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BRHTREAR, T 8N (ELENTE R TR I, [ VA Bl Iy 1) 2 44 T 5 0 PR 1) 7K 43 R AR (WUE ) 5 AR A AR (NUE) Z2
[ AR
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Characteristics of leaves 3 C and 8°N of Hippophae Rhamnoide along different

restoration years and influencing factors in an alpine desert

LI Yao, TIAN Lihui“ , WANG Haijiao, HE Xiaofan,JIN Yaotao
State Key Laboratory of Plateau Ecology and Agriculture , Qinghai University, Xining 810016, China

Abstract; Afforestation has been an effective measure for ecological restoration of desertification in Qinghai Lake basin
since the 1980s. Revealing water and nutrient use efficiency of typical sand-fixing plantations and analyzing influencing
factors at spatial-temporal scales would be beneficial, offering a better understanding of sand-fixing plantations’ resource
utilization strategies in alpine arid environments and providing valuable insights for vegetation restoration in fragile desert
areas. We selected Hippophae rhamnoide along revegetation chronosequence (1987, 2008, and 2015) in desert located on
the eastern shore of Qinghai Lake as our study objects. Stable carbon and nitrogen isotope techniques were used to determine
the 8°C, 8N, carbon (C) and nitrogen (N) contents (%) per unit mass of leaves. Then we calculated the ratio of C and
N. Based on soil water content, leaf water content and local meteorological data, we explored the spatio-temporal variation

of 8”C and 8N and their responses to pedon and local climate. The results showed that; (1) At the temporal scale, 8" C
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and 8N values initially decreased, then increased, and subsequently decreased from May to October. While the content of
C showed a fluctuation trend of increasing- decreasing-increasing, meanwhile, the content of N gradually decreased.
However, C/N showed a trend of increasing along with seasons increasing. (2) At the spatial scale, 3" C values were the
highest in young stands and the lowest in old plantations, while 8N values showed the opposite trend, whereas the contents
of per unit mass of leaves carbon and nitrogen and their ratios did not show any significant differences. (3) The values of
3" C of were affected by different factors as restoration years increasing, while there was a significant negative correlation
between the values of 3N and mean relative humidity (MRH) (P<0.05). The seasonal variation of 8" C resulted from
local climate influencing, whereas the seasonal variation of 8N was affected by both local meteorological factors and leaf
nutrient contents such as the content of carbon and nitrogen. In our study, the values of 8" C decreased as well as 8" N
values increased followed by H. rhamnoide fixation years increasing. There is likely a trade-off between water use efficiency
(WUE) and nitrogen use efficiency (NUE) in the succession process of plantations from a stage of young to mature in the
alpine desert ecosystem, which could give us an insight into the simultaneous consideration of the effects of nutrients and

water on plantations in ecological restoration projects in alpine ecologically fragile area.

Key Words: Hippophae rhamnoides ; stable carbon isotope; stable nitrogen isotope; restoration years; alpine desert
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R, R S Ve ORI AR A A 2T B 20 148 60 AEAR, T E R E 2R N T A b A7 10
B , VDS B RRh 2 LI A 3 AR VB B Al AR KRR B2 e T S s [ Vb A ) 5 ) TR B 58 B = 1
AR SRR E L K R A A 55 v XA B U DK R A K e R A B R R R 4 K R R
(WUE) FEAR R AR bW T A 25 RGN A 55 7K 405 ey ma 1o 0 ZE AR 40 7K S WRCR P st A oy £ B 5
FARER, A(N)MENEYHSNEEABOCE, Y ARG Z— ) KRR EME L
FEREY L AT ST BB R L R AR R R D BA B RENRE R BREEY ) TEmE
VA HE R, YA AT 8 HAA R R 2 RIR T AR T, T R V0 ] 3.5 7 %
MG PG T IR 7 3R v T [ VDA R I A 25 1 e ) e, 2 VDA R s R o R AR
XA BRAK 735 35 53 1 FH I AR 0 O BB

