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WE: [ 86 ] KW@ E LB Carya illinoensis £ ¥ W0, A Rbwlei s euiE, [Fx] 2645
A E AR kR ‘Pawnee’ KX, X E L Mw LB 44 (EDTA-Zn). B4 (ZnSO4 TH,0). #H B2 4%
[Zn(NO;),* 6H,0] % 3 #r4£ A= 50, 100, 150 mg- L' 45 3 AR ZREAKTF, 310 MLI4 (AR 4 A 18 4) it 47
bR e, AT AEKRIEAR (TR PR vTEAR, AKE b E WS AR TR T REACE (R B 4T
G NENE NS NEE Y s 2 S LN F S ER PR E YT e E N EE Ll E e e s
o [&R)] MebHRTREEN, Gkt b ZME. MEERGHF—SREN K. 5Bk, 150 mg-L™ 74
RN ZAT S E KRB KEF (P<0.05), HAATK, 5. rt@BRFrt £, 5508 528 26%. 37%.
25%. 17%, Mi5 R ERES, "TRR. 7. . BRES>HHZ ALY B BRASHSHARE TS, 4. R
FXHAAZETHR, MEIWEAN: "tAPERESHAE TR, PR, FRES>HEZBF EHX (P<0.05), 5t
wARFe S BRSSO MEMIFEAAX (P<001), [£# ] £—TEAT@FFIERDFLEF T LNt R K
(P<<0.05), FR#EHAFREFRAETNRE, A, ZRHELLEAFERTER 150 mg- L' #4845 3% 100 mg- L
FRERAER 100 mg L™ T Rewa TERE4 ., B2 K4 430

XEIA: 2R Bl ctEaes; BARIE;, FRERTE; SN
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Evaluation of foliar spraying of zinc in Carya illinoensis

SHANG Yangjuan'?, TAN Pengpeng'?, FAN Pinghua'?, KONG Deyi'?, PENG Fangren'?, LI Yongrong®

(1. Co-Innovation Center for Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037,
Jiangsu, China; 2. College of Forestry, Nanjing Forestry University, Nanjing 210037, Jiangsu, China; 3. Green Universe
Pecan Science and Technology Co., Nanjing 210037, Jiangsu, China)

Abstract: [Objective] With the effect of foliar spraying of zinc (Zn) on leaves growth and mineral elements of
pecans (Carya illinoensis) explored, the study is aimed to provide scientific basis for the fertilizer control of
fruit trees. [Method] Using 6-year-old ‘Pawnee’ pecans as the research material under field conditions, a field
experiment was conducted with 3 types of zinc fertilizers, such as EDTA-Zn, zinc sulfate (ZnSO,* 7H,0), zinc
nitrate [Zn (NOs),* 6H,0)] sprayed at 3 levels of concentrations (50, 100, 150 mg-L™ Zn) in terms of 10
treatments (with 0 mg-L™" Zn as control). Treatments were replicated three times in a randomized complete
block design to measure the growth parameters (leaf length and width and area, rate of water content, specific
leaf weight, tree height and diameter) and leaf mineral elements [nitrogen (N), phosphorus (P), potassium (K),

calcium (Ca), magnesium (Mg), zinc (Zn), iron (Fe), manganese (Mn), copper (Cu)]. These parameters were
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initially evaluated with the employment of principal component analysis (PCA) and weight subordinate function
(WSF). [Result] The leaf growth parameters and tree height and diameter increased to a certain extent with the
increased concentration. The leaf length, width, area, specific leaf weight increased by 26%, 37%, 25%, 17%
with the 150 mg:L™" of zinc nitrate treatment respectively, which was significantly higher than that
with other treatments (P<<0.05). With the increased concentration, the N, K, Zn, Mn contents of pecan leaves
increased and the P, Fe content decreased while the Ca and Mg contents first increased and then decreased. As
was shown in the correlation analysis, the length, width, N, K were significantly and positively correlated (P<<0.05)
to Zn in leaves while the coverage, Ca, Mn were significantly and positively correlated (P<<0.01) to Zn in
leaves. [Conclusion] Foliar spraying of zinc has significantly improved the leaf growth of pecans (P<<0.05)
and increased the accumulation of mineral elements in leaves. Thus, it was suggested that 150 mg-L™" of zinc
nitrate or 100 mg-L™" of zinc sulfate or 100 mg-L™" of EDTA-Zn could be used for foliar spraying of zinc
fertilizers in pecans. [Ch, 2 fig. 4 tab. 30 ref.]

