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Measurements and Modeling of the Impacts of Different Pruning
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Abstract: [Objective]l Water deficiency is the major obstacle to restrict the development of apple industry of the Loess
Plateau. This study was conducted to investigate the effects of pruning on apple transpiration, aiming to provide helpful information
for water management and sustainable development of apple orchards. [Method] The study sites was located in Zizhou County,
Shaanxi Province, where the apple trees were grown under rain-fed conditions. Sap flow under four pruning intensities, including CK

(no pruning), PI-1 (light pruning), PI-2 (moderate pruning) and PI-3 (severe pruning), were measured with thermal dissipation probes.
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Combining with model simulations (MAESPA), the effects of pruning on transpiration of apple trees were studied. [Result] The
results showed that pruning could effectively reduce the leaf area index (LAI) of apple trees. The total branches, LAI and crown
diameter of PI-3 decreased by 28.2%, 30.5% and 9.5%, respectively, compared with the CK. Pruning reduced the transpiration of
apple trees significantly. At the intraday scale, when the pruning intensity increased, the peak value of sap flow decreased accordingly.
Furthermore, the monthly transpiration gradually decreased from the fruit swelling period to fruit ripening period with the peak value
in July and the lowest value in September. Transpiration of intensity II (PI-2) and intensity III (PI-3) was significantly lower than that
of CK. During the study period, the transpiration of pruning intensity I (PI-1), intensity II (PI-2) and intensity III (PI-3) decreased by
11.1%, 24.1% and 37.9%, respectively, compared with CK (July-September). Meanwhile, the relationship between pruning intensity
and transpiration was analyzed through MAESPA model. MAESPA model simulated the diurnal variation characteristics and daily
transpiration of apple trees with a good accuracy. The normalized mean square error was between 0.163 and 0.293; the Nash
coefficient was between 0.616 and 0.830 and the consistency coefficient was between 0.907 and 0.960. The results also showed that
the model had a relatively poor performance when the photosynthetically active radiation (PAR) and saturated water vapor pressure
deficit (VPD) were low. [Conclusion] Pruning effectively reduced the transpiration of apple trees. Under the context of light water
stress in the Loess Plateau, PI-1 could be applied to orchard to reduce water consumption slightly; under the severe water deficit
condition, PI-3 could be used as a promising measure to regulate water consumption of apple trees and promote the green healthy
development of orchards.
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BF5T 3 S [l Bl 2 A s R e fe i k2 2 ™Y, m
INEEEAISESAPIN Bl S e (O AVTL 30Nl Epd
CARBFFIIN Y 524 AL, 3 5L G ] o 3 o

0 38
DT ST 51 o S B PR 2L 2 A 2

AERE R SR A KRR T T RRIX . X 2017
R R A 57%, AERIG 25%. 7, SR
EL AR X PR TR A R B0 1Sk, (B85
BT SR, HEMEACPEZE, I A R S 8
Kt g Y, R TS R, TR
B T WY B L R LK A i
RO S B0 1 TR, ST K R K
ormaie ™ R, TR SRR A
VRE K, TEMGBICA MR, R 5R B ,
SRR N U IHEC T2 a1 -9 N 5 S S 3 5 ]
e S A 2 R T LS 1 FARAER A R A B
HRIT R LSS R R R T SRR, B
FHE R K A s A w0 B
VS PR RE K U, 0 5 0 S b X L
(RS RIERA B, (i AR 11
FE bR G, S A A o
SR, TH & R LI R = Rk s H bR,
TP 7 RS S SR R A . SRS Sy 7
g BN e SRR
T Al 55 25 RS A A ORI 28 B 25 I R K TR AV 2
KA RET T, 0 T B R AT A R A2 1R
453 %%, FORRESTER %S s ot b b AT 153,
LR T5% IR 4% 5 RINZEREC N T 12%, AL

JOREAN, WA 2GR T A 2, RS 0
M REAK BTk WSS S T I AR e R
TR RS T R, 17 T (5 R 5 3
I, LA AR DEHE 5 2 T I PO UL 8, i
SR FT-4N 095 , M LTINS B 0 S ZE IR K 1K
IR, MAESPA AR — A4 2 Bk A 1
RS AR, T TR R R
R WIBEREH . MRy A REK S g
L oA I FF 06 0k SRR 2 s RE K T B i T ()
fif e R S T A S 1k 6 0900 4
I, 4 MAESPA R AN [ 6 51 388 2 % 35 4
Ji L 3 SRR 52 ) R 2 R K BT B, Sy
L L TV K 43 B SR O AR
RHE .

