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Abstract

Aims This study investigated the effects of mother tree age, low temperature stress, and their interaction on the
growth and leaf physiological characteristics of Caragana korshinskii seedlings.

Methods In this study, seeds of C. korshinskii were selected from an artificial forest in the hilly and sandy area
of northwest Shanxi Province, representing five mother tree ages (7, 13, 19, 41 and 51 a). These seeds were
germinated, and the resulting seedlings (about 2 months) were used as test material. The low temperature stress
was applied at (-8 = 1) °C with varying stress levels: W1 (6 h), W2 (12 h), W3 (24 h), W4 (48 h) and W5 (72 h).
A control group (CK) was maintained at 25 °C (normal temperature). Different growth and physiological
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indicators related to frost resistance were determined, and a comprehensive evaluation was conducted using the
membership function method.

Important findings The results showed that: (1) There were significant differences in the impact of low
temperature stress on photosynthetic pigments and osmotic adjustment substances in C. korshinskii seedlings from
different mother tree ages. Notably, mother tree age and low temperature stress had significant effects on
chlorophyll (Chl) a content, while the contents of Chl b, Chl (a+b), carotenoid and Chl a/b in C. korshinskii
seedlings were influenced by mother tree age, low temperature stress and their interaction. Low temperature stress
as well as the interaction between low temperature stress and mother tree ages, had a significant effect on soluble
sugar content, while mother tree ages, low temperature stress and their interaction significantly influenced free
proline content. With the increasing low temperature stress duration, the contents of Chl a, Chl b, and Chl (a+b) in
the leaves of C. korshinskii seedlings initially decreased and later increased, while the Chl a/b and carotenoid
content exhibited an initial increase followed by a decreased, and the content of free proline increased. (2) Low
temperature stress had variable effects on the growth of C. korshinskii seedlings from different mother tree ages.
Plant height, leaf number, dry mass, main root length and root shoot ratio of seedlings germinated from seeds
from different age plants displayed significant differences, with values initially increasing and then decreasing
with the increase in mother tree age. However, low temperature stress significantly inhibited the plant height of
the seedlings, with no significant interaction observed between mother tree age and low temperature stress on the
aforementioned growth parameters. (3) Seedlings germinated from the seeds of young mothers (7, 13 a) showed
stronger frost resistance than those from older mothers (19, 41, 51 a). In summary, physiological parameters
including Chl b content, Chl (a+b) content, Chl a/b, carotenoid content and growth parameters such as plant
height, leaf number, dry mass, main root length and root shoot ratio can serve as indicators for assessing frost
resistance in C. korshinskii seedlings. Besides that, when promoting the natural regeneration of C. korshinskii
forest through artificial means, selecting seeds from young and middle-aged C. korshinskii plants can enhance the
success of regeneration.

Key words windy and sandy hilly area in northwest Shanxi; Caragana korshinskii; seedling; low temperature
stress; osmoregulation; photosynthetic pigment; root shoot ratio
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Fig. 1 Trend of daily minimum air temperature in November
of Wuzhai County from 1992 to 2020.
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Tablel Results of two-way ANOVA of frost resistant physiological indices of Caragana korshinskii seedlings (mean + SE)

fabr BBE  MREKaGE  HEREbER  BHARER HaRl A MR WHEMERESE AMEARSE WORSE
Index Gradient Chlacontent Chlb content Chl (a+b) Chl a/b A Soluble sugar Free proline  Malondialdehyde
(mg-g™) (mg-g™) content Carotenoids content content content
(mg'g) content (mg-g ) (mg'g") (mg-g ") (umol-g ™)

