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Effects of different rootstocks on nutrient absorption and utilization of
“Honey Crisp” apple seedlings under drought stress

ZHAO Qi,ZHANG Zhijun, LI Chao,ZOU Yangjun

(College of Horticulture , Northwest A& F University sYangling » Shaanxi 712100, China)

Abstract: [Objective) “Honey Crisp” seedlings grafted on different apple rootstocks were test

ed under

drought conditions to screen rootstocks for efficient absorption and utilization of mineral nutrients. [Meth-
od]) One-year old “Honey Crisp” seedlings grafted on G11,G30,Gx,G935,Pajam2,Pajam1,T337,M9,M26

and G41 were used to investigate effects of rootstocks on biomass accumulation,leaf nutrients (N,K,P,Ca

and Mg) contents,nutrient absorption and utilization. [Result] (1) Compared with the control, the net bio-
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mass and relative growth rate of plants grafted on T337 decreased the least of 64.26% and 50.12% under
the drought stress,respectively. The decreases of the Pajam2 were the largest of 91.76% and 86.51% ,re-
spectively. (2) Compared with the control,the plants with large decreases of N,P,K,Ca and Mg contents
were G935 (—9.33%), M9 (—35.70%),G41 (—27.59%),G11 (—29.63%) and G30 (—24.07%).
Plants on M26 had small changes in nutrients. (3) Under drought stress,the absorption fluxes of N,P,K,
Ca and Mg of the plants grafted on Pajam?2 decreased the most by 94. 97 % ,95.97%,95.09% ,94. 62% and
95. 04 % ,respectively. The nutrient absorption fluxes of plants on M26 and T337 decreased less. (4) Com-
pared with the control,drought reduced N, Ca and Mg utilization efficiency of most plants,and the largest
declines were on plants grafted on Pajaml (—10.75%),M9 (—23.07%) and M9 (—23.43%). The utili-
zation efficiency of P and K increased with the largest increase on Gx (36.61%) and G41 (20.92%). [Con-
clusion) Under drought conditions,“Honey Crisp” seedlings grafted on different apple rootstocks had dif-
ferent drought resistance,and different mineral nutrient absorption and utilization ability. Seedlings grafted

on M26,Gx and T337 had high ability of absorption and utilization of mineral nutrients, while those on

G41,G11 and M9 had low ability.

Key words:apple rootstock;drought stress;fruit nutrition; “Honey Crisp” apple
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Table 1 Effects of different rootstocks on net biomass and relative growth rate of “Honey Crisp”
apple trees under drought stress
EQESEY/R LEPORE RIS UES E-Vil R =i
Kb 3 Net biomassA \ Relative growth }’ate Basal diamet(reAr Plant hight _
GRS Moiswre g, . EW/% B/ Cme s W/ Eh/ i/
Rootstock lrea{menl (g-H D Percent change kg:1 «  Percent change %{{fi/mm Percent change %{{fi/cm Percent change
Value of drought to d b of drought to Value of drought to Value of drought to
control Value control control control
G11 CK 14.38+0.98 d 16.7340.75 cd 6.20+0.48 fg 101, 38+8. 45 bed
MD 2.08+0.59 i —85.54 3.4940.90 k —79.14 5.4240.47 ijk —12.56 70.88+7.43 g —30.09
G30 CK 17.41£0.91b 15.69+0.53 e 7.2040.44 g 99.63+6.72 a
MD 4.65+1.10 fg  —73.29 5.62+0.91; —64.18 6.05+0.39 i —15.97 71.63+5.58 def —28.11
G935 CK 19.85+1.06 a 19.94+0.68 b 6.55+0.67 de 108.63+5.90 be
MD 4.1740.62 fgh —78.99 6.43+0.80 i —67.57 4,76+0. 42 jkl —27.36 65.38+5.93 h —39.82
Pajam2 CK 19.65+1.09 a 14.83+0.68 1 7.3940.47 a 124.75+3.96 a
MD 1.6240.35 i —91.79 2.0040.411 —86.51 5.6340.47 hi —23.85 76.75+2.96 g —38.48
Gx CK 18.03£0.76 b 16.28+0. 40 de 6.53+0.24 be 115.00+4. 14 be
MD 5.1140.54 1 —T71.66 6.50£0.52 i —60.07 5.68+0.36 i —13.04 72.38+6.65 efg  —37.07
T337 CK 19.08+1.17 a 20.6740.77 ab 6.62+0.42 cd 113.00+5.42 b
MD 6.8240.62 e —64.26 10.31£0.69 g —50.12 5.43+0.29 4 —17.95 72.13+3.52 ¢ —36.17
Pajaml CK 15.39+1.03 ¢ 14.7540.66 f 6.60+0.54 ef 105.75+2.55 be
MD 3.214£0.41 h —79.14 3.94£0.75 k —173.29 5.88+0.35 1 —10.95 73.504+5.07 defg —30.50
G41 CK 17.75+0.93 b 21.2541.05 a 5.9240.29 ¢ 99,2547, 89 def
MD 3.73+£0.82 gh  —78.99 6.81+0.53 i —67.95 4.9240. 42 jkl —16.89 66.38+4.17 h —33.12
M9 CK 17.40%0.72 b 19.9940.63 b 6.5340.31 cde 110. 75+4.56 be
MD 3.85+1.22 gh —77.87 6.75+1.04 i —66.23 4.98+0.43 1 —23.70 62.25+6.27 h —43.79
M26 CK 19.92+1.00 a 17.21£0.55 ¢ 7.25+0.36 ab 119.63+5.53 a
MD 7.0740.74 e —64.51 7.87£0.92 h —54.27 6.13+0.37 h —15.46 81.754+2.76 cde —31.66