M R A ORFED TG AT S ELOUEE M H X BB O BUR M B e T, AR IERR s &
WU WA SR8 DR AR AR 2 1) I R R 28 (S C) B T 41 18] 5 3R 58 COL R Y EEAEL (C,/
C,) , 2RI FERDCA MR Z RIS, WS 87 C B — 48 s i AR 5 I 7K SF I 7E K
SRR EEAFRRR T R AR R AL (8 N) 32 SR WS 14 ZC U vl 37 28 4 1 A B 280 e )
Pt A v 2 A 0 TR 2 AR A RE I L 8N (B A 2 57 A — 52 B 28 IRUBE RERS 25 A I WL RO SRR AE ) ] Sl 3
fir B ARG I RN EME A MR B B IFIE 3 W, B2 o U3 Rt Tl LR i b i %t 5 3
P, PEI AR S ALY B WUE R R AR = 10 IR, 254 A 87 C B R A /K 43R IR AL 8N Bt R A A
F A IR (NUE ) S48 75 AB 4 1] (14 7K 43 R A7, T LA Jog el 8 gt A 0 b s b R 0 R A R P e
DMERFGR R, 322700 S HOE BRI 9500 i R SRS RS2 A 8°C 5 8PN FERT 25 R
JEERAER KAL) T EBEREAR ARG PR WUE Fl NUE KHRR M T 598 5 >
AR Y SR S RS, M TR S A S R4,

VRIS SA T8l ( Elaeagnaceae ) V0 UR ( Hippophae ) HEA , FEAE HAMH F8 % 55 i+ 520k i REdE, A SR
A T E PG PR AL TR X 7R R S T R VD IR b VD R LA A 1 U R AR AE R
LS AR P ARAE R AR AT, Bk 75 1 W 008 2 V0 X I XU VD ) B B S R Al 22— 200 i AR A B SE 95 2 56
TV AERE K 3R U5, B0 SR A T VAR 7K 3 R PR3 5 35 40 R FH SR e e R 2% BRI S ot 43 B AN
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(el P S A PR e 2 [ DAL ) VDR R f) 8 C A 8N S H B B I AR (C) VRS B (N) FIBR AL (C/N) 2
TS KGR M K SR G R BRI 8 C R 8N FEZR Y RUEE |23 ) RUBE A A8 AR ReAiE B X))
SRR IRT A L, A5 B 48 78 AT AR 4Bk A A X A A K A BRI A 25 R G R R IR IR R
(7 Fsf -, P Lo SR [ YDA 7K TN 53 R FH SR B Ty b, 4 S8 TR A0k A5 g o o7 vy T 8 SR Jif 53 IXC 1)
A BE,

1 HRMER

AHIFFE 0 12836 R b 15 7E T 1 ) 45 U0 b (100°75'—100°78'E, 36°77'—36°78'N) , % X #i4K 3176—
3340m, IR 753km® ) | ARIXFE T HIFE G2 B A = K [ IR IR X 38 A0 52 10 iy | 2 iR ) o 9 2
TRABMHIX Y AERFKEN 438.6mm, ZHENE 6 A5 9 H 4EZE LK BANFERKER 45 FFY
SR 0.7°C  Fem RETFE 7 A, AR WA RKZR S A Az 10 H L4,

ARSI I E B R S 25 AR L TR A = b By bR S B TR St 1) S X, 1980
FELIK I X Bl Fr 26 KT FR 22 B A U B A A i IR B, SR I B 1 DA U e 2 T e v e e sh v
o ERYD 2R 5 BN ARBFSE B 1987 4E 2008 41 2015 4EFRAH VD B A V0 e AVE MBS REHD
S FEHLYD IR A AL N 1 7R, 1987 AFEARAEVP BRI YD B (87ST) LA 1.5mx 1.5m HYRLAE F 1 22 B VD I J Rk A
TP AR T, BLLAYD R VD 385 (Artemisia desertorum ) R (L3 Fh, 1 2 75 1 & B ( Carex qinghaiensis ) F1ffi B
(Leymus secalinus ) ;2008 4FARHLVE BRI VD B (08ST) H15 1.5mx 1.5m B 7 70 [ I R Al VD B se A v, BLLA YD
TR AR SR RARAF DL 3223 751 5 552015 AERAE VDAY VD Fr (15S)) BlAE 1.5mx1.5m AR 22 RVb B I kil
VIS A VDO LR JLT R . TEARRIVRE AR BRI TP e 1435113 =1 10mx 10m 1Y
e HEAKE T 7 2021 AFREIAE K (5—10 A ) FFIRAR SCAYEF AMR 56 I

R1 FREMEDRESRHE

Table 1 Ecological characteristics of H.rhammoides in study sites

FRAHAEAL o E [3E|AS NUDIS I FEE
Planting time Height/cm North-South length/cm  East-West length/cm Coverage/ % Richness
1987(36°78'N,100°78'E) 62.21+2.46 70.52+3.29 55.27+2.59 0.45+0.04 6
2008(36°78'N,100°78'E) 67.32+2.21 71.33+2.83 60.84+2.73 0.49+0.04 8
2015(36°78'N,100°78'E) 70.62+2.46 81.89+2.41 68.80+2.27 0.65+0.04 7

