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Abstract; Taking Lycium ruthenicum Murr. from six provenances of Xinjiang, Qinghai, Gansu and
Ningxia as research objects, phenophase and growth differences of each provenance in Minqin region were
compared in 2017 and 2018, respectively, and the correlations of phenophases and growth indexes with
geographical-climatic factors were analyzed. The results show that in general, the initial stage of leaf
expansion, prime stage of leaf expansion and late stage of fallen leaf of provenance from Yinchuan of
Ningxia are early, its initial flowering stage, initial fruit stage and full fruit stage are the earliest, while
its full flowering stage is the latest; the initial stage of leaf expansion, prime stage of leaf expansion and
late stage of fallen leaf of provenance from Golmud of Qinghai are late; the initial flowering stage, initial
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fruit stage and full fruit stage of provenance from Fuhai of Xinjiang are the latest, while its full flowering
stage is the earliest; the differences in the late flowering stage and late fruit stage among provenances are
only 1 d. The variance analysis result shows that except for leaf thickness, the differences in other growth
indexes among provenances are significant or extremely significant. Number of root seedling per plant of
provenance from Yinchuan of Ningxia is the smallest, its plant height is the shortest, its canopy is the
smallest, and its mass of living branch per plant is the smallest, but its death rate of branch is the
highest; while number of root seedling per plant of provenance from Golmud of Qinghai is large, but its
leaf length, leaf width and leaf thickness are the smallest; plant height of provenance from Bole of
Xinjiang is the highest, its canopy is the largest, its mass of living branch per plant is the largest, and its
leaf length and leaf width are the biggest, but its death rate of branch is the lowest. Fresh fruit yield per
plant, 100-grain mass of fresh fruit and content of procyanidin in dry fruit of provenances from Golmud of
Qinghai and Minqin of Gansu are high, while these three indexes of provenance from Bole of Xinjiang are
the lowest. The correlation analysis result shows that except for full flowering stage and late fruit stage,
there are extremely significant negative correlations of leaf, flowering and fruit phenophases of L.
ruthenicum with annual mean temperature ; there is a significant negative correlation of prime stage of leaf
expansion with annual mean sunshine hours; there are significant positive correlations of initial stage of
leaf expansion and full flowering stage with longitude, full fruit stage and number of root seedling per
plant with annual mean precipitation, death rate of branch with annual mean temperature, and content of
procyanidin in dry fruit with altitude and annual total solar radiation. It is suggested that there are obvious
differences in phenophase and growth of L. ruthenicum from different provenances, annual mean
temperature can affect phenophase of L. ruthenicum, while altitude and annual total solar radiation can
affect content of procyanidin in its dry fruit.

Key words: Lycium ruthenicum Murr. ; provenance; phenophase; growth; geographical-climatic factor;
correlation analysis
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Table 1 Geographical-climatic factors of different provenance localities of Lycium ruthenicum Murr.

AE M G
; AR K BH B4
§ e 4o i YR K ¥ H BRI/ h -
. . . Annual mean Annual mean Annual mean
Provenance Latitude Longitude Aliitude - . Annual total
temperature precipitation sunshine hours L.
solar radiation
HERAR G Fuhai of Xinjiang N47°18'47"  E87°03'54" 567 4.7 121.2 2908.0 5 600
BT AR Bole of Xinjiang N44°52'48" E81°37'38" 510 6.7 181.4 2 815.8 5590
BTG Jinghe of Xinjiang N44°39'53" E81°48'47" 356 7.8 102. 4 2765.0 5390
FUFHIRA Golmud of Qinghai  N36°25'17"  E94°53'24" 2755 5.3 42.8 3061.7 6 987
Hi &) Mingin of Gansu N38°34'25" E102°59'05" 1373 7.4 110.2 2 833. 1 6 332
THAR)I Yinchuan of Ningxia ~ N37°41'22"  E106°17'43" 1112 8.5 201.2 2900. 0 5 878
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Table 2 Comparison on difference in leaf phenophase of Lycium ruthenicum Murr. from different provenances

