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Assessment of trunk diameter fluctuation for irrigation schedule in apple trees
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Abstract: Research on agricultural water consumption in northwest China is crucial to relieve problems associated with the
water crisis. Apples are a typical crop in China that have been used in agriculture for centuries. As production increases for
economic growth, it is essential to analyze water transport mechanisms and water accessibility to mature apple orchards in
arid regions. Trunk diameter fluctuation is an effective indicator of the water condition of plants. Its role as an indicator of
plant water conditions thus emphasizes that it is crucial to design an irrigation schedule. The changes in the trunk diameter
of mature apple trees ( Malus domestica Borkh. c¢v Golden Delicious) was monitored using dendrometers at the Shiyanghe
Experimental Station for Water-saving in Agriculture and Ecology of China Agricultural University (37°52'N, 102°51'E,
altitude 1581 m). Stem water potential was measured using a pressure chamber. Wind speed, net radiation, relative
humidity, and air temperature were monitored by an automatic meteorological station, and soil moisture was measured every
5 days using Time-Domain Reflectometry ( TDR) methods based on the previously described data analysis. Change in the
maximum daily trunk diameter ( MXTD) and maximum daily diameter shrinkage ( MDS), as well as their response to
environmental factors were also monitored. The results showed that MXTD occurred at 7:00 to 8:00 in the morning and

minimum of daily trunk diameter (MNTD) occurred at approximately 16:00 during sunny or cloudy days in 2008 on a daily
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scale. The trunk diameter increased at night and decreased during the day, which was meanly depended on reference
evapotranspiration. MXTD increased during bud development, flowering, and leaf expansion periods ( stage I) and remained
constant during the fruit expanding and maturing periods (stage IT) , which was closely related to the MDS of the apple tree.
Higher fruit yields were associated with smaller fruit stem diameter growth. MDS increased at the beginning and then
gradually decreased during the entire growing stage. The relationship between MDS and stem water potential was linear and
the determination coefficient was 0.76""". Consequently, MDS indicated the water status of the mature apple trees.
However, MDS was more responsive to net radiation, reference evapotranspiration, vapor pressure deficit, and air
temperature at stage Il than at stage I because the canopy structure was not developed, and the water stored in the apple
trees less frequently fluctuated during stage I. The order of determination coefficient over the whole growing stage was as
follows ; maximum vapor pressure deficit > maximum air temperature > net radiation. Multiple regression relationships among
MDS and environmental factors can be used to calculate the MDS for well water supplied to apple trees, which could be
considered as a reference value when the tree requires irrigation. Thus, the fluctuation regularities of tree trunk diameter
could reflect the water status of the entire fruit period of fruit trees situated in arid areas of Northwest China and help

improve orchard water management, as well as ensure the normal growth of fruit trees.

Key Words: trunk diameter fluctuation; maximum daily diameter shrinkage; apple tree; environmental factor; irrigation

schedule.

SRR ZET HARRUBAL AR 22T B H KA A RODE R R | J& 3R AR A KO B A 298 4, B
EHEE K AYIKOPIRBLRI R K RO R B D) AR 5 S 800 25 T K 34 7k $40R1 40K 4345 0
FEIAE Sy, i 25 B AR e A e 0 7 20 5 A, DRIk 25 A e A W A 22 B P A 32 WAs 0 K 20 IR O )
Bt DR H RTINS T B Y A " AR R R ¥ 2l e BELHS 25 TR A AR
AR A% B 4 oAy v BEL(EL )28 1, ot xo ri BELAE AR AR 9 1 Sl s S B 25T AR AU A 2R I, 25T BAR L
ARG AT LARAE SRR A K B AR K iR o7

MR 25+ BAR O AR B R ] AR B 24280, e TS R 09 A AR IR G 56 2R 2 BT 5 E i
S, HERARZET HAR(MXTD) 7648 5 501 T ARG i B R K 43R0, B H 3 Sk BEOC R BT 5 25
TAR AR (TCR) SR B IR A K A F R R, AU SR O AR 2R %, AL AR 81 357K 20 75 R BE ) 5o, 7 28
AE A SRR TGR 5 PR D AR DGR S AN REF T S0 . 25T AR H BRI it (MDS) 525
TR LR B HA R , MDS 52K ], AN 52 AR BRAS AL 7 11 HERIN AT S SRR 114 7K 43
FHRGL . TGR A1 MDS R AE R RLATK 5375 SIS W AR T AE A 6] A= K B B A AR AE BOR FAS [6) S 8L
PERK AT WR AR UL T IR ZE T B AR LR A0 AT, Pl 25T B A3 A W B 75 2 1 AR G S 8K
ST IR AR IR DL VIR A Rt — 2P IRk