Key words: cash forestry; Carya illinoensis; foliar spraying of zinc; morphological characteristics; mineral

elements; comprehensive evaluation

PERMYIER KB LHEOMEICER, Y2 R, neGEA . MFRER . AR
FMAERK RN B GRIE, XF 200 ZF0EEA EZAOEAY. SRMITER, Pr= 0035 1R -5 i F1
Hi, DA MOl R RS Z RN EENREZ — 5T, &t 50% W VEY R X 115
FEAE B el P e B, b [ B+ T A 4 866.7 FThm?, i 4 [ W] F FH T AR Y 45.7% . 3% —J7 Tl &
PR Ay o R R oA R R 1 SR T A R S P RS AR, AR BRI T Al Yy e i B
75— T 2 AL 3 it P RURAE 0 42 A A i i = A LA A ot P 46 B [ T, S B R0, Rk, A B
8t A L 6l T R ORI R DR 7 i BB BOIR A P BE A R SR AR R T W R R Bk 2 1 4 Rt
TR T RN T, I I AR N DAY TR R i B RE R (A B i 2 — 1 AR R A T AR
EEY R, B DA SRR AR WSS Ik Carya illinoensis X 44 & E ILAZM K ILAZRE, 2
R MM T — S 000 RRW, R ML F Y R 55 A AR PG BRALER, IR E b E
EF 100 24005, FEMERAIE R A B B4 adk . Pk fbgkbt, e E 22 4 (X)) 4T
TR, WooD %M & . A e, W IR BT R m R U, Y RS EKT
40 mg-g ' B, SR BRI EERREAR . /N, TR M, TZEAGSE, W ZEIRE, ke AR
BABE, mREAE, M JRERER . XERERE A RROGERE S TR, TR EUR A A . TR RS
52, ERIRRAL T AE KR, SR BRI T Y WL, R R BRI ST L AR SR
PR R BN T2 — o AR 5T LLAZ AR R 4 At IOy A T RS, H R R
BE. BRIREE . L MV LTREEEN (EDTA-Zn), 2 =R LR BEEN (DTPA-Zn) S5/E MEERERIE, SR
2. OMR . BEGLEA A A TEC L BEAT, B T —E A AR g e [ L ARk Pl A A T
BB, AR, XSRS Ko B T SR A AN AE L ik, ARTFSE LA 6 4R AR A LAk
‘PeJe’ ‘Pawnee’ MBFFINIG, it TEIMTEEAIRIE A, BRVTAS IR BE AL A R v X A KR
W B FRICR IR, IR F 85 M RUINEGR & s B 25 & 0 XTSRRI BEA T I, Bh2 i i
HH I T (9 38 B A AR A 28 R SRR B, B e N ST LA R SR Bl ) =F = A BRI R R B AR

1 B X 5 8 5% 7 ik

1.1 HARXHER

WF 58 X A7 FUL IR A8 A 25 T Ja B ok A, R s ol K 2% 358 [ 1L A% Bk 39 B b (31°52745 "N,
119°09'06"E)., Z X @4t s i = XA, AFIRR 15.6 °C, 4FFF/KE 1018.6 mm, H FIHSIEK
F 10 C WRECH 226 d, ToHiH 229 d. WFFE bR ARG MG 1L Frb X, 3 wpisge, hiEmmR. +
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SRS AR RSN Ay W 22,65, 3.07 F125.31 mg-kg ', pH 7.48.
1.2 ##E

