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Abstract; Taking 25-year-old ‘Red Fuji’ apple as material,seasonal leaf water potential and photosynthesis in-vitro and
in-vivo of them were measured,in order to explore the changes of leaf water potential and its influence on photosynthesis
and water use efficiency in different period of growth and development of fruit trees. The results showed that in the early
stage of burgeon and leaf expansion,blossoming and fruit setting,flower bud differentiation,leaf water potential gradually
decreased, photosynthetic rate and transpiration rate were significantly lower than that in-vitro shoots. The decline of leaf
water potential induced both transpiration and photosynthetic. Comprehensive analysis showed that WUE gradually
decreased,and suggested that appropriate supplementary irrigation should be carried out in stage of burgeon and leaf
expansion, blossoming and fruit setting in April and May. Moderate water stress was conducive to flower bud
differentiation in June. In July and August,extent water potential decrease induced transpiration and WUE increased,and
orchard irrigation was no needed unless continuance drought appeared in the rainy season in the trial district. After
September,the WUE gradually enhanced, and the difference of photosynthetic and transpiration of in-vitro and in-vivo
branches was decrescent,and there was no suggestion for orchard irrigation.

Key words: ‘Red Fuji’ apple;photosynthesis;leaf water potential ; water use efficiency
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RIRVEYIFIRM R0 FE SR W . (BT /R
AL, HATE A M L DRIS fRuE R IRGE . P55 7E 2012
AEHEAT I PR R B 7 AR (A % 43 IR 00 TR 2 43 A R R 4
HERE 9105 T DRIS 280, S 7R 8T /R M
FUEFRCWITE bR 0 R A AR W A LA AT 12
PEYI AT ATAKE
1 #Rl5H*®
L1 sk

BER R AR B RE R B R T AR R A%
% IR PR B (4R 77 8 >>30 000 kg/hm?) FE 7= @ (4 7=
#<18 000 kg/hm®) ) 20 a #4§ I R IR B B, SR BT
AR AL (Pyrus betuli folia Bge.) , #47# 5 m X6 m,
450 #&/hm’ . 15 KRR EERRE S 6 4 B HER
A/NF 1 hm A RFE SR 30 B 3% 5 BBCREE, &
AL 6 8K, T 2012 4F 8 A 30 H, BARW B
WM A A 2% 1/2~2/3 K 2 18] Jo iR B FE T ALK
PR R 20 B B HEIBAIEN 1 ARl pHAE
WS E T, R Sk BRI K K BT,
7£ 105°C %% 1 h, F7E 65°CHt 24 h, SR 58t 0. 5 mm
g A
L2 Rk
L2.1 BEREERTRFERTREENE WESK
FE&ERMN R RERTRE SR, R E M A RE IR
HEB NI CK),
1.2.2 DRIS#E¥GTE 1 DRIS 8 BFREY T E
—FRATCERMTREE . & XY BRERGFRT F
FRER 2 FEA TR, H X/ Ve X/ Dy 251 E
7= R fm = R R ER M A XY AT ERK
WEZ ., X/ YY) e B (X/ YD) BIFEEE , W] R BRI 3L
f(X/VDER. BX/ Vg =X/ Vg 1(X/Y) =[(X/
Y)ie /(X/ YD) —17X1 000/C. V3 24 (X/Y) e <(X/ Yy
X/ YD=[1—(X/Y)u/(X/Y)g ] X1 000/C. V, HH

C.VAHX/ Vg AR ZE. {(X/Y)>0,3L8 X HHXf
Y i &, f(X/Y)<<0, BB Y X X &, P, HE—
FAPTLR M PER G, W T R 5 HEFRS4TT
RILEM BRI FEEEORR. HEFRHTER
i X/Y )Y BB/ YD, W X dEE =X/ A+
{(X/B) 4+ —f(H/X) —{(1/X)+++1/n,n AR AL O K
A
L3 WHNE

