B 2% R 2019,36(8): 968-979

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20190082

ZEARS ZEHMIEM R4S IERIMFE P 5 Hh
i) JINEEVE L, LK, ER T, B XL E,. B E, REE
L P R 25 el 2 el v 2 e R RO AR 2 BE 9 Bt » B 7 L e el 202 20 S B R S =, IR 400715)

. [HBHERT 2565 FEHUE (Eriobotrya japonica Lind1) W Fy A B ASHFAE 2 7 R AT 5L R WS VR4
MR A M 45 8 St R VPN SR AL S 2 L5 3R 0L 4 A R A1 18 AN A ML A AR R B0 A k), 36 Sk R E B TS
R Z5 K K (RWL) VB R TG R & 4R 5 (ChD & AT W82 5 A2 by . J8 0 SR8 B0, o i R
HATHIE WA LS R IMEAE I K R L 08 FE S5 A e AR 35 IEAH 2 (p < 0.0, MHEFR B S 51k B R 2 R (p <
0.01) 5 10 THUALA 3 i 51 45 K P8 b 15 A M SR IR B SR GG HE AR VO « R R B A UZE AR 20 3 b AL A A T 5 4 i
Fi ECSR) it JE i 2H 2 4 Jif 285 ) S5 2% B CCTR) R A1 o 2 I A 21 A A 2R = 4 R Rz, o B B
TAFR)E CTR G2 A E40 CF T RAH 6 h )5, A RHHRH K RFKKE GRS R 7ML, £24 h
JE RAKFE 5 2R E A (p < 0.05) : ZND V(P VI (KO 8k (Fe) 4 % a(Chla) 4% 3 b(ChLb) R4 5
SR Chl(a + b) & & 5 L 597K ¥k N : N.K.P.ChLb.Chl.(a + b) .Fe.ChlLa, - ifF N.P.K & B 5% 12
UG s S B HEAR Iy 30 25 0 5 R K SR AT Bt B S8 iR 80 Hr - “A3137 (3x) L “A3227 (3x) . “B350° (3x) . ‘B4317
(4x)+“4X(2)" (4x)+ ‘H324” (3x)+ ‘K3’ (3x) ‘K4™ (4 Pt R LI 0 T 7 R4 A5 4% L& It - v 2R B A8 $8 b ]
PE R RS PR % 52 10 S 25 Fa b BUR PEVEAR P 11 8 AN DU PE SR IK 2 R AR AL AR A R il F T ik — B LR e A K5 B 245
PRI N H m AL T R I — Rl A2

SRR ML s 2 05 1 s AR B ASHRAE s PLB 1k s R R H0E

FE 5 ES:5667.3 HRFRRRRD : A XE4RS:1009-9980(2019)08-0968-12

A preliminary study on leaf characteristics and drought resistance of

polyploid and diploid loquat
WEN Guo, SUN Haopu, DANG Jiangbo, JIANG Pengfei, WANG Jinying, YANG Yao, GUO Qigao,
LIANG Guolu

(College of Horticulture and Landscape Architecture; Academy of Agricultural Sciences/Key Laboratory of Horticulture Science for

Southern Mountains Regions of Ministry of Education; Southwest University, Beibei, Chongging 400715, China)

Abstract: [Objective]Polyploid plants have many specific traits, and some of the traits can be used as
auxiliary indexes for ploidy identification. Polyploid individuals have strong tolerance for water defi-
ciency. Loquat (Eriobotrya japonica Lindl.) is very sensitive to drought conditions. So far polyploid lo-
quat with strong drought resistance has not been reported. In the present study, the physiological and
morphological characteristics of leaves and the resistance to drought of ,loquats with different ploidy
were studied in order to provide a broader basis for improving drought resistance of loquat.[Methods]
To explore the physiological and morphological characteristics and drought resistance of loquat leaves
with different ploidy, 18 accessions with different ploidy were studied. The leaf morpholog of different
materials were compared the using conventional paraffin sections. Then, they were subjected to high
temperature and drought (40 ‘C, extremely high temperatures that often occurs in Chongging). We com-