TE < A 81 B 5 AR AN 6] /NG 570 32m 26 53 i 3% (P<0. 05) . Rl

Note: Different lowercase letters indicate signifcant difference (P<C0.05). The same below.
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Table 2 Effects of different rootstocks on

KTy REZHMEH P RETERGE. 5 CKAM
oA BRI 7 NLPL K Ca Mg & it 32 T £ B8 52
M) T A JEE R KA A A 43531k G935(—9.33%6) \M9
(—35.70%) . G41 (—27.59%) . G11 (—29.63%) Fil
G30(—24.07 %) 5 b T 3 S K BT B R B d5e /N 11
45 A M26 (1. 39%) . M26 (5.99% ), Pajam2
(—1.16%).M9(38.98%) Al M9(18.56%),
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content of macronutrients of “Honey Crisp”

apple trees leaves under drought stress

N P K Ca Mg
P W% B/ % /% W% /%
kAR Moisture B/ Percent BAE/ Percent Bod / Percent Ko/ Percent Bl / Percent
Rootstock treatment (Mg * & 1) change (mg-g b change (mg-g change (mge+g b change (mg-g b change
Value of drought Value of drought Value of drought Value of drought Value of drought
to control to control to control to control to control
Gl11 CK 24.63£0.71 b 3.0620.11 a 20,0720, 84 cd 27.07£0.36 a 5.2920.08 a
MD 24.70+0.42 b 0.24 2.27140.13de  —25.73  17.03+0.24 gh  —15.15 19.05£1.12 b —29.63 5.2020.30 a —1.70
G30 CK 21.3940.45 d 2.21£0.19 def 20, 18£0. 64 bed 15.74£0.61 de 4.86%0.16 a
MD 19.85+0.84e¢  —7.21 1.68£0.33 ik~ —23.95  16.1040.30 hi —20.22 14,01£0.35fg ~ —10.99 3.6910.32 a —24,07
G935 CK 24,37£0,24 b 2.55+0.06 be 20,1040, 46 bed 15,0840, 24 def 4,07£0,27 be
MD 22,09£0,50 cd  —9.33 2.0440.20efg  —20.19  15.88+0.88 i —21.00 15,5840, 63 de 3.32 3.5410.23de —13.02
Pajam?2 CK 22.584+1,03 od 2.21£0. 11 def 19.8240.71 od 13,4740, 11 ¢ 3.92£0. 11 bed
MD 22.29£0,98cd  —1.29 17542015 hij  —20,74  19.5941.32 de —1.16 14, 1440.70 fg 4.97 3.67£0.30 cde  —6.38
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& 2(4) Coniuned table 2
N P K Ca Mg
e /% B/ B/ % /% i/
i A Moisture Bfa/ Percent s/ Percent Befa/ Percent Bfa/ Percent B/ Percent
Rootstock treatment (M&* g b change (mge+g 1 change (mge+g 1) change (mge+g b change (mg+g D change
Value of drought Value of drought Value of drought Value of drought Value of drought
to control to control to control to control to control
Gx CK 22,0940, 69 cd 2.10£0. 14 defg 23.77£1.00 a 12.29£0.43 h 3.29%0.15 e
