55 38 &5 5 W KA PR Vol.38 No.5
2024 4F 10 H Journal of Soil and Water Conservation Oct. 2024

DOI:10.13870/j.cnki.sthexb.2024.05.006

XUTE AR H B E 2 8 AR K 30 0 TR T A BRARRAE (Y 52 [T K R 2741, 2024, 38(5) :129-138.

LIU Qing, XU Xiaoyang, WANG Yunxia, et al. Effects of water stress on drought resistance physiological characteristics of Pinus tabulaeformis
[J].Journal of Soil and Water Conservation,2024,38(5):129-138.

7K 43 B 18 X i A 31 2 A SR R AE BV 52 1

) F, AEm, TEEL, 8 B, §ER, 0 B, TERE
LPGIL B Rk AR5 RE 2 5 TR BETE % 712100; 2.0 E R 2# B K R K H AR R 098 0T BEPE A6 712100)

# E.[BH] HI0K LR BB BRI (Pinus tabulaeformis) 67K 43 B0 T BP0 A B,
m{ﬁ[zmvﬁ\u)rw@%&%wm% [7‘5;‘%‘] PLTAEA VAN ST R DR S8 %0 4 108 4 AN K 4 e 3i Ak B8, 4y
1k BEZH (CKO 5% B 38 (RE25 %) L b BE 38 (RE50 %) F T B2 ik 38 (RE75 %), 43 1 A [\ 7K 43 1k 38 4b 2
J A S T AR KRR 7J<jJIJJ buf"%mﬂw% A R Z R R, [FR] (DS5CKHM
s Zexd 20 A A B9 RES0 %M1 RE75 Y0 A B S il # b [ A= 49 843 ) W 3 P AIK 19.1 %0 A0 37.0% , M N A: 4
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Effects of Water Stress on Drought Resistance Physiological
Characteristics of Pinus tabulae formis
LIU Qing', XU Xiaoyang', WANG Yunxia', ZENG Yan', MAO Jirong', LIU Ying', WANG Guoliang'**
(1. College of Soil and Water Conservation Science and Engineering , Northwest A&F University » Yangling »
Shaanxi 712100, China ; 2. Institute of Soil and Water Conservation , Chinese Academy of Sciences ,
Ministry of Water Resources » Yangling » Shaanzi 712100, China)
Abstract; [ Objective ] Exploring the drought resistance characteristics of Pinus tabulaeformis, a major
afforestation tree species for soil and water conservation, under different water stress to provide a scientific
basis for the management of P. tabulaeformis artificial forests in the region. [ Methods | Using one — year P.
tabulae formis seedings as the research subject, four levels of water stress treatments were set up, which
were control group (CK), mild stress (RE25%), moderate stress (RE50%) and severe stress (RE75%),
respectively, the growth characteristics, hydraulic function and osmotic regulatory substance content of
P .tabulae formis seedlings were analyzed after different water stress treatments, and their correlation was
analyzed. [Results | (1) Compared with the CK treatment, after twenty months of RE50% and RE75%

treatment, the aboveground biomass of P. tabulaeformis significantly decreased by 19.1% and 37.0%,
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respectively, while the underground biomass significantly increased by 13.7% and 23.9% ., respectively.
(2) In the CK, RE25%, RE50% and RE75% treatments, the water potential threshold for embolism
resistance of P. tabulaeformis new branches was —1.43, —2.04, —0.91 and —0.58 MPa, respectively.
(3) Compared with CK, in the RE50% and RE75% treatments, the soluble sugar content in the coarse roots
significantly increased by 123.3% and 121.9%, respectively, the starch content significantly increased by
15.0% and 58.0% ., respectively, and the total nonstructural carbohydrate (NSC) content significantly
increased by 104.0% and 83.2% ., respectively. In the RE75% treatment, the proline content in the new
branches significantly decreased by 43.0% , while the K* content decreased by 23.7% compared with the CK
group. (4) The contribution rates of various osmotic regulating substances in various organs to hydraulic
function under different water stress were as follows: NSC, starch, soluble sugars, K*, proline and soluble
sugars in tracheid sap. [ Conclusion | Mild water stress could enhance the embolism resistance of new
branches. P.