PEREAER R N SRR ERE:P &
B E SR RSP LL 675 K Ca.Mg . Fe . Mn,Cu.Zn &
BRSO RO I e
L4 B

FIFH Microsoft Excel .DPS 38 A4b B 2 4t i 17 5038
SEFRFGETHA3HT
2 HBREGW
2.1 EREERTREFRTR SRR

HHER 1 AT, e ™ SR el A 7 SR Bl 4 R B A AL e
FEBRULRSBRAEEESR. B RE NJP.K. Ca,
Mg.Fe.Mn.Cu.Zn ¥ &8558 26. 70£2. 24 g/kg.
2.214-0. 30 g/kg.22. 8743.75 g/kg.6. 06=-0.55 g/kg.
6.04 = 0.21 g/kg. 412.34 &+ 22.92 mg/kg. 21.01 £
2.08 mg/kg.18. 064 1. 81 mg/kg.39. 114 8. 16 mg/kg,
R[] SR e ) A5 S R B By 3. 41 96 ~20. 85 Yo, fiFF
2R N,P.K,Ca,Mg,Fe,Mn,Cu,Zn ¥ ¥ & &4 5 4
21.56+1.79 g/kg.1. 3740. 40 g/kg.19. 18+3. 30 g/kg.
5.06=+0. 63 g/kg.6. 0710. 21 g/kg.360. 104-24. 39 mg/kg,
93.80 & 2.99 mg/ke. 24.10 & 5.63 mg/ka. 26.48 &
2. 46 mg/ kg, N[ 8] A5 5 REUGTE ] 3. 48%6~29.20%,
PE/REER B LR N P.K.Ca,Fe.Zn P35
BRI RE>E R, Mot R Mg.Mn,Cu 7
¥E BRI AR R E <ML R, o N.P,Ca,Fe,
Cu.Zn K22 538 3 I 2 5k W 2 K F . AR = R B0

*1 ERPERMAERTERE
Table 1 The content of nutrient elements in Korla fragrant pear leaves
TR 7% 8 O ) High yield orchard(CK) {7568 Low yield orchard ¢l
Element FH{H Mean trifE2E (SD) BRABC /% SF-13{H Mean PR (SD) BRABC/% ¢ value

A N/gekg™! 26.70 2.24 8.40 21. 56 1.79 8.33 4,01 % *

B P/ges kg™! 2.21 0. 30 13. 66 1.37 0. 40 29. 20 3.76%* *

M K/g+ kg! 22. 87 3.75 16. 38 19. 18 3.30 17.19 1. 65NS
45 Ca/g e kg1 6. 06 0. 55 9. 06 5.06 0. 63 12. 39 2.67%
B Mg/g+ kg1 6.04 0.21 3.41 6.07 0.21 3.48 —0. 2388
# Fe/mg + kg~1 412. 34 22.92 5.56 360. 10 24. 39 6.77 3.49* *
5 Mn/mg » kg1 21.01 2. 08 9.91 23. 80 2.99 12.58 —1.71N8
4] Cu/mg » kg1 18.06 1. 81 10. 03 24.10 5.63 23.37 —2.28*
B Zn/mg « kg™ 39.11 8.16 20. 85 26. 48 2.46 9. 28 3.31% %

I I n=06, (t0.05=2. 23,20.01=3. 17); NS £ F R B &, « ZR BE(P=0.05), * * Z2H{ ik BEP=0.0D,
Note:¢ test n=6, (¢. 05 =2. 23,%.01 =3. 17) ;NS means no significant, * means significant(P=0. 05) , * * means very significant(P=0. 01).
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O REA R TR RE, X SERERN B
MRS R AR RELERTER LT
i, M RESEFRTRAEERKRES . ERETH
RS, JTE ] LU ) D a3 B LG 41 5 PRIk W SR FH v 7
bR E R A ERITRNERERER
XEREFR TR WG HIE.
2.2 PRIREEAI I EFRITR & B S EER LR

