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Effect of Precipitation Exclusion on Physiological Characteristics of Fine
Roots of Cunninghamia lanceolata Saplings

CHEN Xinyi'®>2, WU Chen'**2, HUANG Jinxue'®", XIONG Decheng!'®>?, YANG Zhijie'®"?

(la. Fujian Provincial Key Laboratory for Plant Eco-physiology; 1b. School of Geographical Sciences, Fujian Normal University, Fuzhou 350007, China;

2. Fujian Sanming Forest Ecosystem National Observation and Research Station, Sanming 365002, Fujian, China)

Abstract: In order to reveal the response mechanism of Cunninghamia lanceolata to drought in subtropical
region, the physiological characteristics of fine roots under precipitation exclusion were studied at the National
Field Scientific Observation and Research Station of Forest Ecosystem in Sanming, Fujian. The results showed
that soil moisture under precipitation exclusion decreased significantly (P<0.05) compared with the control, but
the contents of superoxide anion radical and malondialdehyde in fine roots had not significant differences (P>
0.05), indicating that the fine roots of Chinese fir maintained a low level of membrane lipid oxidation damage.
The contents of proline, glutathione (GSH) and hydrogen peroxide (H2O.) increased significantly compared with
the control (P<0.05), indicating that Chinese fir was subjected to some degree of drought stress and self-regulation.
GSH content significantly increased to some extent due to the accumulation of H,O, caused by long-term
precipitation exclusion, and there was a significant positive correlation between H,O, and GSH (P<0.01).
Compared with the control, precipitation exclusion decreased the contents of endogenous hormones, such as

cytokinin and indoleacetic acid, but they had not significantly correlated with the growth regulation of Chinese fir.
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In addition, the activity of superoxide dismutase under precipitation exclusion decreased by 21.5% (£<0.05), and

peroxidase activity increased by 16.7% (P<0.05). However, the effect of antioxidant enzyme system on water

deficit adaptation in fine roots of Chinese fir was weak. Therefore, Chinese fir could effectively adapt to the

significant decrease of soil moisture under 50% precipitation exclusion through comprehensive regulation of

non-enzymatic substances such as osmotic substances and endogenous hormones in fine roots.

Key words: Precipitation exclusion; Cunninghamia lanceolata; Fine root; Antioxidant system; Endogenous

hormones

5 IPCC iy, AEBRFFEKHE AT RESAEARK 20
ENRERZELE, o T RN, R
FEXA P it RIS T A N VF 2 4238
A RE, a1 S BUEY) 40 S M4 (reactive oxygen
species, ROS)Rifif 2 flif H: A7 2 K & A —- % (malondial-
dehyde, MDA), M40 B IIRS E . 5511l
AV 5T AR PSS, i 52 25 A1 N A4 AL AT BE Rk
FEEERARTIRA, — ey BRI AR EER AR A
B A AERR IR Y T ((2E AT YT RS 55
XTYERF ROS P Tke E R . HATTE i
L ER G LIERR ROS H HHE, BRI G smis 1% 1Y,
DA B 368 sk 38 25 0 o) A A DT sk 2 e B Y RE ST
MY ERE, T PR Bk IF BRI
FEARSAL R ARG EH R, M A SR A AR BRHIE A
W22 mlel, MAR(EA<2 mm)fENRRFTE
R P MU S i (138 0, RSO T IR0
MG TR EREES T, &2 8Ky &
BARAY JE AT ) b AR A S AE S AT I R
I, A D EERTMRARAE B 7K /b T 4R A2 BRARFAE S5 A
AR AT e 5 A 5T

1 A R 3K 3 RO 5 R P 4R AR % &R I O
Ol R E AR, AH T AHRR B 7K I8 D 1 AR 2 e AL
HEA RHRNBT T o BB P KT h 4R A (2 R 5t
e AT AEAE G o A BT T3 BT 5 dR AR ik 4k
SRR S A P 1 2 s, — e R AR
T ARAR 2 B ) T R A0S T SRR AP T
ST X ek A T 5T R %) 4 AR S e A A 1) A
TERAERR. BHTRKRY, MET RN, 40
AL ERERVERD S B N PE, ROS S m N m, H
i EAEKT B LR R, AR DRz, K
AR TR R H, AR RERI PR M-
A5 I TR A A0 2 5 24 i S0 30 J5E DA = B 213
B oG AN S B T B K A 4 AR 7% 43 R AT (ELVE K
RN, SAEWIFARES. KT TR HR
A FRRHAE R S AT 9T AR HHAE ROS AR AT A AL