MD 22,364 1,40 cd 1.20 1.46£0.08 kl —30.30 21.2940.56 b —10.43 14,67£1.01 ef 19. 37 3.50210.25 e 6.99
T337 CK 22,5040, 50 cd 2.0610.03 efg 19.9940.31 cd 13.3620.65 ¢ 3.700. 39 cde
MD 21,83+ 141 ed  —2.97 1.3840.03 1 —32.82 17.1540.66 gh  —14.21 13.4110.25 g 0.37 3.3910.25 ¢ —8.38
Pajaml CK 23,3141, 08 be 1.97£0.10 fgh 18.6840.39 ef 15.4810.61 de 4,1370. 35 be
MD 23.22+1,04 be  —0.37 1.64£0.03 jk —16. 88 17.8340.30 fg —4.55 14,9640, 88 def —3.36 3.9540.41 bed —4.36
G4l CK 24.5140,49 b 2.5940.16 b 20. 8840, 45 hed 17.37x0.17 ¢ 5.0120.21 a
MD 24.3540.83 b —0.65 1.89£0.01 ghi —26.93 15.1240.09 i —27.59 16.0711.06 d —17.48 3.9170.28 bed —21.96
M9 CK 24,40+1.16 b 2.1440. 04 def 19.9140. 82 d 14,06%0.19 fg 4,3170.25 b
MD 23.33+1,78 be  —4.40 1.38%0.111 —35.70 15.8540.58 i —20.39 19.5440.67 b 38.98 5. 110,16 a 18. 56
M26 CK 26.58=0.86 a 2.21£0. 04 def 20,4040, 28 bed 13.5310.36 g 4,8520.23 a
MD 26.9410.48 a 1.39 2.34£0.17 «d 5.99 17.53+0.83 ¢ —14.07 15.79£0.50 de 16,70 4,83£0.03 a —0.41
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Table 3 Effects of different rootstocks on absorption fluxes of macronutrients of “Honey Crisp”

apple trees under drought stress

N P K Ca Mg
; A5 i/ e fs AZ g /9 " AR g /Y " A5 /Y Kt g/ AR/ Y

fili A i\jzzi&iif ( Bl i 1 V;eprﬁacerf B L 1 )P:pierf LS ﬂﬁ/, 1 ;eliérf B /, 1 );eii;f B L 1 )P:bielf
Rootstock treagmelﬁ mg(;j;f&) : change <mg(;j;1k) change (mg(;j}lk) ' change (mg(;jik) : change <mg(;j51k) ’ change
Value of drought Value of drought Value of drought Value of drought Value of drought
to control to control to control to control to control

G11 CK 7.79£0.09 e 1.0340.03 ¢ 5.834+0.17 8.36+0.17 a 1.46%0.02 cd
MD 1.0440.00 ; —86.62 0.1140.00 1 —89. 64 0.64+0.011 —89.03 0.8740.01k —89.56 0.19%+0.01] —86.93

G30 CK 7.784+0.19 e 0.89+0.05 f 6.301+0.22 e 6.21+0.02 e 1.5240.03 ¢
MD 1.3940.01 i —82.17 0.1440.01 kI —84.22 0.93+£0.01 k —85.25 1.064+0.02jk —82.93 0.24+0.01 hij —84.51

G935 CK 10.5940.18 a 1.3040.04 a 7.9240.08 a 8.25+0.10 a 1.67+0.11 b
MD 1.51+0.01 i —85.76 0.154+0.01 k —88.18 1.03+0.05 k —86.99 1.184+0.03 1 —85.67 0.2440.01 hij —85.91

Pajam?2 CK 8.27+0.25d 0.94+0.04 e 6.6040.15 d 5.81+0.14 f 1.3740.00 e
MD 0.42+0.01 k  —94.97  0.04+0.00m —95.97 0.324+0.01m —95.09 0.31+0.001 —94.62 0.07+0.00 k —95.04