Meanwhile, the numerous organs of P. tabulaeformis improved cell concentration, reduced osmotic

tabulae formis seedlings maintained their metabolism by increasing root carbon storage.

potential, and preserved hydraulic function to adapt to water stress environment by coordinating the
accumulation of osmotic regulating substances. This study advanced the understanding of P. tabulaeformis’
drought resistance mechanism and provided a scientific basic for the management of P. tabulaeformis
artificial forests on the Loess Plateau.
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W&, T 2020 4F 11 A & 2022 4F 7 A #k47 AR B )
K Gy Tk g 1 0] S 6 R CCKO L% B B 38 (O
25% . RE25%) . o BE B8 (W RN 50 %6, RE50 %) Fll &
JE a8 QW 75 % . RE75%) . 43t 20 4~ H 197K 43 i
AL PR A b FAH Y 3 E K B4R 18.7 % (CK
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TP BENL I 10 BR A L Al T A5 RO &t 4 i
ET IR E TN & E L ke . bR R R
i EIRAZE T ER D AR . R TR B
BEMLIE L 3 MR B 5 S i i BT R L E R
ZEREART RS N —RRER . ZHR A =R
R UHERER HBARRAANEMWER P ARER RN
AT R AR . FR A L 4L 8 5 8 105 °C T AR
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TR AR T 48R 0k O A A A e g ST R O G 59 il 46
(VO ., FESEE A SRR R 452 Wi 7K, I 1)
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USA) Wil i Fy K 5, 5 it 3~5 itk FH i 2
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P JA7 00 (A A A R BT A P 4K A, A F
A S A T T 555 it 2 1) 7K A3 LIS L X A A R AT R
DAPPAS H oK S SRR . X F AR, 7E )
FIOKF b 4592 B 7 K 2 /0 30 min, Bifi 5 76 K T 1 %)
BEAKE N 2740 Dem, HBE N (6+£0. 1) mm, BlE
e PE 10 mmol/L (1) KCL I, i 1 il i 25 B i
WA K KCL I RO T R 32 58O 5 22 [l R
F; 50 em 7 B2 (G2 0.005 MPa JE f1) . f# K
JE W& i 3 (low pressure flow meter with multi-chan-
nels, LPFM) Ml & & A KA 5 1 S KR (K
K.=FU/AP)/A ym (1)

K F ik (kg/s) sl ARG EKE (m);AP
it N AE A 2% B A TR J7 22 (MPa) 5 A e A A S 1Y B
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Wi K, F. ¥R FEEIN AR B, IFE
0.2 MPafy £ 71 N B A9 KCL# #h 10 ~20 min
HF LPFM BEEURRsE . whk Jm i e A5 2 R A Y B R
FKAK ) o TR AT 53 R 7 W SE AR
MR SERRRE . A SRR T K 8K\ 48 (PLC,
f FR o e ZERR B I AR

PLC(%) = (K s — K /K 1 X100 % (2)

] Granpad 9.0 Xf K # 5 PLC #1732tk
4 (four-parameter logistic regression) , A2 4
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X max Al min 2351 0 B4 £ o PLC 1 5 K A
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Sk R 50 Y0 I K A
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THES BB SR . BLC0.1+0.0Dg BERFI AR T 10 mL &
OENINA 4 mL 80% SEEFE W I HE T 80 CTF
K 30 min, 7E 7K 7 32 i HHBE S AR L SR 5 K Ve 4D
BER. BHFHFESSTE 3 500 r/min 53 F B0 10
min, ff DIHREBE 25 mL AN, BEE Lk
B2 U 8000 ZBEEW B B 4,2 mL, 3 it
1110 mL, ¥ EIERICERTES SIS & 28 DL & AT
PEMERT 708, B2 mL FRillRE &L A 5 mL BECHR
Wl AEWE K b 4 10 min, RTGRH 2SR, HE
N FEIEEE AR 620 nm R E OB,

