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SR AGE . ZIRE L 2 D FESCE R
B AT R AR A BHER R 0k
SIRRIE T SUER G Fr SR A A AT, B
FLr R S5 FG B RR I XoF S K 26 ey o7 R
R, DU B W] SCORE RGE B SR A BEAL R L O
R SCIRE R A DL L R~ 5 4t DX S AR Ao e £
RARLRARIE .

1 #REFE

1.1 RIeHETsR

RIS A TG PR T bR R A A
el PN 5 122 b DX W TR 4 T 1 R 2 XU i, 4R
¥WRIR 12 C, ¥R E 529. 7 mm, JoFF
165~210 d,

1.2 Ke##

BT R A L 7248 1 o7 B A A4y
ARETHERX 2 AR FE A 7 2 F M
Rt B AR 412 m, FEBREKE
614. 7 mm, F-IREE 7. 6 °C, TFEH] 137 d; Fide
X 77, 9 m, AFF-3) %7K & 534. 6 mm, F
PRRRE 13.3 °C, RS 197 d,

1.3 REH*E

2015 4% 4 A¥ 3OS R FH 50 ClR/K#AT
fEZFACER, £ 1/3 P FEE T, R FE P,
2015 4F 6 A K H - T A B L L3
RS (B 25 cm, U2 31 cm, JER 21 em) ,
B2 BRI  RERRURAS 24 4. BEE 3 AKANE B
FIARA (IS KRN 14, 76%~15. 81% ,CK) ; HHF
TR IES KRN 9.49% ~10.54%, W) ; EJF
FR(FIESKEN 6.32%~7.38%, W2) , [FH
BFEAKSE S KRELR., FBEIWRKSE
BRI FRRER, R T 2hiE 28 d 53
AT AT TR I E
1.4 IRAWE
L4.1 JEAFHERNE

TR L s XK, F 09:00—11:00,
KA LI-6400 SaA A AT SOE R B ot & 3EF
(Pn) S ALBE (Cond) | fiE 8] CO, ¥RJE (CD LA K
ZRBEH R (To) I E, SR IFEA R T 5 a4
PRRAE 3 A, AR 3 i R HEA T E

1.4.2 MEREFENNE

MR RS E R AN -2 BEIR A WA W
L REE B 1 1 R A BRI i
B R Feit e 2B H U RS R
HISE HAE 663,645 nm T HIYGHSEE(E .
14,3 WA BS540 IR 2

R A SO0 Fr 7 s SR IRCSE R T AL Y I
AR BEETEI RS AT, THA B REH
HR A TIBROONA R 1 em X1 em B/ s
FESLHIA FAA BERN U8 h LA B) . &l
KRS A B R R E L BRI
JBFEN 8 pm, 7E Motic BA210 M2 B8 T M
%%, 371{# Fi§ Motic Images Advanced 3. 2 B &4
AEPRER A HEATIN R SRR . RFIALBEEER 6 458
ok B IR 3 B SEA TSR, it
- #H A 45 My B 3% BF CTR(cell tense ratio, %) Fllit
R AL BIAE SR (spongy ratio, %0) ABHE 2
KR CTRO0) =t H LR /it v B X
1005 SR(Y0) =4I LR AL /1 i JBJ8E X100,
1.5 BUESH

R0 BE 4D R B Microsoft Excel 2003 4k
PREATE M SR, 2 /538 SPSS 17. 0 il i
P8R

2 GHRE5HMH

2.1 FEBWEBNARMEXERSELGERE
iR

ME 1T LIE 2 DR SOER S EEE T
O REZR R, SO aE R LS EMEE
PRIFRER RS HOP b X Y SCREAR AT i i
] CO, YREEREHE T W B R R & B35 T 1
s BT b X B SO AR 2 ] CO, #R 5E %
TREE LT S (B A B R 22 RN B AR
TEE T, SMFECERBCERR LR R B E
(P<0. O1) , A AR R YR Y SR R TE B 2 1 52
HT L REOEEHAEQ. 54 ymol e m™? « sTHT
Be o 7EGE B K o 1 ALF B Ot AR R
(14. 43 pmol * m™? « s DA 17.60%, HEEET
Bl T A e s X SOR R AR IR A i TE) CO,
WE b B G B R T R SO A R
MR RER T IR ALIR BT S 2



