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Rational Indicators for Irrigation Scheduling of Pear-jujube Based on
Microchanges of Stem Diameter

HAN Li-xin*?, WANG You-ke'*", and LI Xiao-bin'?

(*soil and Water Conservation and Ecological Environment Research Center, Chinese Academy of Sciences, Yangling,
Shaanxi 712100, China; *Graduate University of Chinese Academy of Science, Beijing 100049, China; *College of Water
Resources and Architectural Engineering, Northwest A & F University, Yangling, Shaanxi 712100, China.)

Abstract: We used four-year old pear-jujube (Ziziphus jujuba Mill.) trees grafted on wild
jujube[Ziziphus jujuba Mill. var. spinosa (Bunge) Hu ex H. F. Chow]to study the response of parameters
derived from trunk diameter fluctuations (TDF) to soil water potential (SWP) . The relationship among
these parameters and meteorological factors were also studied to identify suitable indicators for precise
irrigation scheduling of pear-jujube. The maximum daily shrinkage (MDS) increased, whereas the daily
growth (DG), trunk growth rate (TGR), and maximum daily trunk diameter (MXTD) decreased, as
the SWP decreased. The responses of the four indicators to SWP change were significantly (P < 0.05)
different. MDS and TGR noise was lower during the stages of water stress development and water stress
maintenance, whereas the ratios of signal intensity to noise were higher. MDS and TGR also had
significant relationships with potential evapotranspiration (ET,) and noon vapor pressure deficit (VPDyg),
which could indicate atmospheric drought conditions. Therefore, MDS and TGR may provide appropriate
indicators for diagnose pear-jujube water content.
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IR ZHEARMEE MK BN R RS = TE =i, Rs AR FE K S B AR Ak g
BA QL4 58, 20000 AFF. LR, WFF0 4 G B R 3K o), B EY— N E T 550
B G5 HERD, DUCRIESEM =2 S QLe 5%, 2006). HA2, E RS 5 BRI =
SR I s L SRR S B (I 4%, 2001 SK4RESC 4%, 2002; Egea et al., 2010), ikt
TAED AR K5 BBUIR A . #Y) B & KOS R EE SRR N &, EHKPRAEY -
ORI, b — 28R AWK 05 B FRbR B i HE (Huck, 1977).

MY 22 AR AT A K 55 BUBUB S b 29l 12 0E B AT LR AERE Y F 5 K R, L
AR5 AT, RAEARA AT, nliES: 3 Al kIt & (Kozlowski & Winget, 1964; Huck,
1977). Simonneau &5 (1993) XM RIS AR, X EAAM HAL S 3K IR DIFH
Goldhamer %% (1999). Remorini fil Massai (2003) 7T 4E &, 1EWZE HAMA L FRbrx) Ha2
F7K F3 Wi s . Fe FURK

L HAMAL IR E A 2 H A H K ME (MXTDIMNXT). HigKl4i s (MDS). H
AR (DG). MHE T IR (RT) FAKME (TGRY. ZHAMHAR L “U” A,
ZEHAH R KNEMXTOOHIE B4 8 I 2247, 22 H A2 H 5/ ME(MNTDO HILZE R4 4 I (Goldhamer
etal., 2004). MXTD 5 MNTD 2 %2 2 F AR H 5 K4 5 (MDS), S48 K1) MXTD 2% MNTD
Z 7RI HAEKE(DG) . tHT MXTD 2% ZE K520 MNTD /)M(Moriana & Fereres, 2002;
B 5%, 2009), KA RE MXTD Z Z/EARERAEKE (DG). EHAEKHEE (TGR)
W 5d DG [T #41E CIntrigliolo & Costel, 2004). H #i A7 I 5T 45 R % W] MDS (Goldhamer et
al., 2004; Ortufio etal., 2005; #JKiL %%, 2006). MXTD/MNTD (Goldhamer etal., 2001). TGR
(Moriana et al. 2002; Intrigliolo & Castel, 2004) f1 DG (ik7¥FH 4%, 2005; #tHeul 4%, 2009) %%
A K S g S IR A0 A4 N IR 7K 43R0 o

e B R Xk, T A2 B Y SRS BRI R, OB T AR RS BRI
HFEB I RAETE KA (S0 25, 2008). ASHFST Ol BEE AN KA, I 4 A AY
A (Ziziphus jujuba Mill.) MDS. MXTD. DG il TGR %525 H A2t AR Ak Fa broxf 3Kk # (SWP) A
R R, R ATIX LSRR 5 R R E R CR, Wie B IK o 77 B2 Wids b dis 5 HEWE 10 1 o fe
Frs AT HREE T R ER A

1 MRS

11 R XER Rk e w4

I T 2010 427 F 8 HZ 9 H 4 HAEBRTG A MAK i K5 2L AL BT 2 ) 1L b A A /Ry i
HEAT o KR ELA T ML 38 b i SR e B ARIX, Ja Tl T R, B R, HIRZAE .
PSRRI B 451.6 mm, AR 7—9 H . e BN #4 -, A 1.319-cm®, 0~100 cm
TR R R R (FWC) b 23.8% (it /K&,

BN A DK 6 mx 56 Imx ¥R 1m, KAKIEMIE S 3000 b O R AT B2,
NI b5 BB A T SR RE, O T ORI A M, AN A 1 2 SR
T REB B LI 228 4 Nk, WSkIE R 4L hT

PERM RN 4 AR, BATEEN L m x 2 m. WAL BT —, KSR, THETE
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H4e3.18cm, Yk 89.44 cm, F35kilE 4% 36.94 cm.

