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Characteristics and its influencing factors of sap flow of apple
trees during growth period in the Loess Plateau

CAO Quan'?, WANG Zikui', LAI Xingfa', SHEN Yuying'
(1. State Key Laboratory of Herbage Improvement and Grassland Agro-Ecosystems, College of Pastoral
Agriculture Science and Technology, Lanzhou University, Lanzhou, Gansu 730020, China;
2. Qinghai University of Animal Science and Veterinary Medicine, Qinghai Academy of Animal and Veterinary Sciences ,

Key Laboratory of Adaptive Management of Alpine Grassland of Qinghai Province, Xining,Qinghai 810016, China)

Abstract; In order to explore the characteristics of the sap flow velocity of an apple tree and the relationships
between the sap flow velocity and its influencing factors in the semiarid area of the Loess Plateau, the thermal dissi-
pation probe (TDP) was used to continuously measure the sap flow velocity of ¢ Qinguan’ apple trees during the
growth period in 2018.And simultaneously the influencing factors such as soil moisture, leaf area index of the apple
tree (LAI) , air temperature ( T,), air humidity (RH) , net radiation (R, ), wind speed ( WS), and the vapor
pressure deficit (VPD) were calculated. The results showed that the average sap flow velocity during the germina-
tion and flower stage, fruit formation stage, fruit expansion stage, and fruit ripening stage was 0.85, 1.34, 1.53,
and 0.82 mm - d™', respectively, which was higher in the fruit expansion stage. Meanwhile, the sap flow velocity
showed significant diurnal fluctuation, and the sap flow at night accounted for 11.54% ~19.22% of the total sap
flow in the different growth periods. The soil water consumption of the apple tree measured by the thermal dissipa-

tion probe was about 264.14 mm, and the water consumption at night was 35.60 mm. During the whole growth period,
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T , VPD, and LAI of

[ a

the daily sap flow velocity of the apple tree was significantly and positively correlated with R
the apple tree, negatively correlated with WS and RH. The VPD was the key factor affecting the sap flow rate of ap-
ple trees in the germination and flower stage, fruit formation stage and fruit ripening stage of apple trees, while the
R, was the key factor affecting the sap flow rate of apple trees in the fruit expansion stage. There was no significant

correlation between sap flow velocity and soil water content in 0~20 em soil layer, but significantly positive correla-

tions were found in 20~ 160 cm soil layers.

Keywords: apple tree; sap flow; impact factors; growth period; Loess Plateau
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Dynamics of air temperature, air relative humidity, rainfall and potential evapotranspiration at the experiment site
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Table 1  Timetable of growing seasons
for apple trees in 2018 (m-d)
HEFIHY Growth stage H ] Date
TN 04-01~04-30
Germination and flower stage
. Zﬁ%%ﬁ 05-01~06-13
Fruit formation stage
ls‘—' 1/
RS 06-14~09-13
Fruit expansion stage
S
R 09-14~10-31
Fruit ripening stage
PN
AT ARII 11-01~12-31

Defoliation dormancy stage

1.2 MEERSFE
1.2.1 FRARANE ERE X R 3 A
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Fig.2  Variations of daily sap flow velocity of apple trees during the growth period

TR [F] A= 7 B 401 °F- 34 H O el A an 1l 3
INo WIZEFFACI 4l SR | R S I O ) B R S A
HHR ] 9 I 43 1 R 0.29,0.31,0.37,0.31 mm
- A7 H RV 40 R 1.41.2.36,2.69 ,1.32
mm « d7', R PRI EE S5 0.85.1.34 .1.53
0.82 mm - d™',
22 ERWMEFTHRKETUEHLE

SESORNA A B AR R R DL R 4 R )
W AN A 4a PR, BT i B 20 48 10 2
RSN I B, 2 RS AR WAL,
K1 BRI e T A, S S 0 K A ] 1) 2R
THB I A K, B 2 AE I SR/ 0N, 430 R 16.94 mm
F14.33 mm, BAEF IR R RN 35.60
mm, [1R 23N 228.55 mm, i S Rl

2300 (a) M 4K Whole day

= O 7 [i] Nighttime —
2250 O {1 K Daytime

- —
2200

o

z

E150

=

3100

]

S 50 H

= ,L_0m _H m I |
B CWIIEIFAEW 40RO WSSO BSemBIW A4 E Y

Germination Fruit formation ~ Fruit Fruitripening Growth
and flower stage expansion stage stage
stage stage

A= I Growth stage

30t
O4: K Whole day

W7 [i] Nighttime

=

g 2.51 Of % Daytime _

2201

Q

2

21t

=3

2

S 1.0t

53

w2

.

