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Directional flow rate determination in trunks of apple trees in China’s

Loess Mountain
MENG Qingian”™, WANG Jian, ZHANG Qingfeng, WU Faqi

Northwest Agricutlure and Forestry University, Yangling of Shaanxi 712100, China

Abstract; Accurately measuring plant transpiration and water consumption is essential for regulating water and fertilizer use
in traditional apple-fruit orchards. In this study, we combine thermal dissipation probes ( TDP) and micro miniature
automatic weather stations to evaluate the sap flow rate of apple-fruit trees planted in the north of Shaanxi on China’s Loess
Plateau, with the aim of improving accuracy of measurements to assist better decision making by orchard managers. TDP
probes were inserted in different directions into the trunks of apple trees in their whole growth stages, and related factors
were compared and analyzed. The results demonstrate that: 1) Sap flow rate (SFR) varies across the different growth stages
of apple trees in a year; transpiration is lower during dormancy and maturity stages, and higher during periods of initial
growth, rapid development and the Middle Growing Stage. However, SFR is higher during the day than at night, with
average daytime transpiration accounting for over 86.29% of total transpiration. 2) SFR also varies depending on the
direction of the TDP probe; determined SFR values were largest in the south, smallest in the north, and east and west
values were approximately equal in the middle of the range. 3) The linear model built between SFR and transpiration
indicates that both factors are closely correlated with east/west measurements. For east and west, the coefficients of
determination are 0. 74 and 0. 83 and the square ratios are 78. 21 and 137. 85, respectively. Their correlation in the

direction of both east and west is significantly better than in the north and south. 4) When water consumption is calculated
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according to the water balance equation, it is safe to draw the conclusion that transpiration approximately equals
consumption when measured in the east/west direction. For east/west measurements, respective values for the mean square
are 14. 11 and 14.57, and significance levels are 0. 020 and 0.019, which are both significantly better than values obtained
from the north/south direction. Results from this study indicate that TDP probes should be inserted either in the east or west

direction to effectively minimize error in the measurement of the sap flow.

Key Words: apple tree; thermal dissipation probe; measurement position; sap flow
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SRR AN[R] B AZE T ASTA] 5 L B TR0 T 3 A7 7 22 57, {H 2 Cohen Fl1 Naor' 7 BF4% T Kibbutz Ortal 3 [X 3
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Fig.1 Distribution of measure tree
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Table 1 Meteorological characteristics of typical day

H b SRRt B S/ kPa i/ C 1R/ % A/ (m/s) H IRE%0 h
Days Period of orchard Pressure Temperature Humidity Wind speed Sunshine hours
3-14 PRAR Y 90. 4 11.0 51 1.3 10.0
4-27 LI GES N 90.6 25.0 33 1.9 11.9
6-04 P & 7 1 90.4 27.8 34 2.1 12.9
8-23 AH R 90. 1 21.8 55 1.8 11.8
10-05 JREY 91.1 17.9 51 1.8 10.3

AL 2 T LU H 45 sk 300 A S SR AR 2% 1 3 R 34 B I AR B IR AR 4K, 6.:00—8 . 00 £ 45 FF1if | 2% 1 33 % it
K, o (A BTE 12.00 Z£47,16:00 LU, ZZ B HURIF IR N ,20.00 DUS 28 RARLIE RN, KR T
W AR, TEAREAE T R R GG WRSK o3 PR AR A4 N 7K 53 A

FE AR 5 5 TR AR AL AT SR A H FE K KRB A BRI HT 0T AR FE/K B B . H R B A RE A R 38 T B
I R 1 R FE /K B B 5% B R FE K a8 Ul B BRI R A (IR AE K B B

SERMERRN A B BB B R AR AR IR IE AL (AN R A B R B 22 S AR, SRR DRI B0 A SR AR i
ZEIE BRAL B RACR 1.2 Vb 2245 WA AR ) PR & & BRI AE 3 BT SRR 28 I S e R e KB43R
2.14.14.9 I/h,

