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Fig. 1 Apparent morphology of ‘Lyuling’ walnut
leaves with different scorching levels
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B2 ‘RiICEMRARE-EENRERES

Fig.2 Tree morphology of ‘Lyuling’ walnut trees with different scorching levels
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22 APEEHBEEEMMHAXEGRESENTN

MR (1), BEE AR R,
KM EEE a, Kb, K MRS ERE
ETEMBESA, 6. 7T AMNVHERAEHEE RS
H, 8 AMIVHRITEEE a, HE4EE b & ik
i, SXTREAEE, SRIREILT 26.7%. 24.4%,
24.4%. 31.9%. 6. 7 Hipit4%E a. MgEb &
H, 8 M PRE BB EMZES . BERE
IHERS, SHGI4RE a. HEE b, K MR
SREMTHENES., 8HO., T, VHMHER
atm, 19MaE b S 6 MMt a Rl
T 23.9%. 31.7%. 33.0%, 31.4%. 6 A% 7 A
B, SEILEERETELRENZER

x£1 FAEEHBEN G ZRHFFBHEESE
Table 1 Chlorophyll contents in the middle of
‘Lyuling’ walnut leaves with different scorching levels
BEME WL H 3t Date
Pigment Di
types level 6 7H 8/
O 2.05+0.36 aA 1.78 £0.04 aAB 1.56 + 0.15 aB
205+0.15aA 1.95+0.21aA 1.40+0.18 abB
M4k Fa
Chla/ I 1.83+0.34aA 1.77+0.04aA 1.46+0.04 aA
(mg-g™')
il 1.82+0.48aA 1.80+0.47aA 1.40%0.17 abA
IV 1.76+0.20aA 1.62+024aA 1.18+0.03bB
O 084+012aA 0.81£0.02aA 0.69z0.06 aA
[ 0.86+0.12aA 0.79+0.06 aA 0.59 £+ 0.05 abB
H4ERb
Chib/ II 0.73+0.15aA 0.72+0.06 aA 0.56 + 0.06 abA
=l
MFG™) 11 0724018aA 071£0.17aA 057+0.12abA
v 0.63+0.13aA 0.61+0.16 aA 0.47 £0.02 bA
(@) 0.45+0.06aA 0.41+0.05aA 0.39+0.02 aA
) I 0.41 +£0.02 abA 0.36 + 0.02 abA 0.36 £ 0.03 aA
ESTE AN
Car/ II 0.38 + 0.05 abA 0.32 +0.05bA 0.30 £ 0.06 aA
(mg-g™)

11 0.39 + 0.06 abA 0.35 + 0.04 abA 0.31+0.09 aA

IV 0.33+0.06 bA 0.31+0.03bA 0.29£0.02 aA

T FFIAFRNG BRSNS R AR 2 (A 4£0.05 K ~F b2 =
BE. FAAARAKEFRRRZAR A 02 BLE0.05/KF L EREE.
TR
Notes: Different small letters in the same column indicate significant
differences between different scorching levels at the 0.05 level,
different capital letters in the same industry indicate significant
differences between different months at the 0.05 level. The same
below

TEM sy (322), B AR A L M ] 1Y
W, MERE e, MERR Db, KWME PRERET
Feras, £ HMIM, V4mtaxR b, KHE bR

Tk XA LA W2 R, 6 AR IV 4
Fafh, SHMNHAMEGEE Db, LK NESHE
55t BAH HE R B s, A BIREAR T 60.0%,
76.8%. 79.5%. £ HMO. 1 HHLE aFHE
THEES, 6 A7 Ay, FHIDLEEESE
TwFEMEZES, 8 AM 1 RHLEEK a, 1 HH4k
Fbaa, VEKAE NRERES 6 AMMILT
M MW, D IRRIR T 44.4%, 63.1%, 75.0%.

