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Response of needle anatomical structure of different Chinese fir clones to atmospheric

warming
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Abstract; Taking the needles of ten different Chinese fir clones in the young plantations as the object, the needle
anatomical structures were made by microwave paraffin rapid section method, based on the analysis of climatic factors in the
study area. By observing and measuring eight anatomical structure indexes of the needle samples, including upper epidermis
cutical thickness, upper epidermis thickness, lower epidermis cutical thickness, lower epidermis thickness, palisade tissue
thickness, spongy tissue thickness, leaf thickness, and vascular bundle thickness, the response characteristics of needle
anatomical structure of different Chinese fir clones under the background of atmospheric warming were studied. The results

show that; (1)the summer temperature of the study area increased firstly and then decreased in 2020. On the contrary, the
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change of precipitation showed obviously high temperature and drought. (2) The needle anatomical structures of different
Chinese fir clones were similar. The mesophyll tissue differentiated into palisade tissue and spongy tissue, which were
typical heterophyllous leaves. Except for the thickness of the lower epidermis, the other anatomical structure indexes showed
different degrees of change among clones, showing morphological plasticity differences in response to atmospheric warming.
(3) The results of correlation analysis showed that there was a certain correlation between anatomical structure indexes.
Among the climatic factors, the monthly average temperature was significantly positively correlated with palisade tissue ( P<
0.01) , and the monthly average precipitation was significantly positively correlated with palisade tissue, spongy tissue and
ratio of palisade tissue to spongy tissue (P<0.01). (4) According to the results of principal component analysis, sponge
tissue, palisade tissue, needle thickness, epidermal tissue and cuticle were selected as the typical indicators to characterize
the anatomical structure of Chinese fir needles, reflecting the characteristics of the anatomical structure change of Chinese
fir needles under the background of atmospheric warming to resist strong light and reduce water emission. (5) The order of
leaf plasticity index of different Chinese fir clones was W2>P11>S4>P32>P41>P17>P18>5S22>523>Yang061, which was
similar to the ecological adaptability of different Chinese fir clones under atmospheric warming environment. In conclusion,
there are differences in the environmental adaptability among different of Chinese fir clones, and the leaves have strong
morphological plasticity changes. When the temperature changes, Chinese fir can respond to the combined stress of high
temperature and drought caused by increasing atmospheric temperature through the anatomical structure adjustment of
leaves. The future should pay full attention to the impact of climate change on the growth and development of Chinese fir

plantation.

Key Words: Cunninghamia lanceolata; climate change; needle anatomical structure; plasticity in response; variation
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Table 1 Climate characteristics of the study area (2010—2020)

Sl=R-| JH B A1 7k B

t ol v e s el me s
Year temperature/ °C temperature/ °C precipitation/mm Relative humidity/%
2010 19.96 36.92 1786.24 76.00
2011 19.43 36.38 1400.50 72.27
2012 19.82 35.44 1980.94 77.94
2013 20.02 36.09 1825.26 73.98
2014 20.23 35.73 1424.94 74.15
2015 20.41 35.45 1781.80 77.71
2016 20.39 36.32 2473.17 79.59
2017 20.60 36.41 1563.23 74.93
2018 20.44 35.13 1392.83 75.70
2019 20.73 36.09 1779.60 75.67
2020 21.08 36.59 1548.51 76.45
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Fig.2 Monthly variation characteristics of precipitation and atmospheric temperature in 2020 for the study site
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Fig.3 Anatomical structure of leaf cross section of different Chinese fir clones
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BREAYITAEN 55 1 A e A e A O SR LSRR MRS LU CTR A P/S, 3 S e 4
AUSERIRAE 575 2 TR A eh FUA e AR 0 J2 T MRS T e p PR AR o PR | %
W H SRR SR AP E 505 3 S BT B AR 0 2 1 e A0 R PR A f6 R,
WK AR AE S . o TR AL U WS LSUSEE CTR I P/S W45 1 I SRR, I H
FEIE |14 PSR R F R PRRE A 2 A SRRSO, 146 B i R R 42 4 TR R PR BE T4 3 L
SYBURRIEA . R VAR MR ALY T e e 21 ST 0 S SO P A 0 G 10 2 B
HUOH TR,

R3 EEERM BRI G E T8 AR M R AHER

Table 3 Factor loading matrix and eigenvalues of leaf anatomical structure

FE 4> Principal component

845 Index
1 2 3

TR LA ZUEEE Spongy tissue thickness 0.996 * 0.049 -0.034
CTR 0.926" 0.318 -0.170
MHEE LR Palisade tissue thickness 0.872" 0.086 -0.303
P/S 0.855* -0.004 0.300
SR 0.691 * 0.388 -0.493
FE R Lower epidermis thickness 0.319 0.925* 0.111
M F S Leaves thickness 0.296 -0.818" 0.458
- F R Upper epidermis thickness 0.441 0.818* 0.177
Y45 A E Vascular bundle thicknes -0.017 -0.696 * 0.564
TR TZEE Lower epidermis cutical thickness 0.001 0.144 0.923*
I3 52 7 FUZ IR Upper epidermis cutical thickness -0.207 -0.202 0.846*
¥ fE{E Feature value 5.204 2.766 1.869
752 Bk # Variance contribution rate/% 38.590 27.279 23.580
37 Z k3R Accumulation variance contribution rate/% 38.590 65.869 89.449

