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Effects of waterlogging in summer on electrical impedance characteristics,

growth and physiology of roots in Pinus bungeana seedlings
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Abstract; Extreme precipitation in summer occurs more frequently in the context of climate change. Waterlogging in summer
affects the growth and survival of trees by affecting their roots, thus causing serious damage to forest ecology. Since tree roots
are buried underground, changes of roots after waterlogging are not easy to observe. The aim of this study was to use
electrical impedance spectrum ( EIS) method to non-destructively measure the electrical impedance characteristics of roots,
and therefore providing a new method for quickly understanding the damage degree of underground roots after waterlogging
stress by analyzing the correlation between electrical impedance parameters and root growth and physiological indexes. In the
study, four-year-old lacebark pine ( Pinus bungeana Zucc.) seedlings, commonly used in afforestation in north China, were
exposed to waterlogging treatments in summer: i) Control ( CK), normal management; ii) Continuous waterlogging for 3

weeks (CWL) ; and iii) Intermittent waterlogging for 3 weeks (IWL, waterlogging of 1 week+drainage of 1 week, a total of
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3 cycles, cumulative waterlogging for 3 weeks). After waterlogging and during the subsequent recovery growth period, the
EIS of the root system were measured and the spectra were classified by Class-Featuring Information Compression
( CLAFIC) . Morphological indexes, non-structural carbohydrates, and malondialdehyde content of roots were measured and
their correlations with the EIS parameters were analyzed. Root morphological indexes in CWL and IWL treatments were lower
than that in CK, and the root morphological indexes in IWL treatment were significantly lower than that in CK and CWL
treatment during the recovery period. The results indicated that both continuous and intermittent waterlogging for 3 weeks
inhibited the root growth, and intermittent waterlogging had more serious damage to roots than continuous waterlogging,
which were confirmed by the higher content of malondialdehyde in roots. The EIS of the roots showed clear changes in CWL
and IWL treatments, therein, the resistance value (Re (7)) was lower, the reactance value (Im (Z)) was higher than
that in CK, and the above parameters during the recovery growth stage changed in the opposite direction. The CLAFIC
classification results showed that EIS of roots in CWL and IWL had the highest similarity during the waterlogging period,
and their similarity with CK was higher after one month of recovery. The impedance loss factor (8) at low frequency was
linearly and positively correlated with root volume, whereas it was negatively correlated with starch content. The results
suggest that impedance loss factor has the potential to characterize the root growth and physiological changes of lacebark pine

seedlings after waterlogging stress.

Key Words: electrical impedance spectra; non-structural carbohydrate; Pinus bungeana Zucc.; root system;

waterlogging stress
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Fig.1 Air temperature variation in the plastic shed during the

experiment

http ; //www.ecologica.cn



18 11 XA A5 ZZKUEXT I BAR 2R L BT RSE B A K A BRI 8211

200 mV, 56, H 100k Q RETMA HLFHA HE EIS- 100 43, FEEA 78 50l &, AR5 0 BIHE 160 F i (R854
4%, 4% 0.3 mm, Kangsheng Europe GmbH, Wiesbaden, GE) ffi A ARZEFETE [ 2 em 4L 2 mm R, 7EH
FEAY 75— DA AL S — AN AR AL AR, ASEE AR 5 7 NS A8 IS i A B e rh O 1 sl v s F R A
P H U 326 T 3 A A S S, R T AR (] — KO AR A A B T A =k 2

HAHMY(Z,Q) RPN EYHITE—EWFR () KIS 258 B (AC) TR S HEIH UE,
W T I A P AH 200 v T BELAS BB ) Y SR BT RE DRI . 2 & M BB S Bk S IE 203 | e 92 ri BEL# %
HL DRAIRBL Y FL LR 73 (Real part, Re) FI1RE 0 HL 25 28 X FL WAL A A H0HR 3 (Imaginary part, Im) 40, 4164
YN SE TR, R AR AL S B )5, R BI85 AC HRIR RO Ay >

2 A BHPUR AL (impedance module ) |\ Z| =+/Re*+Im’ (1)
Z
A (WAL BSUBURER ) s=tan” (72 (2)

PR AE BRI A O BEATUR AR LI 12 ScHBH(Z,,, Q) 112 ZREPi(Z,,, Q) Bk, DL Rl AR AR Ak i BBt
FEMREL(S, rad) 4301 IIE ( Mean ) 1134 {8 A A7 #E 22 ( Standard Deviation ) , A 1 575 B 1 8 7 32 22
JKB5 AR K 25 3 J8 i Sk 52 AR 28 e B 5 1 284k, A SO 2R 7R 1 faL BHL A 5T M BE BT ARt R e
21d (CWL AbISE RSk E7 3 J6) (42d (IWL AR BSE AR = MEER, Eit/Ke: 3 J4) #1 72d (CWL 2L BRI 5
51 K, IWL Ab3RPRIZER 30 K ) i A P A8 Ak K P A 2 53 4