Gx CK 7.754+0.14 ¢ 0.87+0.04 7.834+0.14 a 5.44+0.02 g 1.2240.05 f
MD 1.7940.04 h  —76.97 0.1440.00 kIl —84.12 1.55£0.00 j —80.27 1.4040.04 i —74.21 0.297£0.02 hi —76.31

T337 CK 9.42+0.08 ¢ 0.99+0.01 d 7.9240.12 a 7.09+0.33 ¢ 1.5340.10 ¢
MD 2.69+0.08 g —71.46 0.21+0.00] —78.88 1.97+0.02h —75.15 2.054+0.12h —71.06 0.44+0.02 g —71.17

Pajaml CK 6.35+0.08 f 0.66+0.03 h 5.0940.10 g 5.25+0.12 g 1.15+0.06 f
MD 1.3440.04 i —78.91 0.1140.00 1 —83.26 0.95+0.01 k —81.42 1.0240.06 jk —80.48 0.2240.02 ij —80.94

G41 CK 9.84+0.13 b 1.1640.02 b 7.274+0.12 ¢ 7.87+0.05 b 1.7340.05 ab
MD 1.7740.01 h  —81.99 0.164+0.00 k —86.52 1.02+0.01 k  —85.95 1.3540.05 1 —82.78 0.28740.02 hi —84.04

M9 CK 8.33+0.15 d 0.824+0.02 g 6.1740.23 e 6.05+0.26 e 1.4140.07 de
MD 1.48+0.05 i —82.27 0.1040.00 1 —87.39 0.99+0.02k —83.97 1.34+0.07 i —77.90 0.31+£0.01 h —77.83

M26 CK 10.0240.29 b 1.0440.03 ¢ 7.574+0.13 b 6.58+0.20d 1.76+0.06 a
MD 2.724+0.03 ¢ —72.90 0.27+0.011 —74.28 1.74+0.03 i —76.96 1.90+£0.05h —71.15 0.46%+0.01 g —73.93
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2.4 FTEREFHGTARMANER"ERYERS
IR ER W
17 25 4B 45 ST R K S RTS A < K 5
#9232 HAE 3 (P<C0. 05) ol il i & (P<<0. 01D %

Wi B S R AR B SR MU AR . R4 R 5

CK M, T R HFEAR T R Z M N, Ca, Mg
FARCE AR & T KPR R0 S 8] il A X
“HE NG A v AR o3 R BRSO R] . GE R K
(CK) &M T PR NP K. Ca Mg 37 43 FI| F &% 5
G K 4 B 8 Pajaml. Pajaml. Pajaml. Gx

IS4
w

Gx, &4 3k G11.G11.Gx.G11 f1 G11, T
BT MR N.PLK . Ca. Mg 7745 R I 808 i i
HIB A4 3k G30. M9, G30,G30 Fl T337, f Ak
SRR G11.G11.Gx.G11 f1 M9 . 5 CK # H, i
it i NLPLK| Ca, Mg | I %805 6 i f R 1Y il AR
S35 K Pajaml ( — 10, 75%) . M26 ( — 2. 22%) .
Pajam2 (— 0. 64%). M9 ( — 23. 07%) 1 M9
(—23.43%) s b T B e KB Rk i 2 Je /DN 14 43 93]
FG30(—0.40%).Gx(36. 61%),G41(20. 92%) .
G11(19.83%) Fl G30(14.91%),