L L1 1.700 +£0.088" 0.968 +0.059" 2.668 +£0.125" 1.910+0.186° 0.414 +0.037° 0.003 +£0.000*  0.673 £0.040°  0.032 +0.002°
L2 1.700£0.084* 0.727£0.068" 2.426+0.129° 2.581£0.184" 0.494£0.028"  0.003%0.000°  0.648 =0.048™ 0.032 % 0.008"
L3 1.569 £0.082% 0.648 +0.106° 2.217+0.178° 2.899+0.182" 0.469 +£0.024™  0.003 £0.000°  0.590 £ 0.041°  0.026 = 0.008"
L4 1526 +0.064™ 0.641£0.099° 2.167+0.157° 1.874+0.077° 1.033+0.090"  0.003 +0.000"  0.552+0.021°  0.027 £ 0.002°
L5 1.482+0.074°  0.634+0.095° 2.117+0.159° 2.804+0.218" 0.439+0.019* 0.003+0.000"° 0.513+£0.017°  0.028 £ 0.002°

% CK  2.068+0.067° 1.409+0.051° 3.476+0.088" 1.494+0.072° 0.367+0.043° 0.003 4+0.0000° 0.547 +0.036°  0.035 + 0.002"
W1 1.625+0.037° 0.469+0.017° 2.094+0.049° 3.259+0.183" 0.683+0.074* 0.003 5+0.000 0° 0.549 +0.042°  0.027 +0.001°
W2 1360+0.071° 0.656+0.079° 2.016+0.135" 2208+0.190° 0.543 +0.079° 0.003 5+ 0.000 0° 0.532+0.033°  0.024 + 0.002°
W3 1.545+0.069% 0.599 +£0.070" 2.144+0.124° 2.596£0.199° 0.619+0.090 0.003 5+ 0.000 0° 0.636 = 0.039™  0.029 + 0.002°
W4 1.432+0.075° 0.567+0.060° 2.000+0.109° 2.515+0.204" 0.569 + 0.060° 0.003 4 = 0.000 0° 0.646 + 0.033"

W5 1.543+0.071°° 0.641 +£0.058" 2.184+0.106" 2.408 +0.186™ 0.636+0.100* 0.003 4 =0.000 0° 0.632+0.055® 0.030 + 0.002"

0.030+0.011*

F L 3.086" 56.385" 9.640" 50.915" 161.596™ 1.032 6.192" 0375
W 16.050" 274.704™ 50.649" 58.151" 24314 5.103" 2.838" 0.504
LxW 1.166 20.123" 2.324" 10.380" 13.488" 1.960" 3.856" 0.145

L, BERSAERS(L1-LS: 7. 13+ 194 41, 51 a); W, {RIEAME, BBEWL: 6 h). HEE(W2. W3: 12 h, 24 h). HEE(W4. W5:48 hy 72 h); L x W: BERI4ERS
AR A L EAF o %, p <0.01. FIFIAFNG S B R A R AR B ) 22 53 2.3 (p < 0.05).

L, mother tree age (L1-L5: 7, 13, 19, 41, 51 a); W, low temperature stress: mild (W1: 6 h); moderate (W2, W3: 12 h, 24 h); severity (W4, W5: 48 h, 72 h); L x
W, interaction of the mother tree age and hypothermia stress. **, p < 0.01. Different lowercase letters in the same column indicate significant differences
between different treatments (p < 0.05). Chl, chlorophyll.
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FRK R K T H AR 41, EAR
K541 aBFWIERE 2R, RZEWET. 41 afl
PR EZ SR, 41 aBEW AT 2R 8008 ) L4 AR e
b K F13 albhi), H57. 19, 51 aBfEW L

]2 BERMERS AR M B X b 2 5538 ) LAl i A K Ha b i XU 3K 75 223 W

BEZER(FS).
25 IFEBBILGEZTERBERSEKIBIRNHE
KD

A AR AR 5 AR B AR AR A DG E R, mht Rl
UE S L NISIL RS w0 AT E N EPSEIE &3 ]
B RER S EENEE EMHCKR, SHaE .
KEAS MR E. TVETERE S E R E FUH IR
R WERE LSRR S B R EE B R,
HEaMSREEENEEIMRRR, SRS
BEHIAE MR WIS R R E SR
Z; nIEMERES RESA B R R R E AR
(#4).

AR 5K, RE S
. FREMRREIEMR, 5EMRK. B2, #
it LU 2 3 R G, AR SR ZE LUl B35 TEAHOG,
MRS TR E RN E S IEARRR, HIRELE
W UG R TR SRR B ARG U
KFR AR WG b 2 82 EAH L IE R (ERS).