P75 ) B 2R SR HL BE BT 0P8 A CLAFIC ( Class—Featuring Information Compression ) ( LMSSC2 , Simitec
Ltd, Joensuu, Finland) #E47IH2850#7, CLAFIC 43#2 3T A T2 6 R B N 285 5 24 ST Bdis A Ee . TEAS
] U220 (AN [k 87 A0 2R ) 1% L3 0 AL s e 353 T8 T4 2 2R 2 Y 1S Bk e . 7St fi v ok
DR L3 o 0 7 B 25 A 48 B AR5 R i UK 2 (the length of the projection vector) #4328, Hirh 45
[ AERE IS T IS RUNS ANt UL RE (k (ED) 35, Ak B TR] A B BT RT3 BE Bl SE I e A 1 026

FEEAT HL BELTC I 20 28 2Z i, X 3% B SE30 ( Re ) FIHE 7 (L ) SEATARMEAL , Qo 3l ) RO L B A B0 B
MBI S A R R T R AT

Xy Xy X,
(N S CH oS CY IS CSuies CRY G c S cauas Y
L XJRTE n DR f= | f), fron, fo] T RIDIGE BIEECR (N SRR B5S j K (Re and Im) |, NTTTE A
—HAREALI R X= [ X,(), X,(N) ., Xy(O) | o B bR &, 7R E SR X 1 /N TR AR AR A A2
BN .

A7 AR K AL BIPRS00, 65 1 FRCBERE I, DL — b
CK) BT o 2 ) B, HA AL B U ZR880dlE (WL, IWL) , #E4T CK vs [CWL,IWL] BYXS F T, #5315~ 5
P AN ARG AL, LU 70 50R0R .

1.4 WRALERHIE

TR 05 SEAR AR Y L BT S IS 7R 2R 0 IR, 8 1 R AN Y 58 B AR R N2 b BB 5 R 340
T, SE VAL 5T T M b Pk e B OAR . JE ] A SROK Bk 25 4% 0, T 25 B Tk T e 144 R A5 38 B i A AR -
RN AT 25 B 1K W B SRR A, TR R I H5 4 (Epson Expression 1640X1 scanner, Epson, Quebec,
Canada) F#AR AR , A WinRHIZO Pro(2012b) 0 Hr AT MR ARABL ARRBCR
1.5 MRARAEERATE R & il E

TEALFE 0d \14d \21d ,35d \42d F1 72d B, B0 SE AR RIE S TR AR AR BRAEAS i ABEAR , 80°C Bt 1 22 o A
JE GRS FARBIEES BBy AR VR S TFARI 0.1 g FE AT, SR FH 0 R I 7 1R P 1k 0 A R T MR RN DE 5 i
e ks MEES ",

n

(3)

http ; //www.ecologica.cn



&t
B

8212 la SRS Bl 44 %

1.6 MR EE(MDA) & &l

BEUCBUREINE I SE AR RIE T8 bR, B AL P B AP AR R BEARIR 50, A e 2 U A CK1000 (bt
FEEERR A YRR R o D) I RS B, A BRBE AL 3 003 1 B AR R I SRR AR A PRI 0.15—
0.2 g, 2% SR R G B H 2Rk I 5 1 MR R P i) MDA &,
1.7 Hdiorr

IR A R (IBM SPSS Statistics 26 ) 43 BT HURE I ] FIAL BEXAR 28 v] P EE RIS A & 1 AR RIB S
E’Tﬂ? -2 ﬂl’ﬁJ ,ﬁEFFJ E‘J*ﬁ@j{l y = Wtireatment+time+treatmentXtime+g,, ,ﬂ\:qj V8 7%7%’% , treatment =3 /I\ﬂ‘f_fﬁ,time
JEBREIT ] e MO BEHLIN, 18 i3 Bonderroni PLHE 1L, FHT7 22 WOIEZSPE AR PR AL B0 4% 22 . 26 T B b
FHOC R B, HEATAR R ST S S A IR RIS T8 AR R IR TERE & 5 MR R TEh & i MAN S K
FHICAE 3 Ar , 23 s BT B S 4L K0 S B T Od LS8 s U BBORE IR (LA ZH 0040 1) e [R] BBORE 5 4 ) 3 S Ak 3
AR . R bR F A XA A DU A T S SR AT SR (E O BR R (n =4) /E 8] ( SigmaPlot 10.0)