# FRERAE KT 0.6 B H il 25 Fa 5 b

3.5 A[FEFZARTCM: R0 A ff S S50 A8 5 R EOR ] SAPEHE %k

H 2% 4 A RRIRZ AR TCME R 2R S R AR ] S FR R e 22 5, 0 A8 55 R BUAE 9.28%—24.16% 2
B8], W] SR PEFEELTE 0.13—0.44 Z ] (HHIEHE P 45 R —30, 8 W2>P11>S4>P32>P41> P17>P18>522>823>
061, FHN, WA SRR AR T BB NEHET H . P/ S>CTR>SR> T 45 240 2B B S WAL 4l 2L E > T
RIS ST R MRZIERE > 13RI RE > 1R A T2 R S R R > R R

4 it

4.1 KRR S AR S TR TR R

SR F A RS R AT i B A T B AR A R R R Z P ARSI R I, H PR
AU W E IEASER R (P<0.01) , A BRI S 2 2R it 4 2 20 IR L3 A7 A A B 3 TE A SR AR
(P<0.01) , YLHIK A7 HE il B 5 5 R AZ A i B 4 A0 AR Ak (B =Gl A e /K B X AZ AR I 1R B IS E | A
ot P P A AR U A A FE AR R R AN WL I | 2 T AH SRS 8 35 /K (P>0.05) o BIFSE R T, i A 4 21
SEAEYIEA T AR IR E 2 P i 4 41 215 AL AR AL T S 3 TR GEA A TR A 1 S Ui g
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e, MIELRE K SRR AV FHIEAT O T2 2 4 10 Xt i IR L LR 2 A ZURE R K>, 5340 B S b
2020 4F K FA W0 il T S BUR A2 AR Tk DR BE T 19 Rl 3 32 PR K 23 5 SR S AL, A
P e MRS MR b A2 AR 7 A 2H ORI 45 21 255 il RT3 K ek ) )R B O 2R SE I &

R4 MHABIANEHNERRYETEEEY

Table 4 The variation coefficient and plasticity index of leaf anatomical structure

AR5 ZREL Coefficient variation( CV%)

FE45 Index

823 TF 061 w2 PI8 sS4 P17 P41 P11 S22 P32 il
UECT 9.53 7.81 9.71 5.47 3.76 7.68 6.25 5.15 26.13 24.95 10.64
UET 15.38 19.73 4.74 8.47 2.88 6.8 21.69 10.53 15.83 10.9 11.70
LECT 4.26 11.63 32.44 5.21 19.99 26.76 6.98 6.51 5.5 5.76 12.50
LET 11.91 7.13 45.61 7.01 23.58 20.04 6.66 16.84 3.01 12.95 15.47
TST 10.63 6.15 27.67 8.38 31.73 16.08 31.23 17.02 8.94 14.89 17.27
TPT 13.57 9.16 40.69 31.78 9.99 17.14 10.48 36.19 16.53 23.36 20.89
LT 8.91 3.34 6.09 4.74 5.24 5.01 0.93 13.54 8.74 9.4 6.59
VBT 13.13 8.07 7.74 1.44 13.48 12.21 2.88 12.73 4.4 12.98 8.91
P/S 23.89 10.04 34.11 29.4 40.22 9.24 38.28 31.64 24.08 36.23 27.71
CTR 6.88 10.06 35.09 35.67 18.41 20.28 15.94 38.73 24.84 18.2 22.41
SR 19.05 8.93 21.91 13.38 30.88 27.83 31.86 20.27 7.148 16,97 21.23
PIE Average 12.47 9.28 24.16 13.72 18.2 15.37 15.74 18.19 13.19 16.96 15.73
HEF Rank 9 10 1 7 3 6 5 2 8 4 -

A SAPEFE KL Plasticity index( PI)