A KA bR 5 A B AR AR DG, i H s e
SEbI R N MY EREREFMCLR; ThE
HEHgRvEEERETMRKLR, GHERILE
REFMXXR, WMElL 5K HE PRGTREEE

IEAHR K R (FKS).
26 (RBAE THP&EE)LEREEIRBIER
BILRE TN

Y PUR A RE . — 48 hn R HE, ABFTT
oh, AR B S R SR ARG ) LA S R T SR S L,
R P ARG A B % 2 SRR AR (A A 4t AR
REJIERE VR B SEIAA, kAT A (B A & LA
SEIRRW, 7 abRR IOFT SR EEXS LB R 4 L
HEYENIZR, 26V FNMEN0.636; 13 aBER Rl &
M E PR NI, ZRA VPN EN0.530; 51 a

Table2 Two-factor ANOVA analysis of mother tree ages and low temperature stress on the growth of Caragana korshinskii seedlings

4K SH Growth factor BERAF

Mother tree age

i g

Low temperature stress

BERFAF IR E

Mother tree age x low temperature stress

F P F )4 F P
¥k Plant height (cm) 42.297 0.000 2.406 0.039 0.000 1
FEMRK Taproot length (cm) 57.832 0.000 2.065 0.730 0.000 1
i F %% Number of blades 23.410 0.000 2.826 0.533 0.026 1
Tttt Dry mass (g-plant™) 46.560 0.000 0.253 0.938 0.002 1
HRZ5H Root stem ratio 51.376 0.000 1.790 0.118 0.062 1
HR7E e Root shoot ratio 12.779 0.000 0.047 0.999 0.005 1
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Table3 Effects of mother tree age and low temperature stress on the growth of Caragana korshinskii seedlings (mean + SE)