*k2 AREHBEN G ZHRHTEZEHEESE
Table 2 Chlorophyll contents in the leaf margin of
‘Lyuling’ walnut with different scorching levels

mEMIE R H#A Date
Pigment Disease
types level 6] 7H 8H
O  205+036aA 1.78+0.04 aAB 1.56 + 0.15 aB
I 178+017aA 161+024aA 099+0.12aB
M4tzRa
Chia/ M 129+016bA 1.28+0.18 abA 0.83 + 0.08 bcB
(mg-g™)

Il 1.17+0.29bcA 1.12+0.23 abA 0.70 + 0.17 cB
0.82+0.01cA 0.79+0.226 bA 0.73 +0.12 cA
084+012aA 0.81+0.02aA 0.69+0.06 aA

[ 0.72+0.08abA 0.68 +0.08 abA 0.34 £ 0.06 bB
E S

Chib/ I 0.65+0.29 abA 0.61+0.10 abA 0.24 +0.02 bB

.~
(MIG™) || 056£007bA 046£0.13bA 0.22£0.04 bB
IV 034+005cA 0.25+0.05cA 0.16+ 0.06 bA
O  045+006aA 041+0.05aA 0.39+0.02aA
1 036:003bA 035:008bA 0.21%0.04bB

K% MR

Car/ I 032+008bA 0.26+0.01cA 0.19+0.05bA

mg-g”
(MIG™) 1| 027+0050A 025£003cA 0.18+0.02bA

IV 032+006bA 021+0.04cA 0.08<0.01cB

23 ARAEHEEZMHEXETEZSETL
AN F AR FE AR i K e R & i A8 ik an
Bl 3 i, REAEARRREE RS, R N P&k
HE FIHEH, K. Na, Ca & 7280150
7%, Mg &bt iaE. 6 AT, M2k,
7THMGT . VN &ERER TR, Kl
26.1%; 8 Ayl S5x IR Tc R 25, 6 H .
SAMI . M, VHLIKE7 AHT., MHELP HEE
FRTXE, 7 A NR SN RE 2R AR E
6 AT, M, 7AMKT., M, V&K &7 EE
mEXTE, 8 AN &Y SRR EER, 6.
8 A 1% Na & & fi, 4534 0.33 gkg™.
0.22 g-kg™, 7 H M8 Na & s, 4 0.26
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Fig. 3 Contents of major elements in leaves of ‘Lyuling’ walnut at different scorching levels
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Fig. 4 Contents of trace elements in leaves of ‘Lyuling’ walnut at different scorching levels
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0.66; 5 Mn, B &REBEFEAMG, HXRES
4-0.62, -0.58, M-H P 5 Mn, B &Sk
ERAE, MR HIN-0.72, -0.69, MK
K5 Cufi 2 B EMAML, HIXREH-053,
A Na5 Mg & &2 BEEME, HEREN
057; 5 ZnHEEWMEFEEMX, HXREN
0.66. A Mg 5 B St i FIEAHSE, HIEREL
}0.59, M A Fe 5 zn BB FIEMRE, X
FEON052; 5 Cu BB ERMI, HXFRH
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Fig. 5 Correlation between mineral elements in different scorched leaves
*3 RERESY RITENEXE
Table 3 Correlation between disease severity and mineral element contents
HH5% A% Correlation coefficient
N P K Na Ca Mg Fe Mn Cu Zn B
Degﬁfgfﬁess 0.63* 076" 0.1 -026  0.01 -036 039  -073*  -032  -023  -0.91*
B, ORI 3, WIHRES N & 552 B IEA %4 ZTHR Logistic BITERS LR
XK, MERH N 063, 5P EEEWNEEFEM Table 4 Analysis results of multivariate ordered
X, MIXEZEBCH 0.76, 5 Mn. B &Stk nEmn Logistic regression model
*Hjé’ *H;’é,%%ﬁﬁ%”jj—073\ -0.91 © Vjﬁile Regres%iii%fzfﬁcient Starﬁfcj%error Wald Peﬁue
2.6 ETZTHF Logistic @ FERKRFIEIEE N 1418 0.808 3078 0.079
N E RS P 9.904 6.065 2666 0.103
W B 11 A SRTE R (28 K -3.057 1438 4516 0.034
i) TZI0AHF Logistic [MIHANEE, Ffi# 217 Na 56.338 33257 2870 0.090
R E, BEEESRE 4. LEL 5 Ca 0.552 0272 4111 0043
Br, K. Ca & f/REI T 0.05 /K01y i 2% Mg -3.858 2165  3.475 0.075
(0.034., 0.043<0.050 ), 1H 5551 2R A9 AHC M Fe 0.012 0030 0172 0679
AR, BOMEEIE, B &t nlH R E(E #-0.872, Mn -0.200 0102 3.845 0.050
HEHH 0.05 /K- i #E (0.028<0.050 ), i, Cu -0.226 0142 2530 0.112
B B JCE & 0 AR A B 5 R Zn 0.037 0291 0017 0.898
2.7 [EEBXHAZBRRT A RS0 B -0.872 0.396  4.849 0.028
Jy it — R E B REOW M R A, BEREA
ARSI R BT R R, T 271 WA EMNTT A RS EEFASE B