pare their rate of water loss (RWL) by measuring the mass variation per hour. In addition, the nutritional
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elements were determined using Zeeman Atomic AA240Z. The nitrogen (N) content was determined by
kjeldahl method. The concentrations of phosphorus (P), kalium (K), ferritin (Fe) were measured by
atomic absorption spectrometry. Moreover, the chlorophyll (Chl) content in the leaves were measured.
The measured indexes included the Chlorophyll a (Chl. a), chlorophyll b (Chl. b) and total chlorophyll
content Chl. (a+b). We calculated the means and standard deviations of these data. Base on the leaf mor-
phology and RWL of 18 different ploidy loquat varieties, analysis of membership function were carried
out and a drought resistance evaluation model of different ploidy loquat varieties was established. [Re-
sults]1The leaf length and width of loquat were positively correlated with the ploidy (p < 0.01), and leaf
shape index was negatively correlated with the ploidy (p < 0.01). The order of 10 indexes of leaf ana-
tomical structure and ploidy correlation degree of loquat leaves was as follows: lower epidermis, upper
stratum corneum, sponge tissue, spongy ratio (SR), leaf thickness, cell tense ratio (CTR), lower stratum
corneum, palisade tissue, the number of cell layers in palisade tissue and upper epidermis. Among them,
upper stratum corneum, lower stratum corneum and CTR were negatively correlated with the ploidy.
The sponge tissue thickness and palisade cell layers of loquat leaf in 4 series were positively correlated
with the ploidy. In H series and K series, loquat palisade tissue and leaf thickness were positively corre-
lated with the ploidy, and both palisade tissue and leaf thickness of the tetraplod were larger than those
of the diploi (p < 0.05). After 6 hours of drought treatment at 40 ‘C, RWL of A series, H series and K se-
ries were negatively correlated with the ploidy, and it was negatively and significantly correlated the
ploidy after 24 hours (p < 0.05). The correlation degrees of the contents of N, P, K, Fe, Chl. a, Chl. b
and Chl. (a+b) content with the ploidy were as follows: N, K, P, Chl. b, Chl. (a+b), Fe, Chl. a. Among
them, N, P and K were negatively related to the ploidy. The N, P, K and Fe of loquat leave with differ-
ent ploidy were irregular. In addition, except for ‘B352’,“B4317,°B460’,4X (2) ’,“4X (3)’in B se-
ries, the three chlorophyll content indexes of loquat leaves in 4 series were positively associated with
the ploidy. These physiological indexes might contribute to the identification of the ploidy of loquat.
Among these indicators, leaf anatomical structure and RWL could evaluate the drought resistance of lo-
quat. When the analysis of membership function of drought resistance was conducted by referring to
leaf anatomical structure and RWL, the order of the comprehensive evaluation of the 18 materials was
“4X(2)’ (4x) >“H324’ (3x) >“B431’ (4x) >‘B350’ (3x) >“K4’ (4x) >‘Ruantiaobaisha’ (2x) >*Longquan
No.1” (2x) >“A313° (3x) >‘H424’ (4x) >“4X(3)’ (4x) >‘B456" (4x) >‘A322" (3x) >‘B353" (3x) >
‘Dawuxing’ (2x) >‘B352” (3x) >‘K3’ (3x) >‘K2’ (2x).[ Conclusion] The results suggest that the poly-
ploid loquat may have some unique physiological and morphological indexes, such as leaf length and
width, leaf shape index, leaf anatomical structure, RWL, Chl content. These indexes of loquat leaves
could be used as reference indexes for loquat ploidy identification. Eight polyploid loquat materials
with strong drought resistance could be used for further study on drought resistance. Meanwhile, it
seems to be possible that the drought-resistance characteristics of polyploid loquat is partially depen-
dent on its higher leaf thickness, cell layer number of palisade tissue, palisade tissue thickness and
sponge tissue thickness.