o IR S AN [F) B R W A 2% XS JLAR T A A AR B RO 207

BER4E 3% G i 7 3= FARK Y] T MR et b
Mother tree age Low tempera- Plant height Taproot length Number of Dry mass Root stem Root shoot
(a) ture stress (cm) (cm) blades (g'plant™) ratio ratio
7 CK 1671 £ 1.63%°  19.68 + 1.42%% 49,00 + 1.26"° 0.13+0.01%¢ 1.24 +0.15%® 0.39+0.01%%®
Wl 1500+ 1.47%°  18.70+1.35%% 48,00+ 1.35°%  0.13+0.01"° 1.49 + 0.214% 0.42 +0.014%
w2 1443£1.53"  18.92+1.46™  47.00+£226"™  0.12+0.01" 1.49 +0.227 0.41 £ 0.014B®
W3 13.87+1.66"  1939+2.03*  46.00+1.24*%  0.12+0.01*° 1.50 £ 0.20%" 0.40 £ 0.0148
W4 1360+ 1.75%  2026+1.55% 45002345  0.12+0.01*° 1.49 +£0.17% 0.40 £ 0.0148
W5 1345+ 158" 2115+ 145 44,00 + 1.36% 0.16 + 0.03%¢ 1.49 +0.16*® 0.39+0.01%%®
13 CK 28.40+£298% 1578 +1.27% 72.00 + 7.68% 0.29 +0.03"° 0.60 + 0.10"° 0.19+0.01°
Wi 26.68 £2.44% 1473 £1.22% 70.00 + 6.72% 0.28 +0.03"° 0.65 +0.13%° 0.22+0.01°
w2 26.13£2.65%  14.95+ 1.46™ 68.00 + 7.43% 0.27 +£0.03 0.65 £ 0.13"¢ 0.20 +0.01°
W3 2556278  15.40+2.26™ 67.00 + 7.72 0.27 +0.03 0.66 = 0.13"¢ 0.20 +0.01"°
W4 2528+3.15%  16.28+1.58" 66.00 + 6.55% 0.27 +0.03 0.68 £ 0.13"¢ 0.19+0.01°
W5 25.14+2.66"  17.17+1.33% 65.00 + 4.72 0.26 +0.03" 0.70 + 0.12"¢ 0.19+0.01°
19 CK 18.89 + 1.46"°  27.18 +2.02 64.83 + 4,084 0.25 +0.02%° 1.46+£0.13% 0.43 +£0.10%
Wi 1717+ 1.55%° 26,19 +2.44" 63.83 £ 3.374% 0.24 +0.02"° 1.72+£0.17% 0.43 £0.10%
w2 16.62£2.34"  26.42+2.03™ 62.83 + 3,28 0.24 £ 0.02* 1.72£0.17% 0.43 £0.10*
W3 16.05+ 1.41°°  26.87+2.35% 61.83 +3.45% 0.24 + 0.02* 1.72+£0.17% 0.43 +£0.10*
W4 1577+ 1.98%  27.75+1.77% 60.83 £3.014% 0.24 + 0.02* 1.71 £0.16* 0.45 £ 0.09*
W5 1563+ 143 28.65+2.33™ 59.83 + 3.224® 0.23 +0.02 1.71 £ 0.15% 0.43 +0.10*
41 CK 18.54+£0.58%  23.17+£2334%® 5858 +2.49" 0.22 +0.024% 1.25 + 0.06%® 0.44 +0.12
Wl 16.83 £ 0.65°  22.17+1.56"°  57.58+3.45%  0.22+0.02°% 1.46 + 0.074% 0.44 +0.12
w2 1638£0.73%  2240+1.44™ 5658228  021+0.02"  1.46+0.07" 0.44 0,12
W3 1571065  22.85+1.39%  5558+233% (21 +0.02° 1.46 +0.07%® 0.44 +0.12%
W4 1543£0.99%  23.73+2.06°°  5558+228  0.21+0.02° 1.46 +0.07%" 0.44 +0.12%
W5 1528+ 0.78%  24.63+1.07°" 5458+ 1.96"  0.21+0.02°% 1.47 +0.07% 0.44 +0.12%
51 CK 1835+ 123 18.82+1.08"° 53.33 +3.774% 0.17 +0.024% 1.04 + 0.06%° 0.30 + 0.4
Wl 1663+ 1.16"°  17.81+2.09"° 52.33 +3.374% 0.17 +0.024% 1.20 +0.08%° 0.29 + 0.4
w2 16.07£1.26"  18.04+1.08" 5133422  0.17+0.02"  1.20+0.08"° 0.30 £ 0.04°
W3 1552+ 1.44%  18.50 + 1.46™° 5233 +£3.78% 0.16 + 0.02" 1.21 +0.08"° 0.30 + 0.04*®
W4 1524+ 135" 1937+1.37% 5133 £3.26" 0.16 + 0.02" 1.22 +£0.08"° 0.30 £ 0.03%®
W5 1509+ 122 2028 +1.28"° 50.33 + 3.66™ 0.16 + 0.02"* 1.24 +0.07*° 0.29 + 0.04"®

W, RIEMHE (WL 6 h). FEE(W2. W3: 12 hy 24 h). FHEEF(W4. W5:48 h. 72 h)). AEKEFEERRFE— B N ARG MG 2 8 1) 22 5

B#EP<0.05); RENG

57 BER R [F) — AR W8 T AN R BEA AR08 2 8] 22 57 3 (p < 0.05)

W, low temperature stress (mild (W1: 6 h); moderate (W2, W3: 12 h, 24 h); severity (W4, WS5: 48 h, 72 h)). Different uppercase letters indicate significant
differences between different low temperature stress times under the same mother tree age (p < 0.05); different lowercase letters indicate significant differences
between the mother tree ages under the same low temperature stress time (p < 0.05).