40

t 5 B Z

THWD

MR 1R LA L, 2 MHXFRM S EREER TG KD T, B AR SR

REREZTFME T, ALFE A CO, E  SLEERN 12. 22 pmol » m™

TZE BB H PR A 2 52 8 B3, M e/ R

es! ’ E%{E&ﬂ:ﬁ
AR IR SRR

F1 EHEXERHAXESEENTETRBENEL
Table 1 Change of various sources of Xanthoceras sorbi folia Bunge leaf photosynthetic
parameters under different drought stress
=] iR F 2403 Drought treatment
Items Provenances CK w1 w2
HG i ER Pn e 12. 224£0. 32Ba 4. 4640. 11Bb 3. 78£0. 33Ac
/(pmol « m2es1) g 14. 43+0. 54Aa 7.90%0. 62Ab 2. 54710, 18Bc
HILFE Cond e 0.21240.011Aa 0. 04910. 003Bb 0. 04040. 006 Ab
/(mol s m—2 « s71) preS) 0. 209740. 004Aa 0. 10810. 008Ab 0. 04240. 001 Ac
B CO: ¥ Ci jz 256, 0916. 03Aa 250. 9514, 05Aa 235, 8416, 38Ab
/(;Amol » mol—1) g 239. 4142, 07Ba 235.9143.45Aa 244, 08+ 4. 84Aa
SR Tr fad 6. 32720, 17Ba 2.244-0. 12Bb 1. 7740. 26 Ab
/(mmol » m™2 + s71) Hite 8.01£0. 29Aa 5.04+0. 35Ab 1.9340. 14Ac

TE P RER A I E SRR AR RS PR R T B8 T RAEE 238 22 5 (P<0. 01 s AR/NE FRER AR AR T 2 isa |l

BEEE(P<0.05), UTH,

Note; The data for the determination of the meand=standard error; different capital letters show under the same drought stress between different prove-

nances of significant differences (P<C0. 01) ; different lowercase letters show provenances in different drought stress between the significant difference (P<C0. 05). The

same below,

2.2 FEPEMARMEXERHAHEERS
=R

MR R ETOLE R L ZE A,
Z 5 s L R, s 50 E
HEEAHU RIS, Bk, ATE B gR a7
YERVEARY G H R E R IrZ—. WK1
AUE N AR RRET B e s SOE R4
A MR R S EISERE TR AR, BE T
IHETINER, 2 MUK AR ESOERSE T R R S &
RS2 BE TR BARE TR T , @ FF
WOGERAHT H R SR T RERR 3. 920,

Bgwl

HEESE
Chlorophyll content/mg-g™)

Fidk Xinhua

#2F Jianping

F4E Provenances

1l FTEBENAEMEXERHERESEHTM
Fig. 1 Effect of drought stress on chlorophyll content of