20224 6. 70 8 J] iy Wi jifi 0.0% ( Xf MR ) |
0.2% A1 0.4% HYFHAY , BLUISR A - A I 7 AH G
A BREEAR

MR EDLEEREENER S Fin, B LE, BHEA
[l E 19 B AL W] DU sy it A D (R i, Bl
AW B LM, MR a, kR b, KNE
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MREERE LA, BB N 0K, 14
Moz a, R b, KRY MRS EHEEST
M, V&g, 4mBIRIE N 0.2% 1 0.4% A}, 9%
FntaRE a, MR b, RIAY NRSTEH LD E
PR, H¥YE T BRE N OIS AR
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*®5 BEHEZMMHENrERESE

Table 5 Photosynthetic pigments content in walnut
leaves after boron spraying

] A b
Pig%iﬁfpes Diebass . KbEE T.reatments .
level B: 0.0% B: 0.2% B: 0.4%
I 140£010aA 1.70£0.44aA 2.32+0.10aA
4 &Ka I 1.17£0.07abB 2.02£0.13aA 2.11£0.10 aA
(ngN;/1 ) I 099£0.14bB 211+£0.21aA 250%0.06aA
IV 1.03+010bB 2.18+0.09aA 253+0.26aA
I 045:0.05aB 0.70+0.17 aAB 0.95 £ 0.05 aA
44 2b I 031+001bB 083+0.02aA 0.83+0.06aA
(m%hg’ﬂ ) I 0.29£0.01bcC 0.83£0.09aB 1.01%0.04 aA
IV 021+001cB 0.89+0.02aA 1.01+0.29aA
I 032:003aA 030+0.08aA 0.42+0.03aA
KE bR I 024+0.02aB 0.38+0.02aA 0.42+0.01aA
(mgza ) I  022+0.01bB 0.38+0.02aA 0.45+0.01aA
IV 019£0.02cB 040+0.01aA 0.41+0.04aA
272 BT AR ELES S WG

M R R IC R A Ak 6 s, Wit B B4 TG
RO En B esa i g 2, REFRIK TR N
P, KItE &, BEEM BWREMIEIN, THP.
Cat®E. MK, NaJoEHI, V% Mg &
R TR TR, Mg N, Pt
. VN, NatE&E. [H# Mg &=
BTG LA EE. m BN 0.0%
B, S9N, Mg TR SR EMER, b
BN 0.4% B, &% P, K. Cat& & ay
T EEES

273 “RAIBEEMTRMBELESE WG
MR AR R SRR 7 iR, Wit B G,
h Mn, Zn, BIoER a2, m
B VkIE N 0.2% B, #4¢5 Mn, Cu JtE & ®EIT
WENES, K900 B LE T ® LmE B Ik
4 0.0% B 52.1% . 36.5%. 45.7%. 140.8%.
Mt BYREE N 0.4% B, &40 B G E & &40t

*k6 BifiEZHtHRAHRETERE
Table 6 Large element content in walnut leaves after
boron spraying