Key words: Loquat; Polyploid; Physiological and morphological characteristics; Drought resistance;
Subordinate function
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Table 1 Comparison of leaf length, width and leaf shape index of four series loquat leaves

5 Ptk itk K I 58 LNIZEE 45
Series Materials Ploidy Leaf length/cm Leaf width/cm Leaf shape index Acronym
A R K12 Dawuxing 2x 27.32+1.36a 9.34£1.25b 2.96+0.30 a SC-DWX
A series A313 3x 27.84+1.13 a 10.22+0.99 ab 2.74%0.16 ab

A322 3x 29.16+1.34 a 11.36£1.04 a 2.58£0.18 b
B &7 647 15 Longquan No.1 2x 24.76+1.47 d 8.34:+1.06 f 2.99+0.23 ab SC-LQ1
B series B350 3x 35.96+3.19 ab 13.12+1.19 bed 2.46+0.28 de

B352 3x 34.24+1.79 abc 11.06+0.63 b 3.10£0.22 a

B353 3x 37.36+2.51 a 15.34+1.71 a 2.75+0.21 bed

B431 4x 33.86+3.09 abc 14.26+1.41 ab 2.6240.20 cde

B456 4x 33.58+2.13 abc 13.74+0.36 be 2.4540.17 de

B460 4x 31.34+1.57b 12.04+1.47 de 2.38+0.10 ¢

4X (2) 4x 32.52+2.05 be 12.54+0.96 cde 2.60+0.39 cde

4X (3) 4x 34.90+1.61 abc 12.46+0.92 cde 2.8120.14 abc
H #%1 % [P Ruantiaobaisha 2x 23.00£2.51 b 8.16+1.29 b 2.85+0.27 a ZJ-RTBS
H series H324 3x 30.90+1.67 a 10.54+1.03 a 2.9440.19 a

H424 4x 31.08£3.49 a 10.80+0.83 a 2.87£0.15 a
K #741 K2 2x 25.56+2.22 ¢ 7.92+1.03 ¢ 3.25£0.23 a SC-K
K series K3 3x 33.34+2.12 b 11.96£1.01 b 2.7940.08 b

K4 4x 37.00+2.34 a 13.98+1.88 a 2.67£0.23 b
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Note: The first two capital letters indicate the original provinces in China; ZJ Zhejiang and SC Sichuan. This is followed by the acronym for the ac-

cession™. The measured data in the table were mean values of 5 times, and the different ploidy materials in the same series were compared by Dun-

cans multiple comparison method. and the different lowercase letters showed significant difference at the 5% level. The same below.
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Table 2 Correlation analysis of leaf morphology

and ploidy in four series loquat

H- K - 5 M35 %
- e + Ht
Leaf morpholo Leaf Leaf Leaf shape
P 24 length/cm  width/cm  index
SRR PS8 0.699%*  0.740%*  -0.628**

The degree of ploidy correlation

VE « RO G 1 S 2 38 1L Pearson VEBEAT AH I AT, 2x: p <
0.01.

Note: The correlation data in the table were analyzed by Pearson
method, **: p <0.01.
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A. KRTLE :B.A313;C. A322;D. i 1 5;E. B350;F. B352:G. B353;H. B431;1. B456:J. B460:K. 4X (2):L. 4X (3); M. 4% 7} ;N. H324;
0. H424;P. K2;Q. K3;R. K4.
A. Dawuxing; B. A313; C. A322; D. Longquan No. 1; E. B350; F. B352; G. B353; H. B431; 1. B456; J. B460; K. 4X (2) ; L. 4X (3) ; M. Ruantiao-
baisha; N. H324; O. H424; P. K2; Q. K3; R. K4.
1 4 DNRFIAIER FE YRR SIS ML