JEent- i 41 JrEnt B TR
FhiE Initial stage of leaf expansion Prime stage of leaf expansion Late stage of fallen leaf
Provenance (MM-DD) (MM-DD) (MM-DD)
2017 2018 2017 2018 2017 2018
B4R Fuhai of Xinjiang 04-06 04-24 04-28 05-07 10-20 10-20
BT AR Bole of Xinjiang 04-07 04-25 04-28 05-07 10-21 10-21
SBrSRE T Jinghe of Xinjiang 04-05 04-23 04-23 05-04 10-18 10-19
FEHEIRA Golmud of Qinghai 04-07 04-25 04-30 05-09 10-24 10-23
H i B3 Mingin of Gansu 04-05 04-23 04-25 05-04 10-17 10-17
T H4R)I| Yinchuan of Ningxia 04-04 04-22 04-25 05-04 10-17 10-18

x3 TREMEZERMCEMRAZERILER

Table 3 Comparison on difference in flower phenophase of Lycium ruthenicum Murr. from different provenances

LRAEH]  Initial flowering stage

BEAEW]  Full flowering stage FRAEW]  Late flowering stage

i (MM-DD) (MM-DD) (MM-DD)
Provenance

2017 2018 2017 2018 2017 2018
BrEER G Fuhai of Xinjiang 06-07 06-09 06-14 06-16 09-11 09-09
B IR Bole of Xinjiang 06-06 06-08 06-15 06-16 09-11 09-09
FSRAEIT Jinghe of Xinjiang 06-06 06-07 06-15 06-16 09-10 09-08
FIEHEIRA Golmud of Qinghai 06-06 06-09 06-15 06-16 09-11 09-09
H i E# Mingin of Gansu 06-06 06-06 06-15 06-17 09-11 09-08
T EAJ Yinchuan of Ningxia 06-05 06-06 06-16 06-18 09-10 09-08

F4 FEMEBRMCRIVEHERLE

Table 4 Comparison on difference in fruit phenophase of Lycium ruthenicum Murr. from different provenances

TR Initial fruit stage

B Full fruit stage AW Late fruit stage

i (MM-DD) (MM-DD) (MM-DD)
Provenance

2017 2018 2017 2018 2017 2018
BTHEAR I Fuhai of Xinjiang 07-14 07-23 07-26 07-27 09-24 09-22
R Bole of Xinjiang 07-13 07-22 07-24 07-26 09-24 09-21
BrEERE T Jinghe of Xinjiang 07-13 07-21 07-24 07-26 09-24 09-22
HEHE/RA Golmud of Qinghai 07-14 07-21 07-25 07-27 09-24 09-22
HifE# Mingin of Gansu 07-13 07-21 07-24 07-26 09-24 09-22
T HEH)I Yinchuan of Ningxia 07-12 07-20 07-23 07-25 09-25 09-22
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Table 5 Comparison on difference in plant growth of Lycium ruthenicum Murr. from different provenances ( X=SE) b

BET# N - R A TR K12/
i Noher ot P/ e e ot et
Provenance seedling per plant Plant height Canopy branch per plant branch

SHEARE Fuhai of Xinjiang 5.0+0.3Aa 85. 5+4. 6Bb 93.8+27. 2Bb 521.2+79.2Bh 5.62+0. 58Cc
BT AR Bole of Xinjiang 5.8+0. 4Aa 133. 6+2. 9Aa 138. 8+16. 9Aa 1557.8+121. 7Aa 3.78+0.22Dd
RG] Jinghe of Xinjiang 5.4+0.3Aa 75.8+3.2Bc 81.9+26.9Ce 307. 6+73. 2Bc 11. 68+3. 89Aa
HIFHE/RA Golmud of Qinghai 6.2+0. 6Aa 77.6+3.3Bb 85. 8+29. 3Cc 430. 2+36. 4Bc 8. 86+0. 86Bb
Hil ) Mingin of Gansu 6.2+0. 6Aa 78.8+3. 4Bb 78.2+29.3Dd 347. 5+40. 4Bc 12. 14£1.27Aa
T EH)I Yinchuan of Ningxia 3.2+0.2Bb 65.6+3.2Cd 65.3+14.7Dd 278.2+68. 6Cd 13.74+3. 63Aa