l PUVE A 2 mL 75 18K, 76 Wk oK Ok b
15 min, ¥#J5 .MM A 2 mL 9.2 mol/L HCLO, , 3 ¥
VIR 15 min, ARZE AN 4 mL ZEW K5 . B FE 5
£ 3 500 r/min F &L 10 min, 2 FIE W T50 mL
AEEIMH . ¥ 2 mL 4.6 mol/L HCIO, I A FI T 3E Y
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W. A5 mL ZEMWKEVETTIEY 2 K.
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(2) %5 LT 98« SR FH o 0 25 0 1k 2 BT A A Jo 38
ML BUR BRI R SR A A 25 B (KR 5 em)
FEWE 50 mL B HEFTHRE, 7 12 000 r/min T
B0 1 min DUSCEE IR, Bl S BBCHE 25 B, DU B BY 2
3 o, X T A% 25 B R B0, T G B ISR R T
TR WSCEE B Y A8 M VT VT DL AT v M A K

()K" KA H,SO,—H, O, & Bl K LK
U AR YRE S 0.3 g 28 A 100 mL JF . A 5
mL W BRER 5 A1, FAH & /N JOm G, 7= A [ S
FH 400 CHn# 30 min, RHIE N 6~7 i H, O, , FFIK
IR & 15 min J5WRHL.EE I 5~6 i H, O, 14
A 15 min, YIHARW N TCO)5 QRSN AA 30 min J5
B, KIHA RS R 100 mL F 85 2%,
et FH D W WS 43 O BE TN A

(DOIHZERR ¥ 0.1 g WA FE S E T 10 mLE L
B mA 320 B BR K R VM 5 mL, WK 10
min, ¥ H 51t iE B2 mL 3R IO CE T 10 mL A B O
B AmA 2 mL KESER L2 mL B PR B =T, W
JKVE 30 min IFWR LM, BEHEZEREMA 4 mL
B H 4,3 000 r/min B0 5 min J& , FH &4 I E 2

JIF 20 R 1 €5 FHY 2R 35 R fe P 40 D60 BE T E AT N E . 3
BARX N
&R = (CXV)/(WXV) )

A C I W R (pg) s Vo B O 1R TR
(mL) sV RFE S BR B (mL) s W R RE S i () .
1.2.4 #3442  F|H SPSS 23.0(IBM Corpora-
tion, Armonk , USA) 3 4 %t Br & 8088 WE 47 1E 25 46
% (Shapiro-Wilk test,a=0.05), F|FH 2L & J5 2547
MR 22 2830 A [R] 7K 3 Jolk 36 Ak B T A A KRR AE K
Yrhe S A PR B 22 5. (] Pearson #H G 1 43 Hr
A 56 AR R AIE 7K T T RE AN B R 1 W I 22 [ 1 ¢
L EVEACES B E R p<<0.05, {32 55 o #r
KK A BB T YT K T DR sTmk R,
Granphpad prism 9.0 2l & 2%,
2 FEREHGW
2.1 JKABMEIHMAREMEHEM

FH AN R 7K 43 3 J T A B 2B RORRAE (3R D AT,
2 RE25% 4b 35, i #a bk & b CK 41 2 35 38
21.5%. 5 CK M, &4t RES0% fil RE75 % Ab # 5
ANl T AR ) B AR 19.1 D0 37,000 M T
A= o ) R BTN 13,7 %0 23.9% . 5 CK M,
Zead RE75 %0 Ak P 5 JH A AR e L 52 25 3 20,0 %,
WG AT DL v R ER R K A3 W 3B A b b B 2H A
Ko et FAHLS R EK,

x1 AEKSBHELBERMRERBLEES

Table 1 Differences in growth characteristics of P. tabulae formis after different water stress

g B 5/ cm Mtz /em W bW g W EY R/ g AR/ HLAR Rt

CK 57.69+2.34b 13.30£0.49a 114.78+1.22a 17.51£0.88a 0.09=£0.01b 0.15£0.01b
RE25% 70.09+1.81a 14.14£0.89a 115.85+4.59a 18.4940.50a 0.0920.00b 0.16£0.00b
RE50% 63.34+1.71b 14.27£0.91a 92.91£4.65b 15.11£0.49b 0.21£0.01a 0.16£0.00b
RE75% 57.78£1.56b 12.54+1.11a 72.27%+1.78c 13.3340.16b 0.23+0.01a 0.18+0.01a