Fig.1 Comparison of Anatomical structure of four series loquat leaves
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Table 4 Comparison of RWL of four series loquat leaves

%

E ]l

Series LMk Materials 6h 12h 18h 241h 30h 36h
ARSI KHE 15.63£1.61a  41.45£555a  77.16£10.67a  91.93+6.42a  94.41x4.11a  96.5242.49a 98.50+1.22a
A series Dawuxing
A313 12.81£4.12a  3237£1.73b  58.92+291b  76.95+3.99b  83.39+2.88b  89.32+3.53b  96.37+1.94a
A322 124743232 35.35+1.54ab  71.52+3.43ab  90.73+1.35a  93.68+1.19a  95.84+0.61a 97.96+0.63 a
BRY| JR1T 15.0120.98 bede 31.1142.62cd  50.1244.23 ¢ 70.39+7.00d  87.84+7.38 abc 94.78+2.85ab 97.46+1.18 ab
B series Longquan No.1
B350 12.37£123 cde  33.86=2.89 bed  62.62+4.77cd  82.51£6.64 bc  87.22+4.42bc  92.89+4.41 abc 97.16+1.99 abc
B352 12.1246.47 cde  38.50+0.93bc  74.87+6.52b  88.23+1.17ab 93.98+0.70ab  96.17+0.93a  98.47+0.49 a
B353 16.13£1.84 bed 38.93+£6.19b  65.22£9.26¢c  85.93+6.12abc 93.86+2.86ab  96.03+2.21a  97.81%0.69 ab
B431 18.2746.53 bc  37.36£3.91bc  61.23+2.13cd  76.98+127cd 83.96+1.07c  88.35+0.09 cd 95.35+0.23 be
B456 19.31£1.75b  35.03£0.47bed 54.74+1.45de  72.80£1.58d  86.06+1.10c  92.86+0.44 abc 96.72+0.47 abc
B460 26.13+4.90a  57.80+7.73a  85.84+441a  92.63+2.68a  95.28+126a  97.53+0.05a  98.94+0.19 a
4X (2) 8.72+0.43 ¢ 27.64+0.60d  53.07+3.14de  71.17+4.50d  80.11=4.70c  85.02+4.26d  94.34+1.90 ¢
4X (3) 9.5240.83de  31.37£3.01cd  61.58+7.41cd  79.64+7.43 bcd 84.0246.91 ¢  89.65+5.41 bed 95.23+3.31 be
H#ZA Bkaw 16.3942.03a  35.77+2.22a  59.1242.19a  83.82+431a  94.23+246a  96.35+2.19a  98.08+2.00 a
H series Ruantiaobaisha
H324 21.06£3.42a  35.12+3.57a  50.72£3.67b  65.98+3.77b  78.72+3.36b  88.57+2.99b  94.62+1.83 b
H424 17.45+1.54a  35.5+2.52a 56.97+3.47ab  77.01£3.76a  88.93+3.65a  93.84+1.64a  96.63+0.39 ab
K %5 K2 16.21£1.55b  63.93x15.32a  92.44£623a  97.44=243a  99.53:040a  99.90+0.18a  100.00+0.00 a
K series k3 18.55+1.14ab  38.71£3.41b  61.96+6.73b  83.42+7.17ab 93.60+3.78ab  96.34+1.37ab 98.56+1.41 ab
K4 21.73£1.99a  37.41%4.14b  54.4+6.28b 73.62£9.82b  87.56£8.69b  94.32+3.76b  97.50+1.47b
S 0162 -0.206 -0.270 -0.368 -0.485% -0.511%* -0.526%

The degree of

ploidy correlation

H RV ‘H324" RAKFBREZMRT HEAD @ <
0.05),B RFN{E40 C N T R4 24 h )5, ‘B4317
‘B4567 . 4X(2) . 4X(3) RIKREEZEMT R
5 (p<0.05. f£40 CTFTT+FEH#H 6 h)5,A R,
H %51\ K R KK 25 65 13 2 4 O, 78 4b 3
24 h 5 RAKR G5 25 E A (p < 0.05),