different Xanthoceras sorbi folia Bunge

2.3 FEBMHEMAEMBEXERMFREIHER
Eap Al
2.3.1 ANEFREWE 5T TR R #
FI A FHAE

ME 2 B3k 2 BT LAE B, B E T 5 B i n
W, 2 AN FR G T v R RKE S G A 2R
BT REEBE. LREARZEE. EHKSE
BAKEBAMEK SR E TS A2 E
S HHSERE Z L (CUF R ARHE ) & 7
e, AT EE T, @ Fh IR S R 401
F E PR & 4b B ) 22 F AR B 3 (P<C0.0D), E
Mk R E R K ER MG L E R R T 2R
HBEP<0.05), i BERE T 2R E N
IR 2 B2 TR 3, AR 40 22 5 B T 52 bl
BEMIMEEIEETREA SNBSS, Hex
SCRESR LT R IKR A M L R A SUR
A Ab P 2 R B % (P<C0.05), R0k & ok
HiE MR RS B —ENaEdE, (B & A0 E 2
RABE. & LR, 2 MM ESOERE R
TR WA T, 813 5 e e , s/ g 4R
BE Bk SRR ERE BB KA TR 5
#HWPLREES .
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#TCK #Twi &Tw2
BBk Fitew2
B2 AEAASEGTEMELERATFBNER
Fig. 2 Leafl anatomical structure of various sources of Xanthoceras sorbi folia
Bunge among different water-treated conditions
2 ARG EGTEMEXERTFENEHAER
Table 2 Variance in leaf anatomical structure of various sources of Xanthoceras sorbi folia
Bunge among different water-treated conditions
=] FiE FE 8 Drought stress
Ttems Provenances CK w1 w2
FREE e 505. 43118, 38Aa 332.9746. 18Bb 296.2942, 72Ac
Thickness of principal vein/ym preS) 427. 4143, 36Ba 408. 41£10. 96Aa 320. 3917, 00Ab
M H R jz 194. 85+2. 32Aa 167. 70%1. 33Bb 164. 34+1. 89Bb
Thickness of lamina/pm g 180. 43+1. 97Ba 182. 07%2. 36Aa 179.16+3. 02Aa
R e 96. 47+3. 83Aa 80. 8411, 82Ab 85. 7012, 69Bb
Thickness of palisade tissue/pm preS) 86.25+1. 70Bb 86. 2712, 04Ab 94,4141, 43Aa
MRS R E e 68. 3842, 74Aa 55. 5511, 65Ab 52.1641, 87Ab
Thickness of spongy tissue/pm e 61. 80+ 1. 25Ba 59. 87+1. 56 Ab 56. 7712, 46 Ab
FRERE e 14. 8140, 68Aa 13.98240. 66Aa 13.52£0. 70Aa
Thickness of adaxial epidermis/ym preS) 13. 2140, 75Aa 13.6140. 74Aa 12.192£0. 36Aa
TREEE jz 11.4740. 36 Aa 11. 0940. 48Aa 10. 37£0. 51Aa
Thickness of abaxial epidermis/pm g 10. 797£0. 45Aa 10. 5940. 56 Aa 10.05+0. 51Aa
EXREARERE =82 2.12+0. 14Aa 1. 9840. 08Aa 1. 9540. 13Aa
Thickness of adaxial epidermis of cuticle/pm preS) 2.2140,15Aa 2. 0840, 12Aab 1. 78£0. 10Ab
TEREAFREE jz 1. 75+0. 15Aa 1. 55+0. 12Aa 1. 39£0. 08Ba
Thickness of abaxial epidermis of cuticle/pm g 1. 76£0. 10Aa 1. 61£0.07Aa 1. 76 0. 09Aa
FHEKEERKERZ e 14. 3940, 42Aa 12. 6040, 58Ab 10. 540, 35Ac
The maximum diameter of principal vein/pm preS) 12. 0540, 33Ba 11. 7840. 34Aa 10. 970, 68Aa
WAL SHRALRE L #P 1.4140. 03Ab 1. 460. 04Ab 1. 6440. 03Aa
Palisade/Spongy e 1. 4040, 04Ab 1. 4440. 04Ab 1. 6640, 06 Aa
CTR/® jz 49, 51%1. 36 Aab 48, 21+1. 01Ab 52.15%1.15Aa
/% He 47. 802, 24Aab 47.38+1,52Ab 52.70%1, 67Aa
jz 35.09%0. 77Aa 33.12%1. 16Aab 31. 74=%1. 24Ab
SR/ %

Hie 34, 25+2. 33Aa 32.88+0. 79Aa 31.69+1. 65Aa




42

t 5 B Z

THWD

2.3.2 T EhE T SGE R R S5 iR
PRI 2 57

M 2 W LUEH AR EOK AR @R
TR SOER A R EREE R EE A 4R
B OBSALRE . EHkFERRKERTEER
THAEF I P E T RIHA T B f B GER
F RIS TR TR A A
EEMGHRHAEER®E TETMHE,HZRA
BE,EWAKSFET, EHKSFERRKERS M
W CTR 2@ PR EEE G EREE T2
A T, BT AR AR SRR i R R R
B PREMARZEREXDER TR A, 7Rk
IKGEHE T s BT SO R G o A A e T
BOPFh IR, B MR 101.22%, B EIR T
HLAEEETEBE T, FrEmhiR i SCGE R 78
SR FEARNT V- F U5 B, R W] B e I SO R AR
HE T 238 444 T IR 7 Fr oK 2388 01 HE A 35
55 5 A LU BCHT AR R IR, B P AR SO R M R T
S8 W s N FE ik S s K EAR & SR (EH
ERpREEREIET.