BT 6 AEA M IIAEBE Ue” o BT, RMAK RAFH 2 HRITEE R 8 mx6 m. BRI
Fh2Ay 90 £ — R DU L FREEN (EDTA-Zn, SRR 21.7%) . BFREE (ZnSO, THO, BETE 4141 22.6%)
SRR EE [Zn(NOs), 6H,O, AFFH/341 21.9%].
1.3 REAHE

KK 7 i ‘ 1502 EE 3 ATRBILH SR
KR 2 W R 3K PRI %R, &

Table 1  Test design table of zinc fertilizer 2-factors 3-levels

10 M0 PE REFIEF R S ik i 2 M &, b P TR f(me- L)
U 3K, LURBEEEAL SRR, 3T .
V=3 2 . o e
e e 2 IR 2R BEH(EDTA-Zn) 100
B, HAREEEEHE -2 T 2018441 ., s ssrsiEpTAZn) 0
27H.SHS8H. SH23HM6H 4H, WHE "
MR, R S Bt ¢ o ) 5
. e . 5 W4 (ZnS0,: TH,0) 100
WK, SUBUH 4 K. 6 TiR4E(ZnSO,- 7TH,0) 150

14 BRRIEFNE

2018 4F 8 A A), RAEAMBIRIR RS 7 TR0 6rO) 50
b BRI 5 BB, fdbm O THAONOD 6O 10
3 bk G, AR A K R R Fer i 2N NO OH0) 150
LM E.

AR5 5 A BB Tk e SR A S B eh e T, BT SRH YMI-D A4
B (FUTAC AL R A7) T 402 — T4 B0 2 - BRI R 0k IS S - 1
100 °C B AT 10 min, SRJT 60 °C FUET AR, T4r2— K FME KTt BF TREZ A
W, i 100 B, BEEER . 2018 4F 11 A hy, 15 i 23 v& o I b i A 42

FRER SR A5 AR A I AR AT B R 7T 2. B Ak o B 42 R ik 43
FHAR BB HL sk M52 L FUA T 2 R B0 MU S T RIS 53 66 B+ (AES, 38 PYE 23 7 7 1y SPO-
400 ) P5E o PR BT I B H A 4 R USRS (T RE) FH elementar MACRO cube JE R 43 HT% (F5 2 )
SN IR ) W
1.5 HES TR E

B I bR 22 27 . R Excel 2016, SPSS 23.0 2 S HE AT HICHE BT . AT,
Duncan’s 75 M 2 164725 5 i 5 ME M7 (P<<0.05). S Origin 9.1 HEAFEIBAH] . RUEIKIES09 1y )7
W, A RS W RAIASCHE 8 BB IS A4 ARt ATt 10 AN T S Ak B4 1 5
HVEME (D)

2 HRGH

2.1 MEBEEXEE ILAZME KB

ST LLAZPR I R e o AR dE bR YA Bl AR WA o vk B s MG OK, HLAM R PEAL B 3G A
W (B 1) 76 150 mg- L' iPREFACIE T, &, mbve . mHm AR b S K B 2% (B 1A B 1B, & 1C,
Bl 1E), 435 X R 26% . 37%. 25%. 17%(P<<0.05). WiEETHv S 50~100 mg- L™ B, M H 3
KFfm (B 1D), HKFIEAZHICFIEEN, Y4 4%, &P AR m A AR I AN 3
2.2 MEBENES LZRHRT REFTENZMN

Bl PE BT VR PR, AR R A B i R AL B BE L BRI B, 4. B
SRR, B BRI ECRR S T I, B o B R R e (B 2). WERERT R MR EE O 150 mg- L
B, SRV CTREFN . BRRRSE . WHIREFAL FRAE py S e i /L. 1. B B EBUST R,
ST IR 1%, 16% . 19%; 53%. 74%. 15%; 47%. 133%. 127%; 30%. 73%. 54%(/% 2A. K 2C,
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K 2F, K 2H), HBREE. HEREEALHIZH 22 5 W3 (P<<0.05), 1L WP ZFREFANAL B 25 S AN B 35,