BERE A3 R 40 i DL NI, 456V F M E N
QMTW\Maﬂmﬁ¥ﬁE%%ﬁﬁ%ﬁﬁWﬁ,
EVEUME S 511790200 0.283 ZEEHiid vt disa 3
%ﬂwwm?%7a>ma>51a>ma>19a@%y
Hﬁ”%ﬁﬂﬁ%&ﬁ%%ﬁmﬁﬁ“?%ﬁﬁ,
FEPORE(E2), aTLEH, @itk %hﬁ%
%ﬁm%mmmﬁm@m AT RS H,
@ﬁﬂ\BaﬂW%ﬁﬁ,Amﬁ@ﬁﬁﬁ i

FAFE19. 41, 51 abRR I ARUR, LRI 55 o
27 ITEBBILYEERBIERSHPRMTESE
FREE R ES T

PR B8 R AT 254N LI IR AR B AR AT
BH5 K AT EATH T, 45 R Eow, ot
LEFEb MG R T ENANES GV ER B 3E
IEAHR K R (p < 0.01), FHKFE53717590.916.0.788;
MR, KAY MR EENAHMES LS IFMME
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R4 ARIRAC T AT 2800 )L A HUi VAR B AR AR G R

Table4 Correlation coefficient matrix of various frost resistant physiological indices of Caragana korshinskii seedlings under low temperature treatment

AEBRARRR bl REE LN BER IR
Physiological Photosynthetic index Osmoregulation substance
ind o S F Aot
neex Tk FEa it HRROE R IHERL MIHERAR JOI N ESR AT IR
Chla Chlb Chl a/b Chl (at+b) Carotenoids Soluble sugar Free proline
content content content content content content

Sty MR 0.650"
Photosynthetic Chl b content
index FHERE L Chla/b ~0.179 —0.731"

MRS R 0.896" 0.920"  -0.520"

Chl (a+b) content

K b REE -0.102 -0.468" 0.063 -0.326"

Carotenoids content
BIE IR CINGIC s s -0.170 -0.318" 0.308" -0.274" 0.129
Osmoregulation Soluble sugar content
substance WA S 0.073 ~0.025 0.066 0.023 ~0.069 0.129

Free proline content
L S A Rbr W oRESE 0.123 0.127 ~0.049 0.138 -0.073 —0.241" 0.026

Membranelipid Malondialdehyde
peroxidation index ~ content

Chl, chlorophyll. *, p <0.05; **, p <0.01.

R5 RIRACEL T AT S HRNG ) LA B & AR K Fabr SR v AR SRR AR A M R EE R
Table 5 Correlation coefficient matrix between growth indices and frost resistant physiological indices of Caragana korshinskii seedlings under low
temperature treatment

fitr Index HKAEFR Growth index
P FEHRK NE T RZELE et b
Plant height Taproot length  Number of blades Dry mass Root stemratio  Root shoot ratio
7 KA bR K Taproot length -0.305"
Growth index "
I F % Number of blades 0.723 -0.082
TR Dry mass 0.730" 0.160 0.749™
21 Root stem ratio 07717 0.7417 —0.461" -0.288"
HE5& L Root shoot ratio -0.307" 0.127 0.020 —0.167 0.215"
A FARRR 44 2¢a 25 Chl a content 0.102 -0.058 -0.017 0.004 -0.079 -0.069
Physiological X X
index W44%b 4 & Chlbcontent  —0.073 -0.058 -0.213 -0.243 0.056 -0.104
H4EZ L Chlakb 0.143 0.002 0.203 0.249 -0.124 -0.011
MRS E 0.010 -0.064 —0.133 —0.140 -0.008 -0.096
Chl (a+b) content
KL b EREE -0.028 0.164 0.138 0.206 0.055 0.268"
Carotenoids content
AR S 0.029 -0.035 0.190 0.184 -0.038 0.095
Soluble sugar content
WS AR o B 0.095 ~0.089 0.116 0.029 —0.041 —0.051
Free proline content
[t 5o -0.124 -0.063 -0.226 -0.205 0.018 -0.014

Malondialdehyde content
Chl, chlorophyll. *, p <0.05; **, p <0.01.

