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Table 1 Code and name of tested wolfberry

H5 A E R 5 AR LR S
Code Name Code Name Code Name Code Name

1 T4 1% Ninggi No. 1 20 16-1-4-3 39 16-1-2-16 58 1-354

2 16-17-5-6 21 16-16-7-6 40 % 2Qin2 59 1-243

3 14-12-419 22 16-16-9-2 41 %42 Qind-2 60 1-261

4 14-402 23 16-23-8-10 | 42 % 4-1 Qind-1 61 1-264

5 KBEWF L.barbarum Linn | 24 16-16-8-17 | 43  14-87 62 1-173

6 14-02 25 16-1-3-5 44 14-16 63 1-181

7 7168 26 14-26-6 45 0901 64 1-61

8 Z44 27 14-26-5 46 0902-1 65 2-182

9 14-03 28 14-01 47 0902-2 66 2-184

10 14-104 29 JC-14-1-10 | 48  HLB39 67 2-124

11 16-14-5-4 30 JC-16-2-11 || 49 0701 68 2-56

12 ¥§#2 4 5 Jingqi No. 4 31 16-14-8-1 50  TAH 7% Ningqi No.7 | 69 2-16

13 16-16-8-16 32 14-9-10 51 0704 70 PEHMIAS Lycium chinense Mill.

14 Z166 33 402 52 TH 8% Ningqi No.8 | 71 ZKiMIFL Lycium dasystemum Pojark Var.
15 14-401 34 JC-14-2-34 | 53 06-16 72 FH 3 1% Ningqgi-vegetable No. 1

16 T4 5 % Ningqi No. 5 35  16-14-8-9 54 13-19 73 TALEAS Lycium varieties

17 14-4-4-13 36 JC-1-2-14 55 1-503 74 0903

18 14-2-3-20 37 16-23-14-1 | 56  1-400 75 BEMAL Lycium truncatum

19 16-23-7-8 38 16-16-9-3 57 1-428 76  FERMF Lycium cylindricnm Kuang.
L2 WEFE L2.2 staBasimae WELE SR

2019— 2020 4 T # A 5 A 2L 25 100 3#F 17 1 [

FRAE AR FEER S HR[25], 1 a A 5 S a2 30
FENCE S B R LSRR .
1.2.1 R&HHonze  FHAEE GFS-3000
HEHXOE AL BT 2019 4E.2020 4F 6 —7 H ik
PRI RS B4 9:00—12:00 ) 5E M H 4%
HFHE (PRI FE (GOHE CO, W EE
(Co) FEWEH (T ,) S50, M B BEI K 4 F R 3%
F(WUE)=P,/T,. W& & &E G E 750
pmol « s~ SRR A) 25 1 KU BN 7, 0 = IR
A 30 °C, M %R BE A 60 %0, I FH A1 B G IR K
PAR #E N 1 500 pmol « m ™% « s~ ' EE 43 41 K-
3R

B, SR A 5 HAR X R B R FIH Uniscan M1 %€
DG A 5 - T AR, L 0 A K1 R e B
LR 70 CHET BAE R PR T, it E =
W o/ AR
1.3 HEHH

¥ H Microsoft Excel 2007 #EfT50E 58 1, {dfi
F SPSS 21 #4777 22 53 AH AL 2 B L 32 Ly 43
Br VR 2E 0 B S HU o3 #r

2 HBREAMN

2.1 MRRAESEZHRSHREM FHEERY
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M2 2 ATA3 50,2 a th 2019 4R My it R ol
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Table 2 Difference of photosynthetic parameter and leaf morphological index of wolfberry

HOl A R/ KA/ o0, veps e/ o e e ot/
A Cgmol = 2 Cumolem2 R COZWREE/ (L0 kAR W E R mme TEEE/e MERR T
. o o (pmol « mol—1) _ Leaf Leaf dry o
Year 1) s s 1) ! R s s 1) WUE Leaf arca Specific
> ) Ci fresh mass mass .
I n Gs Ty leal mass
SR AR b UE 22
2019 ﬁ:{ﬁ_ﬁgg’g"#t 16.59+7.9  248.05+158.9 321.01+32.3 6.14+2.7 2.71+0.6  236.29+103.4  0.2940.14 0.05+0.02  0.23+0.10
qu“;“lc 1.59~37.2  24.67~765.97 206.73~395.38 0.96~12.80  1.19~4,47  87.42~661.15 0,08~0. 84 0.02~0.20  0.12~1,37
RRE/ Y% CV o AT.6 64.1 11.3 44.5 22.3 43.7 53.7 48 13.6
2020 ?AZ:?‘]{% ‘:;frﬂ;m:ﬁ 15.29+4.9 416.77+184.3 330.71 £34.7 6.76+2.2 2.38 +0.8 406.80+139.0 0.25 +0.1 0.06 +0.03 0.14 £0.04
75 i Range 4.14~30.24 53.19~936.09 191,98~426.83 1.77~12 1.08~5.81 138.2~1095.1 0,07~1.15 0.01~0.17  0.03~0,27
ARRR/ % CV 32,2 14,2 10.5 32.5 32.4 34,2 52.3 16.3 27.4
A8 Y4 1+ A o 2%
i/[iifﬁiééﬁifmﬁkt 15.946.6 332.4+191.5  325.8+35.8 6.45+2.5 2.55+0.7  321.54+149.2  0.2640.14 0.05+0.03  0.18+0.09
A Strain 13,421 * 5.597 % * 3.624 % ¥ 9.758 % 2. 495 6. 448 * 12,711 % * 6.60 % * 1,416 %
Gy Year 18,416 % * 213,976 * * 17. 228 * * 20,937 * ¥ 45,468 * * 487,779 * * 0.290 13,944 173,752 % *
(= A1
%i'jfmx.x 'é’e}“ 7.947 % 2.172% * 4.608 * * 4.234% % 3.785% * 2.866* * 4.264 % * 3.057 1.654 % *
BT« o+ % S BIROR 0,05 F10.01 AKF2 5, FIH.

