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Pathological changes of physiological and biochemical indexes
in Picea balfouriana with needle cast

Yang Chunlin'  Xu Xiulan' Xu Mingqing? Liu Yinggao'"

(1.College of Forestry, Sichuan Agricultural University, Ya’an, Sichuan 625014, China; 2.Forestry Bureau of East
Panzhihua City, Panzhihua, Sichuan 617067, China)

Abstract: Picea balfouriana in Machangliang Forest Farm was observed to discuss its physiological and
biochemistry change regulations when infected with needle cast. Three sample plots were selected in the farm and
the disease was investigated. The needles were classified into four grades based on the disease level. One-year-old
needles were collected at each disease degree to measure the physiological and biochemical indexes. The results
show that the disease is more serious at higher altitude region. And the activities of POD, PPO, PAL and the
concentration of MDA were high in more seriously diseased needles, but the concentration of chlorophyll b and

chlorophyll a+b were low.
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2~3 Table 1 Disease indexes of P. balfouriana at different altitudes
) 1 20 R
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Table 2 POD activities of different disease level P. balfouriana at three altitudes
POD /(U-g™h
/m
3 5 7 10
2590 0 (14.41+0.14)d (11.50+0.65)d (16.90+1.14)d (18.42+0.65)d
I (16.62+£0.27)c (15.61+1.12)c (18.91+0.82)c (21.30+1.43)c
I (21.23+0.53)b (20.60+1.24)b (21.40+0.42)b (24.91+1.55)b
11 (28.50+0.41)a (27.93+0.83)a (25.23+0.63)a (30.60+1.14)a
2 690 0 (24.12+0.85)d (18.23+0.88)d (20.90+1.64)d (10.20+0.83)d
I (33.6620.16)c (26.95+0.14)c (29.85+5.98)c (36.40+1.68)c
I (52.30+0.75)b (43.40+0.16)b (45.60+5.44)b (42.80+1.44)b
11 (64.82+1.3)a (61.70+0.44)a (57.50+1.69)a (61.09+6.32)a
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POD /(U-g™h
/m
3 5 7 10
2790 0 (20.61x1.44)d (15.70+0.56)d (21.40+1.11)d (14.60+0.55)d
I (26.20+1.55)c (21.94+0.85)c (27.21+2.68)¢c (21.65+0.63)c
I (40.12+1.9)b (33.53+2.54)b (38.70+3.54)b (34.64+1.58)b
11 (60.32+2.14)a (52.40+5.63)a (53.85+5.52)a (54.31+4.68)a
P 0.05
3 I II PPO PPO
0 I PPO
2590 m PPO 2
#z3 BBHARFRR=IEIH PPO FH
Table 3 PPO activities of different disease level P. balfouriana at three altitudes
PPO A(U-g™h
/m
3 5 7 10
2 590 0 (1.34+0.56)b 0.31£0.02 (0.16+0.01)b (0.15+0.01)c
1 (0.75+0.01)c 0.33+0.02 (0.15+0.02)b (0.15+0.00)c
1I (1.50+0.28)b 0.32+0.01 (0.31£0.00)c (0.30+0.02)b
111 (2.64+0.54)a 0.34+0.17 (0.26+0.09)a (0.56+0.04)a
2 690 0 (1.83+0.31)b (1.51+0.05)b (0.30+0.03)b (0.45+0.01)d
1 (0.93+0.05)c (1.80+0.76)a (0.66+0.04)b (0.75+0.05)c
I (5.55+0.58)a (1.54+0.09)b (0.65+0.01)c (0.85+0.11)b
111 (5.70£1.1)3a (1.30+0.03)c (1.54+0.06)a (0.95+0.07)a
2790 0 (3.45+0.56)d (0.35+0.02)c (0.15+0.01)d (0.45+0.03)c
1 (8.84+1.36)c (0.55+0.04)d (0.45+0.02)b (0.45+0.01)c
1I (9.60+0.86)b (1.35£0.11)b (0.32+0.03)c (0.60+0.04)b
111 (16.55+1.56)a (1.45+0.04)a (0.75+0.03)a (0.92+0.05)a
4 CAT
CAT CAT 2 690 2 790 m I I CAT
2590m
x4 BBERETEFERTIZEIH CAT &M
Table 4 CAT activities of different disease level P. balfouriana at three altitudes
CAT (U-g™)
/m
3 5 7 10
2590 0 (0.07+0.01)c (0.02+0.00)c (0.02+0.00)d (0.03+0.00)d
(0.10+£0.01)a (0.04+0.00)b (0.04+0.01)c (0.05+0.00)c
1I (0.07+0.02)c (0.02+0.01)c (0.05+0.00)b (0.06+0.01)b
I (0.08+0.01)b (0.05+0.00)a (0.06+0.00)a (0.11£0.01)a
2 690 0 (0.04+0.01)d (0.05+0.01)c (0.06+0.01)b (0.06+0.00)c
I (0.05+0.00)c (0.05+0.00)c (0.060.00)b (0.06+0.01)c
1I (0.06+0.01)b (0.07+0.00)b (0.05+0.00)c (0.07+0.01)b
I (0.10+0.00)a (0.12+0.02)a (0.07+0.01)a (0.11£0.02)a
2790 0 (0.04+0.00)d (0.10+0.01)d (0.06:£0.00)c (0.06+0.01)b
I (0.10+0.01)a (0.11£0.02)c (0.08+0.00)a (0.06+0.01)b
1I (0.07£0.01)b (0.12+0.00)b (0.08+0.00)a (0.10+0.02)a
I (0.08+0.02)c (0.13+£0.01)a (0.08+0.01)b (0.11£0.01)a