T R B O - {E AR E 22 5 7] 81 A [ /NG 5 6 38 R AR ) 4k B0 ) 22 S5 k. 38 (p<0.05)

223k AR T] K 23 W30 A B S 3 b 4% 20 4R W B AT
HREES, mHE2 A5 CK M, 48 RE50%
I RE75 % Ab B J5 i #4887 0F A= 4 5 2 ) 2 35 B AR
20.2 %6 H1 42.2 % , Wi R AE W oy ) 2 RRAIG 22,4 %6 F0
43.8% . 5 CK 4l Lk, Z&id RE50% Al RE75 % 4b 34
J& TR F A A3 I 2 i 100 26 F190.6 %, =
AR Y 0 W E I 103.9% M 80.3% ., H
CK 4l Lk, 23t RE75 %0 A # S, DU AR R | H AR
RSP R AW i 43 0l o 2 PR AR 35.4 060, 36.1%
M 28.8% . HML AT L, B BE K 43 a6 2 o 40 AR A K
AR AR K,

2.2 KBMEIHRMRERAKNEZMW

283 K G T30 AR 3B L TR ) B R BUAS FERE ) K
A E A, CKLRE25% .RE50% fil RE75% Ab 2
T R R i R K o Bl — 0,04, — 0.09,
—0.05,—0.10 MPa, &H] H K T8 1k XF £ Ak 21 241 3
i &Iy B A ZE I 55 1 1 4T DU € I R B, &2 RE25 %0 4b
BRSO 2 V0 Bk FE AR O W 3 R, A& i
RE50% Fl RE75 Y6 4h P Ji5 9 #i % 1 10 b As ZE 66 ) 8
AL, CK.RE25% .RE50% Fl RE75% &b ¥ j5
Fis &l 1 7 A 18 S K SRR 2R 50 %0 (P oy ) Y K 3 18 {8 43
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Table 2 Differences in biomass of various tissues of P. tabulae formis after different water stress g

FIE/AZE A CK RE25% RE50% RE75%

fens 61.6841.94a 62.854-3.07a 49.2043.21b 35.64+1.93¢

2z 14.344-0.49ab 15.3340.67a 11.174+1.34ab 10.28+1.99b

B 19.2540.73a 17.4840.43a 14.9340.61b 10.824-0.95¢

R 9.98+0.29ab 11.530.69a 9.32+1.14ab 7.8940.31b

S 9.4940.37a 8.6640.56a 8.2940.89a 7.6540.34a
—HRFR 0.3740.01b 0.3540.04b 0.40+0.04ab 0.50=0.05a
ZHRAR 0.320.04b 0.33£0.04b 0.640.01a 0.610.02a
=HMRF 0.76£0.15b 0.90=0.04b 1.5540.04a 1.3740.03a
DU AR £ 3.68+0.32a 2.4740.25b 1.8940.15b 2.31+0.16b
Y FR 4.76+0.03a 4.66+0.07a 2.29+0.36b 3.04+0.41b
NEWREFE 7.7340.48b 9.7740.53a 8.3340.64ab 5.5040.24c
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Hydraulic function of P. tabulae formis after different water stress
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Fig.2 Non-structural carbohydrate in various tissues of P. tabulae formis after different water stress
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Fig.3 Osmoregulatory substance in tissues after different water stress
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Fig.4 Osmoregulatory substance in xylem tracheid sap after different water stress
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Table.3 Correlation analysis between hydraulic function and osmoregulatory substances under different water stress
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Table.4 Contribution rate of osmoregulatory substances affecting hydraulic function under different water stress
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