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Circadian rhythm of root pressurein popular and itsdriving factors
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Institute of New Forestry Technology, Chinese Academy of Forestry, Beijing 100091, China

Abstract

Aims Our main purposes were to investigate root pressure and its circadian rhythm of excised roots in ‘84K’
popular (Populus alba x P. glandulosa) cultured in soil and solution, to explore the influencing factors and their
relationships with root pressure systematically and to understand the generation and rhythm regulation of root
pressure.

Methods We investigated the root pressure of excised roots in ‘84K’ popular using the method of digital pres-
sure transducer. The diurnal rhythm of excised roots was conducted through different experimental treatments in-
cluding sampling in different time, defoliation and girdling, together with ambient condition like soil temperature,
differential or consistant temperature during day and night. Then we discussed the effects of root respiration and
hydraulic conductivity on root pressure by further using chemical inhibitor. Furthermore, diurnal variation of os-
motic potential and ions content as well as soluble sugar content of exudation was determined in order to explore
their relationships with root pressure rhythm.

Important findings Root pressure of excised roots in popular had diurnal rhythm which was higher during day-
time and lower overnight. It reached its peak value in the morning to noon and valley value at 20:00. Root pres-
sure of excised roots sampled at different time and cultured in different medium had influence on the rhythm of
root pressure to some degrees, but did not the general rhythm of high in daytime and low overnight. Defoliation,
girdling and the inhibitors for root respiration or cytomembrane hydraulic conductivity could affect the maximum
value of root pressure while have no significant influence on the daily rhythm. Defoliation, girdling and respiration
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inhibitor reduced the maximum value of root pressure, whereas the hydraulic conductivity inhibitor had little in-
fluence on root pressure. The maximum value of root pressure declined with the decrease in soil temperature
which could change the rhythm of root pressure. The synchronous change in the maximum value of root pressure
and root respiration rate with temperature indicated that root respiration contributed to the change of root pressure
along with temperature. Osmotic potential of root exudation was higher during the daytime and lower at night.
Diurnal variations of ions and soluble sugar content of exudation were consistant with that of osmotic potential.
The peak of root pressure measured under the condition of differential temperature during day and night was sig-
nificant higher than that measured under constant temperature. In conclusion, root pressure of the poplar ‘84K’
showed significant diurnal rhythm, i.e. higher during the daytime and lower at night. The maximum value of root
pressure was mainly regulated by root respiration metabolism. The factors such as respiration inhibitor, respiration
substrate and temperature influence the value of the maximum root pressure of poplar ‘84K’. Root hydraulic con-

ductivity had no significant influence on root pressure.
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SETEYIATPII KRR, PRI A A AR 57K 7 IR
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s, BT M BRI RE IR IR, B3R V2R L)
Hoagland’& 72 ¥R, 1% M8 AT IR T ik & K J1 i ds 2
J&, A IIINZEHR 2R BB 2 5, 0 R
UK, WS R RN E, KR
W EER (15 W9 h)EE (25 C/19 C), HAthlF .
122 SR AR 2890 E

I WY T 6 4 0 5 £ FH Clark -ty pe AR 3 S8 X
(pro20, Yellow Springs Instruments, Yellow Springs,
USA)XH FEE B HE T (Wan & Zwiazek, 1999), 5¢
BKEE AR RIAE— D EH W BEAERN, &
AT T 40 IR 120K FE Hoagland & 771, JES 0

doi: 10.17521/cjpe.2016.0098

O 4= 45245 Chinese Journal of Plant Ecology



372 WMHEZLAR Chinese Journal of Plant Ecology 2017, 41 (3): 369-377

—ANEE IR, RS SR RGN E B
TRFFDERE, PRUERIA R SEIR 5. (D) AS R 2%
PRI E M 5, £ N TR N 5E R, W74
W B IR0, 1015 C, R IR0RE V- 5
FUGI e, M NREMEeRES . HEAEM2 min
WME —IK, FREeE30 min, 133 — AN F1E . X5
48 5 FH B A7 I 8] B0 AR AR (B 2RI 15 AR R AR 4
i (mmol-cm -SRI . (2)HIB IR IR
FOHIE FHAREEM &, 7EINAZG S ATE4T30 minffyFE
AEME, VBN, 2 5 AR L) 256N
NJETALFE1S min, 78501855, %4 R THE
AR E
123 BERRRKNDZESEHNE

AR K 755 W e i s R A
(HPFM-13-118, Dynamax, Houston, USA)(Wan &
Zwiazek, 1999), MESCAKIEHAR, TEK TR H AL
Hhy bR B, fRE —BUEZE (26 om), B L
TR AR R I RS, AR5 MR 2P IE 5K
e b, Pl — B RS AR IE . E R,
MG R % — K8 mmiI K2, #& AR,
—ANHTI ) — UM 25 b )P 5 F 28 1K v
Vet BaEmm iU oK E 52258, Eit
BIFE, BEAREIR/K, tHZ ke i i sl
BEM/D, R R ok e A IR,
IR B D BT I e, WA R NIRRT
FEo MEAWR)G, FARRAFAE T4, FHERI
(Scanjet G3010, HP, i) 414 3 FIAR & 40 B # At
B & S A (WInRHIZO 20133, Regent Instru-
ment, Quebec, Canada). H LATHFEIR R SK%K, HE
B kg-skPart-em . S E B A AL A 1)
KT, AR, SRJE NN 58 7R 24 i (R
1), 4FE10 minj5 AT /K 715 3 REE, B
FIRREA L N6k
124 BERAZAGREVEEMSES. BFE
2. AN ESENNE