MBS W HERA S S LU (E Chr HE (B B0E B
{BD R ERESC 2R 5 U0, BT 90 Hh AR A5 1Y R ) B AL it
FHESTTRERER 2HREMNTFEFRTEEEMN
PRUEEFEAT I RDY , PRAR B &L v NUK i & &AL
FraEE R FFREUME &, P Mg . Cu.Zn i & &AL FhriE
EHYE M, Fe & BB &S T2E MR HEE, Ca.Mn )&
ERRRT2ENRHEE. BAARDXRH FERF
EBIE B WA AR BB AT i T )14 4
TEBL B IR0, RIS IR i B FR TR NP,
K.Ca,Mg.Fe.Zn il B 5 i& & & 04514 28. 2 g/kg.
1.0 g/kg.5.6 g/kg.39.2 g/kg.3.1 g/kg.98. 88 mg/kg.
50. 77 mg/kg F 35. 08 mg/kg; ZEHE &% X ILAR“K+
RR7AL BB SRR ST R ALt i N E SR TR NLP.K,
Ca,Mg.B 1 Mn (i & & 4370 20~25 g/kg. 1.5~
3.0 g/kg.12~16 g/kg,12~18 g/kg.2.0~3.0 g/kg.20~
50 mg/kg 1 30~50 mg/kg, £k EAFFRVLEL, BBt
WEFTLR & & B AR F A Fh R AE R, (8 2% s R 3%
ARG U M EET R FR RS 257, W2
YL AT R iR R N A 5 A A N DA A B
FARIZERIT PR 4 X6 A [ i b ) SR — S R
ST H B BRI AR ZR AR e, 74 6B TE L b R 24 ) A= 7
SEFhRMEE G R BIRFAEAE R B .

*2 AHREFRTREESE

Table 2 The optimum content of nutrient elements in pear leaves

PI% 3 73 ik rn=4
Element Shortage Low Optimum
A/g+ kg™ ! <13 13~19 20~24
B/g e kg <0.9 0.9~1.1 1.2~2.5
/g kg! <5 5~7 10~20
/g kg! <7 7~9 10~25
/g~ kg <0.6 0.6~2.4 2.5~8.0
&% /mg + kg—1 21~30 — 100
4%/mg * kg1 <14 — 30~60
Hi/mg » kg1 3~5 <5 6~50
B /mg » kg1 <10 <16 20~60

2.3 FRIREEHM A EFRTTR AR

RN EFFTCR I & B KA TTR Z [ E 24
LLBXE SRR 7 B L B R RSP B SR
TR A RICLAFTER) AR —FHE FRIT R W B R A AR
AL IR 2T R ETOR 1, % B FR TR L AUAE
2 H—E WP LU B SC R A RE R 15 TR AR ) 1
R A BTN . PR R B E R b B SR T

B EEIEMEST, AR 3 WAL F NS EFRITE
ZIFAEEANFAEEYE, K N5 K Fe,Cu £ B3
IEAH, 5 P.Mg 2 B E R P 5 CaZn 24K B
IEH5, 5 K.Fe.Mn,Cu 2 B & fitiX; K 5 Mg.Fe &
WHEEMA;Ca5 Mn.Cu 2 B EFIEHK, 5 Fe 28 3%
it Mg 5 Zn B B EF IEAHX;Fe 5 Mn £ i 2 fitH
X;Mn 5 Cu 2BEIEMHR, 5 In BB ERMERX;Cu s
Zn B BEGMHEL, WHERSHEFNITFZERTLER
[ FEE— S R U IR S0t .
£33 ERYBFEMHAREFRTEEANEXEY