x4 FEEBATARMANERERIETRESPMALENZI
Table 4 Effects of different rootstocks on nutrient use efficiency of “Honey Crisp” apple trees under drought stress
N P K Ca Mg
) KAk 3 75 W/ % A5/ % AW/ o 75 g/ % 5§/
fili A Moisturé Ko(H/ Percent B/ Percent BUE/ Percent BfE/ Percent BUE/ Percent
Rootstock treatment (&€ 1) change (geg b change (g=g b change (geg™ 1) change (geg b change
Value of drought Value of drought Value of drought Value of drought Value of drought
to control to control to control to control to control
Gl1 CK 51.9840.57 i 391.61+10.78 h 69.50+2.07 h 48.46+0.98 k 277.69+4,03 gh
MD 48.65+1.32 k —6.41  473.45£9.04] 20,90 79,2640, 65 be 14,04 58.0710.67) 19. 83 266.05+7,08 h —4.19
G30 CK 58,2941, 42 bed 513.09429.67 f 72.0342.47 gh 73,0010, 27 defg 297.38+6. 36 fg
MD 58.0640,43 bed —0.39  578.31£41.88 ¢ 12.71 86.71+1.13 a 20. 38 75,9841, 48 de 4,08 34171418, 64 od 14.91
(935 CK 55,2940, 91 efg 451,65+13.60 g 73,9040, 76 efg 71,0040, 89 fg 350, 69+22, 41 abed
MD 54,0340,47 fgh  —2.28  531,76£23.58 el  17.74 79,1243, 48 be 7.06 68.96+1.66 gh —2.87 345.92+16. 18 bed  —1. 36
Pajam2 CK 58.7941. 80 abe 518.94420.48 f 73,6141, 62 efg 83.6612,10 ab 354,174 0. 88 abe
MD 56.8940.82 cde —3.23  626.89£23.93b  20.80 73.144+2.88fg  —0.64 75.6840,23 de  —9.54 349.16+22, 18 abed  —1.41
Gx CK 60,05%1,06 ab 537.03426, 85 def 59, 4441.10; 85.5010,33 a 380.72+15.32 a
MD 56.66+1.19de  —5.65  733.63+24.65a 36. 61 65.4540,07 i 10,11 72.0842.25 efg —15.70 349.57+19.82 abed  —8.18
T337 CK 60.5120.52 a 573.5842.99 od 72.014+1.12 gh 80.4743.70 be 374.89+25.87 ab
MD 57.3241.69 cde  —5.27  733.78%7.75a 27.93 78,2740, 88 bed 8.69 75.20+4,.37de  —6.55 350,84+17.88 abed  —6.42
Pajaml CK 60.6740,74 a 582.95426.29 ¢ 75,661, 53 def 73,4241, 68 def 335. 61416, 69 cde
MD 54,15+ 1,81 fgh —10.75  654,66£21.96 b 12,30 76,6011, 04 cde 1.24 70.89+3.91fg  —3.45 333.20+35.76 cde  —0,72
G4l CK 52,4640, 69 hi 446,60+ 6,64 g 70.9841.16 gh 65,6310, 44 hi 299.09+8.98 fg
MD 49.5040.27 k —5.64  562.98418.21 cde 26,06 85.83+1.06 a 20,92 64,832,501 —1.22 318,85+ 17,15 def 6.61
M9 CK 55,8841, 04 ef 566.20113,00 cde 75,4542, 90 def 77.06+3.20 od 330, 49415, 18 cde
MD 53.60+1.67 ghi  —4.08  763.39£30.65a 34,83 79.93+1.91 b 5.94 59.28x2.86)  —23.07 253.07+4.54 h —23.43
M26 CK 54,234+ 1,57 fgh 521.33+13.12 1 71.76£1.27 gh 82,5312, 41 ab 308,109, 86 efg
MD 50,30£0, 59 jk =7.25 509,774£13.521 —2.22 78,3341, 14 bed 9.16 71,93+1,83 efg —12.84 297.18+7.52 fg —3.54
2.5 TREHTARMAERYEBEETHRIRY G935
JEEET P Pajam! 0
G30 ——
= B =L
AR R A B ™ R A B R N
5 L 907 0 PR A 0 O 0 on—r,
Vo a— 3 G41
PRI B D32 1 2 7 B 08 10 A A 9 ]
I3 WO AR AT R A A R LI 1. A 1 Gx
[
AT LA H AR 40 DTG B 2 AR IR HETE 10 ANl AR B 337
M26
282 I o 2k 3%
CHENME IR A A T R AT BY IR A W R AR 0 5 10 15 20 25
N ~ 2 74 i i
Iy 3. HoRE T s M26.T337 #il Gx, B 5 BK FGBE B Eucidean distance
bk . L T REMT ARG R0 5T K
T ORI 28R A A 5 1T AL 4% G11.GAL Al N N N
N JC R W W N 3R 0 B T ROCR B R 2R 45
MO R A 6 40 0 R TR T A 4 T A | ,
Fig.1 Cluster analysis results of “Honey Crisp” based on

G935.Pajam]1 . Pajam2 il G30, J& b 25 = 4 W Uk 7]
FHRCEAEA .