32 JERM A K LAY F IR R R AR Ge i R . RRIAE B, ORI R AR R R
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BEITE 86.29% LA b, &S REBES R AR K TN IR AR AL R HER H AR AL LA S A M S X
FRLL R 7 SR 0 LA ZE L
®2 HAEAFERMEBERBLGITR

Table 2 Transpiration rate of apple trees changes in typical day

" B E RV IE/ (I/h) KB H/L BEe 3y I
H i ifﬁiﬁx transpiration rate Transpiration amounts B R %
Days @mm ESSN EPS IR EEPN EPS R[] Proportion of
Whole day Daytime Night Whole day Daytime Night transpiration in daytime
3-14 PRI 0.42 0.64 0.10 10.02 9.01 1.01 89.90
4-27 EIEGES N Y] 1.06 1.72 0.15 25.52 24.04 1.49 94.18
6-04 i Sr v asp ] 1.52 2.51 0.14 36.53 35.11 1.42 96. 12
8-23 EEHY 2.25 3.33 0.75 54.02 46.61 7.41 86.29
10-05 B 0.48 0.75 0.11 11.49 10. 44 1.01 90.90

K35 7:00 #2000, #8135 20:00 $5¥K H 7.00

3.2 A[RINE TR R R AR A

Y BIRE LI E A T H RO A A RE 2R AL, A [R) 5 o DRI 2 25 R 22 S W1 4, L 2008 4R 6 H 9 HA
)7 R BRI E S5 R N B BT b, 1813 25 6 9 HIE R TR] 7 (2 i i R H AR # . aT AR 31,4 4>
7 SEARF I RE A 8 0 B AR A P A A8 Sy — 8, AR 1w | 1) TG [ R 00 5 4 R 14 S B XS A 5, i A i
AT DU S AW, AR PEAE 4 A4ST5 18 L0 A TR0 R 22 R, 4 DT IR ET v, ma 1) 4R AT 5
(AR K, B il R/ IN AR 1) R () B O F30E , 4 T R 1] A il R E S5 R 22 18]

6 ~
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5r —— 06-04 50
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N
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A EE
e e e

ZEM R
Transpiration rate/(1/h)
w

WK
Sap flow velocity/(cm/h)
(3
W

2 20
15
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J——— 5

() T st L L 3 0 L L L L L L L )

0:00 4:00 8:00 12:00 16:00 20:00 0:00 0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00
5t ] Time fsf ] Time
E2 ABHFERMEBERRTLAE B3 ¥FRMEREUHNZTEER
Fig.2 Transpiration rate of apple tree changes in typical day Fig.3 Sap flow velocity diurnal variation of different direction

F3 06 Ho HW T AR A RN b, nTLUE H PUAS 77 0 5 AT 0 e/ MBS 423, N
0.03 I/h, MAEME SR IAE2ZE S8, r m &l 52 25 0 ok SEXMES 1,19 Vh, db i f/, SEEAC R
0.51 1/h, A< VG PG R 4230T 0 a3 & 43931 0. 90 1/h #1°0. 88 1/h,

®3 AEAUKFRERRESITE

Table 3 Character of sap flow velocity at different direction

LR Eigenvalue 7K 1] East 17 South Ph[A] West Jt1\ Nouth
H -3 Daily mean/(1/h) 0.90 1.19 0.88 0.51
F KA Maximum/ (1/h) 2.53 3.00 2.65 1.60
F%/MH Minimum/ (1/h) 0.03 0.03 0.03 0.02
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3.3 RFEWE TR RO A R b

3.3.1 5ZHEYEBERN LR

IR ZEBOR 23 TARG i | 5 5K AR A A ORI 55 TR R 7E S o | % 7K i R A KA 1
ST R ZEBOR 52458 TR &M, BNIXIZE R BE T KN, AR 28 K 75 1 10 S s — A~ XS 25 R
)1, SHVEMZE R ZEB IR T RR 2 A ERE AL A S (FFR FAO) #i## R H FAO Penman-
Monteith AR ES VY78 k78R Nl Penman-Monteith A3 HRIE L 00k, 5 iR 2 %1