164 ( ) http://xb.hunau.edu.cn 2015 4
5 PAL PAL
(10 ) 2590 m PAL
PAL
%5 EHBERARFRZAZEITRY PAL FE
Table5 PAL activities of different disease level P. balfouriana at three altitudes
PAL (U-g™
/m
3 5 7 10
2 590 0 (0.33+0.02)d (0.22+0.06)d (0.17+0.01)d (0.34+0.10)c
I (0.36+0.03)c (0.25+0.07)¢c (0.20+0.05)c (0.31+0.05)d
I (0.59+0.12)b (0.31+0.04)b (0.32+0.03)b (0.44+0.07)b
il (0.75+0.08)a (0.44+0.03)a (0.41£0.04)a (0.45+0.03)a
2 690 0 (0.40+0.06)d (0.28+0.03)d (0.24+0.08)d (0.34+0.06)c
I (0.67+0.05)c (0.33+0.10)c (0.29+0.05)c (0.40+0.10)b
I (0.69+0.12)b (0.44+0.11)b (0.40+0.02)b (0.39+0.06)b
il (0.94£0.11)a (0.67+0.09)a (0.47£0.07)a (0.44+0.05)a
2790 0 (0.42+0.08)d (0.18+0.03)d (0.32+0.09)d (0.32+0.07)d
I (0.62+0.06)c (0.19+0.07)¢c (0.43+0.06)c (0.36+0.05)c
I (0.68+0.04)b (0.24+0.01)b (0.62+0.08)b (0.50+0.01)a
I (0.93+0.14)a (0.49+0.06)a (0.67£0.02)a (0.46+0.05)b
22,2 cTHESER Chl b
I I I
6 a(Chl a) b(Chl b)
Chl b
I 1I Chl
Chl a
a Chl a
Chl b
Chlb Chl a
%*6 FHBERARRRZEZHHPHHEFERaMMHEEDEE
Table 6 Chl a (chl b) concentration of different disease level P. balfouriana at three altitudes
a  /(mgg") b /(mgg")
/m 3 5 7 10 3 5 7 10
2590 0 (9.62+0.58)a (10.31x1.54)a (12.35+0.58)a  (1.31£0.12)c (35.10£2.11)a (31.69+2.17)a (35.94+1.13)a (39.54+2.85)a
I (5.94+0.14)b  (5.96+0.24)b (10.64+0.54)b (17.30+1.18)a (34.71+1.51)a (31.25+2.57)a (31.52+1.44)b (21.88+1.37)b
II (6.46+0.67)b (10.98+0.58)a (10.40+0.34)b (17.65+£1.24)a (32.88+1.56)a (25.03+1.22)b (31.97£1.19)b (21.87+1.22)b
il (5.26+0.42)c  (4.89+0.18)c (10.56+0.64)b (12.86=1.08)b (20.56+1.17)b (24.58+1.34)b (17.38+2.56)c (11.34+0.97)c
2 690 0 (15.53+x1.31)a  (7.33£0.89)a  (9.82+0.57)b  (2.8340.12)c (22.98+1.55)a (33.95+3.41)ab (31.78+2.67)a (25.73+2.56)a
I (13.24x1.11)bc  (4.82+0.54)b (18.86+1.24)a (16.60+1.34)a (18.37+1.25)b (33.89+£2.48)a (14.57+1.15)b (9.16+1.63)b
11 (11.95+0.87)cd  (1.45+0.16)d (18.68+1.12)a (15.38+1.33)a (18.22+1.68)b (33.30+1.37)a (11.78+1.33)bc (6.77+1.12)bc
il (10.78+1.24)d  (3.85+0.24)c  (9.53£0.78)b (11.60+0.67)b (19.05+2.11)ab (28.68+1.53)b (10.68+1.27)c  (4.80+0.87)c
2790 0 (16.37+1.63)a  (7.10+£0.55)a  (3.95+£0.68)b  (9.30+0.87)b (20.03+1.34)a (34.53+2.54)a (39.63+£3.27)a (20.80+1.88)a
I (12.52+1.13)b  (6.09+0.67)ab (18.62+1.36)a (13.13+1.06)a (19.14+1.21)ab (34.36+2.69)a (17.62+1.68)b (13.19+1.67)b
I (11.43+0.59)b  (0.77£0.11)c (18.21£1.12)a (13.86+1.22)a (18.96+1.58)bc (33.72+2.19)a (17.37+1.27)b (11.11£1.54)b
il (6.82+0.27)c (5.04+0.66)b (19.38+1.34)a (13.36+1.34)a (17.42+1.16)c (28.55+1.37)b (8.13+1.18)c (6.7420.94)c
7
2 590 m 0 I 1