2

o 0= : : ST

- i 2 T 16 ] R Rk

Germination and Fruit formation Fruit Fruitripening
flower stage stage expansion stage
stage

A H I Growth stage

B3 ¥*RHMEFHTEHBERRERTL
Fig.3 Average daily sap flow velocity variations of apple
trees during the growth period

N 25r

3 ()

S 2

A L

g <§20

ZES

BES

m g < 10}

mee

w2 2

B o= 5f

L

=

= re— — — -

‘ BIZEOT AR 4h S RSO RS A E
Germination Fruit formation ~ Fruit Fruitripening Growth
and flower stage expansion stage stage

stage stage

A4 H I Growth stage

4 ERMEFHRTRAERRERTESLL

Fig.4 Cumulative sap flow during the growth period of apple tree and the proportion of nighttime sap flow



55 4 39 H

B B e O A T A R R A SR M D S 271

264.14 mm, BIRIR L EETE H RO &P A — 2 1
e ([ 4b) B 2F AR S R0 SRS R AR
S I A T R A A 0 R R R TR
17.0% 11.54% . 12.04% ,19.22% , 4= & W72 ] ik
i B SRR R Y 13.48%
23 BRETRTRRSHZWEFZ EEXE
A= B SR R L e PR 22 (R AH
KRB 2 Fi, fEEEFMN, KHERES K
SIRSE K2 T T AR BRI S R R
YA B 2 IE AR G OC R AHOC R 1 0.833
0.737.0.496 Fil 0.362 ; X3 5 3 i 3 % 5t 3 A
KX F MR ECN-0.160, WU 2% 5 H 5
FZ IR H e RN R A B A e 22 5%, K BH
AR 5 VRO R A AN R A R S A A OG
W ZE AR A OC R 8 /N (0.718) , Hor A= A
FSCREIE 0.800 LA I, KATRE 5k R 1E
TS AR G B R A B S AR
EHXKR, KRBESRRECRESL: T MM
PR NTE N ERE y XA E S SN DS E e
G 1A S A 3 AR AR DG OC R B 2O AR I Oy B 2
TR, U 5 ¥ o R AN A 4 A 1 10 0 S O
AT F A SR B3, KIREE 5]
TR AEAS [6] A= 75 B 309 2 S 40 B 38 IE A G 56 &R
I T RS 5 VR A R A W 2E T AR R 4 SR

RO, AR A B RHAAR G AR B 3

PN ) A B I 0 SR AR 9 I 23 5 ) R - 2R AT
IR R (3R 3) SRR R [R A I 5 )
PR R RN P EE R, Wiz
AEHH A S HA Ko B SR A 7K PR R 22 02 52 e SR
VTG AT 1) O R - 5 T A SR S R R, K BH 4
ISP e SRR I O R A OGBSO [ A=
T I AR B R R A R X VR ) R i) X8 /N
K FH ¥ 5 S RN K VR R 22, LRSI BE 7 1 2R T 4
99 RSN A S 4 A I 0T SR AR Y I 5 ) 5 i)
KT RAMEE, WUGH T FEAR W 0% 52 i 78 407 2% 10
KT RSB, 7620 S KR TR AW, AR
SR E IS AN T RR S O SRR IR I
SRS L B 2 A6 0 T XU, o A I 5
A N (B oS o2 o = I N1 TR e 0 B BT
FAY 52 ST IR B ¥ 50

A H O R (RS 6 K A3 E H R
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TR R B I 34 m . Wi E %5 0~20 em 12+
BT KR ARG 3, H 5 20 ~ 40,40 ~ 60,60 ~
80.80~120,120~160 cm + 2 T 3EH K 5L 5 3%
IEFSCK R, e R R 43510 0.1026,0.1128
0.2302,0.3204 F10.2620,

K2 ERMTRAESZNEFHI Pearson 8K R E]

Table 2 Pearson correlation coefficient of sap flow of apple trees to influencing factors

HH I RGN R KA BEH KIWIEZE AR AL
Growth stage R, T, RH WS VPD LAI N
[IESI2; . .
ki 0.718" * 0.604" * ~0.374" ~0.142 0.704" * 0.375" 30
Germination and flower stage
1R Fruit formation stage 0.896 * * 0.628* * -0.810"* -0.041 0.851** 0.353* 44
LS Fruit expansion stage 0.876" * 0.674* " -0.461" " -0.071 0.630" " 0.162 92
RSN Fruit ripening stage 0.892" " 0.348 " -0.378* * -0.067 0.523" " 0.181 48
24 W) Whole growth stage 0.833* " 0.737" -0.095 -0.160" 0.496" 0.362" 214
T+ FORAE P<0.05 K B BEME, » « FoR1E P<0.01 K L EBEHE,
Note: * indicates significant correlations at P<0.05 level, #* * indicates significant correlations at P<0.01 level.
F3 ERWTRREWETFRERBE
Table 3 Subordinate function values of sap flow of apple trees of influencing factors
H BT Growth ste R BH 4 et 25 KA RANESE kLY KIRJE 2 T FR i
5 o Lrowth stage R, T, RH WS VPD LA
o ﬁ
. wA IFAER 2.94 2.48 2.13 1.64 3.59 2.07
Germination and flower stage
KM Fruit formation stage 5.83 2.20 2.83 2.32 5.88 1.94
RS K] Fruit expansion stage 11.88 5.66 5.37 5.41 9.96 0.80
SRS AEEY] Fruit ripening stage 3.82 3.45 3.76 2.08 6.48 1.00
24 F W Whole growth stage 19.70 19.42 15.48 7.65 18.62 19.50
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Fig.5 Relationship between sap flow velocity and soil water content in different soil layers
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