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Characteristics of stem flow of young jujube tree at different reproductive
periods and their relationship with environmental factors
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Abstract: A package type stem flow meter for continuous measurement of young jujube tree stem flow rate was
adopted to allow synchronous monitoring four environmental factors including solar radiation, temperature, air humidity
and wind speed. Stem flow characteristics of Chinese jujube at different development stages were investigated and their
relationship with environment variations was also analyzed. The results showed that stem flow was active at night. Except
for the stem the flow rate curve W, that exhibited a bimodal at the fruit enlargement stage, the rest were single peak dur-
ing the growth period. In addition, the cumulative amount of change in Japan curves was in an “S” shape. The average
daily water consumption amount and the total water consumption were both increased firstly, and then went decreased,
exhibiting marked differences. The difference was the lowest at the budding and leaf expanding stage W;, and reached
the highest at the fruit enlargement period W,. The average daily water consumption amounts were 2.78 L. and 8.31 L,
respectively, and the total water consumption amounts were 83.39 L and 249.30 L, respectively. Furthermore, stem
flow rate curve, solar radiation and temperature curve waveforms displayed almost the same varying trends, different from
those of the air humidity curve waveform change trend. The partial correlation analysis between stem flow rate and envi-
ronmental factors indicated that the main factors affecting the jujube tree stem flow rate varied, but the partial correlation

coefficients between the highest solar radiation and the progressive growth periods were 0.767, 0.762, 0.873, 0.838,
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0.603 and 0.825, respectively. By employing a multiple linear regression to study stem flow rate of Chinese jujube at

different reproductive periods and environmental factors for stepwise regression, with the regression coefficient and corre-

lation coefficient tests, the multiple linear regression equation had reached a significant level.

Keywords: Aksu area; Chinese jujube; growth period; stem flow rate; environmental factors
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Table 1  The physical and chemical properties of test soil

. . & Rk ki BUFE i &Nt
YR 1 w » ﬂij.ih K'm A .)\Ei B PR
. Volume weight Maximum field Organic matter Total
Depth Soil . . . pH
Je text of soil capacity content nitrogen
o extare /(g'cm_3) / % /(g'kg_l> /(g'kg'l)
0~20 1 Loam 1.6067 19.7 2.25 0.672 8.67
20 ~ 40 i1 Sand 1.4013 24.7 0.76 0.553 8.69
40 ~ 60 ZIHi L Red clay 1.6093 27.3 0.67 0.355 8.70
60 ~ 80 fib 1 Sand 1.4620 24.4 0.34 0.622 8.78
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Table 2 The main parameters of the test on sample trees
o T4 M b AL IR AL H AR
Sample t Trunk diameter Height Crown Diameter at the
Sample free /cm /m /m sensor package/cm
1 3.25 1.96 1.29 3.17
2 3.17 1.87 1.20 3.05
3 3.14 1.94 1.24 3.06
Sy Average 3.18 1.92 1.24 3.09
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Fig.2  Diurnal changes of jujube stem flows at different growth periods
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Table 4 Water conditions at different growth periods of jujube

HRE B Jujube tree growth period

MH LRSS A A ] R R ) VT
Item (W) (W) (W3) (Wa) (Ws) (W)
Leaf bud stage Flowering Fruit setting Fruit enlargement Fruit maturity Defoliation
REX Days/d 30 30 30 30 30 30
HF3 kK /L
Daily average 2.78 3.54 4.56 8.31 7.46 4.11
water consumption
HFE
BHEK/L 83.39 106.20 136.80 249.30 223.80 123.30

Total water consumption

2.4 AREBEHAEMBERERSRNERTFH

TEBEAME AR T o AR 2R R AN S
HE AR B A7 G, T H 5N R N 7 R R
P10 P 4 Sk A A T P 2R I R R
BN T Z B AE B0, AR AE T I, SRR ER B I
TERIRAFAEE S, EL 25 12 23R T 2 15 A BH 6 4 A it
JE M ZRPIE AL A FEA — 2, 5 2 R i 2R
ARSI S, BV K238 Bl , Bl K BH e 4
S AN, B RE T AR B i BT, 25 MR A,
S 2 i S AR R N5, T 250 AT T A 1 5 250