2 HREHSH

21 MWRAEHHBTEEHRBE(Z,, ) BP0(Z,,) FBHITHFE R 2 (d) 21k

A AL FH AR ZR 1) FEL (BB AR G T = T A2 B AIG . CWL ARAE 21d (7K E7 =8 Ml 42d (PKE 5 21 K)
B, P BELESF (R A AR T 3 i BT K, B B A, HEKEIKE IE# & B 51 K (72d) Bf, CWL b3
() L BELAEC P SEFE A % R B 25 T CK RS CE A, IWL ABEAE 21d (5 IR K B B Be 45 510 B, F R
(B2 5 H AL TC W35 25 5 o 7E 42d (= IROEIALE ) I IWL A0 B3 i BELAEF- BB AE & AR R AT
CK 1 CWL 4b¥, H5 CK 4B TS 52 4 X 40 FF . 76 IWL ARHIYK A 26 30 K (72d) B, Hod B34 (A iR+
CWL 438 | 5 CK Fil CWL A3 1) S AE /MU S XA (F 2) .

BAL TR A R AEDUEREE R TR M THE . CWL AFEAE 21d F142d B, ZH0F BIHETE &SR T
BImF CK,7F 42d B, CWL ZAb#E E§E 5 CK ARBICE &, 78 CWL ALK G K & 1E 7 45 B 51 K (72d)
ff A HUE B ECT CK, X5 21d B IWL AR 3R 250V S EAE IR T CK A1 CWL A3, 55T 50 kHz
G BYCOFE R T CK AR (B =AM S AAE B A LG, T 22 5%, X0 42d BF, IWL &b
AP BMELES IR TR 55T CK A3, KIS IAZ X E S, 76 72d B IWL AR HUE S CK ol #
25 HIRET CWL LB (K 2) ,

BRI & FEE R TR M A, BRI 21d I, CWL AR & (EAEARSIHE T CK, B & SR 19 T+ 5
Mz F CK, 7@ 5 CK 1Y 8 KA THRHE X5, 7F 42d i, CWL ZbPE Y & SFX{E & T CK 4
FOEPAS W EE A B GERIM e XEA, G225, CWL ABEHEK G E 5 51 K (72d) i), 8
AR T CK B, 7E 21d B, IWL Zb3Y & ~FIA(E ARSI T B R AIK T CK A1 CWL b3, B 25 4% 1 i 1%
Wi T AR BE IS CK ABEAYEE BT X 40T 7R 42d 4 T IWL AR 3 § [#3% 5 CK Al CWL
AP T ARSI WA IX 4, WL ARBREY § S (EAE KR 1E 45 FEAE 30 K (72d) MK T CK ZbBE, {HiS T CWL &b
PHOAERARR  TWL Ab B & [B135-5 Al 4~ b R B35 28 A/, 5 CK AABE T X (K 2) .
2.2 MRFRHEHPTEE SR CLAFIC 43284541

CK b3 7, B3 5 A7k B A B Z,, B3 LE A 78 21d B (CWL AR S /KB 3 J s IWL A FH/K 57 2
JA L HEZK 1), CK AR 3R I 55954 7K B A 3R AL IR 335 L il — 380, XA B (181 3) o 7E 42d B (CWL
IR F A HE 21 K IWL AAFESE K, 3 AN/KEEIR) , 5 CWL Ab AR & &, i 7E 72d i (CWL R & IE % 45
PSS 51 K IWL AbEEYR A 26 30 X ) , 5 IWL 4B 7, RS B (/1 3)

CWL &b 3 7, B35 5 AP S bR Z,, B3 L b 76 21d B, CWL Ab 3 5 TWL b2 7% [#133% 55 R AH AL,
ARLEE Y LR 50%—91.7% (18 3) o 7E 42d I}, CWL LB 7, K3% 5 CK A0 BRAY IS AR LR 40 s, i 5
IWL AbF 7, BTSRRI, 224 k=3 B, 5 BRI AUA 25% (181 3) . 76 72d B, CWL ALBREY 7, 1613

http ; //www.ecologica.cn



18 4] XA A5 ZZKUEXT I BAR 2R L BT RSE B A K A BRI 8213

—— CKave — CWLave -z IWLave
-——- CKstd ——- CWLstd —---IWLstd

21d 42d 72d

95000
78000

61000

HIFH (Z.)

Resistance/Q

44000

27000

10000

=10000

=20000

gﬁ (Zlm)
Reactance/Q

=-30000

FHHTHAFE R
Impedance loss factor

0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300
$i% Frequency/kHz
2 BEFKEMERARMREARRANBEREIESBMERENTL

Fig.2 The change of electrical impedance spectrum parameter of the root system with frequency in Pinus bungeana seedlings after

waterlogging stress in summer
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Fig.3 CLAFIC analysis of the real part of impedance spectra in Pinus bungeana seedlings after waterlogging stress in summer
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