BT AR, RS Mt EROR ST, B
FEVTT A RO T, B 4R S 8
B PRABAR BT T, EPUS IR bR R EL A 4
. WEFEHEYR ROS AR BT P AR
V& 2SR ST R R RN E .,

AWFFFRE, 1980 4F AR A X + 3+ 2
T2 P R EEo-200, 5 7 [ P A0t T FR AR 3 5 e B
(AR 78 £ BRI BT 5 R T RIXEE, R
X G AN A SRS, R A Hh X AR AT
B B 1) B TR R Z o 42 R (Cunninghamia
lanceolata){E 79381 NV #47 H X 1A 55 i AR A Fl,
& H AN TARTHAR ) 6.5% FRE N TARE R 19%,
SRR E AL AE = R SCERPY, BTk, ARSI L
T2 ARHA R (1) 50% R K B 552 75 52 o
T WAL ARG AR I A BRI 2 (2) ARSI
AR 0] 72 A 2 7 1 (B 02 5 BRI P A R 458 ) ik
TR, & A BRFR AR (A (] S B2 A 9T 1 HX
K2 ARG It FERE G, ) FH B 2 B /K3 (0, —50%)
XTAHAR ) ROS A 5P A MBS 1 BIE TR
IR EER AR PR E SR bR AT AL, R E A
i N AR AE = D148 DL R A BB EE 5t R R
A2 R G IE ML) T TR AR 2 A -

1 BRI TR

1.1 B SR

G AL T4 & = B R A S R KB4k
R W IBH 7 3k BRI 25(26°19' N, 117°36" E)o
%X R ZE A, AEPERR 19.1 °C, 4R
PRI KE 1 688 mm, FE/KEFEI H—8 H. X
WY 2 N R, PR 300 mo HIEDLE
“EHERE KB N T
1.2 R wt

WIS WE 2 MEFE: BRE K 50% (PR)FIXS
(CK), T 5 AHEE, it 10 MK, AX
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BEALHES . A/ DX RN 2 mx2 m, 75X FE
4 Ht PVC H(70 cmx200 cm)fE T LABS 1k [X 18] T3,
PVC BN T 70 em (B 1) 3R536 A1 H 35 H
L5 B3 R AZ AR N AR, S 7 VR B 3 1 S T
([F)— A= 3ESR R b A [R] 2 ) A7 B EURE BT 0 5 1 - 38
IR FHIK 4y S R 1 22 7)), % 0~10. 10~20.
20~70 cm 7 EELEIHF LB AR R DA%, =
SRPEBISE BB /NX N, R A Al
HPERFER AR MM . T 2013 4 11 AERANNX K
BISIFiAE 4 #R 1 a A FEONEAZ K41 3 FH -5 65 hib
W, ARG T E S AR, 25,7+

2.5) em, #148(3.4£0.4) mm. FILE/NX 1.5 m &b
3R 5 cm JHCE — R IE B FLIRH(0.05 mx5 m), #
FL 2 T 32 b S04 e R KR e R X ()
1), LLIEF] 50%M KRG RS, TLIR MR ke & = FE p
I HAZ ARG AR KT e T s . T35
NXHEZR TR 10 om A0 ¥ 3R AR RS,
DA M 00 - 458 0 B R A3 AR A, A B A B T
KRG AT I . M 2018 4E 4 H M0 Kb
KFE, PR CK AR E LR E %R, H
VR FE B T M (P<0.05), #1125 H Wik 56 1k 2] 75
SO e 7K o 5 R

o

B 1 IR R R B K R BRI A IR At B FRE KRR R, C: PR BR s

Fig. 1 Schematic diagram of sample plot and precipitation exclusion device. A: Perspective of sample plot; B: Precipitation exclusion sample plot; C: Schematic

diagram of precipitation exclusion device.

