR O WUE 5500 D R
MZLEEE W25 i 2% IEARSG . F, 5L
PR IEAR G F, 5506 DL B
ST E T TE NN IPSV VI S N P IEAP
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20 O TEAH G oP S DR B IR,
SEODEEM U RS NPQ 550t MLt
I R 2 IE A DG ETR 5 5008 % 0k
JEMIZLE A i 3 ol 3 TEAT G Yield 53806 A
LR B B FIRERR S 500 1D &
JEMIZIIEH B R 2 TEAROG; PR 5 50 D
EOLMZDEE B 50l B EAC, S0 R R

FOOMSE KM E MR 55O D0 SO MLDE R
A 5 A R IR ARG, T A B W UG s A
56 800 HOEMZDE E W U 2 % EAH
K, SRR E MG ERRK T SRR
FIEASE, SEOE MR TS ST 5 5000
PG OB L 0 i B IR A O, S a0t
RERETRK, £S5

®4 REKEWMABEERIZMELLK

Table 4 The of main quality of different canopy fruits in jujuba
J5hi AL E R Cipia e BTN piAuESE By
IEId/\ Titrate acid Soluble sugar Chlorophyll Carotenoid Anthocyanin Flavonoids
e (%) (%) (mg/100g) (mg/100g) (mg/100g) (mg/100g)
)2 Top 0.58 £0.025 5* 27.43 +2.804 5 1.45+0.161 5’ 0.304 +0.021 7° 0.50 £0.074 9™ 0.37+0.017 1"

2 Middle —leve  0.51 £0. 046 8  25.50 +3. 720"

"N )2 Substrate

P Inner 0.47 £0.051 1> 22,16 2. 814 5°
F Middle part  0.56 0. 044 4 26.09 =1. 178 6"
4B Outer 0.59 £0.020 2* 29.69 +1.967 7°

1.55 £0. 140 8"

1.87 £0.171 6*
1.14 £0. 121 1°¢

1.62+0.113 4°

0.311 £0.038 7% 0.56 £0. 113 9™ 0.38 +0. 036 4"

0.57 +0.039 7¢ 24.72 £2.368 8™ 1.63 £0.157 7> 0.306 +0.022 3" 0.52 +0.071 5 0.42 +0.028 7%

0.314 £0.031 1*  0.42+0.073 4° 0.45 +0.029 4*

0.301 £0.060 2¢ 0.69 +0.073 4*  0.48 0. 037 3*

0.314 £0.057 4* 0.63 +0. 149 4> 0.44 +0. 046 5°

T IO B3 P29 0E + Bt 22 s Bl 5 AR /NG 5 R4 A ) 22 52 1 35 (P < 0. 05)

Note: All data are average + standard error;different lowercase letters after the data represent significant differences between treatments (P <

0.05)

2.6 BMREKEXGHERRIMENARE
B A< AT L St B ik

TR, AR T WG @S se At
TCARE SRS A T B R AN TR ) TE 2 S A, R
R T 1T UL ' 2 Xof A S 1) A AR OC R BOR T
0.6 B4 S I, AR AT WG4 X i 4 E 18] 77 1k
Z AL IR N HIZ eI T, LLSOE (X, )
EOL(X,) (0L (X)) BB (X,) MLZE(Xs) h—
AR, B R (Y,) AL (Y,) HOEEE
AR(Yy) ML ] CO, e BE (V) 7K 73 M Tk
(Ys) BIRDEE (Y, ) IRTIC(Y;) FRARICRER
B (Yy) SR R (Y, AR A HEX
AR(Y,) R TR ER(Y,) Dt T
BW(Yy) T ERR (Vi) AT (V) 2R R
(Yis) JEWE PR (Y,) EEFEH(Y,;) MKEE
(Yig) A—BR . ARG Z IO 5 R B R/, B
P AT AT R B M ROt G Rtk SR 52 i R
ANIRIHAR AT UL EA X F SR RE , HRT i E H (14 A [ 35
KAl WL EAa R AR A RE -5 P e e SR S i T
MR bR S Z o, K S