PRSI

RE T 2018 4 7—9 HAERITA 11 B KV A
IRARA M 78] DX 1 A LRl P 1A T
1.1 HREXER

B DA T B PG 48 -9 L 7K VA L A L
REFEHL (37°27'N, 110°20'E) , #4K 1020 m, %X
J& Tl A KRR Ak, 2R K 450 mm,
FEEPE 7—9 H, AT, B, HEN



3022 eE VSO S 52 %

145 d, FFHA0 9.1°C, HEFE RS, BT
WL, LEEEY—, A SRR, BEAESME
N 14 gem®, HAREKEL N 22%.

1.2 WIEFHZE

.21 BRIt DS i Sy B el o i A 1, 1L
WHW AR T ( Malusdomestica Borkh. cv.
Honeycrisp) » M 8 4F, FRMEEEN 2 mX3 m, 5#
FERE AR . BT 50 & A FR A1+ 3 1 o
TWELER. HTEEWHERMNZ, &AL .
R A A S R 71 a2 PR AR P R SRR K
FER| CEmME RS EEEE A TR, K
SR ) 3 SRR 0 T A A 5 R AT 84S B i 43K
Koo WENE CMERY, CKD , SR CREBH,
PI-1: 5% 10%MUAK ) , s 1 (& sy,
PI-2: FEBR 25%MMIBCK LD S I CRAEEBY,
PI-3: KR 40%MMNALICRE) , ik 4 MabEE, &4
AbPE 3 ANEL, WANESAREARN 3 RN, Lt
36 BRAM o TN 3 B —A/ DX, JEit 12
AN, TR ARG TR S, R B YRS 100 em,
CABIS 1152 2] &30 S )5 o A5 BY I LA 42 A5 12
PEZEMEFEACN AT, A BROR BA 45 B s, 4
SCELBRI RSN 2 Skl . AL, EgRL. AR
g5k, 5 ERL TR

1.2.2 FHERFEGLE  BHRENERASEE Dynamax
o\l A PR IS £ X FLGS-TDP 283 v, #REF 5k
TDP-10. XJ A 7] & BY 4b B8 50 0 it o 00 A7 3% 28 i
DU, BEAS /N DR o ) () SR AT i, At 12
PR, BIREAS AL 3 R A o 7EA7 TR 1 30 em
A2 4E 10 mm KRSk, FHRRHBRMEEE, bR
BEHGRIREM, RY 30 min SRAE 1 UG . AREE L
TR ONETE R 2R, HE AW

K;Eﬁﬂl (D
SF =0.0119K"*" 2
Q= AxSF (3)

K, K ALENSE: dT, 0TI IR g
5228 K ZE (C) 5 dT Ry 2148
(°C) 3 SFAWHRHER (ems™) 3 A KL,
O N E. Hp, dT, A dT ¥ 0403 E 3 W
w7

i R FR A 98 [ LI-COR A &) 2B ™= 1
LAI-2200 j& 22 3 B ACGEA T &, AR ORI IS, I
BTG Z RS ER B O, DAy 38 G e iR R B S VR &1 S

P2 IR, EF% 90°MERGIE . W, Jofakik
BT, O SHE A, RRKE, %R
e, WP 75 S SR RS TN 68 38, ERAT
AP EWERTIEE B AE, 42 FIUE FH,  Wir 21 Fgens
PG eI, AT o — I 5 Tk, A
BRHIAATT o EAIIE 5 UK, MEATRA 2 JH—IK.

S LA LS R DR BRI, G
[Fi) Ab )=

KHMAKEEZE (VPD) f8brsi o RikiEE S
AR BE R P R 80NE, - DA AT SR ASE RS S IR
WM o ZFRBR TS W R R

14%)=0611xEXP(—£LleJx(1—fgij (4)

2373+T 100
A, TS CC) 5 RHONMNHRIE (%) .
1.3 MAESPA 1&%!

MAESPA HEAY & — AN JET A4 A # R 1F) ek J 2
JUEE G MR, BRR A FORTRAN B 5407,
HBHACA NSNS P EEN, ARPs T2
B g5 . MABSPA BRI IR, Gk,
JobJA A R R . R A AR A . BRG] e 2 AR 11
B2t e —26 06 . a2tk 2 ATl
e ARG k) R S 1) 2 B 5 £ P R
P ) ek 2 s S AR R AR T 5 5 i 2 - & A el
JE S AR R S 0 A T 7 s TR K /N
Stk JRREAR G, AR IE 4 IR I SRR b, d R
IR R T S S A5, T T SEASR] A% A 1)
IR oA 2% TR K Farquhar Y& 1A
T 76 S (R A AN A 25 P8 23 SR S gt AT R, Rk
XU T Pros:

A,=min(4,,4,)-R, (5)
Cc-I’
Ac:VCMAXI—O_ (6)
C+K 1+
1 (‘( KD)
=7 Ci_F* &P
TR, o'

A, 4, AERAEEE (pmolm™s™) , Ao 4; 537
“4 Rubisco [ RuBP i 114 52 31| BRI N 1) 150 s 22
(pmol'm™®s™) ; R, WA KRMILIEZE (umolm?s™) ;
TR ICRE R CO, #M22 5 Cumol'mol™) 5 G 5
O; HMilF] CO, 5 O, WS (umol'mol™) ;3 Ve A1 J 53
B B KRR AR (pmol-m™s™)

K A K, oK ICH . (Sl .