TCEREME  HER
Element Disease

A# Treatments

types level B: 0.0% B: 0.2% B: 0.4%
I 31.24 +0.82 aA 27.62+1.33 aB 22.66 + 0.27 bC
N/ 1 3359+143aA  2345+188aB  2356+052hB
(gka™) 3354£202aA  2337£123aB 2860+ 144 aAB
v 3362£127aA  2587+040aB  28.11+1.04aB
I 1.50 £ 0.04 cB 1.96 + 0.04 aA 1.67+0.11aB
- 1 172£003bcA  4554000bcA8  11720.19aB
(kg™ 1 1,95+ 1.16 bA 1414014 cB 1.74 £0.18 aAB
\l 244£0.09aA 183+014abB  1.60+0.20aB
I 929+071abA  726£0.36abB  6.62+042aB
W 1 7.06+0.72 cA 8.32+0.86 aA 6.78+0.73aA
(okg™) i 9.66+0.32 aA 6.39:40.42bB 6.22+0.612aB
v 755+045bcA  748+041abA  5.83:026aB
I 0.24+0.01aB 043£001bC  0.30£0.01aA
ol 1 0.20£0.01bB 0.30+0.01aA 0.21+0.01¢cB
(okg™) il 0.20£0.01bC 0.32£0.01aA 0.25+0.01bB
v 0.20+0.01bB 014£001bC  029+001aA
I 3291£106bB  38.11:067aA  30.60+1.18aB
- 1 3119+057bA  3045+074bAB  27.91+123aB
(kg™ 1 37.33+044aA  3686+055aA  27.62+061aB
\l 3295+084bA  2066+185bA  28.98+1.182A
I 597+028aA  534+005cB 6.17£0.02 bA
My 1 558+052aA  6.32+0.09bA 6.59 £ 0.09 aA
(okg™) i 575014 aB 6.79+0.12aA 5.21£0.09 cC
v 557+011aC  663:021abA  6.08+0.07bB

i B ¥ A 0.0% @i 70.9% . 55.7%. 50.5% .
108.3%.
3 it

BT N, P, KEREITTEI, METLRBEE
MY EFERK . BF . JFIEME R/,
Fe. Mn, Cu. Zn I Bt E 25 THYITAR
BRI AT Re . XHEYIER OLE/EM. @
FEREAN ., BREME. AR s2) R E50
FEVEM, AT TR A v A A
Sy TR XR, AAEENISE S, HHE
PSR X AN, R RAEEMNREAGREZ,
HAFILE AL, Fi g 4, A
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Table 7 Trace element content in walnut leaves after
boron spraying

TCEME R KLFE Treatments
Element Disease
types level B: 0.0% B: 0.2% B: 0.4%

I 21830+ 14.26aA 248.52+4.62aA 185.33£3.07cB
I 165.93£15.12bB  239.98+9.07aA  234.65%7.34 bA

Fel

(mgkg™) il 186.83£20.01abB 250.53+6.35aA  192.63+2.34 B
| 20660+851aB  207.47+127bC  258.59 +3.36 aA

I 7168+299aB  8237£0.72aB  112.65+5.66 A

- 1 7657+217aB  8565+173aA  93.08+3.19 bcA
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Correlation Analysis between Physiological Scorch and Mineral
Elemental Contents in Walnut Leaves

WANG Xia-lei', LIANG Xin-miao', LIU Jia-le', JIA Peng', CHEN Li-ying®**, QI Guo-hui'?*

(1. College of Forestry, Hebei Agricultural University, Baoding 071000, Hebei, China; 2. Hebei Walnut Technology Innovation
Center, Lincheng 054300, Hebe, Chinai; 3. Hebei Lvling Fruit Industry Co., Ltd., Lincheng 054300, Hebei, China; 4. Hebei
(Xingtai) Walnut Industry Technology Research Institute, Lincheng 054300, Hebei, China)

Abstract: [Objective] In this study, the mineral elements and other indicators of walnut leaves were meas-
ured and analyzed by the method of leaf nutrition diagnosis, in order to determine the causes of walnut leaf
scorching, and then provide a theoretical basis for walnut production, cultivation and management. [Meth-
ods] Walnut trees were graded according to the degree of leaf scorch, the contents of mineral elements (N,
P, K, Na, Ca, Mg, Fe, Mn, Cu, Zn, B) and chlorophyll in walnut leaves at different scorch degrees and at
different periods were measured. And analyze the correlation among mineral elements, and between min-
eral elements and scorch degree. [Results] The results showed that the contents of photosynthetic pig-
ment in leaves decreased with the increase of scorching degree. The scorching phenomenon developed
from the edge to the middle part of the leaves. The degree of illness was significantly positively correlated
with N content (R=0.63), significantly positively correlated with P content (R=0.76), and significantly negat-
ively correlated with Mn and B content, with correlation coefficients of -0.73 and -0.91, respectively. The
parameter estimated of the content of B in the Logistic regression was -0.872 (p<0.05), indicating that B
content had a significant negative impact on the degree of scorch. And after spraying different concentra-
tions of B fertilizer, the symptoms of scorching and withering were effectively alleviated. [Conclusion] Lack
of B is the main reason for the scorching of ‘Lyuling’ walnut leaves.

Keywords: walnut leaves; mineral elements; physiological scorch
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