Note: Values followed by * and * % are significant differences at 0. 05 and 0. 01, the same below.
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Table 3 Correlation coefficient of each index

47 EORAHE ISR W CO. W MEE  kpspps IR JTERE TR AR

IndCX Pn Gg (:' Tr WUE ~ea ~eda res. ea ;peu 1c lea
area mass dry mass mass

Ot AHER Py 1

KALFE G 0.898* 1

Ml COo #eJE C 0.328*% 0.568* * 1

MR T, 0.932* 0.950* * 0.558* 1

K4 FI % WUE 0.133 —0.140 —0.774* *  —0.185 1

M B Leafl area 0.594 0.600" 0. 200 0.570" 0.059 1

I #f 5 & Leaf fresh mass 0. 630 0.615 0.221 0.591" 0.062 0.893* * 1

1 FFi & Leaf dry mass 0.567 0.580* * 0.205 0.548 0.064 0.893* * 0.846" * 1

H i i Specific leaf mass —0.068 —0.016 0.084 —0.038 —0.055 —0.075 —0.017 0.320% * 1

TE o R % x A RIZREIR 0,05 0. 01 HESE i 3 MEKOF
Note:“ * ” and “ * * ” mean significante level at 0. 05 and 0. 01.
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FHERE — SO 56 25 B CR 409 R 0,0, 028 3.
0.046 2, JZ W B HEF I — BRI AR CR
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Table 4 Factor loading value after rotation of each index

Ry HF1 A5 2 HF 3
Index Componentl Component2 Component3
WG HFE P, 0.875 0.130 —0. 269
SIRE G, 0.842 0.392 —0.186
MalE CO, WIE C; 0.277 0.922 0.024
HMEHRE T, 0.826 0.417 —0.224
K45 FI % WUE 0.132 —0.908 —0.110
M1 Y Leafl area 0. 890 —0.086 0.129
W i i it 0.892 —0.064 0. 140
Leaf fresh mass

IR 0. 859 —0.056 0.459
Leaf dry mass

oot & —0.005 0.110 0. 885
Specific leaf mass

-

HE AR 4.575 2.045 1.199
Eigen value

H Tk /0

RISk 50. 84 73.55 86. 88

Cumulative

x5 MREELSENIENBEFHNIESEN

Table 5 Layed structure of evaluation factors for photosynthetic capacity

F6R(A) High photosynthetic efficiency

Hix )2
Target layer Fe& Mk (B1) Photosynthetic character PR (B2) Physical character
oy 4 . R e e _ - i i
Rest i o EOREHE  RALGEE W CO.KIE AR o} [ e
P Gy G T Leaf area mass leaf weight
b =2
Inzif—\l?yer Cl C2 C3 C4 C5 C6 C7
Fo6 BXREMMFAIERE —HERE
Table 6 Judgement matrix and its consisitency check of layed structure
A Bl B2 Bl C1 C2 C3 C4 B2 C5 C6 C7
Bl 1 1 Cl 1 1/2 5 1/3 C5 1 1 1/2
B2 1 1 C2 2 1 6 1/2 C6 1 1 1
C3 1/5 1/6 1 1/7 C7 2 1 1
C4 3 2 7 1
CR=0.000 CR=0.028 3 CR=0.046 2

2.4 MREXERINESIEN

I 7 355 HE %) 4 B o4 # AC BB S E AT K-3894E
BT (K &) 76 Dy Mk #4 kL 43h —= K 2%,
BT KKALFE16-1-3-5714-26-6" “14-87 4 6 4>
MIAC S Rl (RO IZEHEM e A R VRAL S
fLIE] CO, W 78 1% | i 1w AL, b 2 o o 41K
PErhaE e 58 I KRB TR 15 KRR

ST 5 5 AE ST M MAL A AT (R IR O
HHER AL E R CO, W 251 R 0t
(R AN e A iR (o N N T 1
$744714-2-3-207“13-1974F 19 MaAC S AP (),
ZRBE R EOL G AR AL TR R CO, HREE
75 I A | I AR I B A L L AR
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Table 7 Weight value of evaluation factors

