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Abstract; Taking annual branch (T1 group), biennial branch with covering soil thickness of 15 c¢m in
winter (T2 group), and biennial branch with covering soil thickness of 30 ¢cm in winter (T3 group) of
cultivar ‘ Royalty’ of Rubus idaeus Linn. as research objects, xylem radial increment of biennial branch,
area of single leaflet, specific leaf mass of leaflet, hydraulic architecture (including predawn water
potential , midday water potential, percentage loss of hydraulic conductivity at midday, and maximum
specific hydraulic conductivity ) , leaf photosynthetic characteristics ( including net photosynthetic rate,
stomatal conductance, and water use efficiency), and non-structural carbon content in leaf and branch
(including soluble sugar content, starch content, and total content of non-structural carbon) of each
treatment group in June and August were compared, and vulnerability curves of branch embolism of
different treatment groups were analyzed. The results show that in June and August, xylem radial
increment of biennial branch of T2 group is significantly (P<0.05) lower than that of T3 group; there are
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significant differences in area of single leaflet, midday water potential, percentage loss of hydraulic
conductivity at midday, net photosynthetic rate, and stomatal conductance among three treatment groups,
in which, percentage loss of hydraulic conductivity at midday of T1 group is the lowest, while that of T2
group is the highest, and other indexes of T1 group are the highest, while those of T2 group are the
lowest; predawn water potential, maximum specific hydraulic conductivity, soluble sugar content, starch
content, and total content of non-structural carbon of T2 and T3 groups are basically lower or significantly
lower than those of T1 group, and above indexes of T2 group are lower than those of T3 group, while
specific leaf mass of leaflet and water use efficiency of T2 and T3 groups are significantly higher than
those of T1 group. According to vulnerability curve of branch embolism, when percentage loss of
hydraulic conductivity is 50% , water potentials of T1, T2, and T3 groups are —1.24, —-0.73, and -0.94
MPa, respectively, indicating that vulnerability of branch embolism of T1 group is the smallest, while
that of T2 group is the largest. Overall, in August, specific leaf mass of leaflet, percentage loss of
hydraulic conductivity at midday, and water use efficiency of each treatment group are lower than those in
June, while other indexes are higher than those in June. Covering soil in winter can evidently decrease the
degree of low temperature freezing injury of R. idaeus, and the effect of covering soil thickness of 30 em is
better than that of 15 cm.

Key words: Rubus idaeus Linn.; covering soil thickness; overwinter protection against cold; hydraulic
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Table 1 Effect of covering soil thickness in winter on growth of branch and leaflet of Rubus idaeus Linn. (X+SD)"V

R ARt B AT 12 K B/ NI o AN EI I B/ (- )

Treatment Xylem radial increment of biennial branch Area of single leaflet Specific leaf mass of leaflet

group” 6 H June 8 H August 6 H June 8 H August 6 H June 8 1 August
Tl 52.34+2.40Aa 57.73+2.87Aa 66.10+4.46Ab 60.71+3.35Ab
T2 0.04+0.01Bb 0.10+0.01Ab 9.07+0.67Bc 13.62+1.54Ac 89.50+4.88Aa 80.88+2.53Ba
T3 0.13+0.01Ba 0.36+0.01Aa 25.51+2.53Ab 29.58+2.45Ah 82.84+3.61Aa 75.89+2.75Ba

D )5 o R i) /NG PR i) — 8 AR 7E AR [R) A 45 A [7) Ak 340 1] 2% 57 58 3 ( P<0.05 ) Different lowercases in the same column indicate the significant
(P<0.05) difference of the same index in the same month among different treatment groups; [A4TH R [F K5 FHE KR [F— b FEZH [R] — 8 bR e AN [R]
A 153 18] 22 5% 1.3 ( P<0.05) Different uppercases in the same row indicate the significant (P<0.05) difference of the same index of the same treatment

group among different months.

2)T1, Y4E 4G 4% Annual branch; T2 & 758 R 15 em (Y 444 4% Biennial branch with covering soil thickness of 15 e¢m in winter; T3 p &~
7 RS 30 em () —4FA: 45 Z% Biennial branch with covering soil thickness of 30 ¢m in winter.
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Table 2 Effect of covering soil thickness in winter on branch hydraulic architecture of Rubus idaeus Linn. (X+SD) "