RGP NG NET ING FhE 3R 25 5 .3 (P<0. 01) FILiE 3 ( P<0. 05) Different capitals and lowercases in the same column indicate the
extremely significant (P<0.01) and significant ( P<0.05) differences, respectively.
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T (125. 8 ) Fefe, 7 VAR R AR 1 AR e SR
1 (516. 4 o) AR TR (122.5 ¢) IRZ, Frim sk
T ) LR SR 77 (321 6 o) R R S Tt (78, 5
o) A%, TR KRR CHOR R AT AR )1 3 AR
(R AR EESRL P B 25 SR B3 HGX 3 N I 179 PR i
SR e 2 R TR S A U T e AR R B G e
3 AP 5 T A R A H R R SRR A A SR
RN HIX 2 ASFR YR A AR TR
e A 4 SRR, TR AR IR TSR AR
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HFIRAT RS EEFYIANLE,



46

T BT IR 5 3 BT o

528 4

®6 TEMEBEERMICHESMRELIERERILE(XLSE)Y

Table 6 Comparison on differences in leaf morphology and fruit character of Lycium ruthenicum Murr. from different provenances ( X+SE) 1)

e o = TRPEEER
F g HK/mm 5%/ mm &/ mm ﬁﬁé@i;ﬁ?&%/g Eﬂﬁ%}ﬁi/g &8/ (mg-g )
. . Fresh fruit 100-grain mass of ;
Provenance Leaf length Leaf width Leaf thickness . . Content of

yield per plant fresh fruit R .
procyanidin in dry fruit
B4R Fuhai of Xinjiang 22.39+2.33Aa  2.15+0.10Aa  0.68+0.03Aa  428.4+12.2Bb  113.10.3Cc 2.243 8+0. 022 4Cc
HERIE LR Bole of Xinjiang 25.26+0.72Aa  2.22+0.29Aa  0.68+0.05Aa  321.6+7.9Cc 78.5+0.3Dd 1. 353 5+0.017 2Dd
BTHRDRS AT Jinghe of Xinjiang 21.56+1.64Aa 1.68+0.13Aa  0.65+0.04Aa  458.3+26.4Bb 111. 7£0. 2Ce 2.953 6+0. 033 7Bb
FHEAG KA Golmud of Qinghai  15.64+0.72Cc 1. 14+0. 12Bb  0.60+0.03Aa  516.4+13.7Aa 122.5+0. 2Aa 3.329 6+0. 032 5Aa
Hif %) Mingin of Gansu 16.14£0.75C¢  1.15+0.03Bb 0. 61+0.02Aa  532.7+5.8Aa 125. 8+0. 2Aa 3.045 7+0. 045 8Bb
THEAR) Yinchuan of Ningsia ~ 19.14+0.76Bb  1.19+0.13Bb  0.75+0.07Aa  483.5+17.2Aa  116.2+0.2Bb 3.033 7+0. 021 4Bb

O 1181 R[] (KB /NG SR 405 325 25 e dl B3 (P<0.01) .3 (P<0. 05) Different capitals and lowercases in the same column indicate the
extremely significant (P<0.01) and significant (P<0.05) differences, respectively.

2.3 XSS

Ko SR AC 1Y ) e 30 AN A K FR B 5 kb 3 - A
KA T ARG AT, 25 SR L3R 7,

H% 7 Al LAE H R SR A A A JR - 4 30 | e e
B PE R A R AR hh A R R 5 AR

®7 BRWETCYRBINEKIERSBE-SREFREXES T

PR B (P<0.01) Fu 56, A 56 R 5o 5k
-0.753 4.-0.829 5.-0.770 3 .-0.869 1.-0.804 7
-0. 855 9 F1-0.947 7; FAI AL (1) BRAE I 5 4F 240
SRR E IEAHDC  AHOCRECH 0. 747 2 BRARAMIAL 1Y) Ji
% 1 5 A 35 B R AR B (P<0. 05) A Al