2 5 XU £ T A2 A R A B W I R
ko AMAIREE R, K PR S o B T DA S e i
JEE RS SR AR A, PRI R PR 5 5 25 0 R ok
RIEY] o We IR BH 4R 5958 B2 55 A%, (5 W, 1253
PRI AN /N 3O T W, AR A B 2l 55,
TR B /N, 28 AR FHABCAIG , B AR O B 4 S o 38 A X
T W 8K A28 sl R (E 28N 220 A 9 s
it 5 A P 2 S A 38 R, ZE P BRI T K (HAN[R]
A I PN AR 2R A 3 ) U L O P S 1) M (A
B B R ENAAAE— B 22 57, W, I W, BT ISR T 05
H 2 h, W3 Il Ws B & I T 54 0.5 h, W, B & i



555 Z

TS N A A B A R 2R R AR IE M LS IR I e R 59

[ — 250, W, P25 37 3 B A e, L3 38 A
O 25 0 P ¥ S 909 K 2500k S 0 (1 2 )
BT W, K BHAR SR A, h /7 23 SRR S v L
I I, A FR /K TC 1 He e S A RE K
R IR 4 X R % 5 Hf AR
FIFAS TR T7) 244 A B 56 T B R 50, AR 25 o R

—— K B4 45 PAR —x—éom\_i Sap flow rate_

i: 1200 [—o— i J& Temperature —— %5 i & A1rhum1d1ty 80
Re &
=0’z 1000 70 o%
ER 1% ez
SZ 8001 150 2
E < =
3% 5=
2< 600] 140 2=
ot £<
AF 400 30 £
M‘ﬁ 20 RE
HE 2007 B
2K 110
M 0 e (

(=1 [} [} (=3 [} [=4 (=3 (=3 (=1 (=3 (=3 (=1 (=1

(=] f=} f=} (=} [=} [=} (=} (=} (=} (=} (=} (=} (=}

S B A B S B AN XS AN %D

(=} [} — — [} [} — — [=} (=} — — (=}

[} 1) Time

FEHBL /MR BT
TEANTRIAE 5 1 AR RO 2 5 4 A PRIE A
”*{'ﬂ Tﬁﬂf ﬂﬁ*ﬁa&"*ﬁ Xt 3 AN R I IR AT
& ME ARG 1A A TR
%%i&lﬁ,,ﬁ%(%@ 5) Al LA AN [ A 7 00 PN 2
AR 2R AR A e S AR AR

2

(a) W 2F 0 WI(W,) Leaf bud stage

—— KPS PAR  —— 25 il J# 2 Sap flow rate
/=

1000 r—o— i J& Temperature —— 75 5 i Ji& Alrhumldlty

m”)
o
(=]
(=]

K PH 48 5 PAR/(W «
=
(=]

% it % Sap flow rate/(g * h™)

e
=
(=1

350 r —— 2 Uit 7 % Sap flow rate —— K& Wind speed 4 1.6
1.4
= 1.2 ~
= o B -]
5o & 1078
=z R
Mé 08 =o
=}
e 0.6 82
B3 =
S 0.4
0.2
L d 0
(=3 f=] (=] [=] [=] (=] (=] (=] (=] (=] (=] (=]
[ [ (=) (=) (=) (=] (=) (=) (=) (=] (=) (=]
S © % S Y AN v S YV A » D
(=} f=] — o o — — (=] (=] — — (=]
I} 1) Time
450 —— 2K i 7 2% Sap flow rate —— XUHE Wind speed 20
400 | 1.8
o L 350¢ Le
© 5300 F 147, 2
2550t 1.2+ &
5.8 500 | 10 E3
Malsol 088 .2
=3 10625
¥ 100 ¢ {04
50 1 02
0 b 0