1.3 AR KA KA

2018 4 4 H(FRESFEK 4 a J5), RALENE, T
BN RIE AN DAL 0 R0 5 45 25 A URE DA R
TEFCBEHLIE) L 6 A hgh, LA NAE 3.5 cm, HUFEIR
FEON 10 emo KRR RAGHIA0ARPE R &
B2, BRRIRARADIREL, A ARG
ritke KMBYIFRIRAFEG 279 0~1 A1 1~2 mm
MR CABT AL 0~1 mm HRENHIFNR), TR
PR BB L S ARG DLk AR, Phike
U A ZRAR F T UK EAT ORAF o BURRE FRY ]I X6 % et A1 g

RAERKBEAT [F05E .
1.4 ¥

ROS 5 MDA &  BHENE 7 H i
(superoxide radical, O )>RH B AMEN €, i
A& (hydrogen peroxide, HyO») % &K H Prochaz-
kova ZERPH A 5, MDA & &2 R HmRACE L Z
L (TBA)II E ),

BE WY R IR E N A HE H (soluble
protein, SP) %R FH 2% 15 7 i bL il e 260, I
S (proline, Pro) & &K FH IR e =i Lb (A ikl s 27,
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2 bt H ik (glutathione, GSH) % & 2% Kampfenkel
SRR T E

BRI B I W 2 i A AL W) AL B (super-
oxide dismutase, SOD)if MK F ¥ N 04 S5 A0 B D
P, i AL A (catalase, CAT)TEPE R 2840 2%
W%, 28 Trevor R ENE s i H ARG
(peroxidase, POD)¥ 4K F & G A L € kil 2 B,
3 e H K S AL WD (glutathione  peroxidase, GPX)
5K A Khatuna SEC 75 E s S PrafbEe
(total antioxidant capacity, T-AOC)Z: [l Dinis %13/
J7 D E o

WRBREASEN € Ji 7% PR (abscisic  acid,
ABA). M|k Z,fi%(indoleacetic acid, IAA)FIZHf 354 2%
(cytokinin, CTK)¥Z%# Voesenek “5B4I 771£M 52
1.5 HmabE

HIHS SPSS 25.0 # X By AT AL F o3 T, oK
FABRSTREA ¢ A 300 P b AL 2R A) - 38 IRVR FE . 2K
B B A K S AR SR bR 22 AT 0 A, A
IR Pearson FHICIHE A0 ) . S8 AL A 8
ANE T H RIS BERTYR . R EEEE RN
PBCR A8 RIAT o BEMEKPEREN P=
0.05. #f Origin 10.5 B {5 B AE R

2 SRR B

2.1 ALY AEKRFIERZL

MFE 1 BT 0L, 2018 4 4 H Wil ) -8 B, PR
WP CK [AITC R 2 5%, (2 R R B2 R (P<
0.05); PR AR [IM Ry BFRE CK 7 Al B & e
21.6%7#1 18.5% (P<0.05).

1 RR RS BNt IR B A AR A KK R
Table 1 Effect of precipitation exclusion on soil temperature, humidity and

growth of Cunninghamia lanceolata

ate 3/ TR ort Jg 4z
sl . .
Treat Soil Soil Tree Breast
ment temperature humidity height diameter
() 1% (m) (cm)
CK 20.07+0.24a 26.12+0.56a 5.12+0.15b 5.384+0.24b
PR 20.85+0.32a 22.76+0.67b 6.15+0.26a 6.36+0.15a

A FEd 5 AN ) 5 B R 22 5 1R 35 (P<0.05); CK: XTI PR: FES
Ko T

Data followed different letters within column indicated significant
difference at 0.05 level. CK: Control; PR: Precipitation exclusion. The

same below

2.2 FRE KN ARSI B S BRI
K 2 i, 5 CK AL, BRES 50%F4% K642
KRR ) Ha O, 25 8 5 2 1IN (P<0.05), £1°4 CK
1) 1.5 f%; O3 F1 MDA & &7 2 & 2 4h(P>0.05).
2.3 R B M KT HARE A TR 1T ) R A AR 3 BE 1 10
A
5 CK #E, PR ZGEEI4HAR SP & &AL
#(P>0.05), Pro Al GSH & & & 2 H N (P<0.05), %)
9 CK 1 1.4 £5(& 3). B4 mT UL, R S Bk 4
IRAS R OR3P B S PE R SE IR AS ], PR 403 S 40 SOD
TETEREEILT 21.5%, POD Wi TN 16.7%
(P<0.05), T CAT. GPX iftHEMl T-AOC & #E4
1£(P>0.05).
2.4 FEESREK N GHHR A YRR S
HE 5 %1, 5 CK A7, PR AR 40HE ABA