MR ST S R B 50~100 mg- L' B, £ VU S FREEEN . BRIREE . A R A A BRZH Y B T i I A
BER R BB Eom s, PSR N 16% . 15% . 11% F197% . 76% . 97%(&l 2D F& 2E), %5
35
‘é 30
5"( 25
& 20
= 15

100 150
AR/ (mg - L)

50 100 150
FiHE ik /(mg - L)

o 20 5.0
5 18 4.5
© 16 g

o0 be =

E 14 b g 40
ey =

B 12 =35
3

= 10 L L ! 3.0
PN

0 50 100 150
FEHEE (mg - L) ik (mg + L) FidE M (mg + L)
o LWV RN -o- TRIREE - WHIREF

IR TR R A IR HRE] 2 57 5L (P<<0.05)

0 50 100 150 50 100 150

Bl REZAETH oLk AsKigice T4
Figure 1 Changes of growth indexes of C. illinoensis under different treatments
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Figure 2 Changes of leaf mineral elements of C. illinoensis under different treatments
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W3 (P<0.05), WEPEREWE N 150 mg- L' B, 4 DU LFRPEN . MBREE . AN MREY AL FHAL 1Y PN R
IR SRR BIIEERAL, IR T X IR 38% ., 43%. 43% F 22%. 43%. 39%, HAbHL

H 2z 2= % (K 2B FliE 2G).

2.3 BRIIEFREIHEXMES T

AT IR B AR KA S SR T RS bR 2 ALELAA B A (R 2). MRS R, B RS R
2 (P<<0.05). i3 (P<<0.01) IEAHIC, AHICRES R 0437, 0474, 58585 . PER R4 D
FIEM O (P<0.05, FHRARBHN 0446, 0.446). MEFIS A . 85, B8R W% 1B M & (P<<0.05,
FHOC RN 0372, 0395, 0.483), Mt F % /K 48 5 Wl ot it 4 45 &2 Wb 3 1F AH DG (P<<0.05, MR EH
0.445), L3 ) 540 o B A0 B A S TR A G (P<<0.01, MHSEREH 0.586). ABFSTr, M54
AL G AR ER  ihgE . AR AR KRR 2 B (P<0.05). W E (P<0.01) IEAHXG, ThH

SrhRa. . 8. eSS E B (P<0.05). HEE (P<0.01) IEAHXK.

%2 BISERAIHE K REUIERE
Table 2 Correlation matrix of each individual index
EiEtan RS 5 T AR KR Heont & s Mtz A
N 1
nt 5 0.815%* 1
AT AR 0.917** 0.964** 1
& —0.003 0.155 0.122 1
Aty 0.085 0.363* 0.206 -0.228 1
= 0.517** 0.510%* 0.532%* -0.012 0.031 1
ez 0.147 0.007 0.067 —0.067 -0.291 0.133 1
A 0.437% 0.296 0.372% -0.050 0.074 0.330 0.089 1
B -0.156 -0.169 -0.216 0.445% 0.080 -0.209 -0.003 0.090
p -0.178 -0.090 —0.142 -0.151 0.234 -0.163 -0.325 0.034
5 0.359 0.446* 0.395* -0.101 0.586%* 0.286 -0.293 0.243
B 0.033 0.222 0.132 -0.099 0.257 0.167 -0.142 0.065
B 0.474%* 0.446* 0.483%* -0.230 0.311 0.338 0.045 0.457*
78 0.072 -0.052 0.047 0.217 -0.328 -0.036 0.099 0.154
i 0.033 0.134 0.081 0.252 -0.012 -0.258 -0.076 -0.331
i 0.170 0.103 0.143 —0.240 0.023 0.237 0.187 -0.018
izt W By 5 B 23 B il i

W 1

B 0.086 1

45 0.009 0.461% 1

B 0.077 0.585%* 0.413* 1

B -0.151 0.401* 0.532%* 0.259 1

7S -0.107 —0.408* -0.195 —0.590%* -0.126 1

il 0.011 0.403* 0.244 0.202 -0.135 0.064 1

fif -0.328 0.150 0.174 0.063 0.640%* -0.039 -0.201 1

UL *FOR BEA(P<0.05); * TRk B FHE(P<0.01)