1.2 iRIsbiE

SEA R TR T R R L m 2 N 1 R R K R0 E 3K A8 TO F T BNk
o TO (R dEE): T3 KFALERRAE - 51 ~ - 41 kPa (75% ~ 80% FWC) YulEl N, #iiI7E w1
Bk R, Ok RIBOE R LK (-51kPa) NG, B, T1 GEHIRERD . Him A
BB AT, 3K YRR - 84 ~ - 68 kPa (60% ~ 65%FWC) JuH N .

FEK B P R EIR B S E U R LA (GPL, fE[E Ecomatik Al 4:77) Hah#ahl, 48K #K
T B KT BRI £5%F 30 min @Eh#E/K 5 min, 4 -F3 KA T LUK ERRE ERER . &F
AR H AN, BN 3 B, B AN REE 3 AN

1.3 MMIEHR 5 EIE A 12

F~PA 8 38K 2y 7k ik (EQ15: Equilibrium Tensiometer) Wil 433 7k #4, 4 yEH - 1 500 ~
0 kPa. Hf/NX 23¢ 3 A KAk, MR 30 em, 1 AM/KBAHLE GPL Mk, Ak
IR . AL S DL2e MM RAESS (SE[E &Iy, Delta Device) AHi%, %F 30 min F#)idsk 1
DA . 3 MR A %/ N X I 33K A
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o FERERRFER TR 15 om Ab2ee — Mgk, HERT e AR BB TR0 K, LA ARk
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A N R A H 25 E AR AR A A

PEIASO M 10 m I 1) A S A % B KRG Rbr i SRR S # 5. A Penman-
Monteith A3 (Allenetal., 1998) M SH LR (ETo) MIEF/KIEZH (VPDpg)o

FIFH SPSS17.0 #EAT % 43 #r, I Origing.0 il Excel HEAT/EK .
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Fig. 1 Dynamic trends of soil water potential



34 LR A TR EARMR A ARARE R bR WD T 555

TEREANRIG IR, TO ALFAE 7 F 30 HFAT—REBE, T1 4bPE{E 8 H 6 HibAT— B, 8 )
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Fig. 2 Dynamic trends of parameters deprived from TDF
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T1 A TO BN BE 2K B AR Hie KAl (MXTD) BJ3rge K (|8 2, b); T1 kb3 -+ 3K
B SEE MXTD 8K ARG, 4K 9 d (7 H 31 HD G HBNRI SR, %5 TO A HAFfE B3

LHAHAEKRE (DG) WaEHEEE N -01~03mm (K2, ¢). EHIEGIE 3K (7 H
24 H) T1 5 T0 4P DG £ILH BEMZER (P <0.05), HEERARE, Z/K2d (8 A26H)
JG DG W EMEZESR (P <0.05) 4k, EH 5K (8 H29 H) MHMEZEMEZR (P <0.05), &
JEHEEIRK SR DG AR B EMEER (P<0.05). DG K MWEE, HEZERHEARE,
XATRE RS2 RGN EZ R, PIWKR DG KIEET &, W5, DG KiRE M s 45,
2009).

ZAERKHAE (TGR) FZAE 0~ 0.2 mm [, W /NT DG (B2, d). kid 15K
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23 ZEEMETANLIREAE T URINN
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HUOETGR, 7E8 H 29 HIKE 2| 1 KV, X/NT 1, RIH—@FAMERN; 11 MXTD {55 54
JEHUE N 1.26 FRAR T 3 T 1.23 K. X 3iH] MDS Al TGR X + 38K A48 4k f gk, H. MDS 15
SRR E . MXTD X 3K # s N ANBURK «
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17K 43R (Ortufio et al., 2005).
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—e— TDR(T0O/T1) —o— MDS(TL/T0) —— MXTD(T0/T1)

a 1

5 e
Signal intensity
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ERcEli
Signal intensity
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3 ZHARTLUESEENHTER
Fig. 3 Dynamic trends of TDF signal intensities

F1 EKSBERRHE (1) MEESME (1D REZHERREUEFENESEE
Table 1 The responses of parameters deprived from TDF in stage of water stress development (1) and
stage of water stress maintenance (1I)

SR L _ 1 _
Diagnostic indicators RS (S) WAL (N o TR (S) WS (N o
Signal intensity Noise Signal intensity Noise
TGR 125¢ 0.071a 17.61 1.77¢ 0.097 b 18.24
MDS 1.17b 0.065 a 18.00 1.31b 0.069 a 18.99
MXTD 1.07a 0.095b 11.26 127a 0.094 b 1351
DG 1.57d 0.158¢ 9.49 2.78d 0.217¢ 12.81
P <0.05.