A~

SRR EBMNP>0.05), 1 TAA F1 CTK &85
B3 T % 16.5%H 15.4% (P<0.05).
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- . 20F i‘r
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P 2 B8 S KON A2 AR 4l R AR AT g —

TEMEW. 0 JEMNE; or: HWEETHMmEE MDA: W _f. TH

Fig. 2 Effects of precipitation exclusion on reactive oxygen species and malondialdehyde contents in fine roots of Cunninghamia lanceolata saplings. HyO»:

Hydrogen peroxide; O : Superoxide radical; MDA: Malondialdehyde. The same below
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Fig. 3 Effect of precipitation exclusion on osmoregulation substances in fine roots of Cunninghamia lanceolata saplings. SP: Soluble protein; Pro: Proline; GSH:

Glutathione. The same below
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M. TR
Fig. 4 Effect of precipitation exclusion on antioxidant enzyme activities in fine roots of Cunninghamia lanceolata saplings. SOD: Superoxide dismutase; CAT:

Catalase; POD: Peroxidase; GPX: Glutathione peroxidase; T-AOC: Total antioxidant capacity. The same below

2.5 FHRMES T FIR 2 (P<0.01)IEAH G X & GSH & &5 MDA

XA SH R AEFEFRAM ROS\MDA  FEE2RZF IEMXKRP<0.05), 5 H0:TEE
ERMATHRMIES TR 2), EREWH, AR REE EEXIRRP<0.01); H AR T8 br ] 1) FH
] T-AOC 5 MDA. O § &4l 2 2% (P<0.05) AR,
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Fig. 5 Effect of precipitation exclusion on endogenous hormones in fine roots of Cunninghamia lanceolata saplings. ABA: Abscisic acid; IAA: Indoleacetic

acid; CTK: Cytokinin. The same below

2 N WHEME BERE T E MRS BER I DR RS R SN JRR R R S )

Table 2 Correlation analysis between malondialdehyde, hydrogen peroxide, superoxide radical and osmotic adjustment substances, antioxidant enzyme

activities, endogenous hormones

*E */JA\ Index MDA Oz_ HzOz *E */JA\ Index MDA O 2_ HzOz
T-AOC 0.803* 0.898** 0.462 SP 0.160 0.220 —0.254
SOD —0.170 0.454 —0.804 Pro 0.364 0.085 0.636
CAT 0.202 0.099 0.201 ABA -0.271 -0.712 0.240
POD 0.241 —0.100 0.698 CTK —0.064 0.564 —0.469
GPX —-0.432 —-0.499 —0.338 IAA —0.282 0.153 —0.625
GSH 0.793* 0.239 0.929%*

*: P<0.05; **: P<0.01
3 et

3.1 FREREK XM ROS 1 MDA KIF0H

ROS &M Al NG Ik H A RE 150 1 & B
PLEFR, BFEOT . Ha02 5, T2l ot S A0 A
F o, HAEAE R 774 MDA, R i) Bl T MDA
14 R A W A A 20 PR S i SR A AR FE D). TR IR
FeKE SN, HEWERe4ERE ROS A 552
APHP, R RERH, HIRRERE
B, H HAZARGH AR 05 Al MDA & &40 A
B3, M H0, SEEFEWN. XR|TFEFHT
2 A 20 AR L G 3t S 1 M 3 D 388 o 52 P P2 P A
H 10, R E Il fe 2 H T 4 a Bk S,
ROS (38— fEfE Lif S T it S IE R R 5
[P, W1 Ha0, ITE BRI POD Al CAT G L1 &,
B K 23 B 25 1T fiE £ 5 80 Ha0n AR Bl — 52
BIE, BEIE RSB 2 D) K, fRYEE
S MR R A B A S A Ak
iE. BbAh, BARO: EENEREY SOD Gt R E T