AHFFER IR &5 U5 I 2007—2010 P52 DCRERISE SRR 19 25+ AR OB AL, fE 0 A 25 T BAR UL
PR LAY 5325 AU AL SAEYI K M IRGLSE R ARSCHY H B2 : (1) BFFE PR IR IR AR R 2
T RIS (1 25 T AR U AU S HSE R IR 2R 5 (2) R 25T B U A 1 rh AR e S M iR
IS RN E R A T AT

1 MRS

1.1 R X HEA

IR T 2007—2010 47 LMY R 27 A 2 Wl Sl 5 AR 25 K58 ol (CHOR ) 047, 36 3k 7
Tbs 370527 A AE 1020517 4R 2 1581 m, JA s TP )V X . AR 3 8 °C A BURL (>0 C) 3550
C AR & 164.4 mm , 45K 25 & fE 2000 mm, T 522 507E 15—25 ZJ8], 45734 H B4 3000 h,
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TeFE 150 d 2247, SRR A T SRR A%, MR KA 40—50 m,, SRR A VO P IR TR
H N 1.46 g/cm3 ,%i’giﬁélﬂl‘ﬂ%ﬂ(%ﬁ 0.30 em®/cem?®,
1.2 R[EAF4 ) HEBE )

TRI AT G R R e RN LA A SR AR N I T F (Malus domestica Borkh. ¢v Golden Delicious ) , #
154 29a(2010) , ERBI AT RARVGE M, ATHEN 6 m, ¥RIE R 4 m, i8R AR T A & ZF L R4
R RGP, KSR YRR K TSR A B R /N DX 1 E I =X, kR
PR A SR e S A BN 00 RN P 25 A o E K IS ], ETRE /K Rt T K, AR IE AR TR, 2007 —
2010 4 AT B J3E R o T A L3R 1,

R1 TEEMDEREE

Table 1 Irrigation schedule in different years

X 2007 2008 200 2010

HH ] Stages

W N Ipoy w N Ipoy w N Ipoy 4 N Inoy
KZEFFAEI Bud development and flowering 120.2 36 — 114.8 36 113 114.8 33 103 168.5 37 122
JEM 45 Leaf expansion 152.0 35 165 1519 35 161 151.9 36 145 125.2 35 167
RANEKIN Fruit expanding 149.0 97 197 149.0 78 204 149.0 70 184 149.0 74 203
RN Fruit maturing 62.5 16 244 625 30 248 625 36 236 863 27 240
44 F 1 Whole growth stage 483.7 184 478.2 179 478.2 175 528.9 173

Ihoy : TE RS [A]AE—4E T ) KL the day of year for the irrigation time, N = EH B K%L the number of days for growing season, W K & the

irrigation amount ( mm)

1.3 EFEhR

ARG R A A K i/ ( Diameter Dendrometer, Ecomatik GmbH, Germany ) i% 4% FH #f Wi I B4 25+
HAEZEN, PIAERKNE{ DD1 DD2 435 %4 AE T LA | 50 em AbAYZRPE J5 W #1100 em &b #Y FE b J7 1a] 4
T b A AR TR WAL B, A I A5 AR ) A BRI DU 3R ¢ ( Meteorological monitoring system; Jauntering,
Taiwan) (4 A 3R HE 45 (HL20 Data Logger) A4z , 507 1 h A i s A A I 5 {0 3l o B A F BB, A%
Py A= B I 32 50 s DS A A v e S TR RGN G R SRR R, KR 22 B S SR B A
XA

XS ZETEHAE(D)

D=kxohm (1)
3, ohm Sy A A S 00 64 7 S R BEL(EL (KQ) L & D FRLRE AR e R 48, AR KA DD1 1 DD2 /9 &
4358 0.204 F110.223, i BFZIZET HARMAAL R A, iR SB IR Z0 ARG 22T BT A 3
A,=D,-D,, (2)