24 HEAZEEMEUESKERZNXAR

MY KIS A 2 T — R — KSR SAE, IR 1K 7 IR AN S 38K K,
M HEZRE BRI W. SFET 2 ERS Y T2 GRA %5, 2008). Rk 02K
MIXLeFEbR 5A R BRI R R ASCPIER T RN KAZER T IG5 8 bR 77251
# (ETo) ANEF/KVAETE (VPDng) SKRHEATAH /T

M 4l LLE Y, 25 E A H & RIS E (MDS). 22 A4 KR (TGR) S{EZ R (ETy)
ANEA7KVIE T8 (VPDpg) HIAICTERE LT, MDS 55 ETo Fll VPDyg HIAH S 25043 ) 4 0.762 Fi1 0.635
(K14, a. b), TGR 5 ETo il VPDpq IAHIC 5505328 0.550 1 0.583 (|8 4, c. d), #AE|W%
Ko ZEEHAHENE (MXTD) 22— ANRIME, AMUZ HHOKARSRGH TR, 652 2%
R e, EAREIA 743 MXTD 5 ETo fl VPDng &PEX R W (KB 4, ev £, HEEAKRK
fszbrE . ZHAHEKE (DG) 5 ETo Ml VPDyg (A EEAR T (K 4, g. h). il HE
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FOG, KA R ZEEM, Koy 7 i 250 4s, Xt o Al F 25 AR e SR M HE RS A1 T AT RE
(dnJRIT 5%, 2005). AWFFLLE KRR AZRK AR, DG WA HIELL R . X Hix
A (2009) XIHRAS IWFSE L A —2, JRIATREL: —, BURSE SFIAS ], ASFEHRED R K 5
T AN F A N AR RE N T 5 R 55, 200705 L, K T BRI AN A . da
BEAE) DG B {5 5K, B9 A RE, ARERN KA T 4500, Fik DG ANEefE B AR K 5
RIS IR b .

MXTD {553 a0PEAN, hiREaE, (R0 HIEK RO A R B 1ff H, MXTD ANBER YK
R T-EFERE, JT LA MXTD A 2 4 44 BLAGS W7 /K 43 75 S 1f BEAR $8 47 - Goldhamer FiT Fereres(2001)
PGP 32 2R AR K, MXTD 5 MNTD 3& S s B i fabr . SCHFFT T HORFFIG
JE DR AT BE ST M AR RIS (AN R o JEBEAVEMI K 2 Wi dR AR I, N 2% RS SRR R 8 6 28 LA H AR T FR b
(K540 (Ortufio etal., 2010).

PRI MDS {5 58808, X K5 B R NVBBURK, (55 0 S5 S ok thah,
MDS fig s KA 0L, I MDS 2 B4 AUGE B I 7K 43 77 B2 i e A5 . Ortufio 45 (2005) X AN
IR A4 N AT R 22K 38, ok AL W DARCE RS AR AT I, 45
RRE] MDS e Wit W BUR, fe VAT IR ME B dJRVEAE (20060 % 5 i1 A U 4 Rk
W] MDS HER & SIS YA Hb S AR AR ) 7K R 52— 1) MDS FR/RVEMI K 2RI 75% o 1 B
2, N4iaZEEAR AR (ntrigliolo & Castel, 2004).

FEFEHIEE I AR PN B BE, TGR U5 558 KT MDS, 15 5 5 5 (5 5 Lu g N T
MDS, [t TGR /e WAL A7 B K it . B TGR RER N KM TR, FrLl TGR t
A LIERLAOK 23 5 B2 Wi bR - X 528 CIntrigliolo & Castel, 2004) Af#: 444 (Moriana & Fereres,
2002) HIWFFE—5. & En%n, MDS Ml TGR #r] LAE N AIAUK 73 5 iz i br . B AE/K 70 pra
AEFEHT B, MDS {5 5582 TGR FE (K13, a), [I%E 1.30 AivNsEh, nf LR RAIE32 51
Ko it sEE  (Goldhamer & Fereres, 2004).

W E T AR 7K 5375 B2 Wi FR b FORS A E MR 1R 38 B e b, (R XS T 2438 10 3K
A RS B () R KA 5B FIE AR 11 BASFVAE B I A ariG s AN, 6 ek o i sk
AN, A BN AR E BN K S W F R b S B 1) - 458 K A LR 2 LU ST e
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