ERFEAMIKKRQP < 0.05), HERE DN 3 Wi

—0.777+ —0.631. M&tEa, A[vAEMERE. W AR

A oBEENANE ST S EERAEE 31 BRERFERMEX S EERNEIT
(p>0.05)- AP S I8 /T AR A R I, AN R AR AT 4
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R6 AT ARG LEOFD T B A Al v - G R B A AR b S e AU B RPN

Table6 Subordinate function value, weight and evaluation value of each index of leaf low temperature tolerance of Caragana korshinskii seedlings at different

mother tree ages

Mk SEIRREUE Subordinate function value PUREE A HIME Ay
Stand age - - - — - Integrated assessment  Sort order
MokzKa  MEEEKD O RREREKLL RMESR KWW MR WUAMERE URERIMER N value (D)
Chla Chlb Chl a/b Chl (atb) Car Ss Pro MDA
7 1.000 0.245 1.000 0.000 1.000 0.000 0.886 0.782 0.636 1
13 0.714 0.486 0.445 0.095 0.548 1.000 1.000 0.000 0.530 2
19 0.000 1.000 0.000 0.202 0.000 0.258 0.284 0.080 0.200 5
41 0.200 0.494 0.032 0.609 0.050 0.313 0.142 0.603 0.283 4
51 0.414 0.000 0.067 1.000 0.104 0.317 0.000 1.000 0.347 3
AL E Weight 0.104 0.101 0.167 0.132 0.152 0.119 0.118 0.107

Car, carotenoid; Chl, chlorophyll; MDA, malondialdehyde; Pro, proline; SS, soluble sugar.

HRXG) LMAR R A LE R R R AT (B13), (B4
B AFAEAS BEER A RN e DR 14 17) 7 . 19922020
AT IX 10-11 3 (BR G e RIS AT, 7T X H AR
KIRHMEN-8.7 C, H11 A EHA)SIRET-8 CH
ARSI (A — M3 R (B 1) TR, AR 7T i 7E
N AR AR, WK 2A A 14h
BT A FEIR KARE M A A . HFFss RERH, &
PEES Distance

0 10 20 30
a1l | | |

.

MRS
[

Mother tree age (a)

=

L

B2 Ay 2% XS LA A IR 1 2R 2R
Fig. 2 Low temperature tolerance clustering of Caragana
korshinskii seedlings.

4 A D) - 0
.. % B o« A /S
T
s 3
> BN 7 BAY
3 > - Y % x
S S5l
: Ay S VNG :
¢ /- 3 | -l

B3 Ao LA TR R R TR K.

Fig. 3 Seed germination under the artificial Caragana korshinskii
plantation.

PEE R R X St Ra s B BEHm, &
WA % | AR 8 B HAZ FAE X 2R R b & & A
MR A, MR, KPY MRS REEER
Wl (R1)o B A (IR AE BT (R PRI o, A7 2% B XS ) L))
M4t Ka, HEERb, BHG RSB EERET
(P, ralfEEE . BRRE . B R AR b A B B
LB R AR . RMREMET, A JeReiiRS
&3 B8 B Je A, T X POt REFE AL AR AT 3R
Re 1 N EER WS RE WA, SE AL
HAE FHRE I PRAR (TR VE 56, 2021); M4k 3Ra. 4R
b SR ER Bk B ARAE S R0 A, Ui R
SR [P AL BRI A I SR 1 45 80 52 B R, 1
S TSR E B A B A IR 8 Y
N, MR EGRE—ERE Lam i AR E4
FEREPI S AER - RN, AR R I, BEAKIR M
SERRNENOE DI - S P CDIRAITE Nl =S R AN T |
o NREENE LT EREARES, BER R
B I I B g KA, ot BEZH 5B 3 38 0 T 118.10% 11
86.10%. KL — & FMKEIAEE T, Frammiy)Lsh
WA lEdiES G B R G ER S, RIEEEER
R AT o (HACHT S BRI, SEaRTEMES
TR, DU S RSO 2 0 T T I OG A AU AR
PR G AR 7= D i B AR R, IR A I IR e
(1) —Fofr g 7 1 R (B TE 55 25, 2016).