Rz JZIR BXER A bR ZEWR CXZER B JZIR CHIZ A 44
Restraint layer Level B versus level A Index layer Level C versus level B Level C versus level A Ranking
Bl 0.5 C1 0.179 3 0.089 6 6
C2 0.2937 0.146 8 4
C3 0.049 3 0.024 6 7
C4 0.477 7 0.238 9 1
B2 0.5 C5 0.259 9 0.129 9 5
C6 0.327 4 0.163 7 3
Cc7 0.412'5 0.206 3 2
CR=0.0351
x8 FRSM(R)MICHBLRER (x£s)
Table 8 Clustering results of different varieties of wolfberry
Hrlt G R/ SALFE/ MR CO WEE/  ZEMHE/ WA/ mm? T L&/
ESyiss A% i 4 (pmol* m~2 (pmol+m 2« (pmol + (mmol « m~2 » I,\:/fmm Le f)f%«/lg mg* mm~2)
Group Number Code csTh) s—) mol 1) s e -ear Iresh Specific
P, Gy C; T, area mass leal mass
1 6 25.26.33.43.70.73 12.1£1.7a 258.2%33.4a 318.4+11.2 a 4.940.7 a 264.7465.2a 0.19£0.07 a 0.2640.04 b
1-7.10-17,19-24,27-32,
il 51 34-41.44-49,51-53, 60, 14.14+3.6 a 280.84+76.0a 321.54+19.4 a 5.8+1.4 a 290.0+56.4a 0.2240.06a 0.17£0.02 a
67.71.72.74.75.76
I 19 8.9, 18,42, 50, 54-59, 22.0+2.8b 494.5+74.1b 340.0+14.4b 8.84+0.9b 424.1£73.7b 0.38+0.11 b 0.1840.03 a

61-66.,68.69

T« [ S B /NG R R R 0,05 KP B2 S,

Note: Different lowercase letters within the same columns indicate differences at 0. 05 level.

DR RS 96 SR S A SR A T AR M SRR A R i
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MR T 4 A7 i A5 B eR A R

Y, = — 2. 971 + 0. 010X, + 7. 146X, —
12.624X,

Y, = — 8. 467 + 0. 002X, + 0. 933X, +
40. 901X,

Hrp X\ X, X, sl RIS
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Fig.1 Scatter plot of canonical discriminant scores
of different groups of wolfberry
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Evaluation of Photosynthetic Characteristics and Screening of
High Photosynthetic Efficiency Indexes of Lycium barbarum

HE Xinru, WANG Yujing, LI Yanying, ZHANG Bo, HUANG Ting, YIN Yue,
DUAN Linyuan,QIN Ken and DAI Guoli

(National Wolfberry Engineering Research Center/Institute of Wolfberry Science. Ningxia Academy of

Agriculture and Forestry Sciences, Yinchuan 750002, China)

Abstract Photosynthetic characteristics of Lycium barbarum germplasm were comprehensively eval-
uated to screen out germplasm with high photosynthetic efficiency, which is expected to provide refer-
ence for breeding of Lycium barbarum. In the field experiment, the photosynthetic gas exchange pa-
rameters and leaf physical characters of 76 Lycium barbarum materials had been measured for two
consecutive years. The principal component analysis, analytic hierarchy process and cluster analysis
methods were used to evaluate the photosynthetic capacity and physical character of leaves. The re-
sults showed that there were significant differences among net photosynthetic rate, stomatal conduct-
ance, intercellular CO; concentration, transpiration rate, water use efficiency, leal area, fresh leaf
mass and dry leafl mass. The coefficient of variation of stomatal conductance, leafl fresh mass, leafl dry
mass, specific leafl mass and leal area was 46. 3% —57. 6. The coefficient of variation of intercellular
CO, concentration and water use efficiency was small, which ranged from 10. 9% to 27. 4%. Three
principal components were obtained by using principal component analysis, and the cumulative contri-
bution rate was 86. 88% , which was representative. The net photosynthetic rate, stomatal conduct-
ance, intercellular CO, concentration, transpiration rate, leaf area, leaf fresh mass and specific leaf
weight were selected as evaluation indexes. The order of weight values obtained by AHP was transpi-
ration rate>specific leaf weight>>leaf fresh mass>>stomatal conductance>leaf area>net photosyn-
thetic rate>intercellular CO, concentration. 76 materials were divided into three types which included
6 ones with low photosynthetic efficiency type,51 ones with medium photosynthetic efficiency type
and 19 ones with high photosynthetic efficiency type by cluster analysis. The discriminant analysis was
used to reclassify the clustering results, and only one material was misjudged. The total misjudgment
rate was 1. 32% ., and the probability of correct judgment was 98. 68%. The classification results were
reliable, can provide materials for subsequent breeding of new varieties.

Key words L ycium barbarum ; High photosynthetic efficiency; Screen indicator; Comprehensive evalu-

ation
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