17 4] R 248 B E Ll SRR 1 S SR 3023

Hal (5) v (6) « (7 W, AR EHH
TAEHER (S EA AR AT e A
[ CO, WSEIRBN, (HIfLE] COL RSE A ARFNZSHL
MHE (8) Fick s@ff, W5 NAfLFERAL, il
PG RIS RARRE S, BT v 50 S A RS A
A 2RSS, 5o SINEEAS WA 1R A4
AL B 5 J 7 R

4,78(C,-C) 8
X, ge A CO, SALFE (molm™s™) ; C, 4
KX CO e (pmol-mol™)

ZENE R K157 K Penman-Monteith 7% (3
9) o BIRTFEAMA MR —M &R Penman-
Monteith 75 F5 5 FH 2 H A A RIEEAN PR R H S A4
7% (Penman MIKE) 3 25 & Penman-Monteith
T RN B AN )2 R, IF AN IR et 2P 1)
PR R A AR ZE NS (Penman 75D .

_ SR, +Dg,C M, (9)

Y Mstreale)

X, AR (TFmol™) 3 S WBEAUKIE S
WX R ML MREE (PaK") 5 D AMAUKYEZ
(Pa) ; C, WAL (Jkg' K™D 5 M, xS
JEE R i i (kg'mol’l) : R, AR (Wm?) ; y A
WS B (Pa-KT); gp A RILFZE T (mol-m™s™);
g N/KVER S (molm™s™) .

FETY 4G NS0 32 B IRBE K1 et JZ R AR . ASHTE
FURERM R R R 6 J2, RS  12
AW R AR S HEE I (R DA BB /N
Jib 2 A R - B A R e S T RS, AR
FHSIIIAE, i iy A\ P R 2 52 40 A7 R B0 i 4
AT 3 B s AR AR BRRTHAR R SR 6 & 2R Ak
SRR ERO S L ANERE T FINHZAR IR o) 38
0T HR E  TER S KR AR R AT WRAEY
TS EL, R RN BRI T S O U e
e AR B SR LIRS H, TR e S R S 43 A
TY R R AR SR K o SR TR,
HHAH Y. PR ASEADL 45 S
1.4 BESHHE
141 ARSH G H¥dEES (PAR) (Wm™) |
KA (T) (C) « K (P (mm) « KA
SHEE (RH) (%) « Wi (W) (ms™) ZElidff
Hi P /NS G B I, A A 2N — IR
AEEHEIE (D PR,

1.4.2 FEZ#HSH ME (plant height) (cm)

seb I (canopy diameter) (em) ¥4 76 K J& ( canopy length)
(em)  BFFEW B TIRL (total leaf area) (m?)

AERIG WA AR A — R W el B e K i
B RO, et SR R AEAT MR A T S 5RAS s el )2
TR R I e el S AT 23 )2 & )R e bR e R ik
AT BINAT: (RTINS WG, okt 1
TR BOAVERAE, REEE AR, R &)z
TR, JE TR et 2 i TR AR S A R, T
BN AR A R AT AR KSR B (1R
UNIER

1.4.3 MEYEFESH R R (umolm™s™)
AR M RIE T E Walz 2 7 A1)
PAM-2500 fE#5 48 £ 7OGLONA, VIHRE o
() A AL em Y 2 6 (- did A
T AL Z XD G AR & a2, RHAEE
AR AR HEATINE . KR MERE KB
F AR I R 055 Z R WULLSCHLEGER %1%
SCE PR A I, R K A B R
T K RSB % NIU P s i S 5. ed
SR P S HA ] Li-6400XT 45 A0 &
PCHEAT M, 76 8 H AL FENG WL = M R AR 36
Li-COR 7 w42 Li-6400XT 1 4% 2t Al
EREMEF A HR, AL TE BB ER,
WP W 3 2 DA R LA = S A B AR bR R IR B IR, W
fE 6: 00—18: 00 BEAT, & 2hJlE—Rk. [,

FHIZEE PMS 2w A 77 (1 s ) =0 BT BT
B 23 (0 i 7K A AT I =, HERR K O R EERTH A K
Kotan=E/(Wpa-yma) V5o HoH, E b 1E 71 I A 1 25 10
TR, yoq T ying 73 010 0 BT R IE 7 I FE A 19 K
e,

