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B
m Valsa canker, caused by the fungus Valsa mali, is one of
the most destructive diseases of apple in eastern Asia,
seriously impeding apple production in China , Japan
and Korea.




"

The average incidence of Valsa canker on apple was 52.7%
in 2008.

Twenty year’s orchard, Xunyi 5-8% orchards were cut off in
County, Shaanxi Shaanxi in recent years

_ (Cao et al. 2009)
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Wound healing and protectant agents




Surrounding soil Plaster
(Li et al 2009)
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Biocontrol agent: Pythium oligandrum



Ozonation soybean oil
(Yang et al 2014)






The Apple tree are too old to suffer Valsa canker?
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59 years’ old apple tree in Linbao, Hean
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560 years’ old apple tree in Yili, Xingjiang




"
m Severity of Valsa canker is highly related with tree
vigor.

m BUT: The reasons for wide occurrence of Valsa

canker from the point of view in plant resistance are
unclear.




" J
m There was a significant negative correlation of leaf

potassium (K) content with incidence and severity of
Valsa canker.
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" J
m There was a significant positive relationship between
the N/K ratio and disease index

y = 13.209x - 26.089

R? =0.7361

Disease index

1.5 2 2.5 3 3.5 4
N/K Ratio
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" J
m The peak of canker lesion appearance coincided with

the low ebb of the branch potassium content in the
year-around period.
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m Leaf K content of most orchards was low to deficient
severely.

¥ K content (%)
2 -
1.764 100

1.5- Normal value of Potassium

2195 1.25
215
40751
< (.5
0.25-

0

ABCDEFGHIJKLMNOPQRSTUVVWX

Coda of Orchards



"
Leaf nitrogen contents are higher or too high in 1/3
orchards.

B! Nitrogen content %
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N/K ratio are over normal value (1.25-1.5) in all orchards.
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" N
The trees with above 1.30% leaf K had not developed
canker lesions.

0.45%

% On greenhouse
JU potted trees

14 days after inoculation




Leaf nutrient content, nutrient content ratios, and Valsa canker lesion length

from orchard fertilization trials

Lesion length

Fertilizing N (%0) P (%0) K (%0) NK P'K i)
No 2.25 a 0.25 a 0.75 a 3.00 a 0.33 a 7.06 a
K,S0, on leaves 236D 0.26 a 1.16 b 2.03b 0.22 b 3.64 D
KH,PO, to soil 243 ¢ .27 a 1.17 b 208D 0.23 b 3¢
K,S0, + KH,PO, 2.34 b 0.28 a 1.37 ¢ 1.71 ¢ 0.20 b 0.09d
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" J
m By increasing K fertilization significantly reduced the incidence
and severity of Valsa canker from 58.1%-96% to 2.1%-8.1% in

commercial orchards trials.
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" N
For 30 commercial orchards demonstration, by reducing nitrogen and

increasing potassium usage, the disease control effect was up t0 99.7% in
three years.
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"
Low and deficient potassium are common in Loess Plateau
region,China.

460 orchards in Shaanxi: 0.8%K 309 orchards in Huangling,
Shaanxi: 0.9%K

. 50t BRBERHAFIEE

- AR HERR =m = =
b 40 r — N K (2kg) (z/kg) (g/kg)
E‘l - B E 44 21.84 ~ 25.80 1.01 ~ 2.97 6.15 ~ 12.21
E 30 F ] | Ll 3s 10.15 ~ 23.12 1.19 ~ 4.73 6.87 ~ 10.86
g,, PEZG 64 7.89 ~ 26.36 1.16 ~ 2.76 5.55 < 11.77
o 20 r |_ =E 35 10.62 ~ 23.98 1.15 ~ 2.45 5.90 ~ 12.26
R et 57 1.1.74 ~ 25.69 1.19 —~ 3.30 6.44 —~ 12.59

‘i‘*l‘ 10 } KEE 45 11.76 ~ 24.78 1.16 ~ 2.35 8.96 ~ 10.32

ﬁ 0 '—|_| Fa] 32 24 21.66 ~ 25.20 1.19 ~ 3.25 8.69 ~ 13.00

EHA 21.96 1.81 9.24

2024 28 0.509 1.3

(An et al 2004) (Guo et al 2015)
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Why apple trees are resistant to Valsa

canker in high potassium level?
Increasing K content in vivo has significant effect on
the plant metabolism in metabonomics analysis.
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"
221 compounds were significantly increased under the condition
of high content potassium
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" J
Most of 221 compounds identified were in the four key metabolic

pathways: stilbenoid, phenylpropanoid, flavonoid and phenylalanine
biosynthesis.

ZHSHEXRUSTARLN XBAHISHIER:
K. HEE, XEAFERX

A Ubiquinone biosynthesis- @

KLER TR

Stilbenoid and gingerol biosynthesis - o B
Steroid biosynthesis- @
Phenylpropanoid biosynthesis .

out
Phenylalanine metabolism - @
Phenylalanine and tyrosine biosynthesis- @ . ;
One carbon pool by folate - ) ® 3 \
Melanogenesis - 5 ® 4 Metabolome ™ _ ., RNA-seq
g Lipopolysaccharide biosynthesis - L] o5 -
g Glucosinolate biosynthesis - ® ® 6
% Galactose metabolism - ] . 7
E Flavonoid biosynthesis - ]
o Flavone and flavonol biosynthesis- @ —logyo(Pvalue) Table 1
Endocytosis - . 5 RNA-seq Metabolome
Brassinosteroid biosynthesis -. 4 Name Out Pvalue Out Pvalue
el S ® 3 Stilbenoid and gingerol biosynthesis A 8 0.002 2 0.038
Biosynthesis of terpenoids and steroids - @ 2 i
A ——— ° 1 Endocytosis 17 0.071 1 0.075
Biosynthesis of phenylpropanoids - @ Flavonoid biosynthesis A 8 0.026 3 0.057
Anthocyanin biosynthesis- @ Phenylalanine metabolism A 9 0.003 3 0.021
Phenylpropanoid biosynthesis ‘ 36 7.184E-09 7 0.0000053
0.00 0.05 0.10 Brassinosteroid biosynthesis 4 0.051 5 0.0000199

Pvalue
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" N

For 67 candidate metabolites, 9 compounds had obvious antifungal
activities in vitro, ursolic acid and coumarin could completely inhibit the
colony growth of Vasa mali with its biological content.
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The synthesis of secondary metabolism can be activated by increasing the
potassium content of plants.
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m Potassium plays a significant role in Valsa canker
resistance. Potassium deficient and the nutrient
unbanlance could be the main reasons of Valsa canker
epidemic in China.

m Apple trees with leaf K content greater than 1.3%
exhibited almost complete resistance to V. mali.

m Improved K management could reduce or control the
occurrence of Valsa canker efficiently.

m Potassium nutrition can activate the intrinsic immunity
against apple Valsa Canker.

NWSUAF



Acknowledgements

Northwest A&F University

Haixia Peng
Xaoyong Wei
Yunxue Xiao
Youwei Du
Shengping Shang
Prof Rong Zhang
Dr. Yunzhong Guo
Dr. Mingqi Zhu

NWSUAF

Cooperators
West Virginia University, Dr. A. R. Biggs

lowa State University, Dr. M. L. Gleason

National University of Singapore, Y. Sun

Funding support:
CARS/NSFC



- ga 1

i lh"i

L e gl