41 2

165

RT7T BEEARBRELHZMHEREE

Table 7 Chl (a+b) concentration of different disease level P. balfouriana at three altitudes

m /(mg-g™)
3 5 7 10
2590 0 (44.73+0.55)a (42.00+0.98)a (48.29+0.57)a (40.85+1.5)a
I (40.66+0.85)b (37.20+0.58)b (42.16£0.4)b (39.18+0.58)b
I (39.34+0.68)b (36.00+0.69)c (42.37+0.56)b (39.524+0.47)b
111 (25.82+0.47)c (29.47+0.58)d (27.94+0.98)c (24.20+0.58)c
2 690 0 (38.51%0.44)a (41.28+0.57)a (41.60+0.65)a (28.57+0.54)a
I (31.6120.25)b (38.7120.58)b (33.43+0.69)b (25.7620.68)b
il (30.17+0.58)c (34.75+0.24)c (30.46+0.14)c (22.15+0.67)c
il (29.82+0.75)c (32.53+0.58)d (20.21+0.57)d (16.40+0.24)d
2790 0 (36.40+0.58)a (41.64+0.64)a (43.57+0.35)a (30.10£0.47)a
I (31.65+0.68)b (40.45+0.14)b (36.24+0.58)b (26.32+0.58)b
il (30.39+0.58)c (34.49+0.47)c (35.58+0.68)b (24.97+0.45)c
il (24.24+0.53)d (33.59+0.47)d (27.510.58)c (20.10+0.24)d
2.2.3 MDA A EEHAL MDA
8 MDA
MDA
*8 BEBRARFRTIHTHI MDA ZE
Table 8 MDA concentration of different disease level P. balfouriana at three altitudes
o MDA /(umol-g™)
3 5 7 10
2590 0 (0.038+0.002)d (0.067+0.006)d (0.067+0.003)d (0.077+0.003)d
I (0.05+0.003)c (0.077£0.001)c (0.082£0.002)c (0.087+0.003)c
I (0.061£0.002)b (0.083+0.003)b (0.106+0.002)b (0.105+0.002)b
il (0.083+0.002)a (0.10£0.003)a (0.12+£0.004)a (0.124+0.004)a
2690 0 (0.062+0.002)d (0.111+0.003)c (0.09+0.002)b (0.07+0.002)c
I (0.071+0.002)c (0.12+0.003)b (0.094+0.002)b (0.142+0.002)b
I (0.093+0.002)b (0.126+0.003)b (0.109+0.002)a (0.145+0.003)b
11 (0.12+0.002)a (0.132+0.004)a (0.115+0.004)a (0.156:0.003)a
2790 0 (0.072+0.002)d (0.133+0.003)d (0.071+0.004)c (0.05+0.003)d
I (0.094+0.002)c (0.144+0.003)c (0.085+0.003)b (0.148+0.002)c
il (0.104+0.003)b (0.152+0.004)b (0.133+0.002)a (0.158+0.004)b
il (0.131+0.000)a (0.173+0.002)a (0.138+0.003)a (0.172+0.003)a
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