2 WRAE

2.1 AE R IBURE K AE AR

TELL FBOE R 9 ASEERETIT N, 200 i 85 22 /0 3 AROEHEGEARI T, WA A [ 7 ) SRAESEHE L
BRI R R R T AL BT Y 51 G A (R B L, TR 5 kAR By [ 50 80 =8

R MRE Y 78 105°CHEFE AT 75 65°C HUMLAR R HL T 48h ZfH 8 A HTHL 132500 5 A 4 it 2
JKiE (LWC, leaf water content) , HtTJ5 FUFEA I A FH ST-M200 75538 8 241 2V B A (A B ZE AR i 5
FRZSE]) HEATHIFES | FHAS T8 4RAR 0 28 28 300—400 g & , A ER RE [R5 Z B3 /3112 ( Thermo Fisher Scientific
253 Plus 10 kV, USA) #EATHH M R E BRIAM AL R A (87 C) FEa g AR ALK AR (S N) By E , AR e b
N2 B A T AR LA [R] I 1154 AL BT R T R C N SR (%) o R R &5 R LU PR v ) Jo
PDB(Pee Dee River Belemnites Standard ) %t e , 20 HrkE BE 8 +0.2%0, 87C F1 8N (it ",

X = (R oy 1o/ Rona=1) X1000%0 (1)

Hf X FRPC BN, R, R C/2C NN BRI £ 5 R g0 4 1 B3 38 F AR #E ) 5T VPDB
( Vienna Pee Dee Belemnite) H1"°C/">C IAHXT F B
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i 45 &

22 HIEESKEDE

T K E (SWC, soil water content) SR HHETIEI & . 2021 4F 5—10 A, 4 7 vhA) Tk 1 09 [ E A 5
WL FHNARN Sem B -5 ( AMS, USA) 78 4 B 30 SR AR A [R] R J32 118 - 34 i (0—10em . 10—20em ,20—40cm |
40—60cm ,60—80cm ,80—100cm ,100—120cm) , K 52 =4 1 - FEIR 21 J5 28 A SR 40 5 (1) 40 &l [l %
/N R B A RIS TR 0.01g BYHL T 20 BT KPP HAR S, 78 105°CHEAR N HE T 24h RfE
FFRRHAE AR R K
2.3 SZEARIRIL

SEHHEAK A TREEAX 20km 192 B2 8E, FE/KE (P, precipitation ) [ 554E 4 T T 58 X P9k
HIATRERE,
24 HitoHr

AWFFER IR R J5 225391 (One-way ANOVA) 85T T AR A BRI (9 85 C Fl 8PN LA IR
FTiEnt 5 C N S F C/N AR 25 28 A2 5 ) R P /) S 28 2 5 3k (LSD) ) =/ A 3 DA 8 ~F- 29 (i =2 ) 7
FH25 . R Pearson MHAMHTIEMIE TR H T RIS /K E R SRR B 3R 5V B 85 C i
"N Z AL, fii FH SPSS 26.0 %4 (SPSS Inc., USA) #EATBHR ST #r, ( F R £ piecewiseSEM” #4
S T 5 81 C FI 8PN Z [H] 4544 7 AR AL AR Fisher's C Il PR A 2 AL S LB =X, R
BEL ALC SRAVEANFEAY LA FE R, (8 Origin 9.9.0( OriginLab Corp. , Northampton , MA , USA) 4= i K .

3 ER5H4
3.1 KL FAILRRE
M1 AT %X 2021 4EREK FEE A TTE 5—9 F,2021 4EFEFT &4 459.5mm, -390 (T, , monthly

average temperature ) g A 13.8°C (7 H) , A FEXAHXHEE (MRH , monthly average relative humidity ) 7 10 H ik
B KAEH 75.21% , KEMI K IZHEZE (VPD, vapor pressure difference ) 7£ 7 H ik 3| KAH 0.54kPa.,

20 - 140 -8 06
[+
N kR &
IS - 120 —o— FIXHBSE _75&\° =05 §
—o— ¥ - R
10 - —— R —470 8 s
o EIOO L AR EZE = %
g = 2 404 73
£ S5rs 165 @ 5
5 s 80 | k= g
8 o}& 4603 403 &
g 2 60 g 5
= A S 3
-5 g 155 = >
£ % w02
pc| 40 + n
-10 & - 503";;:1 1%
—401 &
15 20 {45 E é
=
0L ol d40 o
— [\ o < el o - o0 [} f=} — o
] a I~ S a I ] a I ) a I
{3 (=] S [} S S (=} S S {3 (=] S
[\ (o) o™ [\ (o) o™ [\ (o) o™ [\ (o) (o]
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E1 #HREX 2021 FHSKEFTHE