Wk, B4 A6 A8 HET A7 H) S5 MR K250 55 A [R5 (G I0 2 4 -3 0k 1] Y

351

30
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20

15
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y=33381x+11.314
R>=0.7364

40

W H i & Sap flow/(1/d)
fe]

35 ¢

30

25 1

20

i)

y=4.3962x + 6.6287

R*=0.8311

J

T e LIRS [T SR AR R S 2 R A R Z B A DG, 75 0. 01 A7 LX) Bodh it

TG, WA 4,

= 4

R4 TRAALOMBRRERSSEENEREFTEZESTR

6

0
0

T

*
*
*

1=3.6361x + 14.566
R*=0.393

E(q1)

*

* *
0.0

y=3.0304x +3.6128
R?*=10.3906

1

SHEZE L7 ETy/ (mm/d)

Reference cropevapotranspiration

RREESEEMBEREBEXR

Fig.4 Relationship between sap flow and reference crop evapotranspiration

4 6

Table 4 Variance analysis between reference crop evapotranspiration and sap flow velocity of different orientation

S

17

iH ST A Y175 P e
Ttem sum of squares df Mean aquare Sig.
ZRIf] East EYE| 401.72 1 401.72 78.21 <0.0001 **
2 143.82 28 5.14
Bt 545.54 29
BT South 75 476.62 1 476.62 18.12 <0.0001 **
B2 736.42 28 26.30
B 1213.04 29
VU] West EyE 696. 88 1 696. 88 137.85 <0.0001 **
B2 141.55 28 5.055
Bt 838.43 29
JLTA Nouth [ 331.00 1 331.00 17.94 <0.0001 **
B2 516.73 28 18.45
Bt 847.73 29
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AT MR SRR N H AR R, USHEWAR R AR & 2l B A5 mlH , 2R [R 5 36 5 8
FHR (R 4) o AFEIE T TR S SHEY R B R Z R R ML LR (B 4) S H Y78 k7K
IR R A, AR m P8 AP I A R S S SR 7R R ZR I [ A e R AR
14 3.34 3.64.5.40 F13.03, A1 APY HHEEH G WO 5 S HAEY 25 K 5 B AR DG 3T, R 430k
0.74 F10.83 , 7 Z W7t F 40515k 5) 78. 21 1 137. 85 ; 1117 1 i AL 445 I 5 45 S 22 55K, A FE#
AL, I R® ¥9{UR 0.39, 5 220345 L F 43 5liA %) 18. 12 F117.94,

3.3.2  RI[AINE 7 (AR T B o BT

TDP FREFA[R 2R I r, A 45 S 25 SRR, o0 T RERS G HILAY | o iy A ) 2 TR 2% i e 3 6 e S )
F S KR B B TR TR 0 S SR AR I RE KR, 1R S ) BRI i (AT X LA #T