2.4 HBETUSIREIEM S 51
W3 PR 1, 20 30 4 B BRI ITEkRIE 65%, RUIAT 4 TR BEMERE R 2 B8 (5
B R E SR IBOX 4 A ERY, OREEOR 16 AN TRIE PRGN 4 AL 2R G 18 bR, 200 X
Xy Xy Xy FoR .
25 RERYSTNETERESITM
BB LR G R SR e BT A 50
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R3I BEGEMNRYRITHRE

Table 3 Coefficients of comprehensive indexes and proportion

LD X X, X X,
AR 0.855 —0.347 0.281 -0.133
i 0.849 -0.214 0.344 -0.119
IS 0.803 —0.412 0.182 -0.075
23 0.769 0.134 -0.353 0.047
[ 0.685 0.453 0.146 —0.008
s 0.622 -0.319 -0.102 0.126
o 0.193 0.832 —0.038 -0.106
B 0.382 0.649 0.052 0.055
B -0.175 -0.619 0.139 -0.190
Tk -0.128 -0.201 0.729 0.071
fih 0.374 -0.008 —0.641 -0.257
] -0.006 0.322 0.561 -0.648
B -0.215 0.192 0.476 0.623
A 0.490 -0.228 -0.038 0.570
Jigtz -0.012 -0.465 —0.247 -0.015
ALy 0.435 0.468 0.052 0.202
DTIRSE/% 27 18 12 8

m&h§ﬁ¥%LJ=Lzau,m (1)
max min

D) e w(X) FoRS A | ALEE IR RE KB X, N5 i DN ERERIR s Xin A Xipax 7351
FORE i D ERE AR R/ IME S R
FLEGIRIBEE () BT RA 0

‘mﬂﬁiﬂJszammo (2)
i=1

K@ H: W FERE IR ARG IR PR 2L s PO AL BRAE S i D ERBHRAR Y 5T
kA
AP 2SN (D) B0 -

D= [u(XpW, i=1,2,3, -, n (3)
i=1

K Q)W DFRTEBFALET , TR PS4 A B (925 A PP B

FRE45 25 A8 bR B9 BTSSR AN AT USRS B AT ARRT B ZE M, [WIRHARYE 16 4~ PATHHE bR A0 35 (8 K 4%
CEETRPR AR AR R A (R 3) SRR HAY 4 DR ETEPRE (GR 4). £ AL W I AR TS D HEFF
MREIMEICHALEE 9 Ab3 S, AbBE 2, AbPH 8, Ab¥fe. Ab¥ 3, AbBH 4, KbFH 7. AbEE 1. XTHE.
3 Zi5itik
3.0 MEBEENES LERERKEN T RERTEHEN

ANt EERE AT MIE A58 3200 R RV T AW . ASWESS, i T T 1 LA Ak
Koo g0, MFERA M AR —E R i A B A5 BEL BE. EE O EdRE, M
BEFNER T & 3 B, JEILLL 150 mg- L™ AR EFAL BEA3E K BT, 3X 5 OJEDA-BARRIOS %5 i 258
—3{, OJEDA-BARRIOS %5 X} 8 4 e LAk T IR R B . & e SRR . O =R
CTRBFENFR M . 0 B oy B &, W] Rt i AR AN 4k R (SPAD) 75 £ B B 44 il . ASHRAF
U XS LR HEA TR R . IR . BRAREE . B AR AR A AR mHERY . JRE . MR . R
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F4 BLEAMNZESERE (X)) REIHE (u(X)]NE (W) EETFNE (D) KHEF

Table 4 Values of each treatment comprehensive index (X;), subordinate function[x(X;)], index weight (;), comprehensiveassessment (D) and the order