Fig.1 Map of meteorological factor changes in the study area in 2021

3.2 FHYM R SR C M 8PN (H A A AR L RRAE

P P2 AT s TE) RO L VDI B 8 C I 8N AR Z A ) B A K 2 A I A0 A A8 AR X (8] 43 3
—24.21%0—=27.35%cF1-0.10%c—=2.12%0, F:,5 AUt Fr iy 85 C F1 8N #Bbfw i, W& THEH H
(P<0.05) , BEEAKFEMA, VBT 1) 87 C A K BRI 0 - 24.21%BE AR A K FEAR I (10 A) 1)
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=27.35%0 , B ARAE HHEFE 10 A, BEZT AL, VPBT A 8N B Je BRI 5 38 I A AR i ke 38, 15ST 19
YRR 8PN (HAE 8 A4 iA B Fc I (- 1.89%0) ,87SJ A1 08S) HY¥P kM F 8" N {E¥7E 10 A & AK(E , 7
TR =2.12%cH1-2.00%0, i b VPR F 0 8 C F 8N 7E4: K Z=9 i 41 i TA K Z R 0

I ) Time (45-H)
w © o~ 0 =N =) s © o~ 0 =N =)
S S =) S S = = S =) S S —
-~ - — -~ -~ — -~ -~ — -~ -~ —
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Aab| (91
25 Al
AbAbAC
o AaAaAb AAab T AAab Aprab Iy 2.0 Aa Aab
Aadd Ad Aad AyAd a
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B2 AEWEERDEHF §°C 1 8N METITLERE CEEMERER)
Fig.2 Temporal variation characteristics of stable carbon and nitrogen isotope (3'>C and 8'°N) ratios in H. rhammoides leaves at different

restoration years ( mean+SD)

ARG FRARERE — A RIS A PR 22 57 .35 (P<0.05) , AR/ NE BRI Rl — IR S AR RO [R) A 03 22 5% 2.3 (P<0.05)

WS R 1A (% 2) LB 2 Jr 25 BT DRI H 80 T 8N #92 IAM A MUFR A — 5.
STARBRD BRI H 9 5°C (B EUIE Y 158)>088)>87S, A 44 FEHE 22 S HER 3, (E 100 AR BRI, 1 e
Foty 81 B, R 4 RV BRI H ) VN (11 5 By 8751>0880> 1580 , B EFHR AL 4F IR, 10
A N HK L 2 B SRR, VB 0 TR T 5N TR

R2 TRBEERDHMFHFENTEESR

Table 2 Characterization of spatial variation in H.rhammoides leaves at different restoration years

AR Kt Site A RFEE Rt Site

Leaf characteristics 87S] 08SJ 158] Leaf characteristics 87S]J 08SJ 15S]
313C/ %o -26.33+0.25A -26.21+0.21A -25.69+0.22A || C F#/% 49.36+0.72A  50.38+0.68A 49.79+0.59A
3N/ %o -1.2840.20A  -1.33+0.18A  -1.50+0.12A | N &i&/% 3.49+0.29A 3.29+0.26A 3.22+0.22A
LWC/ % 30.24+£3.06A  29.51+2.45A  29.50+2.23A || C/N 15.54+1.04A 16.78+1.21A 16.48+0.90A

87SJ:1987 4R AH VD B VD = 1987-H. rhammoides ; 08S] ; 2008 4F- 4% AH V0 B V> K= 2008- H. rhammoides; 15S] ; 2015 4F A% # V0 B VP | 2015-H.
rhammoides ; LWC ; VP BRI & 7K £t leaf water content ; MR K5 F AR RIPR Z AR 22 5K .35 (P>0.05)

3.3 AW R A S AR AR

HiPE 3 m] o, i e] RO b AR A AR BRUDIBRI - C N 58 e C/N P B (EAE AL IX 8] 5351 O 45.34%—
55.43%,2.11%—5.70%F1 8.68—24.10, YD Jr C &8 AR R F W1 BIR W) 12 Yo Tt e B AR T e 1
7 AR BIERAE, e IE A7 8 H el A B N 2 AR o 30 380 A K R 22 i AT )
5 HBFEmE THEHGR(P<0.05) 78 10 ABEIRAKE, C/N WA K ZIH IR KB AR R S50t
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3 AEBREERDEHEMFE CNEER C/NHEFEWAHECPIERHER)
Fig.3 Temporal variation of carbon and nitrogen contents and their ratios in H.rhammoides leaves at different restoration years ( mean+
SD)
REKG FRACE R — H R FIWRE A BR 2 5 53 (P<0.05) , A RING R K [ —K 2 AR FRR [ A 17322 57 8.2 (P<0.05)