R SRR %

Lh L) VERIKE/ MPa . . Ik MPa . Percentage loss of hydraulic ﬁj(lftﬁ*ﬁ%ﬂﬂ% rm! s MI?a._l)
Treatment Predawn water potential Midday water potential conductivity at mid day Maximum specific hydraulic conductivity
group? 6 H June 8 F August 6 H June 8 H August 6 H June 8 H August 6 H June 8 H August
Tl -0.56£0.04Ba  -0.18+0.04Aa  -1.35+0.05Ba  -0.86+0.05Aa 62.6£5.2Ac¢ 37.9+5.5B¢ (1.49£0.17)x10™Ba  (2.27+0.22) x10™*Aa
T2 -0.68+0.04Bb  -0.23+0.05Aa  -1.74+0.09B¢  -1.23+0.11Ac 91.8+5.8Aa 76.8+8.6Ba (1.03+0.17) x10™#Ab  (1.17+0.19) x10™*Ac
T3 -0.58+0.08Bab -0.20+0.04Aa  -1.55+0.06Bb  -1.01+0.05Ab 73.8+5.8Ab 50.6+6.3Bb (1.43£0.14)x107*Aa  (1.69+0.20) x10™*Ab

D @5 R 6] NE bR 7] — 8 bR 20 AR 1) 7 43 AS [R] 4k 33 4H 6] 2% 57 5. 3 ( P<0.05) Different lowercases in the same column indicate the significant
(P<0.05) difference of the same index in the same month among different treatment groups; [[4TH R [F K5 FBE KR [F]— b B 2H [R] —F5 bR e AN TR
H 18] 22 5 8.3 ( P<0.05) Different uppercases in the same row indicate the significant (P<0.05) difference of the same index of the same treatment

group among different months.

DT, 24544745 Annual branch; T2 & 757 + 2 15 em [ "4E4: 47 4% Biennial branch with covering soil thickness of 15 ¢m in winter; T3; &7
7 R 30 em FY " 4FEA K7 4% Biennial branch with covering soil thickness of 30 ¢m in winter.

R AN [7) Acb 38 21 AvE 5 1) A2 2% e 2 G 555 1 ot 2k
(E 1), 78 0.5~2.0 MPa N, #H A AR E S F T2 4
SRR e R B, T 410 S K 52k R 2 B A%
T1.T2 Fl T3 HAAR BT (x) 5 FKIK R (y)
G TR 9 H y=94.42/{ 1+exp [ (1.20-x)/
0.48)} .y=97.43/{1+exp((0.68-x)/0.37)} Fl y=
94.86/ | 1+exp[ (0.91-x)/0.48) | , R*{E /3514 0.981 |
0.998 F1 0.993 , /K 1 2 & H 50% f 1Y K #5430 K
-1.24 -0.73F1-0.94 MPa,
23 ZZEFEFTEEMNNEM XSS

AN AL BB B O A R I e E 25 3 (3R 3)
R AE 6 AR 8 H  AS[] ab A [A] 4% 43 i1 &
FMEALSFENERY B E (P<0.05),3 MbH 4
HMARARAR (T ) B A BRI SL S 3
i, A ZEE R 15 em ) AR ARERSR (T2 4)
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Xylem pressure

®. AEA A 2% Annual branch; A &2 R 15 em B AR
Biennial branch with covering soil thickness of 15 ¢m in winter; A P&
FAJEE 30 em B —4F A K 4% Biennial branch with covering soil

thickness of 30 ¢m in winter.

E1 Z2FELEENHERERERIZENZM
Fig. 1 Effect of covering soil thickness in winter on vulnerability of
branch embolism of Rubus idaeus Linn.



5553

BICE, 45 L0 R BRI K 2R R o0 AR BERS BR Y R 45

PIEOC AR ML R B RAL, 6 7,3 A-Ab3E
K R HARCR 22 57 W, B T1 4K,
T2 2 WiAE 8 J1, T1 2 (7K 23 1) 3508 B 5 i
F T2 A Z8 R 30 em ) 4E AR (T3
), H T2 4ImAI%F T3 41,

M3 ] L. 76 8 H , &AL FRAL A 5 6 A R
MAALFERES T 6 7, MK FHBEHKT
6 H,H T1 T3 LK FHZCRBEEMKT 6 A,
24 ZEBE+EEWMREHMKELEEHNEREE

sEA!