I ) Time

(b) JF1E(W,) Flowering

—— K45 PAR  ——2% um&# Sap flow rate

7 900 r—a—iff )% Temperature —— %% <)% Air humidity 7 100
800 ©
0 <
2 & 00 0%
= (o=t
EZ 600 £
é & 500 i,_:‘
%% 400 g Z
3 = 300 & iy
52 200 =
®= EL
2K 100 I
bl 0'o

(=}

=3

(=}

I 1] Time

600 [ —e— 25 i

(c) AAYLII(W,) Fruit setting

—— KP4 5 PAR  —— 257t J 2 Sap flow rate 120

'»; 1200 o i3 Jif Temperature —— 7% ¢ % Air humidity]
o N
°“ [N
< & LghS)
2 e
g2 EE
5 < =

T 5=
= < a.k
o~ g <
&= e
i E o
S
W= 5= g
K e
#’(H % R

(=] (=] (=3 (=] (=3 (=3 (=3 (=] (=3 (=] (=] (=] (=1

(=3 o o 0 (=3 el o o0 [=3 el o el [=3

S S - - S DS e - S DS = =S

I ) Time

2 Sap flow rate —— XU # Wind speed 7 1.4
1.2
= o 1.0 S
= .
<z 08 - o
Jﬁﬂ'é =
e 0.64m =
=3 0 =>
G ’
0.2
0
(=3
[=}
)
[=}
[ 1] Time
1200 r—— 25 3 3% 2% Sap flow rate —— X\ j& Wind speed 1.2
P 1000
=g ~
L E 800 3
=z &
#2600 &2
e w8
=400 ==
B
200
0
(=3 f=3 f=3 (=3 [=3 [=3 (=3
(=3 o o el (=3 el o0
(=} f=} — — [=} (=] —

K i) Time

(d) %52 1% K WI(W,) Fruit enlargement



60 T2 X AR A5

5 34 45

0 —— KBH4E B PAR  —— 2K m J# % Sap flow rate

o —o— i [ Temperature —— %5 ¥ & Air humldlty 10

T~ 90 ©
2 80 O =
gz 70 2%
s 60 5 5
3~ g2
= é 50 &=
g 40 55
x =
wE 30 aym
juns =7
®E 20 Y
= 10
B 0

1400 -—— % Uit H 2 Sap flow rate —— K& Wind speed, 3 o

(e) B YI(W,) Fruit maturity

—— KB4 5 PAR  —e— 253 2 Sap flow rate

*: 800  —o— ifit [ Temperature —— 7% S i &£ Air humidity 7 100
L6700 90 g
;& F 600 80 p }
= 70 2%
gé/ 500 60 i
ié 400 50 éé
SE 300 ‘3‘8 3
M*f 200 N
22 100 2 e
= 10 4
g 0 X!

(=3
(=]
o
(=1
I

i i) Time

_ 1200 5 s
=~z 800F £ Z
Mo 1.5 S5
= 600 .2
e ¥
=& 400} 1.0 z=
Gl 200 F & 0.5
0 ‘ 2 0
(=3 (=3 (=3 (=3 =4 =4 =4 (=3 =4 =4 f=3 (=3 [ =3
(=1 (=1 (=} (=1 f=1 f=1 f=1 (=1 f=1 f=1 f=4 (=] [}
S Y A B S v oA XS BV A% S
S S = = & S = = & S = = 3
I 4] Time
800 [ —— 25 i 7% £ Sap flow rate —— X\ i# Wind speed 7 0.6
700 05
o, 000r ~
L E 500} 0478
5 & 400 ¢ 03 £3
#3300 | s
= 02 2=
#{“_m 200
0.1
100
0 ¥ 0
(=3 (=3 (=3 =3 (=4 (=3 (=3 (=3 (=4 [=3 (=3 (=3 (=3
S S (=} (=} (=} (=] (=] (=] =3 (=] (=] (=] (=]
S Y A B S B A ®w DS B AN » D
S S = = S S = = S S = = S
5 i) Time