3.4 M EoKE R H Y R

12 3 W0 R R R A2 AEBR YD vt K it (LWC) R B B 215 22 550 87S) 1Y LWC dge e {3
7 A, BESTHEAG(P<0.01),158] B LWC S m W HIAE 7 7 (P>0.05) ,{H 08S) 1) LWC f =i {E H
WAE 6 A (P<0.01) , AFEWKEAEBRVPIEA LWC B76 10 A s BSR4, B B E 8T HE H 4 (P<0.01),
VR LWC FEA R AEBR B - AAEAE B .25 5 (P>0.05, % 2),

*3 ARHREERDVBEHHHESKE(LWC, %)

Table 3 Water content in H.rhammoides leaves at different restoration years

\ 878, 08S, 158 N 878, 08S 158,
HﬂmT(ife' H) 1987]- 2008J- 2015J- Hq&'EJT(ife' H) 1987J- 2008J- 2015J-
H.rhammoides H.rhammoides H.rhammoides H.rhammoides H.rhammoides H.rhammoides
06-21 35.94+1.39Ac 38.90+2.67Ac 34.06+3.28Ab 09-21 27.50+1.65Ab 34.01+1.04Bbc 29.05+1.13Aab
07-21 46.00+1.10Ad 33.75+£0.89Abc  37.40+7.26Ab 10-21 11.67+£0.80Aa 14.50+4.52Aa 18.32+1.99Aa
08-21 30.09+2.39Ab 26.38+0.76Ab 28.67+1.01Aab

87S): 1987 “EAEAHYD VD B 1987- H. rhammoides ; 08S) : 2008 4F- AR AH VD V) B 2008- H. rhammoides; 15S): 2015 4F & 48 U B YD - 2015- H.
rhammoides ; N[ /NG PR F R — R IZAE IR T, AR H 5 Z B B A&k 22 5 8.3 (P<0.05 ) B AR KRE FRAVE R — A0 T, AR
SAFRRZ R 7K i A 22 57 3 (P<0.05)

3.5 Vb F 8P CORT 8N X ERAR A RFAIE AR A 1 o
Wk 4 FroR R FEPRSZAEBRYD o i 87 C (-5 & 7 Z [ B9 A E R R IF A —2, 878) 9 3" C {5
MRH Fl | C/N Z [ BA 53 1 R G (P<0.05) T 5 I N & 5 2Z [ A 76 IEAH DG, 08ST 1Y 87 C fH
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5 MRH M/ C/N BA RS, Hodh 500 B C/N Z Bl kDG oh i3 ( P<0.05) , 5 A N & & A
LWC Z [ AAFEIEA DM, 158 9 8P C EH 5 M A N & B i 3 EAH S (P<0.01) i 5 A C/N Z[alfE
FERR S 2 1 SR DG (P<0.001) o BRI &, AR ZAERR VP it /9 8°C 5 T, P VPD 1 LWC Z [ fF7E
IEAHSENE 5 MRH Z [ AA7E b et . B2 Ynt B 87 C M1 AR b R EZ R L W FL A TERIR

AR SZAEBR VD BT 7 8N AE 5 4% I F Z R AH C E R A —3, ML 4 7] %1,87ST F1 08S) 1 8" N
{5 MRH A 7 AH PR IR (P<0.01) , 5 T, \VPD Fl LWC Z [AIAE7E IEAH K, 158] 79 8N {H 5 A N & i
BA B0 IEM RN (P<0.05), 5 MRH(R*=-0.88, P<0.05) flit A C/N Z 8| FE7E i 25 b 6 (R =
-0.85, P<0.05) .