R G AR P SRS o 2 32 5
G DG SOt BOLRLDER R, it LG S5

PISIEER IEAH, S8 A, 6s 550k
FIRE ) B IEA DG, HoAth i B e B S50 550k
FIROCE ARG WUE 5 21 6 5 IE A ¢, HoAh it
FIASEI SR, HEREIOLSH
HF, ETR I Yield 550 IEMSE, 5lOEE
ME, Bl Bt R S HO 5 OB RMX, 5
POLRIEMIG F, 1 F, 55065 k¢, HAbnt
AR 9O 586 B IEAH & F,  ETR Al
Yield 58565 EAHSE, Hofh it i it4p Z 0 5
BOCRIEASSF, F, M F/F, 5£068 MK,
A AR S AR A, SR
fit S PR R R A T I R S O B ke oG, L
b SRS Y 5 O B IR ARG, P R KA b
FRNZSH 5 0 52 6O G HAb R S s 5
WOLRIEAE MR 5400 DG, HAb R
A RS S R 5 R G T S R RN R S
JeEE UMD, HA SRS 38 S4B O B ARG s i
LR A N BRI S 4 B A OG, HoAth
SRR S TR DG . R FH SR D& 4 A
i HH RS M R o' A R B SR ST B 1 AR Tl
T D0 5 B -5 0 T B G P R (R AR [) U
KT DR BB R R K22 . K6
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Table 5 Correlation of absolute radiation energy with photosynthetic
characteristics and fruit quality in jujuba
J5hi Lo Wt ot HOL ok A/
I (350 ~455 nm) (455 ~492 nm) (492 ~577 nm) (577 ~597 nm) (597 ~622 nm) (622 ~770 nm)
Purple Blue Green Yellow Orange Red
£ (350 ~455 nm) Purple 1
(455 ~492 nm) Blue 0.952%* 1
£596.(492 ~ 577 nm) Green 0.291 0.148 1
#96(577 ~597 nm) Yellow 0. 404 0.562 " -0.231 1
FEE(597 ~ 622 nm) Orange 0. 269 0. 436 -0.129 0.915** 1
£196:(622 ~770 nm) Red 0.852%* 0.936" * -0. 164 0.624 " * 0. 492 * 1
FEWE TR Tr 0. 473 0.994 " * -0.275 0.579 0.108 1.000 * *
SALFEE Gs 0.969 * * 0. 867 = 0.129 0.652 0.991** 0.984" "
B P 0.911** 0.941% -0.047 0.775* 0.999 * 1..000 * *
Y] CO, WREE Ci 0. 446 0.943** 0. 667 0. 063 0.749* 0.778 *
KRR WUE 0.975"* 0. 856 -0. 151 0. 634 0.988 " * 0.979**
WIRPEE F, 0.392 0.992"* -0.314 0. 306 0.139 0.917**
WRIOLF, 0.725* -0.862" -0.78 0.570 0.879 0.986"*
IO CREFEECE F/F, 0.732* 0.857" 0. 462 0. 666 -0.530 0.705*
FeAb ST K ZHL P 0.276 0.847* 0.355 0. 363 0.517 0.934%*
A FHEK 2 EL NPQ 0.947** 0.785" 0. 500 0.312 -0.831 0.914**
FWH T35 3% ETR 0.980"* 0.673" 0. 430 0.958 " * 0.895"* 0.960 " *
YA TFTEE Yield 0.851* 0.874 " -0.643 0.227 0.275 -0.746 "
A[E E L Titrate acid 0.773* 0.775 " 0.891" 0. 063 0.108 0.879 "
A A HEHE Soluble sugar 0.969 * * 0.867 -0.984"* -0.129 0.991"* 0.852"
HH W N2 Carotenoid 0.911** 0.941"* -0.847" 1.000 " * 0. 667 0.775"
42 Chlorophyll -0. 446 0.943"* 0.999 " * 0.778 -0.749 " 1..000 * *
0,21 Anthocyanin -0.361 0.994* * -1.000"* -0.061 -0.016 -0.675
[ Flavonoids 0.975"* 0.856 -0.751" 0.979* * 0.988 " * 0. 634
TE: ", S MRERAR DG ESE 0. 05.0. 01 K- | i 3%
Note: ™, ™ " Respectively represents the correlation at 0. 05, 0. 01 levels significantly

3 it

R PR S a5 o g S i A o, AS TRl ot
it S RE AN SRS AT B AR AN, S SO )
b2 I B ] e B 22 k. TR
L= FA 52 2K B A9 B, i A B A R =
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The selection and regression equation of visible light at different wavelengths

affect the photosynthetic characteristics and fruit quality in Lingwu long
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Effects of Different Canopy Light Quality Composition on

Photosynthetic Characteristics and Fruitquality of Lingwu Long Jujube
CHEN Lihua, SONG Lihua, GAO Lu, XIE Yun, JIANG Wengian
(School of Agriculture, Ningxia University, Yinchuan 750021, China)

Abstract ; [ Objective] In order to explore the effects of different canopy light quality components on pho-
tosynthetic characteristics and fruit quality of jujuba, the main wavelengths of visible light that affect photosyn-
thetic characteristics and fruit quality were selected. [ Method] The composition of light quality , photosynthet-
iccharacteristicsand fruit quality of different canopy of jujuba were determined by variance analysis and multi-
variate statistical analysis. [ Result] The total absolute radiant energy of different canopy of jujube was as fol-
lows: upper layer > outer layer > middle layer > middle layer > lower layer > inner layer; the red abso-
lute radiant energy accounted for the total of different canopy respectively from upper layer to lower layer and
from inner to outer layer 29. 85% , 20. 19% , 35.26% , 29.90% , 17. 35 and 44. 05% of absolute radiation.
The photosynthetic parameters of leaves were positively correlated with the absolute of blue light, negatively
correlated with the absolute radiation energy of green light; the carotenoids, chlorophyll, anthocyanins and fla-
vonoids were positively correlated with the absolute radiation energy of violet light, while the titratable acids,
soluble sugars and anthocyanins were positively correlated with the absolute radiation energy of blue light, the
chlorophyll was positively correlated with the absolute radiation energy of green light, and the chlorophyll and
carotenoids were positively correlated with the absolute radiation energy of blue light There was a positive cor-
relation between auxin and flavonoids and the absolute radiant energy of red light. [ Conclusion] Increasing
longer wavelength of red light can improve the quality of light. Red light is the main factor affecting the photo-
synthetic characteristics and fruit quality of jujube. It is suggested to supplement 370 =470 nm and 600 —770
nm wavelength of light quality in production to improve leaf photosynthesis and fruit quality.

Key words: Lingwu long; Jujube light quality composition; photosynthetic characteristics; fruit quality
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