2.4 HAGEERSHFBRERNEXES T

MR 3 ATLIE i, 2 3 RSO R S8 o
HEOE AR SR R A RS KR
RIS SVR B B AR B EAH K, BE 3 kR
BER R 2R L SR BRI o Al R R
B AR B MR 5 B TR BE A0, -
XOICER M F Ot E H R LR A
Jit S AR AR A BB TR A b X SR AR 4l e o
FERRBL A W AR S 5 2R 5 B8 M X SR SR 4
EIF L ER RS EREBERS LR
B R R AR B ARG, S A SR
WHE L AR 3 UM Pl K R ok &3
RALFERAEBEREE M k8 R AAHR
(38 A AR S5 i B, B CTR (3% R
FU/IN s BRI SORER M B T 4 AR R R
SRR CO, ¥R B 2R B3 MK LA F 3 X
SCERI ) FE Bk E R K EAR S HE CO,
WL R B MR R S, MiE] CO, EY 2 4>
X B AT BAE R R R .

%3 2 MR ERIT R RE GBS X ESHMEXES
Table 3 Correlation analysis of leaf anatomical structure and photosynthetic parameters of
Xanthoceras sorbi folia Bunge from two different provenances
A e 2 g iR Y828 Photosynthetic parameters
Anatomical structure parameters Provenances Pn Gs Ci Tr
FERKEE = 0. 951 % * 0.934 * 0.186 0. 902* *
Thickness of principal vein e 0.598* * 0.553* * 0. 064 0.591% *
L yES: 3 e 0.904 % * 0.893% * 0.123 0.845% *
Thickness of lamina preS) —0. 067 —0.083 0.154 —0.018
R e 0.271 0.271 —0.216 0. 255
Thickness of palisade tissue preS) —0.308* —0. 408 * * —0.223 —0. 339*
WHRALSEE B 0.809* * 0.795% * 0. 055 0.770% *
Thickness of spongy tissue preS) 0.521% * 0,470% * —0.385* * 0.429% *
LREEE =82 0.364* 0.355* 0.152 0.368*
Thickness of adaxial epidermis Hrig 0. 274 0. 260 0.130 0.273
TRy EE i 0. 239 0. 226 0.158 0. 253
Thickness of abaxial epidermis Hrig 0.193 0. 220 —0. 080 0.148
EXREARERE B 0. 300 0. 296 —0.103 0.187
Thickness of adaxial epidermis of cuticle Frte 0,372 * 0. 442% 0. 277 0.413* =
TREARREE e 0.353* 0.292 —0.035 0.379%
Thickness of abaxial epidermis of cuticle Hrig 0. 140 0.175 0. 027 0.134
EM I RERAERE #P 0. 549 % * 0.576* * 0.315* 0. 544 *
The maximum diameter of principal vein e 0. 362 * 0. 284 —0. 264 0. 284
A i —0.186 —0.221 0.153 —0.223
Palisade/Spongy e —0.485* * —0.474% * 0.019 —0. 458* *
By —0.330% —0.324% —0.113 —0. 449 % *
CIR preS) —0. 164 —0.178 —0.112 —0. 151
B 0.278 0.246 —0. 006 0. 259
SR preS) 0. 185 0.211 0.018 0.196

. % P<C0. 05, * * P<C0.01,
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Effect of Drought Stress on Anatomical Structure and Photosynthesis of
Xanthoceras sorbifolia Leaves in Seedling

ZHAO Xue' , ZHANG Xiuzhen® , MU Hongxiang' , HE Hongyue' , YANG Kewei' , SHAN Yuanyuan'
(1. College of Forestry, Agricultural University of Hebei, Baoding, Hebei 071000; 2. Qingdao Guanzhong Ecological Co.
Ltd. ,Qingdao, Shandong 266101)

Abstract; Originate from Chaoyang city, Liaoning Province and Shijiazhuang, Hebei Province
Xanthoceras sorbi folia, produced annual seedlings were used as the research object, growth and
physiological characteristics of X. sorbifolia seedlings under soil drought stress with three different
soil content levels, the suitable moisture, moderate soil drought stress and severe soil drought stress
were studied. Using LI-6400 photosynthetic apparatus for the determination of photosynthetic
indexes,and on the basis of paraffin sectioning. Drought stress under different provenance of X.
sorbifolia, characteristics and leaf anatomical structure characteristics were researched. The results
showed that, Under the drought stress, the photosynthetic parameters in vary degrees both in the
leaves of X. sorbifolia were on the decline; with drought stress increasing, the chlorophyll content was
on the decline; with the intensification of the drought,the Xanthoceras sorbifolia improved the ability
of drought resistance by reducing thickness of leaf and spongy tissue, increased the thickness of
palisade tissue and other ways.

Keywords: Xanthoceras sorbi folia ; soil drought stress; photosynthesis;anatomical structure