T, 0 o0
MRH |02 00 o

P |os8 030

[
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~
[=]

0.8
VPD |086 -0.73 0.15

©°-0000 O QQIO o

o

87-813C |0.16 -0.88 -0.061 0.49

00
000 o 06¢ O
000

0.6
SI5N [0.14 -0.93 -025 0.51 0.93

SWC [-0.51 -0.019 0.13 -0.46 047 0.26

LWC 095 -076 027 096 045 080 -0.68 - 0.4

C 10.035 -0.24 -0.61 0.29 -0.12 0.043 -0.56 0.26

N 0.086 -0.89 -0.44 049 0.79 0.95 0.067 0.83 0.32 02

Fo;;soﬂe

C/N [-026 096 033 -0.65 -0.83 -0.96 0.00 -0.89 -0.26 -0.97
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Fig.4 Correlation analysis between environmental factors and stable carbon and nitrogen isotope ratios in H.rhamnoides at different
restoration years
T, : H 143 % monthly average temperature ; MRH : H SF-HJA1 %} B monthly average relative humidity ; P f#7K it precipitation ; VPD : KA HI7K
T2 vapor pressure difference;;87-8' C ;1987 4ERAH TP BT 81 C {H; LWC VP BEAY I 155 7K it leaf water content; SWC : R AH YD YD 2 1)
FHEE K soil water content; C . YA TR F 1 C &k (%) s N WD AN T A N S RE (%) 5 C/N L U B0 5 i I C N A7
HELUAE ;= 3R P<0.05; = i P<0.01; = fiZ P<0.001

HRYEE S vl A, MRH X B 87 C A 8N (E ¥ HAG TR , #4% 250551 4 -0.850 F1-0.507, H¥
RENT 8K (P<0.05) , H MRH FE£5A B FZ [ ) £ [l s el sk B e K, 4540 5 RS U 45 B3R B Vb gt
F 9 8°C A1 8N fH¥YZ ] MRH [ &5, C &5 LWC X 8" C EHA BE# M (P<0.05) , SWC X1
B F 0 8N B 3 B E RN (P<0.01) , i F C/N X 8N {HHA B 173400 ( P<0.05) .

W 4 B ZAEE R ER,87C M 8PN M5 E MM ALK S IR AEBRXT VDB F 87 C 1
Mk 3] 1 4 K (P=0.023) , XV R 8N BYSE IR AS  25 (P>0.05) |, 11 A= 1 2 Rk &2 4T BR 9 28 BAE R X
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(o] [we] [or] [

Fisher’s C =5.758, P=0.451, AIC =106.346  Fisher’s C=3.616, P = 0.46, AIC = 78.009

5 AREREERDERA SUC SN SRERFHEMHEER
Fig.5 Piecewise structural equation model between environmental factors and stable carbon and nitrogen isotope ratios in H. rhamnoides at
different restoration years
TRF TR KRB E, LT L FRLRAREE . * FR P<0.05; #* FIR P<0.01;Fisher's C. R G, iy AR BI04 B B (1 46 b
AIC : F7 3t 7 B H#EN Akaike Tnformation Criterion 25 A BRI IULE BE RN 2% B P AR AU R 26 A6 4k

Y A 8 C M 8PN BURZ A i 2 (P>0.05) .

R4 ERKEMBEEERITIDEHF 8BC 1 8N ZMANEEZFEHH

Table 4 Two factor analysis of variance ( F-value) of effects of growing season and recovery years on 8>C and 3N in H.rhammoides leaves

K% Factors dhcC 31N
K% Growing season 13.398 *** 11.912***
PR E AFBR Recovery years 4.232* 0.863

He K B xRS AE B Growing seasonXRecovery years 0.310 0.551

# Fe/N P<0.05; % FsR P<0.01; # % F/R P<0.001

4 itig

4.1 VPRI H 8BC A 8N ) AR Ak fry S mie R 2%

DL BRI R Yt i 8 C E R B ZE T i B ) AR AR RRAE . AR KRS A) 8 C EHim (K 2) .,
BUE AT 2 2 P A 1 A PR = K A3 R AR XA R TR A e B RL MY C, A0 7 I8 AR
WEZRAIY > AR KIERI 8 A vl A 8" C (H L BLI KAk, BFSEIXAEFE /K&l 438.6mm,
R K B B I 2 AR AERRE , N 7 A B9 60.4mm Tk 8 A 19 125.9mm (&l 1) . M 4 A AR X VP 87 C
L S4ER KB 2Z A BA IEAH KR, X 5 Schulze 2550 %R KHF JLFBAE D H 8" C {HL bl P4 7K 748 1L A
FEEE IR —2, B 87 C {E 5 RRT 216—475mm L P AYFE I L IEAR DGO R X R VD F- 8 C {E K
R B R AN, EA KR (9—10 H),8" C B RARME, 1L WUE 19 F B AT BE 5 2 5 5k )
TERE R A K FEAER BRI 10 A, T N BA A K Z AR (E 2.80°C , IEAF, P I 9 A 3 EY) 84.4mm
FEAR A H B9 34.7mm, VPD KR f2/ME 0. 19kPa, {H )2, MRH M 9 H 4] 70.99% 3 K8 10 A 1 75.21%
(K1), HRAREE 4, 7B g 8 C 5 T, P A VPD 2 IEM 62,15 MRH 2 AR R | BIvb it F
3 C Wi T, .P F1 VPD [REARIMTIE/)N, B MRH R3S R0/, 3 — R 58 45 5 2 B0, VIR 3 R AR 1) 22
WA FERRE RN FLEAENER