AP AT B I R A A RS TR T
JR, AR Bl e R A A T 0 e PRI VR I
YEFERE I, A M A 3 A I B 3 PR — ol B AL 1)
(TKILEF, 2013). AT, (KR MG 2 B8 5
IR P 8 1) 52 FLAE O AT R S A R R,
BERFAF 0S| AR BE S H 52 AT i 25 Il 2 B 7
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B R E RN . A b R B8, AR
ALY RTINS & R AT SRR, R
Jolp AL B IS B e AR, BT R 2B 0 17 2.9%. 5%
BN Ll v B AT A EHIRIR U, KR ia
AR BT R SR R A, i IR AR A N R]
FERATY ] — AR FFAE R R KT o R BRI I ie T,
41T Z ATV PR B A 4T M V5 0 35 DAY 9 DRI i
SE ALK o R, A FEIE AN, B 2 R
TR E) IR N, AT AR BN ) L4 U S A R =
2 EARE S, 75 AR IR M b B s B 5 oK
Ho RS R IR A TR (12E W Y R AEAT 5%
BRI ) L4 T ot B A IR ol B 38 P AT 2 A A R P 4
R, DARFRA M N IR A R e, A 23 hn
HRFREHE PR E, "TERNPURETEN I E
BB EABIR.
32 BRFERFMKIRMEBEX 4 EEKEN
AL, B ER ST FRE.
A3, TRE. REARE A &, K
TR 3B SO By B AR A L R, BER AR 51
T 38 (38 BAE R 3R AR K F bR 358 2 2 5
(2). MM ILLIHIMRE TR TRE.
FARK . R ZE L ARIAR T U it 2 AR 8 1 189 i ¥ 2 5
SRR, MR W BOR T BT R A B AR
13 a%i IA B KAE, FAHRKFIAR 25 b 3 78 BEA 45
19 agh BIA B oRAE, MR L E BERE RS a
YT IA B B KAB(R3) o IX R BHBER AR IS/ 13 )
AT S5 B ) LA T 85 R 4, B RRIE nT A 2%
emEEE TR, BN EIR(19-51 a)f%)T,
FORSFAETE G A T E e m Ko R B . At
FUIX T SRS ) LAE AR 1 84F i 3K /- #AE T a4
hn, BT EACRR T T (E E RS, 2021), T
SRS ) LA AR A |30 0 () 2R KA K T 22
YEH T BL AR R, AT PR TE 358 E K R
I N R AR S K. R, FrAE L4
A K T R AR AR I X — AR ) R oy OB A S,
R T HEYAE R0E T SR 2RI (1 He E R
FRAYEME(Qiu et al., 2021). [FIRS, AHF7TIE KL,
IR B KB 0T 43 v R v B S (R 3), &2 AR
ERamghy, EkmiEKR T B8 M. =
TR RIR 2 PR 2 B0 ) LA AR AR K, B
0375 G RN ETVE S SO AR ol sl =g
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33 HEEBENRSERKERESEEIERZE
BYFE K14

P 2R B ) L4 T (1 AR K AR b5 AR B4R AR AH 55 40
PR, M A S EERb, B BESE R R E U
KRR, THESHERDTEREEE MMHKER,
g R B BEIEMIKR, a5 RHE b
SE RN E IR, R\AEIKEME M, ot
GERbEGRAMGRZ M EMHEHE KX R, EHE
EARE BRI N, e Rb & R K, (H
MR R LB B, fE— e R R A A
HIERMIES RIE. FE, WS008tk
= TR EER IR, EAMARKE B3 T 4)
HEA A= RE 1, TR IR b ) RE 62 2 32 AR
VR AL B R - A R PR K BN IR A (B AR, 2014,
BRE R EE, 2020), MITTE A BRI S J7 TH B R HE AR
IR I8 .

fE—E My P, B E A A R
TR TR IS JRAA L 55 4 0 I JBE 11 225 1) o R 1 5 T e AR e
P, T ERIE S AR F I IE & 3T (Bl4) . AR 5T,
PR IE A EE T S R A ) WK T X R A,
T 232 W 5 40 5 o T v PR 2 U s T R, O
REFEER KT, W, HE AR i A T A i
IR & = EX, FE TEDNES AL, 1]
DL, Fy S5 XS ) L4J B 7 A 2= RHIR S T (10 ARG I ol i 340
BeE N R R A R B G R, X5 HE S
FENRE SR AT . T H N B S E S
Wl B B R U OC R (R4), B (IR a1 3
o, ArEVERE S B R RER KT, fRERH A
JEER e REVE, B R PR TR e 25 T T
SRR, KR$EE 1 4B IR E fhrE,
ISP A3 DAERE IEH A KRR .
34 KRR T &80 )L 4B RIS IR
1N