UECT 0.14 0.12 0.15 0.07 0.05 0.11 0.09 0.17 0.42 0.43 0.18
UET 0.24 0.31 0.07 0.11 0.04 0.1 0.29 0.15 0.23 0.16 0.17
LECT 0.05 0.17 0.6 0.07 0.31 0.43 0.1 0.19 0.07 0.19 0.22
LET 0.18 0.11 0.89 0.1 0.37 0.32 0.09 0.1 0.04 0.19 0.24
ST 0.16 0.08 0.44 0.12 0.58 0.26 0.57 0.27 0.13 0.23 0.28
TPT 0.18 0.13 0.82 0.57 0.13 0.23 0.16 0.69 0.24 0.4 0.36
LT 0.13 0.05 0.09 0.06 0.08 0.16 0.01 0.25 0.13 0.14 0.11
VBT 0.2 0.12 0.1 0.02 0.19 0.18 0.04 0.04 0.17 0.2 0.13
P/S 0.36 0.14 0.64 0.5 0.79 0.13 0.72 0.54 0.38 0.62 0.48
CTR 0.23 0.1 0.68 0.66 0.19 0.33 0.11 0.71 0.27 0.42 0.37
SR 0.21 0.13 0.36 0.16 0.51 0.26 0.55 0.33 0.16 0.27 0.29
I Average 0.19 0.13 0.4 0.22 0.3 0.23 0.25 0.31 0.2 0.29 0.26
HEF Rank 9 10 1 7 3 6 5 2 8 4 -

ARG W TR S A AR R R R I AR 2 IE AR OCOC R (P<0.01) |, B A2 AR AE I R JE B S i 4 [+)
B e 1) A A R TR I AR A 120 S RS A AT B T i AERR /K 30 IR B N VR 20K 43, IR R 21
B A NS, B R B 4R i R K o g F ke TR A X R AR 22 AR AR 4 TE K A B T I 3
FEPS S AN AN R fig AR bR B2 RIAFAE A AASC G R IR A | 41 2454 2 ) 47 76— 22 A B R A5 1k
FEFR P LG5 A T T A B R e — A 2 WA R O S 25 3 A SR A 338 1 P 73 Ao e i R A B AR AR
XA AE S 5 I 2 B AR S A &
4.2 ARIEIRZ A TCNE Z A KA I R 1 1) 25 57

I B 2 f | 5 A S bR A A A E— B R B L SO WA R [ B st 1 43 A T &1 S AR 35 TR - 52 i 3 300 113 1)
RERFHES | ASCRFFE KB, R A IR TSR AR 4 2 3 A gt S5 R FE AR e A2 R JE M 2R () 2 B MR S [ R
FIRRAE , WS B, 2R H T A X AR B 25 P R e A AL s, tE KIN A Gk i, &8 oA KR
BERRFE R AR 520 T, S G T e R AN RS AR JoME R AE 8 A5 P52 i R o 2R 58 RS A8 1k
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438 I T FE I TS 254 1 B ) S A BRI, FEASHISE AR TOPE R i e i 25 M H b A S R Y
{EAE 6.59%—27.71% 2 8], SF-MH A 15.74% , 725 57 2 K K B AN LU, /NI R R TR L BRI A0 1A
K, I i S AR S B 22 S AT N X PR B A 8 i A5 AR O A S5 AR S R B /IN T R WA P % PR 3 N T
B AR S RE ST AR AR S Pk, AR SRR SR 25 SRR WA AR i) 4 F it A% oA W k| R TR I 2R e %
TR, X IREEE P 107 SRR S R S R B — e 25 5

RS2 2 R T BB BOR DA A 4 6T B85 T B 00 P A 336 107 A 7, T 9B M 0 R 3 PR L LA o 536 1Y)
A 2SRV G A B3 i 32 | A0 R A P O B Bt e 428 4 TRl Y DR, SR adh— 2B 4 X R B TR A R 1
TR R A B VA E N BE AR M AZ AR TOE R, A SO gk v 9 M i SO JH i K AR TR B T ks T
fro SRR ANFERZ AT R R Al BP9 E RN HES S W2>P11>S4>P32>P41>P17> P18>S22>523
ST 061, Hrp TPk R W2 it 5 Al PR BOCR 0.44 S0 R 061 19 3.38 fif, APBing 45 R B, St B
B ( Populus euphratica) I fiff 351 235 RA) AR A T 2 I n] 2 AR LA o 3 Y mT 9B PR 4K , HHE BENEIE N = TR T )
ARKIAREE, WSS MU FE TR AT S BOK AR P R R s K B XK 4y
[ ER BT HLAG fesiad W BEFT . PRIOE, I R TS MR BOR /NI f BE DR, TEPE R W2 ML B KR T R HA
58 A e i T RS N AR T, AT Rk AR R W AR AR R ) R RS AT RL, T TGE R PS4 R P32 ZERT A
A EAMEAR B /N T IEME R W2, (R 5 R 5 P05 1 3 7 3 B 45 P 7 A BRI 1 0 R KRR AR 4L,
AT T R A LA 2 A AR G R e PR RIS M, PRI, X S TE P 28 S R ARG A2 AR R A48 L 174 i iz L
B T O R e B R
4.3 FEARTCHE R R ) 4R RS IR  ma g AIL