BEAN, He A s R 2 A LR 2 87 C (EAR ARy B Z A FEAL , e R RUBE L, K 4 L
RCRBE M PO E R S, £ C3 YT, N & 5Ota i R B P4
UE5 8P CEAHSE™ B N A A G A R A A 88 C AR SR, FRATT A AT A
IFEAE 5 SAUER AR R . AR AR M D i 85 C AR i s AR BRI R DU 7R VD
Q) 38 3 R K 43R 88 g o R T R Rk ) g FE R B Y
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FEIE R E MR AR AR (SN FEAR KRR I A2 31 Jm i <M M HAE KRB A2 ™ 5 A, Dk
A B 8N (B (F 2)  [RlEs A N it (& 3) 3 U W A 4 Z ) 30 (0 A 4 LA 8 v 118 5 0 R AR
BT VR KA R ARCR AT G R Ab B 2 i, R AR S IRAS DL AR K, TEAE KIS 8
AUt B 8N B BUIMEIE, EA 9 A IFFTIX KM 8 A 125.9mm £ /0 Z A A (1) 84.4mm , {H I
BHAE I F A 8PN (HE T8, A K ZERIE 10 A, H KRN 34. 7mm , LAY R/ 8N {EF% K
AR KB ARE , TA PR R AYH A0 8" N Bl 5 /K & 14 hn 2 B wita 3™ (B Craine 251
A PR 556 R AGE TR [ 2 , o R e HA e [ U RE I o mad, B A1 8PN H S54RIk
EANFAEAR DG AT UESE 13X — W A5, RIEAT MR TR A V0 R i) 8 N 5 4R DX 7K 118 R DG Al Ak
55(E 4) , ARFFERIL, T, 5080 B 8N AEAF7E IEAH DG  (H A A 8 B 3 /K- (P>0.05) , 55 X
) 8N HAS I 1E i B A A FEE— 2B A5 [l AR A AR BR YD B 8N 5 MRH 2 [8] &2 2 3 1) 71
FHICHE (P<0.05) MBI B AL F  MRH &5 RV Fr 8°N 25 8 ki 2 A, 8N B % MRH 134
KN, AN A A B B350 &t 2 5 1 8N WAk 7+ 2 — . BEEmY A K, Wi A N
TR D 8N (B RE 2 FEAIG X K A 7 = JE L X, A R 138 ARG AN 38 N A R0k R s A A
W KL N T RO E YR 0 8N 5 M A N & i 1 IEAH & & R AEA BT 5% o 45 5]
TUESEP ) BeAh Wl A /N 55 8PN (EAFEE Gk ek (1B 4) , 8PN BB VDRI A C/N B934 n i A1
XA R PN E R AL R R 2 —, £ R, Vet i 8N (HW 1528 k52 MRH M1 N
P C/N ZEAE RS,

4.2 THREM A 8 C I8N a3 [u) AR Ak By S N &

MRH & R AF 2 SRR R B3 s e b, 3500 i 181 e S AL T B I 5% i 0 b B B K S A0 AR HIF
FEE I ,87ST 1Y 8 C {EXT MRH A5k il 17 fi 5% , 20 R B MRH B 3E I FREAR (1 4) o DRSS IX IR K LA/
ek RRT SF A2 /DN RR TR 588 3y 2 T LI R o AT R B — I A A T RE 32, 75 W R T 4 RO 4 LA 2R B
F e PRI, AV XA H S R K VDR 87 C Y TR 2R i A4S S Y 81 C X MRH 25 Ak 1 1 4%
MR, 3 55 T S B X A AT 0 e R S i S AN TR R R A R —8 WA T A A &
(TR K G, 38 23— 8B 3 AL G HT , SR I 20D i R R CO, MR BE R B, I A 6 A T 4T
HERFIEH KT AHYINT CO, B BIRE S S4B AIK , T 3350 T Uit - 8P C (T ™), BIZK 2 R FHRCR A 5