24 ANRIBEAREZEHMEBHRERTRS
BtGEE 2R

N.P.K.Fe Z 5t E1EH PR AEH B IE
AT R LRAIE 25 A U 30 1) E R AT, AR R R
Wit AT e G E I EE DR . 44 RYIREAT
A N.P.K.Fe & @IS S aillE g R NES.
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Table S Comparison of nutrient elements and chlorophyll contents in leaves of four series loquat

Z5 Bk w(E 7% 6 %) Nutrient element/(mg-g") w(" 4% 2%) Chlorophyll/(mg- g™
Series Materials N P K Fe Chla Chlb Chl.(a+b)
AR KNI 16.35£0.79a  0.85£0.02b  9.970.08b  0.20£0.01 a 2.87+0.10¢c  1.66£0.07a  4.54+0.09 b
A series Dawuxing
A313 18.74£029a  1.1240.03a  11.51£0.09a 0.19+0.01 a 341£0.15a  1.90+0.32a  5.30+0.47a
A322 174540442  1.03+0.04a  10.24+£0.12b  0.15£0.01 b 3.11£0.22b  1.78+0.14a  4.8940.36 ab
B %4 TR 15 19.71£0.78 2  1.19+0.06 ab 13.84+0.55a 0.24+£0.01 b 2.84+0.26 bed  1.87+0.04 bed  4.700.30 be
B series Longquan No.1
B350 19.95£0.66a  1.1240.03b  10.95£0.42 bc 0.25+0.01 b 3.05+0.23ab  2.1240.10a  5.17+0.25a
B352 16.50+0.15bed  1.00+0.01 ¢ 10.17£0.92 ¢ 0.19x0.01 ¢ 2.7120.16 de  1.83£0.08 cd  4.54+0.17 cd
B353 16.97£0.21 b 0.91£0.03 ¢ 11.58£0.25b  0.25+0.01 b 2.89+0.09 bc  1.91+0.13bc  4.80+0.16 be
B431 15.774045d  0.95+0.06¢  10.91+0.15bc 0.25+0.02 b 3.06£0.19ab  1.81x0.13ab  4.87+0.25 b
B456 17.374024b  1.23+0.06a  10.35£0.34 bc 0.17+0.01 ¢ 32540232  1.99:0.12a 5244033 a
B460 16.0240.59 cd  1.16+0.01 ab 8.02+0.65d  0.26+0.02 b 2.61+0.12de  1.76£0.08d  4.37+0.07d
4X(2) 16.49£0.12 bed  1.00+0.01 ¢ 11.63+0.82b  0.17£0.01 ¢ 2.53+021e  1.82+0.08cd  4.35+0.16d
4X(3) 16.62£0.34 bed  0.96+0.05c¢  8.72+0.22d  0.33£0.02a 2.94+0.12bc  1.83£0.07cd  4.77+0.19 be
H #7 L€ =10y 19.4940.03a  1.26£0.03a  9.92+0.07ab  0.24x0.01 a 2.68£0.17b  1.55:0.15b  4.24x0.29 ¢
H series Ruantiaobaisha
H324 15.7940.05b  0.73+0.03b  11.22+40.92a 0.22+0.0lab  2.933020b  1.75+0.10ab  4.68+0.31b
H424 18.36£0.63a  1.19+0.06a  8.25+0.44b  0.21£0.01b 326£024a  1.92+0.19a  5.18£0.30a
K 2% K2 17.60£0.06a  1.2940.09a  9.74+0.32b  0.26+0.02 a 3.88+0.19a  2.19+025a  6.07+0.31a
K series K3 16.49£0.65a  0.97+0.01b  10.86£0.25a 0.18+0.01 b 3.94+0.14a  2.33£0.19a  6.28+0.17a
K4 16.37£0.90a  0.72+0.01 ¢ 9.58+0.18 b  0.25£0.01 a 3.99£0.12a  2.35%0.12a  6.34£0.23 a
SRS -0.449 -0.217 -0.395 0.054 0.006 0.165 0.061
The degree of ploidy