AN [7) Kb 342 A g Pt FASE S5 A 2 A P Bk B i 2
R (R 4) LW .6 HMS A AFH LR 15
em PR ERE AP AR SR (T2 d) A48 + )5 30 em
) AR AEAR 5 (T3 ) il i M o 3 B 3 (P<

®3 ZFELEEMNHENESIERNRNE(X2SD) "

0.05) & T 244E Ak 45 (T1 4H) , H 20 [a] i - m 5 1
Moo HER W 758 HERARE,; MTE
6 JRI8 F T2 2H A 4% T ¥ o 4 i i 35 IK T T
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4, H T3 AR iER SR T T 4,7 6 H,T2
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Table 3 Effect of covering soil thickness in winter on leaf photosynthetic characteristics of Rubus idaeus Linn. (X+SD)V

AT/ (mmol - m™2 - s71)

TKA R FRCR/ (umol + mmol ™)

S P2 L aE R/ ( pmol - m?2-sh)

Treatment Net photosynthetic rate Stomatal conductance Water use efficiency

group” 6 H June 8 H August 6 H June 8 H August 6 H June 8 H August
T1 9.13+0.33Ba 12.32+1.18Aa 0.33+0.02Ba 0.47+0.01Aa 2.08+0.09Ac 1.72+0.19Bb
T2 3.43+0.41Bc 5.55+0.45Ac¢ 0.12+0.01Bc 0.23+0.01Ac 3.12+0.06Aa 2.44+0.15Ba
T3 5.60+0.67Bb 8.16+0.37Ab 0.18+0.02Bb 0.30+0.03Ab 2.69+0.11Ab 2.59+0.18Aa

D RS [RINE B F2 R [l — 38 bR EAR [ A0 AS [7) b 3 2 [a] 22 55 I 2= (P<0.05) Different lowercases in the same column indicate the significant
(P<0.05) difference of the same index in the same month among different treatment groups; [W4TH AR [R5 F1E IR [F— b PR Rl —F8 bR e AN TR
A 3 18] 25 5% 8.3 ( P<0.05) Different uppercases in the same row indicate the significant (P<0.05) difference of the same index of the same treatment

group among different months.

DT, YAEAA S Annual branch; T2 LT A JERE 15 em [ 4F A2 K 4% Biennial branch with covering soil thickness of 15 e¢m in winter; T3 &S
7 1R 30 em Y 4FA4: K 4% Biennial branch with covering soil thickness of 30 ¢cm in winter.

®4 EZFELEEMNHENMREEENERSENIME(XLSD) Y

Table 4 Effect of covering soil thickness in winter on non-structural carbon content in leaf and branch of Rubus idaeus Linn. (X+SD)"

b P4 IR AR S (mg - g71) WP ER) A i/ (mg - g7 b AR LH R ERR A S/ (mg - g7')
Treatment Soluble sugar content in leaf Starch content in leaf Total content of non-structural carbon in leaf
group” 6 H June 8 H August 6 H June 8 H August 6 J1 June 8 H August
T1 22.10+1.16Aa 19.08+0.57Ba 3.58+0.43Ba 4.93+0.14Aa 25.68+1.29Aa 24.01+0.55Aa
T2 13.12+0.79Bc 15.17+0.61Ab 2.77+0.17Bb 4.67+0.13Ab 15.89+0.76Bc 17.82+0.64Ac
T3 14.56+0.41Ab 15.53+0.63Ab 3.23+0.22Ba 4.87+0.21Aa 17.76+0.37Bb 20.45+0.63Ab
s e AR ATEPERE 6/ (g - g AR A it/ (mg - 571 B AR R MR B A (g - &)
Treatment Soluble sugar content in branch Starch content in branch Total content of non-structural carbon in branch
group®) 6 H June 8 J August 6 H June 8 1 August 6 H June 8 I August
T1 14.64+1.01Aa 12.50+0.81Ba 2.97+0.11Ba 4.57+0.12Aa 17.61+0.94Aa 17.61+0.91Aa
T2 8.11+0.75Bb 9.52+0.32Ab 2.23+0.31Bb 3.96+0.22Ab 10.34+0.79Bc 12.82+0.39Ab
T3 12.63+0.82Aa 11.47£0.90Aa 2.54+0.28Bab 4.61+0.23Aa 15.17+0.73Bb 16.08+0.35Aa

D @135 Fp N [N bk R Rl — 8 bR 2EAH R A 43 A [ 2k 3 21 ] 2% 5 8 % ( P<0.05) Different lowercases in the same column indicate the significant
(P<0.05) difference of the same index in the same month among different treatment groups; [A4TH R [F K5 FhE 7R [F]— b B[R] — 8 bR e AN TR
A 153 18] 2% 5% 2.3 ( P<0.05) Different uppercases in the same row indicate the significant (P<0.05) difference of the same index of the same treatment

group among different months.

DT, 2M4E4: 445 Annual branch; T2 2757 + 2% 15 em [ "4E4: 4% 4% Biennial branch with covering soil thickness of 15 ¢m in winter; T3 &7

7 5 30 em [ —4F 444 %% Biennial branch with covering soil thickness of 30 ¢m in winter.
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