A LA IR B e T Ry 251 EAR AR X 2, I AT LASRAS W I i B N 25T BAR R SO B, MIDS S 251
A LRI A 2] F R R B AN B BE i 2 AR /ML 221 . A2 R R T A R R R T AR T RE IR AR R L
PSR I 2 IR R AR/ ML, G MDS AN BB S BAE 4044 N 7K SR G, DKE G % MDS 2088 5015

R X A HEARFR & 7K R R A 20 485 8 42 ( Tube-TDR ; IMKO Micromodultechink , Germany ) Yl {56
VEI 3 RIS, BERRAN A B 4 ARDUAE MR 180 em, B S d PUZE 1 ¥k, DA A ] [AIHE N 10 em, £3F 30 d
HETFRE X TDR #ATRLIE,

22T KB E TN I 3 BRAERS  ISE R 3 h, ZEHUT SRA A A e B 2 Fr AL B it
P TE A 5 (AN B DGR B R I R L R0 TR AR B AR ST I E . R T ) % (SKPM 1400,
Skye., United Kingdom ) W2t 59 H A AR 2P 8 301 HoK38 526 F A S

K FAO-56 Hfit) Penman-Monteith AR B S VY28 K 78RS .
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Fig.1 The trunk diameter fluctuation of apple tree (2008 )

22 ZETHAEHRREA A

2T HA HEKME (MXTD) (94 B AR SRSl A BB B AR K% DL 2 T LU B
IK &R Z )5 1—2 d,MXTD {H£:3 K 200 pm—300 wm, ()5 3—4 d, MXTD {E5/) 50 pm—100 pm ,
ZET AR E BIE I AT AR 3 Y eI & A 2R T AR R K 2 )5 1—3 d 2T AR EE N
Uik(Ee

DOY 94—120 d J& F & ZEFF A6, e i 3 B A i AR B0/, i e R SR ZE T AR KA B
DOY 120—186 d J& T it 4 S 101, b A= sl B8 K, 25T AR R Wi fin, MXTD 5 DOY &R E B RHR N
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Fig.2 The season vairiation of maximum of stem daily diamter during 2007—2010 ( MXTD, which increased from budding)

2.3 ZETHRAH R AR

MREZFHEINRHZET HAR H BRI & (MDS) 5HY)ZE T KB R %Y, i he i AR Y 1A K 2R3, 3F
AR MDS EEZRGNE  HHESAKERmR T K 38 MDS 52 % EY78 & KB R B AR, K
3 R B EE I MDS PRI B K5 N 2 AR e i e HARfme B R, 33X nT R 2 el e
A 56, 4—5 H MDS FFGRImM,6—7 H ik F K (400—500 wm) , 2007 4 MDS M 7 A1) 500 wm &
W/ 9 A KA 300 pm ;2008 4F MDS 78 6 H #1ik#] 400 pum ZHE/NE] 9 HJIE 300 wm ;2009 F1 2010 4F
MDS M 4 H ) 50 wm ZAHEINZE 5 AIKAY 300 wm,6 535135 2 KAH 400 wm A1 500 wm, 2R )58 A8/
& 3 8K B & ZF AL AN ET 38 A0 SE A MDS 36K

SRR MDS H5ZE T K (@) BRFAMKLR (=076, n=14) ,WFH ¢, /N, MDS 3K (K
4), UFERFFE R MDS 5 o, 2GR 202 | SRR MDS 525 T KK R % D), £ W MDS 1] LA
S B AT SE SRR Y AR AR

it ZARRI PR, TR MDS 5 R HEFRIMCR(F£2) . IFR 2 AT LUK IR, B 2007 4F4h, L 58
i RS MDS Xt . H B 28 SR BE (T, ) H e KKV 2200 1 W 58 25 T & 28 5 46 F R it 41 51
W1, FESCRE KR R MDS 5 H S5 4R 5T (R,) L H B KK IR A 2% (VPD,, ) FIAHSE R BB 0.5;
2009 AFER LG KB MDS 5 VPD, MG R B F A E 0.948, 2/EFH M MDS 5L R TE 2L
K/NEF K VPD,, >T,. >R,

3 iFig
3.1 ETHARRMEEAMA
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Fig.3 Season variation of maximum daily stem shrinkage (MDS)
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BR300 SRR ZE T AR 0N T L ) r?=0.7628  P<0.001
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R2 FREEBHE MDS X IR F F B0 5