correlation

4 R B HEAE I A NLP K Fe & 8l & 45 F &
R (F 5, “A3137 L CA3227 L “B350° N & B &
[ R 5 54k A3137 L CA3227 . ‘B456" I P & &
BEETRRI 5K @ <005 ;5 ‘A3137
‘H324”7 . ‘K3’ I K & & W& & T F R 5k
(p <0.05;4XB) ' M FeREZERT AR
57 (p <0.05).

44 F H LA I gk 2 e 5 R R (R
5) A RYIM it S BN =R > A, 1
2R S AR AR A R S R a SRR S
SEWEREE(P <005, FEzHZEREE. B
£5141B350° . ‘B3537 . ‘B456 " ) = /NS KI5 bR
YR ERETRAR ERQp <005 . HRIIMNF
2R R BN AR DU fs Ak > Ak, 4
RO 5RO EN R DR R > 5k, 2
FRE(P <0.05. KRG =AML R ERY
N =AU > 5k, ZRARZE . BB &7
‘B3527 . ‘B4317 . ‘B460° . “4X(2)’.4X(3) 4}, 4
AN R FURERE I 3 A IS 22 48 b 25 B 3% 14 184 KT 1
o, 2 EE.

4 ZHIREAEH A NLP.K Fe .M 4t K& 5%
PE SR B 9 55 4 7 4K N « NWKG PR 3R b I 4%
#(atb) Fe .M 4t Fa, KNP KT EEMGMEE M
FHK .

25 ANMRINBERSZEEMIEHFREHNS
S

2 7% fifp 5 45 K F RWL F8 A% , B S5 oR 20206k
18 AN [ A5 PE AL AE A R I 5T 5 P 4T 28 5 VAN (R
6).

R R 6 AT KN, 225 fifp 51 25 /) E AT HU R VA, K
AV R AR GR, B456T P R A I8, P R L
IR B3507 . ‘B4317 ‘K4 KT A AR5 5A
CRARET>UAXQ), SRR N T HS5%
RWL #4751 R HEVEY , <4X Q) PRt it , ‘K27
PrEMERS, LR R IR CA313.7 ‘A3227 .
‘B4317 L 4X (2) 7. ‘4X (3) 7, ‘H324 . ‘H424 .
‘K37 K4 KT R RF A5 X AHE 8 45 R 1 i
I &5 14 A RWL 458 b5 #3E 4T 552 8 oR 2050 R 1R 25 5 VR
RHL, CA3137 . CA3227 L ‘B350 . ‘B431° . “4X(2) .
‘H324’ ‘K3’ ‘K4 Hr M0 T A = 40 —f5 k.
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Table 6 Evaluation and comprehensive evaluation of two drought-resistance indexes of four series loquat

#7 Bt fife R HF  JOkE HF FRMEBCFAM

Series Materials Ploidy Anatomic structure  Rank RWL Rank Average Rank

A RF K12 Dawuxing 2x 0.458 7 7 0.356 7 16 0.407 7 14

A series A313 3x 0.343 0 13 0.743 7 4 0.543 3 8
A322 3x 0.369 3 10 0.456 3 12 04128 12

B %51 J24% 15 Longquan No.1 2x 0.4140 8 0.6796 6 0.546 8 7

B series B350 3x 0.617 4 3 0.623 2 8 0.620 3 4
B352 3x 0.3365 14 0.4287 15 03826 15
B353 3x 0.359 8 11 0.456 0 13 0.407 9 13
B431 4x 0.598 4 4 0.702 5 5 0.650 4 3
B456 4x 02511 18 0.6517 7 04514 11
B460 4x 02796 17 0.146 9 17 02133 18
4X (2) 4x 0.3842 9 0.956 9 1 0.670 5 1
4X (3) 4x 0.297 7 16 0.774 7 3 0.5362 10