R K (LWC) 38 1T LAR R I A i i 41 80K 3 & BRR B , 38 /R BB K 45 R T — i
LW R 28 R I A S K R R . 87S0.08S) AT 15S) B W 8P C A LWC HAIE
FAOCHE, 1M 08S) it 87 C fH 5 LWC M IEARSCHER R (158 4) o o 08S) M Jr Bk mAERE A A K =R ML il S
FFAR S THE BRI BT Ak a3 (2 3) . BEE LWC B, Yot B <AL S BE AR i A A
KA FI AR BRI T8GRt i 8P CfE, Wil | 8V C S5IE I F gt B i on (& S) , Vi
MY LWC X 87 C HA W 2 AW (P<0.05) , Yt Fr 87 C A Zs [a] A8 Akt 5 2R HE T 4 . 1587 >08S] >
87SJ, 1 LWC (25 18] 284k v M HE A by . 87ST>08S8)>15S], X UE A VB ik LWC &5 ma b ki F 8 C 43 [a] 28
R sZm P 2

C3 P R N & 5 HOCAE BTG, —RIG T C3 MW N fEE TR GG E .
B AR S LA B HL At 5 0 TR) A AR 56 B AR A A2 # v 157 o — 340 N A7 T oA 2 (3 S R4 i 4 43 2
SR A R A K Y B BRI DR RS 8 C (% VPD A N F ARG IR Z A4 TR
M e C3 AT AN S RECA R G A BRALSCR Z MAFAE IE A SESE R, e HER L S 87 C fE
HAEACHEY , — i =, PO R R N kA8 N SR p He ik b & AR AReRE R,
PR B R 8P C H S N SR Z M AR ARE5eh Wi R M N & eS8 C HRAIE
PR R ([ 4) o ,08S] Al 15S) (VP ITE F N &5 87 C A IEASCER S T 8K (P<0.05) , 5 1
WA e —3.
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C/N (RIS AWM A 37 35 5 T 3R IBCR [ A5k (¥ R ) , 7T S WA 4 7 %) 35 43 1 R FH80% 7 158)
8 C M-S C/N Z IR ARG IR 2 T 1 B3 KF- (P<0.001) , 454 N &5 C/N XF 8" C W52 , ik
WD R A BRI 24 FAR B ) A AU OC R 7 BIVD B A 4 i (1) WUE J2 AR AR NUE S A0
(12 — 7T, NSRS BRI 15ST et v 35 B o B2 R IE R VYR AE T A Rt S e
(3R 1), DR FONTEAR RN, VS ZARA R MR R T E 2 B M d i ™ (HBE Vb ki i 54 m,
eH A E BT 258, S0 WUE B R 3 iy i 1 57 20 BRI 28 e 8 7K o3 26 PR BRI . 55— D T, F 5 IXC
JB T R AU IR IR KD A AR R 2 0 A e LIRER R FEAHNRRIE 13K, N
JEA - S, ELAG TRV v 7K 3 5 4, FEAR AR DR <1 A9 K SR, DRI A 8 1149 7K 2 ) 2803 B
FIUNBGR AT 85 C Y . B AEBR A , Y0 e B v 6 T R REE A B b AR R A K B
TRIG 1392 R AUTRIF E bKGa REAR TR R HEK T T B 230 (K SR 2

BEA PR S AF BRI, YRR AR e 7 C i Jr 8N, iX FF—UIER] TRy WUE 5 NUE Z [ 2
AR ER, Y 87C F 8 N HERETA T HYARIC T AT R (18] 4)  E IV R 8PN (SR K 1 Z 1]
ARG RO T AR v b kit 1y, Ul W PR S A R A 34, 0t 1 8 N B0 Jol 6l 1 355 78 e 38 B0 B Ay #8008
TIAL Y 8N 232 B 43R A (A RUAE P WSO B ) — 5 RT3 S oA A U R R A 1
SN, A AL T A BTSSR ) N AT AL A ) 8N AR R 3 81N> i >4 - 4 AU
AR IS U TR R S AR NSO AE A N 5 R AL DR, Sl v A Ay e K I AR
AREAAT 2 0 LT AR X TR S ECERD BT A 8 N B A IR (A AR Z el A AN ) £
HEZRR R AL 3 8PN B 2e A Rt — 2L 0ESE . RIS, BRI IR e A 2 5 i 1 SN T G [
FPIR 8N R HAHR R,

5 #ig

TEFRFEF R0 VP 80 C TR R AR N T LR G /E IR AE R U 7 8N i =12 4k
3 MRH M N F i Hl C/N SE N T AR, AR AT BR A Y0 2 R BIOAS 8] (149 7K 23 3% 0 R SR, 3228
TP B AU 30, V0O 50 AR A FEARG 1T 5% 20 A FH AR S0, 32 i AE 4 7K 0 R 280 9 TR 3R i e
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