absorption fluxes of macronutrients and

nutrient use efficiency under drought conditions
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TR T AR A S AR AR 2207 1 2 B R
it 7K S R AR AR K SR R O AR R A AR
o AEASREV TR FBARZ S HT R
(EL A 1A ik PR 2 52 ) B G 39 R 0 i e X T 5
A R o X SR T b AR A e B AN R . BT LA
BRAE A B0 22 S A DR A AR R B AN ]
ARG S5 R R L L M26 R T337 g fifi A 1) il A A=
Yy A T 58 R B AR R L X A R Y
XA R A S, T RIE R T 34 i S
W T BR SR i R H R B 3R I A W BT UK 2
BT A W) A 2R R B R W TR B 2 R R O T AR
X R R A 0 TR W B R R
AR TR T RAL S R A b PLUK
Ca Mg &5 #7122 MR BEAR A, il N85 28 1k e 32 4
/I 3K AT RE R R T A R O R A R A TR
o PR R W R BE K O3 ki 1 — 2 AR
A BT R R A A R N A U W (ELRE o S0 R R
RZANH N . 7K e 4 1l 5% 20 W Wi i) % B
G2 i e Y B B BUR S Ve K 3 e g I
PR AL A AT o i T 2 B AR B
UTION RIS =T S ISR/ BERSE
R B ) 0B 2 AR T NS 4
e AR IR B TR L T R R AR T
Rahypixt NVPUK Ca. Mg BRI, Xt 5 S0 iR
Al L RE 1 T W AR Wy B8 D i IR . AR DR AL
ZHTBIT S A B 7E T AR L SRR AR ) i A
ZE IR R AR AR T LI R 0 A 0 R
TR EURSY XAT RS T T R A
& SRIER SE R SR WL T RAL BUR B Ak R Xt
NP B F AL R B AR T IR W K r & 15 5 2 A
[) B9 0 A BE 58 K B T SR AL BRS SRR A ET X NORY
AR AR XS PRy ) AR B AR T g X ]
AE I ) b 22 T ) 22 S 2 ALY

S SR 4 il A D B AR K 2 AT ) T R
G o T e R A 2 R Ak K L A AR R R K
Poling 4571 & B, filf A B R B 3¢ S ik g e g ST 3R
EEA RELW . H IR BRI R M RS kR
T 2 23 R A SRR R X KA IR A LA s BB e 2R
IR YL AL SE T2 il AU A R K e B2 A X Ay . R
HA IS TS TR S R R 8 OBOR) T AR )
B &P T AR P OACRA P R osR S . PRy
AURBCRME R . ElE T F s R U1 & R

I\ g i R NCB ) 28 P AROKCF X N
GIEESS=T ¥ L 0 N ORI 8/ G [
T ARACIA X N AR R AR AR R B
7> BA M26 R fili AR S R AR AR 0 e NG Mg 5 i
= LA Gx RS AR YRR I e KB s 5 i H M26
Xt NP K Mg il %, T337 % K 1 Ca 191K
WAL Z . FIROFFE R B il A KL DA B 22 S 2% 5 Wil
BRI XT 5 43 0 WIS+ 33K 2 H T AN (] il A X 75 57 40 I
R I e K B SR B ] b 3 i R AR R 2% S L )
10 R e w7/ (1l NS v B 7 N i I U o
BRME X — Y0 B, JE T R DS A
B AN R Al A 1) B ARSI R 5T 0 R o AR R A
25 W W, Zarrouk SEUTBE 5T R ML 0K B2 AE G OR
Cadaman 1 GF677 | Bk # 5 Ff “ Queen Giant”,
Homk b N & iy MR ETE TR Adarcias Ry
N S il BN PR e 00 B 58 R B, AN [) S A v (]
i 2 AR Y BOC R I & . B AR ST RG ARG
I3 B WA T A AL 7 S TS AR A B, BS54
AT RGBT .

4zt ®

AR GE BT T A [) 3 S il A S 52 19 g i, DA
B T 5 38 T A [ 592 Ry A X 392 L o b i 5 4y
W VAT I D S ) o 3% B AS [ iy A % 7% 0 36 ) e 7
FEEEAN IR IF HAE T 5 F BA AR 1 55 40 W R
fetr., TREMUT, L M26.Gx fil T337 Hfik A
R A R A3 WOOR) T RE e s A G,
GA1 Fi MO g fifi A 1) * 2 ™ 37 e &) 1 5% 43 WOBCR)
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