(f) 7% - 1W(W,) Defoliation

RS ERFZ EHELRER

Fig.4 Changes in jujube stem flow rates at different growth periods and environmental factors
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Table 5  Partial correlations between sap flow rates of jujube at different growth periods and various environmental factors

AR B4 K B 5 L 2R X3
Growth period Correlation PAR Temperature Air humidity Wind speed
WY 2RI (W) R? 0.767" " 0.260" " -0.111 -0.200" "
Leaf bud stage P 0.000 0.000 0.022 0.000
TFAEHI(W,) R 0.762" " 0.407" " 0.057 - 0.005
Flowering P 0.000 0.000 0.239 0.915
Ak S (W) R? 0.873"" 0.098 -0.122" 0.086
Fruit setting P 0.000 0.042 0.012 0.074
LSRRI (W) K 0.838" " 0.307"" - 0.7 0.122°
Fruit enlargement P 0.000 0.000 0.141 0.011
B (W) R? 0.603" 0.256" " 0. 066 -0.042
Fruit maturity P 0.000 0.000 0.170 0.380
&I (W) R? 0.825" " - 0.049 -0.135"" -0.385""
Defoliation P 0.000 0.307 0.005 0.000
I Note: * * P<0.01.
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Table 6  Multiple regression model on stem flow rates of jujube at different reproduction periods and environmental factors

5752 Regression equation

H KA Growth period R?
WiZF M Leaf bud stage 0.907
FFHE Flowering 0.927
A Fruit setting 0.940
RS2SR ] Fruit enlargement 0.934
A Fruit maturity 0.867
7% M4 Defoliation 0.953

SF=-17.297+0.253PAR + 5.365Ta - 0.914RH - 37. 169V
SF = -197.585+0.258 PAR + 13.570Ta

SF =188.265+0.421 PAR - 2.344RH

SF = -333.764 + 0. 786 PAR + 19.430Ta + 95.932V

SF = —298.670 + 0.877 PAR + 21.160 Ta

SF =128.993 + 1.089 PAR — 1.300RH —288.334V

TE: SF 28R (goh ™) 5 PAR: KFHARST (W-m™2); TadRE(C); RHAREE(%); VK (m-s™"),

3 48
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FESE IR, B =R i o A AR S [ o AR AR5 38 2k AN )
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S Tog (1

1) R R R R G EEE W, 2R
XU 2 A1, FLAAE B P 349 2 B e e 2% 5 FH I3
SEPR AR ZE I R ARG R A T R i 42
{EAFFEAE B W, B B 25 3 10 52 B 0006 il 4%
PHANIEAR 23 ) B AE 12:30—15:30 il 17:30—18:
30, PRI [A]“ /TR ELGL " BH 55 s 454 & I 1 3 7
TEZEFIG B R BOR H AL T LR AR AT
WM ZE T 25 2l RGP | 2K I R
R M o K SIS [ LA B SR 37 i R R A T AR TR

2) TEERAERK T, HEFE K RS K Y
P SE R R E N R, W, W, K, H EE
JKEAY AR 2.78 L #1831 L, MFE/K &4 08339
L1 249.30 L; A[A)AE & AR 2500 H R E L
IR IR ST IR M A AE /D 250 B

3) ANIAIAE B30 25 e 2 gt 2k 5 K PH A 5 R
JEh W AR BRI AR — 3, 5 43 SO0 i 4k
TEASAR A I ; X B R 4 DB 7
WEINMEEA T IR AH DG 43 BT , K PR S A 6 2R 80 =
FAEE MR 4 59 0.767.0.762.0.873.0. 838,
0.603F1 0.825; F| F 22 Ju 2 Pk [ A %6 A [] A= B 3 Y
AR R G R BT AT 28 [, et B
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