BT AAL T BN E R Medlyn S AAL
SHERLRY, FLT Farquhar ZE (A L AFLEIL, 456
L i =R P

gS:g0+[l+%ij% (10
Kb, go ABINHLFESH O, g WILRIES
o), ANEEEHEE (umolm™s™) , D hHE
R RIKIE % (kPa) , g A SFLFSE (molm™s™) .
XPRFRRAS 210 by Ay TR AR B LR A 15 Bl
W o B T 52 T BT AR, % A R I )
PR 2
1.5 REGRHUT M IS FRANEIE 2 i 75 7%

AR H— 13 I iR % (normalized root



3024 H RO B % 52
mean square error, NRMSE) . 4}f Z %1 (Nash coefficient, " s

el Ny N He e 7y L o ] ) Z(O_P)
NE)  —SMERH d R VPO B8 28 FE /K LRI del- =5 (13)

R

(1D

12>

>(Ip.~r|+lo.-0,))
A, PR O | RZEIE TRME A SEIME ;s n KW
MREG O, FWEIE I

X Microsoft Excel 2013 X #dE kT35, H
SPSS 16.0 FA B BT B8 2 7 22 0 AT, 2 H LA
KU LSD ¥, KM Origin 2016 % AH-AEE . BT K

Kol V(R o

5 60 -
Bl kP —@— HESHET H ] KW
—30
N ' B ) *‘”
~ ad? e 2 3
B » | ® L4 1% 3
g N | | E
23k = £
2T E 89 .
= = i 0 2
g £ ® 7] z
o g =
= - [}
ER 2
8 & g
B poi Ho <
Y R
—-10
0 1 La II || | I
1-30 3-1 3-31 4-30 5-30 6-29 7-29 8-28 9-27
H# (H-H) Date (M-D)
1 REERNEREFTL
Fig. 1 Variation of environmental factors during the study period

2 %R

AREMEBIALIE MM A TEREMNER

6 H A b BE (1) e CIEATE A, TR R Bk
B TR A, BB UGS TR E 45 (B
2, R, BBYGE, HmA e 8 5y 5 G s
A, BHAE B B AL BRI A & AR Fa 4, el A
123553 RO AL HL /D 28.2% . 30.5% 9.5%. it
JE T NGRS TITASBY AR 2% (P<<0.05) PR T M
SRR, AER AN [RME BY 5 B0 AR R R A g A I
o A BRI N, SRR AL, R
I fE B AL B 7 i Wl I T AR 3 AN A, Aon) e Fe

2.1

KT 16%, {HARE T FIGRE T A2 BT A 2E 55 0] 2 [A13)
o 2. BB A R KB R T A R
KIS, AEBY S T RHA IR AR G, X
CERE A —E MG, MR K TFAARIEE )
LA BE S B AN DG, SR T ABFE ) T BN IR
T 13.5%, o fES MBI ZE SRR, S0 0272, 1
L ENZER.

2.2 AEMEEIEE I ERMEBFKZM

221 BAXRALAGTIARAAEEBE ZHER
MERURSEIZ A (7—8 A Mgy (9 A) it
RUG RN Z = KA, 73BT RSERE AN €
WM TR H AR (B 3) o BEREMETR, Ry



17 1 WA S BB L 3 L7 (1 5 ) R A 3025
241 .
—e— CK—0—PI-1 —0—PI-2 —0—PI-3 [ i Spur 04 Middle shoot [ -4 Long shoot

i 100F
22 -
“‘I'E 2.0 §

A 2 80t
= g
S oist =z

g 16f Zg eor
3 X 3
= 14F T g

ﬁ &5y g 40
= 12F Pruning o
z ]

= 10} £ 201

1 1 1 1 1 1 1 1 1 1 1 ] 0

5-24 5-30 6-7 6-21 6-30 7-12 7-20 8-3 8-12 9-6 9-14
HH#¥I(H-H) Date (M-D)

CK PI-1 PI-2
Kb Treatment

PI-3

2 TRLEEEREHWESR

Fig. 2 Canopy structure difference under different pruning treatments

F1 BEFAEEREN. FEHRELIENEESHES

Table 1 Canopy structure and rapid light curves difference in different pruning treatments
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Leaf area Plant height ~ Canopy diameter Total branches Yield Jmax Vmax a(-)
(m?) (cm) (cm) (x10*hm™) (kg-tree™) (umol'm?s™) (umol'm?s™)

CK 8.81+0.46a 310+24a 210+18a 100.02+6.01a 4.33+0.22a 163.40+11.06a 81.89+6.74a 0.27+0.03a
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FIFIAF NG FREROR A FIA B 2253 2% (P<0.05)

Different lowercase letters in the same column indicate significant differences among different treatments at P<<0.05 level
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