Table 3 The correlation coefficients of

nutrient elements in Korla fragrant pear leaves

N P K Ca Mg Fe Mn Cu Zn

N

P —0.18* *

K 2.43* —26.42*

Ca 0.09 4,93% % —
Mg —0.07* * —0.25 0.02* 0. 06

Fe 0.02* —1.01* 0.01* —0.14* 0.42
Mn - —0.01* - 0.01* - —0.01*

Cu 0.01% —0.04* - 0.01* 0.01 —0.02 3.39*

Zn  —0.01 0.11** 0.01 —0.01 0.05% 0.11 —5.84* —1.07**

. HRRRBIFH (P=0.05), * * MRRRIKBFH(P=0.0D),

Note: * means correlation significant(P=0. 05), * * means correlation very signifi-

cant(P=0. 01).
2.4 RIREER R B FR2 WY DRIS bR

BERPERTREERTREETEN N/P.N/K,
N/Ca,N/Mg.N/Fe % BRIk 36 FhRN, 40511 5E
SEME EF R X/ YOME., BE 4T EFER
TE 78 5 R BRI AL SR (5. 166 ~39. 78%0) B
B T R (7. 82% ~25. 91%) , MBI AR R TT E 1 Lt
AR AE VR 7 SR el 1] B A A 7= SR el (] P, X 5 3% 1 o
SR {(X/DERRAAEHRATE XA 26 F1,8
IEERWE XA 10 Fh, ULBL™ R R A
B IR TCR XL AR I & R A A, R & TR ]
LB . SR F A6 b4 7= SR Bl G ™ SR el e
IRENEBRIT R IR L 225 B2, 38 2 MR
TR F AR A3 BE Sl 8 & KRS, 3
DA 7= SR 1% S T - S4B bR o 25 T AR | RBUE N
DRIS Z#brifE (& 5).
2.5 PRIREERT R B DRIS 207

AR 5 H Y R B B BLUE SR 12 W DRIS brifE, 45
AF 4 PRI/ O A0 R 5 R A AL
HEFILEM DRIS 850 7 00UF FUE R 45BN

2% (Nutrient imbalance index, {85 NI, B3 6 ®J4#1,

DRIS 8 HCh B E SR G EAE N.P.K.Ca.Fe #l Zn, &
B PR IR B R IR TR B S0 78 FR T K, B (E Y 248 X  fk
KN EFR IR M T KRR B BRI BN IEEM TR
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Table 4 The different expressing forms of
nutrient elements concentration in Korla fragrant pear leaves
Bt ‘ E#(X’]‘ﬂﬁ) ﬂ?ﬁf"‘
Expressing High yield orchard(CK) Low yield orchard F{i fx/y)
forme PYE  ERRE PHE  ERRE Fvale
Mean €W/ % Mean CW/%
N/P 12. 33 18. 62 16. 88 29. 40 4.16NS 19. 82
N/K 1.19 17. 26 1.15 16. 60 0. 13N8 —2.02
N/Ca 4.42 9. 00 4,33 17.75 0.07Ns  —2.31
N/Mg 4. 42 7.82 3.56 9.93 18.43* *  —30. 89
N/Fe(101) 6. 50 11. 35 6.01 11.08 1. 44N8 —7.18
N/Mn(102) 12.7 5. 64 9.16 13.56  37.26* * —68.52
N/Cu(102) 14.9 13. 50 9.22 16.00  31.38* * —45.63
N/Zn(10%) 7.03 19. 04 8. 20 12. 66 2. 86NS 8.74
P/K(1072) 9. 86 21.16 7.53 39. 68 2.45N8  —14,62
P/Ca(10—1) 3.71 22. 81 2.75 32.03 3.65NS  —15.30
P/Mg(10—1) 3. 66 14. 44 2.26 28.47  17.02* * —42.90
P/Fe 5.38 15. 35 3.83 30. 45 6.99*  —26.36
P/Mn(101) 10.7 20. 25 5.74 24.74  21.72%* —42.67
P/Cu(101) 12.2 11. 09 5.97 39.78  3L.61** —94.10
P/Zn(101) 5. 77 17. 01 5.27 34.27 0. 36NS —5.58
K/Ca 3.79 16. 24 3.85 21.62 0. 02N 0.97
K/Mg 3.78 15. 29 3.16 16. 64 3.83N8  —12.83
K/Fe(101) 5.57 18.70 5.35 18.08 0. 14N8 —2.20
K/Mn(102) 10. 89 13. 22 8.25 25.78 6. 39 * —24.21
K/Cu(102) 12.77 19. 24 8.21 22. 47 13.25% *  —28.87
K/Zn(10%) 5.99 19. 67 7.25 15. 41 3.57N8 10. 69
Ca/Mg 1. 00 8.32 0.83 10. 80 11.66* *  —24.62
Ca/Fe(101) 1.48 11. 64 1.41 11.74 0.48NS  —4,27
Ca/Mn(10%) 2. 89 8.15 2.14 12.71  26.19* * —43.00
Ca/Cu(102) 3.39 15. 37 2.19 23.50 16.34* * —35.65
Ca/Zn(10%) 1. 62 25.91 1.92 12. 06 2. 36NS 7.15
Mg/Fe(101) 1. 47 9. 00 1. 69 5.16 11.61* *  16.63
Mg/ Mn(10%) 2.89 7.88 2.58 11. 98 3.86NS  —15,25
Mg/ Cu(102) 3.37 9. 14 2.63 21.04 8.23*  —30.78
Mg/Zn(102) 1. 60 20. 59 2.31 9.85 18.81* *  21.55
Fe/Mn(10!) 1.98 12. 54 1.53 12. 22 12. 62 *  —23.45
Fe/Cu(101) 2. 30 10.12 1. 56 22. 88 17.99* *  —46.87
Fe/Zn(101) 1. 09 20. 66 1.37 13. 45 5.62* 12. 43
Mn/Cu 1.17 14. 24 1.02 20.76 1.95N8  —10.33
Mn/Zn(1071) 5.55 21. 36 9. 05 15.69  21.45* *  29.52
Cu/Zn(1071) 4.78 21. 25 9. 09 20.90  24.07* *  42.43