LG ARTRMAX, SRR R EERX) )
fb3 A THIED etk
X X X X, 0.9 wXa) 0.6 w(Xq)
payiist 42.471 —7.373 2.475 12.065 0.000 0.344 0.313 0.427 0.205 10
1 44.448 —6.157 2.468 11.856 0.139 0.478 0.311 0.334 0.287 9
2 50.395 -3.930 3.534 11.103 0.558 0.725 0.633 0.000 0.544 3
3 46.890 —1.926 2.382 11.446 0.311 0.946 0.285 0.152 0.456 6
4 46.923 —6.048 2.696 12.500 0.313 0.490 0.380 0.620 0.412 7
5 49.479 —4.093 2.828 12.448 0.493 0.707 0.420 0.597 0.550 2
6 47.289 —1.443 1.437 12.727 0.339 1.000 0.000 0.721 0.502 5
7 46.929 —7.807 3.215 12.232 0.314 0.296 0.537 0.501 0.374 8
8 50.119 —8.164 3.252 13.356 0.538 0.256 0.548 1.000 0.523 4
9 56.684 —10.477 4.751 12.503 1.000 0.000 1.000 0.622 0.683 1
BEW, 0.417 0.268 0.186 0.128

B OBAERBGHGEILE . ARER MM AR B B 8. BEL BE . BRI BT R AR
KESHAVARZ ZU7 38 i3 %] e LLAZ BRI TR & Foa s IE AL R W . i 174 mg- L' #IAEHT 1 050 mg- L™
PR RSCR S, AIEG I L. B B Bk BRI A, WA SRR MR EE AU S T
ekt &, B 5. BEL BE. ERDTE BT, WAERE . BB T R X AT BRI A i
RN 0 €S A O S N otk 2 2 0/ (T /NI 2 2 7 (118506 S

FEARWFSE T, BEM R g B, B BRBTE P BORE NI, ATUL, BEERRSBL. BRSPS
EHEIA S, B, SRR RIS A e Z ", A 3N HMER . OmBhEd TR
(RS2 3 DT 5 DR FER B = 5 (e 8l T e AP A oo B 1) BT it 4385 DRI A0 N Sl DG i1 25
L3S B B A A U, A RO B A B R Malus domestica W REE 37 FBE/F 48 bR AT W, #E/
BE>100 Gy /N, H ERURE DN 2 15 8] BRI FE S4B f 8~12 J8 (B 6-7 ), BIJCH] Hofk . A< S 55 4R
Ik A R TS B R . /R > 100 ), 3SR G A/ IR o AT AER AR R AR ST
W L R P R 2 it 2 S SRS T AR R KT, AR TP B EAR . B, PHEI BT, SRR
W, B BEMIAOCPAE, REARE R A S, R R TR SRS PUEE TP R
%, MR FBERTT RO, B B S, N EY 0 R AR Rz, WIGE#EEY A&
Ko /INE Zea mays B, AR EEERXT RIS AT S JKFE Oryza sativa #EH, S BRI 58 4
IR WY Ak, BRI REHG I AR ) FIR A B} Gramineae A8 A WBOE B
3.2 EFEELUZH%kMTEREEFENESIEN

AW T —Ef e WAL 7 X0k, ke . 0. fEf, X Fst kit
NERCR PP B BB S0 B E SC EESR T 000 0 Bkt 16 DS BIHE AR L 4 i 4 DM ERE R R, LAtk
YERARGR A & AL, A AR 8 RO R A L5 G H R PR AN (EL (D), AT 07T 328 H 3 B iy i T
s EE AL BRI R AE B S Sorghum bicolor $iT F M PO LA 2 Solanum tuberosum i B PE P Bk A
Amygdalus persica 3L B ALHE 718, LI 4E Castanopsis hystrix B R 5| JE2 0 32 R AL Ak ) 05 £ 18 A
Punica granatum Tif 5 VECY 55 07 T 28 #0815 0] IHBR SLI0HE AR 09 7 T PE BB HAORES M 0 18 1 4
AL, AT, AT LA KIS BB AL FE S 150 me- L AHREF K 100 mg- L B AREF K 100 mg- L'
LNV OB . TEA P S Rerh, TSI IAN L, HORRRGE . ARG itAE, Ik B R AF s R Y
ARIEEY, ST 2RI R

4 ZF ik
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