H %7 #(% (17> Ruantiaobaisha 2x 0.664 6 1 04840 11 0.5743 6

H series H324 3x 0479 1 5 0.826 1 2 0.6526 2
H424 4x 0.462 1 6 0.6116 9 0.5369 9

K &5 K2 2x 0.349 1 12 0.0814 18 02152 17

K series K3 3x 0.2993 15 04393 14 0.369 3 16
K4 4x 0.642'5 2 0.5759 10 0.609 2 5

3 W ® PRI Rt — B 70 . RIS, I 6% 14 354 n g A%

FERAAEHRAEPREYP &N S EEEKEK
BT, W 5 52 31 2 3 58 KR AR A BT ok 1 5%
Wiy, FE DN T AR A 75 06 3K B 5, 2 72 AR T
AFHAE 7 T R A AR AL . AR AR S AEH
WEIRAE ] AR S A BRI E Ea e, AR
TEAFHERARR T 56 K40, 5 HERAK
WEA K. B I AR PERERE R AR R AR
TER] %€ MIE B 6 8 M HARK 2 A5 R 2%
WA -

e O AR5 VERG I R B 2 MR AR AL, I #8 B AR
K& VU Rm &5 A A bR 0 B R ER
PERY. FEARBEFT Y, = A8 AAORT DY A5 A REAT R
W =GR R > 5k, ZREE QP <
0.05). HAWHFFLERM, &5 K/ SRR )R A
E— BV Bl N B AR . 30 A TE & 6% KT
T, AW XA RN R
FRON Z A5 44 25 5 9iE (high-ploidy syndrome) ™', %
AR AR 1) AR I A P A RURT 400 L ) i T
SEGHE . K TE G NS o T ARG, X AR
w5 E Ak ARG 0. {H 2 A5 AR SR T B RALE
JERDE . L, 2 AR REAE DG & 4 2 S R A

KME R Z , R B B2 J5 824 0
s A A A5 PEREAE B AU I Bt 7T, Lk — P i 2
F5 PRALAE K A AL

Z G RREAE A R 2 2 5 8O0 R 4
I, B3R AR T B R B R X W] g 4
FRES . AALERE R, R EE GHHALE
JE A A 2R R LA 2 A S R 2 (AR —
E AR, HARA R ERE 2 5 A 5, 5514708 B8
B X5 7E AR B S S RAHE AL, E
R I& , A 3% 5 (0 KN 54 KN R R — e ok
Fo HAEMAEH P RIECN I, BEAEER 0, Ht
4 2H 23 41 o J2 508, 5 S5O A 2H 23R B 3

B IR TG E A AEY) BT T A, AR B AR K
REAEERMER . Chao ™ W R R, fEZ A
B DRI AL A 400 I A, DO A5 AR T S Bt v KRR R, G
W DU AR5 AR Bk AL 2 e A, R R T I K & i
e s Y N =T e S I A L 2 S D RS
Bo ANFEEVERA E B Ut R SRMNE S RE
7N, N TG EAE PUAE R () & 8 2 3 s T A5 Ak, IR AE
ZAKR R PRI 1 PLK . Ca Mg & 5 5 2%
227 X R IR B R AEY) Chloris gayana FIW 5T 3R
B, DO fi5 #A H NWK Ca Mg & = 51, (H Na B [ 7%
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BERIK,P.Cu AT EN LR %% ,S.Zn.Fe & &
AR B A BE TR 7E R R JE AR Y Nicotia-
na alata ', A AR AKFE R, WUREAR NP & &7
AR TEAW AR AR RS 2 AR NLP.
K.Fe & A KIH B M. B, AFEEY S,
AN [EE A B T oG 3 & s AR A AR A AR A, K
oy u R AR R =