e, (HO: B LEEZM. nTRERARITEL R
it GSH Fr&R R 1m, 15 5 s o fs = m
P, X H Y2 — H0, & & B G ) wl
REJR Ao T 0 O IR 25 T B 12.9%, MDA
EERAFARHIH S, REZARHRN T T 5
I8 B IR R S R, BeiEAT — BRI
Ty, XE5MRE 5 ESR 40 (Reaumuria soon-
gorica) K1 7T 45 FAHL o
3.2 IR HLE A RGN B S R K e v B

BE T AR AN R G A R
A IS E e R IR s, RIS P A R
FRIEE BT, MYRRKSERTR 595
IEFERI), SP Ae R s M i Rk P, Pro BECRY &
R AEZK S 38 R A, 75 40 S A is S5
MR EZEH, EWERNEEEAS, 1 GSH
T — Pl E B AR BT AL RIS A A IR R
B, 5xAHLG, B2 AR4EE Pro A1 GSH 7 & 3%
BN, XA RS AS A GNAR N A A IR B K 23 B O () —
&S, MRALARMPLRE R IRE, £L18Ky
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B E LT Rl I R R B E ) AT A AL
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R A3 e H BE(GSSG) ) GPX 35 11 R A i 25 484k,
XA GSH & &I mT fe S K2 — . Pro iRJE &
e 1T Re R R T K Bl B KAk A
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PR b3 N EAR GG KA, X MR Pro
KB RS, A2 KB IE T e i35k . At
FIERY, BEARKITRESHmEDRKEK, W
153 SP FFUA i, (HAR 56 SP & = A1 0 1k,
AIREH Pro. GSH & & W& WM IR RAEAE, (R
FoE Ry, ARITHREEANS T KD 7=
I

SOD. CAT. POD. GPX %&bt
R ERGS, nIERE Y RN ROS, BEANEEIER)
2R S8 I HTEA RE ) B R T3 L i il 1 19 ) 4
SR, AR AR B, BB R K R AZARHHAR 1) POD.
CAT JEPEEON B 5k . Horr, POD 75 1% i 2 4 o,
F B XS K AR EBURR, KRR B B K I T
RERREE/E R . SOD GPX Wi VBN FRFEAIL, IF
H SOD iHMRIN B ZEFEAL, JHE T B2 K EY
TN Ha0, XF SOD 3 M RIELERP). BAKE, [
5 B KSR T AZ AR HIAR 1 A BT A L BB Ot HE G
SR, ATRESE RN 3R R IR R B R 2 AR AL
IR, S PTENEE RS0 B b 2 AR
%%, SOD %5 05 F &, CAT. POD &t 5 H,0,
O R [E] S5 AR I B B AH G, I H H20, 5 CAT
[) Pearson 3¢ REM LT E /)N, R A ARLNR
ROS K BEAR HL AL 28 G5 06F 7K 43 Bl 25 138 37 1 2 5%
550 A RSO ARPUEAERE Y, SRR S
/DA SRk ROS R AT AT i R i Tk 484473 55 [ 1
AR

NIRRT YIRS 51 S h iR EEEH,
GELY/LLNTIBGRONR &S & ik N 1P ST R F a1
W, AEE A, AR EY) R 5isifE. ABA
SEAEPYER AT R R ARIEE S, AR AR K
A, T CTK AT DR /24, ZE 224
M, IAA MHEAKEARIEEA, - H ABA
5 CTK. TAA [EfAEFSE PR RPN, T BB 1Y)
) ABA & HGEIE#ER, 16 IAA. CTK & HGiE
VR DY AR FE A, BB K S 2 AR AR 1)

IAA. CTK 737l E LT 16.5%F 15.4%, W#E
SN HoOp E N, fE 1542 AR AR I &5 44 1) 7%
A Z B, (HEAFT ABA KRR . FZAH
R ABA &R BIER IR ZE S, SiTA
WFF 5 A —3, AT REAR KIS B PR & AR
WATRE TR, SR AR 51 ABA M SR B,
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