Table 7 Analysis on correlations of phenophases and growth indexes of Lycium ruthenicum Murr. with geographical-climatic factors

546 M-SR IR T IHIC R A

Correlation coefficient with each geographical-climatic factor®

)

shr" peyee BEAE | FHEN Y
A . 4 SRR AR H R £ SRR BH B 8 5
[ LA Y
Index"” ?FE /".&_ (ﬁﬁy*}i Annual mean Annual mean Annual mean Annual total solar
Latitude Longitude Altitude R . -
temperature precipitation sunshine hours radiation
Spi 0.2120 0.558 3 0.283 7 =0.753 4 0.396 2 -0.383 2 -0.282 7
Sia 0.045 3 0.2159 0.461 2 =0. 829 5 0.478 6 -0.539 8:x -0.489 9
Si3 0.038 2 0.408 2 0.496 2 =0.770 3 0.478 5 -0.424 0 0.425 6
Sk 0.4129 0.397 4 0.204 5 =0. 869 1 0.449 9 0.278 3 -0.154 1
Skn 0.316 8 0.516 2: 0.1312 0. 747 2 0.497 2 -0.022 3 0.1133
Spis 0.188 1 0.296 2 0.265 0 =0. 804 7 0.447 5 0.423 7 -0.3352
St 0.324 6 0.434 0 0.346 4 =0. 855 9 0.430 4 0.444 5 -0.329 6
Skn 0.3450 0.413 6 0.223 0 =0. 947 T 0.564 1:x 0.444 5 -0.227 6
Ska 0.386 3 0.367 2 0.1650 0.394 2 0.3528 0.198 9 0.1873
N -0.0413 0.370 5 -0.297 1 0.044 4 0.579 3= 0.046 7 0.383 8
H -0.488 7 0.410 5 -0.3386 0.230 0 0.3116 0.278 8 0.296 0
C -0.382 4 0.470 4 -0.270 9 0.2050 0.447 8 0.144 9 0.2490
M, -0.386 2 0.406 0 -0.3120 0.114 7 0.4535 0.234 7 0.289 8
R -0.417 1 0.489 9 -0.201 3 0. 507 3: 0.016 5 0.071 8 0.190 9
L -0.456 1 0.347 2 -0.423 6 0.0430 0.359 7 0.354 7 0.449 4
W -0.4349 0.423 2 -0.408 8 0.384 9 0.3013 0.3950 0.112 8
T -0. 166 2 0.1422 -0.478 1 0.398 7 0.476 8 0.190 3 0.3510
Y 0.414 8 -0.416 5 0.3257 0.1353 0.326 9 0.3925 0.442 2
M 0.3615 -0.450 4 0.3359 0.001 0 0.3397 0.405 2 0.346 7
Cp 0.407 0 0.416 3 0. 604 4 0.213 8 0.326 0 0.3922 0.574 3=

D St JEH G Tnitial stage of leaf expansion; S, : JEM R Prime stage of leaf expansion; S;;: V&K B Late stage of fallen leaf; Sy, : Y|
Initial flowering stage; Spy, : BAEH] Full flowering stage; Sp;: ARAEW] Late flowering stage; Sp, : U5 Initial fruit stage; Sp,: BEARH] Full fruit
stage; Spy: A Late fruit stage; N HLBEARBER L Number of root seedling per plant; H: £ Plant height; C. J&1E Canopy; My SUBRIGAL
Z5J5UR Mass of live branch per plant; R: K Z53ET-3% Death rate of branch; L: "4 Leaf length; W % Leaf width; T: M-J& Leaf thickness; Y:
PAREE TR 7= B Fresh fruit yield per plant; My . FRLEEF BT 100-grain mass of fresh fruit; Cp; TR HFEIET ZE & & Content of procyanidin in

dry fruit.
2 %, P<0.05; #%; P<0.0l.
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