12 Fo.05 =4. 28, Fo.01=8.47; NS 2 R R 3, * 25 B F (P=0.05),* * 57
% B3 (P=0.01),
Note: Fo. 05 =4. 28, Fo. 01 =8. 47 ;NS means no significant, * means significant(P=

0.05),* * means very significant(P=0. 01).

R5 ERBEREFISEH DRIS iRk

Table 5 The DRIS norms for nutrition diagnosis of

Korla fragrant pear

FRER P {E PR yER AR R

Expressing forms Mean (SD) €W/ %
N/Mg 4.42 0.35 7.82
N/Mn(102) 12.7 0.07 5. 64
N/Cu(102) 14.9 0. 20 13.50
P/Mg(10—1) 3.66 0.05 14. 44
P/Fe 5.38 0.01 15.35
P/Mn(101) 10.7 0.02 20. 25
P/Cu(101) 12.2 0.01 11.09
K/Mn(102) 10. 89 0.14 13.22
K/Cu(102) 12.77 0.25 19.24
Ca/Mg 1.00 0.08 8.32
Ca/Mn(102) 2. 89 0.02 8.15
Ca/Cu(102) 3.39 0.05 15. 37
Mg/Fe(101) 1.47 0.01 9. 00
Mg/Cu(10%) 3.37 0.03 9.14
Mg/ Zn(102) 1. 60 0.03 20. 59
Fe/Mn(101) 1. 98 2.49 12. 54
Fe/Cu(101) 2.30 2.33 10.12
Fe/Zn(101) 1. 09 2.25 20. 66
Mn/Zn(10~1) 5.55 0.12 21. 36
Cu/Zn(10~1) 4.78 0.10 21. 25