X R R S BRI Z Y P 2 4aR
FREFT, 40 AS [R5 P 0 75 JTCOR /N B 6 TIOf 28 AL 3R
N I R R N SN e R S o NI
XoF SR S 2R A B AT I E (45 R ORI, DY A A A
B R T AR, W A A SR I £ A 3
RS EEFIFARED . AT, 7ERKZH
R, S 2% S B £ 1 PR 388 o i 384, (E 5 A
PILEAS [R5 PEADREE] 22 S AN IR o ARHIE 58 R L AR
M-SR ERAMABELN, EAERER,
M A DY A A I S 3 S AR IR I, A & A
()2 S AN B

Z A5 R DA AT T X T B e A R ) 4L
W R, M HEE . ARZEEE R LR
MRS 2H S B L CTR!™ 5 1 S 5 15 M 56
WE R SR CSRORWLM S i 4k B i o . 1
v R 1) 225 A6 R DR b T AR g 0 348 T 7% P 25 s AL AR A
BHRARIED . X0 b 568 7 5 LA i R 1) i 45
FIREAT 43 M I 45 SR 22 B, M A= 4H 2155 HL48 i = 4k
Z R R AR PR M R ) 2 A AR AT A R g o
FHIE o W 2R /K St TRy — M ] 8 EDULPPAN R4
PO (0 A2 B AR BR, AR 5T, 75 40 C N TR 4b
H6hjE,ARYHRI KR KKRGHEEE LR
AR fE40 CT R 2405, A R HR
B K Z5) KB Z 5 H‘B4317 . “4X(2)" . ‘4X (3) 1)
KK BB EFMT F R MR (p < 0.05).
1442 G5 R HEA A RE R, 9 AN 2 5 A A4 R 2 K R BB
FART H R B A5, KRR R AR, PR KBE F1 i
588, 1T PR .

BB R EOE AR B B 5, R SRR
BOHAT 256 VRl B — PR RO R, B AT T
PEAN M B 5 RE T T A N2 B DL R
PR FEARSEC, 283 K FH SO 50 Hh 00 S8 8 ok £
B R AT I R A ) S5 R A B SR K R AR bR T 3
B 8 1SR i R AL S T SR % R BB 00~ 350 58 8 B, A
SRR I NP LR R ). X PR S YER VRN

‘[~ [33-34] .

J7 SV e 2 R B A4 T M s B R A ) S B T 5 R
J1o MEARHT R SR 55 2 2 M R IR R R4 R .
H A S5 R F RWL R B ATE Pt R 68 I 2
A, FEARREAE N e . FFFRSE R B R, v
S5 KN RWL 48 b1 S5 472 76 KT AR I 2 1 1644
KE, S W R 45 R RWL FR bR AT LR 28 &
PEA, A3137 L CA3227 . B350 . ‘B431 . “4X(2)’ -
‘H324° . ‘K3’ ‘K4’ Pr 2398 T [ R 5 54k .
‘B3507.‘B431’.“4X(2)" - ‘H324 . ‘K3 . ‘K4’ [fjH
R WA 2H 2R = A A 2 2R S g AR A
LR FEYY KT R R 5 A5, HED 2 435 PR A AR Y e
SRRV RT B R IR TR WA 2 4 A R
WA= R B R R A G, b, X4 R
FISAFAE DU R R T AR 2R L. Jetafk
Ifs Ay AR 3 s kAR BT 5 8 T B — R & AR, R e
AN A% AT e 5 BOHT 5 8 70 3 SR B E A AR ik — 2B
I

4 45w

REAT I A B SRR 5 v 2 B A ¢, 2%
BT R A AT A KR XS B
LR RO, AE TR TR AR AR A
figE- 37 4544 S RWL  Chl 2y al AE 9 AT A5 1% % 5E 2% 45
bRo HUFPETAN A B 8 AP 5 1 2 A5 A HEAT 44
BERTH B PU A PR 7T
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