SR FH /K S P T 0 s B 28 I A S X BRI i, R A T] o7 000 80 0 i SR A SR AN 28 i i, —
HIXT RS, 2008 4F6 H8 HET H 7 H 1 HBFRIN MR HEK A, 76 78 K 240, il ad 7k
T A B R R I B2 s K R 102, 17 mm, S5 TDP U5 BT 05 , #3815 2R W 28 16 i, 7R
AT P TP PG T AR TR0 ZE T 43 R 97.97 mm (115, 12 mm 98. 00 mm F1 63.97 mm, JCTAFREIE 75 15
AR I EL /N, 5 AR B A E, B R R /N, A5 B B BT 0 BRAE, 45 B B A X R 25 28K
21.99% , ] ULAUTAT Z¢4% TDP $5EH I 5 SR 2% 1 o JIT 75 245 SR 46K 5 AR 1 i (00000 22 &5 SR 5 %o R 2% 6 2% s e AL 1L
AR, BR6 H 28 HE 7 H 2 HIWEERS B/, KA BE ¥ 82 B, MR 22 BRI 12.67% ,
A I B 25 5 Kk 36.49% AH ISR W, 34 7 LA SR N 4. 49 15, 14, 2 AN B35 s BT A T A
TG T 5 3% R 5 2 R 3 R 0T, A 22 43 90 K =4 11% Fll—4. 08 % , I} Bk X152 2% fe K3 3k —12. 46 % Fl
-13.70% ,¥ITERVEERZ N, A Hr 8B, 2207 ooy Bk 3] 14. 11 114,57, @K 205034 F] 0. 020
F10.019, W58 5 T REdL 7 I BREFM A 45 00 . AR F 450 X O A 000 22 2% 1 i 1 0 S8 VR T R IR 25 K, 5
RIGEE BT, AT UG Y, %256 TDP BREF I, I e AR (R P 10 sl AR I, 00 22 245 SRR 22 550/

R5 TRFANZERRKZEBEEILLSHT

Table 5 Determination of transpiration in different direction

R ZE R iR 22/9
i e N Rt e
Time Tamspiraion ol g gm W@ dbwm km wm @@ b
/mm East South West North East South West North
06-08—06-12 18.74 0.00 18.76 21.97 18.45 14.62 0.11 17.25 -1.57 -21.99
06- 13—06-17 14. 60 65.20 13.46 16.61 12. 60 7.93 =7.77 13.78 -13.70 -45.68
06-18—06-22 13.51 0.00 14.80 18.43 14.70 9.46 9.60 36.49 8.82 -29.96
06-23—06-27 19. 80 11.50 17.33 20.02 17.67 12.33 -12.46 1.11 -10.76 -37.71
06-28—07-02 16. 19 8.90 15.46 15.84 15.67 8.49 -4.54 -2.18 -3.20 -47.57
07-03—07-07 19.34 3.50 18.15 22.25 18.92 11.14 -6.14 15.05 -2.17 -42.41
AT Total 102.17 89.10 97.97 115.12 98.00 63.97 -4.11 12.67 -4.08 -37.39
4 Hig
(1) BB B, SR 28 A K AZ AL LA AR L, AN TR AR B I BE2E SR, R PAR R 20 A i 24 10

FRIE HRAAG, FIRZR N & 7 4 K BRI B L A9 43 310 89.90% 1 90. 90% 5 w1 4R A= K | Mk & & 1 Ak
BRI R R, R ZE NG A R 2K B HLA51 5371k 91. 48% 96. 12% F1186.29%
(2) BRAT 2225 v AR W s S5 R . T TR T 22 R R AT 1) 000 2 5 SR A 2 5, B 80 H ST 3590843 N
1.19 I/h F10.51 1/, AR TR PG T 22 B 2R 10 5 45 SR B AR, 3080 H P 3448533124 0.90 1/h F10. 88 1/h,
(3) AR I S B SR H I i 5 25 VR W 78 it (6] 1238 21 4 360 56 ) 2R V8 J 1) A0 2 A 1 H VR
M 5 SV ZE W R AH G R AT , o R R 439020 0. 74 F10. 83, Jr 2253 B34 07 Lt F 4331k 78. 21 I
137. 85, BSR4 TR Jb 7 g 4841 5 45 51
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(4) B B RO 5 S SR 70 30 (DX 20 2 A, 24 i R 44 R 0 45 2R 5 ) R 2 5 (R A

TR FAXTIRZEAU N -4, 11% Fl1-4.08% , HA VU7 ¥ 77 Fe o3l 14,11 F 14,57 BB K F R AL J7 1)
BI95 s 25 PG5 1) ) 2 s e B A G P 4l (3 ( Sig. <0. 05) |, T i b J7 1] AH e P48 2% ( Sig. >0.05) .
AT LA 0 5 SRR IR I R s 5 R A T P T 2 TR TR, WA SO MR R 22
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