A Mg.Mn 1 Cu, KHIX 3 FEFRITTREH B EREE
BT K e 4 F AR BR 7. DRIS 2 Wi &AL
AR IR R P>N>Ca>K>Zn>Fe>Mg>Mn>>Cu,
#EFITUR M DRIS 18X HEZ BN E RS
BB RCNID , 4o X B 2 R, 3 B O R (] A P4, B
F TR A 1 BRI, AR PR TR SR I R
FRERG AN T EB(NID hy 299. 46, F B K7~ 1
bl (B B0 o0 P A A K A
3 Wit 54t

iz B 3712 W0 DRIS J7 ¥k , SR 5 fel A i 7 51 el
HI BRI BL M R AR AT B SR U R & BRI EFSE 4
W R4 G R ER - B4R, ikt N/Mg,N/Mn,
N/Cu.P/Mg.P/Fe.P/Mn.,P/Cu.K/Mn,K/Cu,Ca/Mg,
Ca/Mn,Ca/Cu,Mg/Fe,Mg/Cu,Mg/Zn,Fe/Mn,Fe/Cu,
Fe/Zn, Mn/Zn 1 Cu/Zn VE R PE/R BRI BFR TR

*6 DRIS £ B8 #1 % 5 ARG 7
Table 6 The DRIS index and order of nutrient requirement
mE JtZ Element
Item N P Ca Mg Fe Mn Cu 7n
DRIS #£% DRIS index —48. 35 —51.51 —26. 54 —34.42 17. 64 —9. 63 38. 56 46. 33 —26.48

7= Rl A
Low yield orchard  Order of nutrient requirement
NII #5 %% NII index

P>N>Ca>K>Zn>Fe>Mg>Mn>Cu

299. 46
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12Wii) DRIS AR, X L2 WrbR v i8R ST, PR R )7 Y
BEIRSW ., BRRBERPE LR AR 2k, B
7£ DRIS bR g 7 i BB o, DU = R S5O AE
DRIS Fr#ERT, #SHOR M F R B K, X 50T ATE
HERMEFSW I R EAE RN, f# e a)
b SR SR WA 18 e v/ B S T e e P B = VAL 1)
DRIS prifEfEifE— AL .

ZIRIEFR I 20 a PR PE /R B BUIK ™ SR fl 1) 5% 45
S A AR K S84, DRIS 2 Wi 7% ARG & P>N>Ca>
K>Zn>Fe>Mg>Mn>Cu,
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Study on Diagnosis and Recommendation Integrated System Norms Based on
Leaves Nutrition Analysis of Korla Fragrant Pear

CHAI Zhong-ping' , WANG Xue-mei’ ,CHEN Bo-lang' , SHENG Jian-dong' , MENG Ya-bin' ,LIU Mao' , LI Shan-shan'
(1. College of Pratacultural and Environmental Science, Xinjiang Agriculture University, Urumqi, Xinjiang 830052; 2. College of Geography
Science and Tourism , Xinjiang Normal University, Urumgqi, Xinjiang 830054)

Abstract: Taking leaves of Korla fragrant pear in low yield orchard and high yield orchard as materials, with a Diagnosis
and Recommendation Integrated System, content of leaf nutrition were determined and analyzed, in order to establish
nutrition diagnosis indices of Korla fragrant pear for the purpose of guiding fertilization scientifically. The results showed
that,N/Mg,N/Mn, N/Cu, P/Mg, P/Fe, P/Mn, P/Cu, K/Mn, K/Cu, Ca/Mg, Ca/Mn, Ca/Cu, Mg/Fe, Mg/Cu, Mg/Zn,
Fe/Mn,Fe/Cu,Fe/Zn,Mn/Zn and Cu/Zn were selected as the DRIS parameters of nutrition diagnosis for Korla fragrant
pear,and DRIS norms for nutrient diagnosis were put forward. Through the DRIS index calculation, the nutrient balance
level of 20-year-old of Korla fragrant pear in low yield orchard was low. The order of nutrient requirement was P>>N>
Ca>K>Zn>Fe>Mg>Mn>Cu.

Key words: Korla fragrant pear;nutrient diagnosis; DRIS; DRIS standard
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