1E 20:00%%F B A M 2 16 7% B S =, /R IR &
T8 emibBY Jutth sy, RIE—BS mmif K E,
T AT, & L —TRKE, EiR25 C. HK
B 5 — i FH 3 D B (A e 28 K . NEE K 5:00iE,
FER B S NI R AR 2B 08, id,
PR B Ja VA VR AR AT, ELE20:00, BT 5 &
WBIFE N, HEH6. BTSRRI RGNS R

www.plant-ecology.com

(Osmomat 030, Gonotec, Berlin, Germany)ill i€ %%
SRPE, FREE AR IRAT o

B IR TS K035 35 5 B B 07 fE Os-mol -kg ™, %
ANEET S BT B AR IR A T R R ) R
IREL, IR e 5 B E (W)

P=—ix CXRXT
K, PR RIS /B, CATEBE/RIRE, RN
SR, TRARSTHRE . WA REd A,
S EE S, A AkPa.

W T & & R E 2 % Secchi A
Zwieniecki (2012) 1] 77 %, H H 5 % H ] (InLab
751-4 mm, Mettler-Toledo, Leicester, UK )il & £ 5 )
HSR, B MM RE, HEE KGR
MR AR BT o W5 2 1, SEillsE — R AR K C
PRUER I S R AR T 28, Rk, SR EFOR
K& & (mmol -L7Y), A ECREIRI R L h, Bafr
I} 1) A 25 7 1B s ammol - L min™t . 7] A
FA B E J7 15 2 T R U V%, 2 IR Secchi Al
Zwieniecki (2012), EAKT7V2ZH50 L Xt HE(7K)F1
P SRJEIIA150 pl B 4 CUKIE10 min;
100 ‘CIRE20 min; EIRAZE 20 min; F96FLARAEM
JEPEEAG04L S, EAKS, HArmgmL™, 7 E
VEREbRAERZR, 5255 RS —2oR Immol-L™ht,
125 ZirsthfER

FASPSS 203:47 B[R 5 22 43 At I 22 e PR LU AR,
7K Fa =0.05. ISigmaPlot 10.0f# & . Frf il
EHEA6NER.

2 HFERMD

21 RENERT B R EER B X HR E /IS0

R 2B B MER T, AR T,
It o5 0 5 B TR A G, B A AR R AR R T R B
B I R g 0 e, 1 B A B, A B HT
HIL(EIL) . — KA [E 8] 5B B 2R Al 52 A AR
FERUAFE AL, BIE SR, R BT AL
FSURE WU 15 PR AR A D £ 4 il tH L 7E 12:10,, 8:20, 11:10,
12 ft I35 G U 45 PR AR s Ve F e el 1 E 1 DA 1)
R W AR BH S A%, — 3 B0k 2R 1 I 1) 22 S A
Ko FBEE N E A EK, = fus(E a8 B
N [i) e iRz 0, W E #2390 5:00, A E #2120:10,
5% B EURE 00 95 PRI AR R AP A R, 1 A EOURE I 73 111 e
(ER ST

O 4= 45245 Chinese Journal of Plant Ecology



30
----- %R Predawn
20 —— IE4* Noon
™\ — {4 Late afternoon

10

HJE Root pressure (kPa)
(=)

—39.00 19:00 7:00 19:00 7:00 19:00 7:00 19:00
it Z] Oclock

Bl ANEI )R ORI 52 AR B R
Fig. 1 The circadian rhythm of root pressure measured at
different time of aday.
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Fig. 2 The root pressure measured under different soil tem-
peratures.
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Fig. 3 The maximum of root pressure and respiration rate
measured under different soil temperatures (mean + SD, n = 6).
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Fig. 7 Effects of inhibitors on the maximum of root pressure
(mean + SD, n = 3-6, « = 0.05. CK, Control; T4, treatment 1,
0.1 mmol-L™ HgCly; T,, treatment 2, 1.0 mmol-L™ NaNg; T,
treatment 3, 1.0 mmol-L™ NaN; + 0.1 mmol-L™ HgCl,).
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Table1l Effects of inhibitors on root respiration rate and hydraulic conduc-
tivity (mean + SD)
AbHE 5
Dispose dose

R 2R W 3 2 1 [ ESULIES
Inhibition percentage of Inhibition percentage of root
root respiration (%)  hydraulic conductance (%)

1.0 mmol-L ™ NaN3 44.07 + 15.35% 41.66 + 14.83%
0.1 mmol-L™ HgCl, 23.16 +0.01° 50.94 + 31.37%
1.0 mmol-L ™ NaN+ 50.00 + 4.55° 44.04 + 21.49%

0.1 mmol-L™ HgCl,

FFIAR NG FBRR 27 R (p < 0.05).
Different lowercase letters indicate significant difference (p < 0.05).
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Fig. 9 Diurna variation of ions and sugar in the exudation
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