Table 2 Relationship between MDS and environmental factors in different stages

N Zi%ﬁ!ﬁu%ﬂﬂh%%ﬂ . Eﬁiﬁiﬁ%ﬂﬁi%ﬂﬂ .
Yeur X Bud development, flowering and leaf expansion Fruit expanding and maturing
@ b r n a b r n

2007 R,/(W/m*) 3.04 -58.42  0.733**" 43 1.74 80.04 0.519 *** 69
T,/C 47.38 -534.77  0.633*** 43 23.09  -164.15 0.294 " 69
T/ 28.47 -405.33  0.741*** 43 2294  -323.71 0.655"*" 69
Twiaiz/C 27.67 -33470  0.761"* 43 2271 27446 0.643"°" 69
Ty 16/ C 33.67 -403.14  0.789*** 43 25.24 -270.33 0.588 """ 69
VPD(KP,) 165.55 22524 0.200%" 43 207.79 103.99 0.306 *** 69
VPD,,,,/KPa 132.20 -86.26  0.775""" 43 100.48 -31.82 0.709 *** 69
ETy/(mm/d) 71.20 146.05  0.322*** 43 69.83 71.26 0.499 *** 69
P MDS =-207.82+105.60VPD-25.037T, +2.00R, MDS =332.25-27.07T,,, +213.11VPD,_,

- +33.30T;_,,+47.38ET,, 1*=0.913 ?=0.731

2008 R,/(W/m?) 0.71 98.46 0.132** 96 1.24 2090  0.677°** 71
r,/C 2.93 156.84 0.020 96 13.76 -43.45 0.326*** 71
T/ C 3.02 123.22 0.042* 96 11.49 -119.50 0.560 "** 71
Tz C 3.54 117.11  0.061" 9 11.40 ~97.04  0.537°* 71
Ty 16/ C 3.79 123.07 0.051" 96 13.45 -99.21 0.511%** 71
VPD/KPa 15.20 191.50 0.003 96 152.41 82.09 0.357** 71
VPD,,../KP, 20.00 149.35 0.046* 96 63.46 29.65 0.602 *** 71
ETy/ (mm/d) 16.93 140.68 0.041* 96 50.41 19.62 0.680 ** 71
Eo w2l MDS = 141.55+2.20R, -69.08ET,, r*=0.239 MDS=19.62+50.41ET,, r*=0.680

2009 R,/(W/m?) 1.57 -76.96  0.4207"* 95 1.91 -44.18  0.791 *** 66
r,/C 22.36 -213.53  0.460*** 95 25.52 -223.18  0.402*** 66
T/ 16.32 -274.07  0.439"* 95 23.24 -403.95  0.862%** 66
Tiaa/C 14.75 -194.47  0.388*** 95 23.80 -365.43  0.820"*" 66
Ty_1s/C 19.87 -259.26  0.491*** 95 27.52 -371.19 0.726*** 66
VPD/KPa 52.55 11346 0.020 95 326.06 1722 0.617** 66
VPD,,,,/KPa 86.83 -65.81  0.374""" 95 113.03 -44.44  0.948" 66
ETo/ (mm/d) 62.81 -67.86  0.408*** 95 77.35 -21.01  0.846*** 66

B MDS = 101.60-275.26VPD+175.80VPD,, +
Eov & - o, MDS=-53.57+0.32R, +97.65VPD,,, , r*=0.953
41.92T-37.66T,, +47.38ET,, r*=0.807

2010 R,/(W/m?) 1.87 -80.79  0.480*** 79 1.80 -26.77  0.716*** 80
r,/%< 19.58 -110.57  0.575""* 79 16.82 -90.65  0.337** 80
T/ C 16.24 -214.27  0.664*** 79 16.53 -243.77  0.692%** 80
Tiars/C 16.39 -181.59  0.654"* 79 16.85 -217.11  0.697 " 80
Ts 15/ C 17.73 -158.89  0.641*** 79 18.09 -191.51  0.586""" 80
VPD/KPa 217.23 -10.51  0.333*** 79 225.17 32.81  0.509*** 80
VPD,,./KP, 121.42 -112.63  0.756*** 79 91.08 -30.56  0.794 """ 80
ETy/ (mm/d) 77.02 -91.47  0.517*** 79 67.44 -13.81  0.700*** 80