P RARIER/EARUR ERINE L A S s ks VS RN
FRVPAN FLPUIst, ot DL 4T 7 e b S AR ) oot
J DL 22 MR AR R R G VPN RN 100 055 1 3 N e D
KA R SR R B ik, R % febs AR RHE
CEA TR AT 26 B0 XS ) LA T TEARIR B f ik e
ZESt . ARWEFA, YRR G YU R 55 HES )
NG N7 atER 41> 13 aBE 4l E> 51 aBER >
41 aBIR 4> 19 aRFR 4N T (3R6) o [ R FH 4L 18] i
B DAE AT R 2 0 Wb 9y i i A e 1 40 v
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WA GRS FF) 4

Auxiliary photosynthetic
pigments (Carotenoids)
‘\
iR Ly Hebeh | R AL
JiriStz Membrane Photosynthetic W= 1E®
Low system capacity l:,> Low |::> EXS
temperature (MDA) temperature Normal growth
stress Chl b, Chl (atb) tolerant of seedlings
BRSESUERARRIEmM

— EEM%
Significantly correlated

Not correlated

Increased element content or functional ability

y BEREERIERE B

Reduced element content or functional ability

B4 FrEERRS LAl R E A R . Chl a, H4%ZKa; Chl b, H4:ZDb; Chl (at+b), HMHEEE; MDA, A —#; Pro, iif

SRR, SS, Tl b,

Fig. 4 Pattern diagram of Caragana korshinskii seedlings responding to low temperature stress. Chl a, chlorophyll a; Chl b,
chlorophyll b; Chl (a+b), total chlorophyll; MDA, malondialdehyde; Pro, proline; SS, soluble sugar.

PRI, Horb, S—JCHE7. 13 afEW 4T, Hi
IR TSR, 55 2REH519. 41, 51 abFghy, it
RIS . HIUE AT L, BB A0S /N R T 2 B XS L
ST L RER SRR R AP M B 5, Wy 2R B )L
T LR I A2 BRI (B2 o TR R 1)
TEARMR 3 D) AT AR St FH 95 o A A 2% B A J L= 2 1
T HEATHME, TR R R SR BB B I 1 3 5 AR AR
FRIRIIWTZ, MR EE N AR AT RRAL 1 K

HYIPUETE S Z RN R A %, RIEARE
F S — BB bR R A (RIS, 2019) 0 ASHE 7T R I,
RIS BERT (7. 13 a) AT 25 B0 ) L&) 1T LL = ke B
(194151 a) A7 26 50X L& 1 BA B 5@ I PLid it o
3 IR A T v AR BRAR AR AR S 4 AR
W AR SR T, R IR IR G AT 450 X8 L4
WS R SIS R E R IAHE S5 256 VPME
BEIEMKE, MapE, K5 bR &R A
SEAPMEEE . 58 LLROR R BT bR
RO, b bR f R R A PR M R 55 ) B
Fabro

4 Z5ig

LA T, AN BER SR R AT 2 40X LA B —

J7 T 3 B S oL S R ANSE Y
JR S B R YE R IE W 16 & R AEBRNE SN, RO - A
HEREAR bR AR, MR, WEMER S EM
AEYERE S B4R BB, IREIROKEET), fE
N S B AR E R, ML R R &
W, BT, sl AT, nek A
&=, IEEOLEEATR, MK BRI G4
FERE IR ERR, M RIEAN AR IR K, [
I 38 AR TR L, (R A A R S R 2 Y R K
SRFEGr . RIk, FrAERXS LA fE A BRSO
TR T —Fh R B ARG R AHA R TR JEAR %47
RN LA T PUAR PE R AR — E 22 R (K
BERF(7. 13 a) 07 2550 ) LAl i b =ik (19 41, 51
a) T 25 B0 XS ) LAy i A BE SR PR

S 3k
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