I AR08 1 A2 2% e S A5 B2 1 i B, LA 0 g 7 A o %o BRI PR 5 i (14 — o o S 3y
2, [ A0 A R 3 A 00 A3 o7 B8 e A et A I 4 P A i S AL Y AR SCRFAE R, 10 A2 K TEE R 2
RS 25 R A MR S I AR L2 MR L R TR 3R B A AU A R R TR AR R R i D RE R
PEFTHL, 10 AN FZATCIE 2R R 51 245 46 47 fF 2 B D IR0 5 210 BRI/ D /K 40 B 9 iR S I ML, 5
10 AMZARTCHE 2 I F i 500 45 P A RFAEAS [ b o 303 552 B85 T 0 9% i oy AL AR A Jr 2 5, a1 36 g JEE g
LIyl =3 =N 51V W 2 o il N3, 0 5 e Y W S M W 2. 1 S S 7 e 5 R % N (N B
TR PR RERAITEAE ™ PEOF ST , 76 T BRI o AT R b3 R R B AR T i R i AT
ZEIB A, [R] i Bl ke G G A I A A0 38 A A4 DRI, s R 2 ) a5 R T A2 AR I R A i B B R K
Iy KBRS T 5 AN SRS B RBUHAZ AR I R % S IR A BE A — Fhom AL, AT A R 2546 2 T B
FFEREST | BARTCYE R P32 L3R A RZ IR B AN 36 B A T2 R B 5 J0PE &R S23 P11 ,S22 il 84 22 oKk
B IKP E I R R AR, X R IATCME R P32 A AT IOME &R S23 P 11,822 a3l 1k 488 i i A J5 B (1
J5 2RISR 8 i T R BE, X 5 Ah T K B B B R R [ A B ( Populus spp.) TotE &Y HE Y LR
(Caragana) ™' FEI RN G —3K,

FAN R TCNE R R i K S 22 53,10 D2 AR TEPE R BRI K ik i 245 41 40 K 1) g 1
A, TEER W2 P32 ML T HE TR ELAASIA 1 AU ASIE ., Rodriguez—Garcia SN B e B %
T A R 5K 00 R A K R YA G, PR BRI I R 0 22 HOE A i B R BN, 2k A A K 4L Y
SERA A TR R HoK s BE 1 SsR A e = IR T FREE A AEAERE ), (HCE R W2 P32 MR A B
B8 T P o A ) s P R e A A R T G i X v R T R A I R R AT R — 2B O, ARBFAR IR & B, BRI
10 MERTEM: R T R Z R 22 B8 L 2 (P>0.05) , 3¢ 7] RS2 PR A it 3 Bz 20 42 SR AR A1 SR 3R 15
AN R 22 %) BB 5 B, 2 RS /K A B IR 0T, 2 i 400 s 2 ke W AR B BIR S /K 432 8, A R T A2 A R 5
HOAR S B R TR R B X R G it — 2B R B AZ AR TG R - I a5 A A7 e R TR e

5 #ig
ARSCFET YR AT AR S, T 10 D2 AR TCME 28 R A5 435 R4 %5 R TR % i o R AE S5 AL
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WEFEAT (1) WFTEHL 2020 4F = A DLW A il R IR 2RI Ao SIZ5 R 7E 10 NS JerE R RIFFEA
(IR L AL, 3 B X DA i 7 P49 12 25 T S8 22 5, AT BN [R] g Wi LML (2) A A 55 i i
SR AR Z [BIAFAE— ARG R, Rl S 2 SR B B 35 IR ARG, KR S USRS 4 21
JERE P/S #RAR 3 TEARSC X R MRS FEK 2 5 | EAZA I 1 fife #6 45 F 2 A ) B U A 1 (B
A PR B AR BEAF A — B 2557 . (3) RS ARTCIE R I 28 5 R A0S T IR PR BOAE e 22 5, W U il %
B AN R R E g me R, AR e R W2 BB M R R BB 4 B, oF g I 5 R 5T 2 B i 4 R A
RES1. (4) ANFIRZARTCIE Fd M 2RSS R DI RE VA RE 15 S A 1A% 1 S Rt Ay ey 1 AL, JFG e i e
2 A1 Z0 MY M 7R RE R K AL URI A JBUZ 0 R AEAZ A it F) 45 4 1) S U 8 b | 2 B0 1 0 g il 57
PRI RAFE NIVE SR AR R BRI (00 AN A5 45 45 B AR R S R R AT 5% 38 32 N A A BRAE AL T B 5 it
FRAFPESEN , AT M i 5 S5 44 A BE XS A2 AR E R GRS AL AT 00 22 R 5T, £ IR I 25 25 1
BRI TR BN A G A B AR T IR AT, NI — 2548 7R A2 AR RS T ) T AL A
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