s MDS=-86.61-130.28VPD+160.30VPD ., MDS=36.41-23.037,+15.29T;_,+95.38VPD,

ST i

r?=0.799 r2=0.864
LI DOY 186—200 H42E B AR A WA B ; ik MDS=aX+b, 20 X FRRFRAEEHF T, a,b I RE, P R REOF 7 R, £n iR
BT T e sToiars ~ Ts—ie 2590 4 HE | H 5 K 2 13,00, F1 8.00—16:00 975 S 68, VPD Al VPD,, 43518 H S35 80 H 5 KK 5 2
(KPa) ,ET,EmSHEYZE L ZEBE (mn/d) s P A RICER BEERTE T 0.05, ARE, + o w5 50FER BEKFE P<0.05,P<
0.01,P<0.001

2 ET BN 3R 25T KN, 31X 2 S 32 TR ST B 5 1 S 18] K b6 52 T, T MDS
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R TR ZEFFAEIINT B BN ET 3K AR S BUR ZE Tl B 0K, 25 PR R, i MDS 5 ET, 2 1]
BRRAYE . AEEFHEB MDS 5 ET, Z A PE REE MK, K& ZFTF AL i ) A/ SRS K
AR R 0.50—0.85( 3K 2) . BFFERW] ARG (30 4F4E) MR (2 4242 ) (AR (10 4R ) A
Bk (7 454 ) (1 MDS 5 ET, Z AP e RE0 R 068171 ,0.5—0.6"°1 10761 1 0.37"%" | RIFI 5 MDS
5 ET WK R G FF A, 05 H 3 Sk P b P > A %,
3.3 ETHRMAELS - EHXR

2007 4FE DOY 150—280 Z[a] , 25 T H AR K 1994 wm, 20082009 F1 2010 4F25 1 HALKE K B E 405N
4796 .2152 pm 13063 um,2007—2010 4325 7= 5 4351 2h 8120037715 ,82067 ,32597 kg/hm? , 5 5L 77 i ik
L, 2T ARSI BB, R AT ERNS AR EA W, WERSE, ERFHMKER T
Fita% . Berman Fl DeJong HYBFFEIA R SRS 77 1 57 , 25 T AR AR d B, SR SRR 77 i ST AR AR
WRKERERHIER , Conejero HIN R R 525 T HAMBMA LR EHED ™,
3.4 ZETHAHERIEE R SR B

T 22T HRMAEMZ IR R R K A BRI 5K H RTAR DR FH 48 X0 (AR by
WEARAE , MR A A ARG A 22T AR AR (LB AR AT RS BRI ) IR AR OB L 740K
& SRR UE AR SEBR 2805 505 BE K T AR L, 45 31 SR AR 7 v 8 I TS

FOTHIKEMET MDS FEZ L W E W, 50T MDS M{E AT E M EM S %, M3 1M T
MDS FFEER TR 76 L 51 R A9 MDS B il 75 2200 47 T I R AR S A R Y K Atk v A7) MIDS /] LA 7
53 AT P A ML IR K R I | 2 /KM ) ok B, 0 3 78 20K TR 1) MDS k4 S H RTRFRE A, AR
PEAA TR L1, MDS 7] LAH AT JUMR R0 2 « 55— KRS0 o LR I B T LA (= AR 5% G P e o R e
/ME) BT LIS BT MDS i ; 55 = R IR 85 S2BRill 2 MDS 455 ;%8 = R AW A X il — K=
a2 R [MEBER VT U MDS, B2 T84 /K T # MDS Sl MDS, , SEBrA: K 2548 T # MDS Sl MDS,, I ]
PIFS5] MDS [15 538 B ST, fAfad it

SI,ps =MDS /MDS. (4)
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RAEFE T HEME bR AE . — Y MDS (2L 3d Bt Tk BT E T . A A S I B A T AR o
W X — B BE AR 5o g

4 Zhig

R ZET EHARTE 8.00 A7 B B KA, 7F 1600 24718 B e/ IME B0 52 3 9 4 B 200 25 B4 ] 3 o)
FRBH H S KU 5 (MDS) . MXTD 2583 K5 R i 2= 1A f L ; MDS 522 T /KA R %Y, R
2L AR AT AR S S K ARG s MDS X VPD, il ET, 0 17 f 4 B | SR S R A AT £ MIDS
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