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Response of root tip function characteristics of Hippophae rhamnoides subsp.

sinensis Rousi to slope position and herbivores grazing on branches and leaves

LI Junpeng, LI Haibo, WANG Lin "
College of Forestry, Shanxi Agricultural University, Taigu 030801, China

Abstract; Revealing the response of the root tip in morphology, hydraulic structure and non-structural carbohydrate ( NSC)
concentration to environmental conditions and external disturbances is conducive to comprehensive understanding of the
adaptive capacity and adaptive strategies of sea-buckthorn ( Hippophae rhamnoides subsp. sinensis Rousi). This study was
conducted on four wild sea-buckthorn forest types in Jiaocheng, Shanxi, growing in upper and lower slope with or without
herbivores grazing to analyzed the response of root tip morphology, hydraulic structure and non-structural carbohydrate.
Results showed that compared with those growing in the lower part of the slope, the specific root length of root tip and the
density of root tip vessels of sea-buckthorn trees under the environment of relative water shortage on the upper slope
increased significantly, and the diameter of root tip vessels decreased significantly. Meanwhile the mean length, mean
diameter, cortical thickness and diameter of the central column of the root tip did not change significantly, and the specific
hydraulic conductivity of root tip with and without herbivores grazing decreased by 18.12% and 20.6%, the hydraulic
vulnerability index by 45.40% and 48.5% , respectively. However, the root tip NSC content did not change significantly.
Herbivores grazing led to the decrease of the specific root length of root tip, the increase of the root tip mean diameter,
cortical thickness and diameter of the central column, similarly decreased the diameter of root tip vessels and increased the
density of root tip vessels. Herbivores grazing also led to the specific hydraulic conductivity of root tip decreased by 71.14%
and 70.25% , and the hydraulic vulnerability index decreased by 23.95% and 19.41% for sea-buckthorn trees at the upper
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and the lower slope, respectively. The above results suggested that the poor water condition in the upper slope could make
the root tip of sea-buckthorn trees have larger absorption area, a little lower water transport efficiency, and greatly improved
hydraulic safety. And the herbivores grazing led to the thickening of root tip, the great reduction of hydraulic conductivity,
and the slight improvement of safety. The NSC content in root tip did not decrease due to the slope position or herbivores
grazing. The response of root tip to herbivores grazing was greater on the upper slope. This indicates that the response of root
tip of sea-buckthorn trees to slope position and herbivores grazing is helpful for them to adapt to the two influencing factors,

and herbivores grazing has a greater impact on root tip absorption and transportation functions.

Key Words: Hippophae rhamnoides subsp. sinensis Rousi; slope position; herbivores grazing; root tip; hydraulic

architecture ; non-structural carbohydrate
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1.1 R IXHEN

RS b A T LU PG 4 A Il B P L8 (37°45'—37°55'N, 111°22'—11°33"E) |, 1% 11 [X M Ab B8 15 4 K Fifi i 22
RSB X AESE 4 K i 822.6 mm , AESFHSR 4.3 °C, =10 °C AR 1800—2950 h, JCFEM 100—125 d,
FEAY T A Fh A 42 AU & 8 ( Larix principis-rupprechtii M.) | =~ ¥2 ( Picea asperata M.) . [1 ¥ ( Betula

http ; //www.ecologica.cn



7120 xR 43 4

platyphylla S.) | 1145 ( Populus davidiana D.) 3L Z A% ( Quercus wutaishanica M.) 55 ; JE AR Fp 32 B2 A H [ v i
( Hippophae rhamnoides subsp. sinensis Rousi) . % §i|¥ ( Rosa xanthina L.) , = 34552 %4 ( Spiraea trilobata 1..) JZ
¥ (Ostryopsis davidiana D.) 5

1.2 W55k

R PR B AL R VD BRAEAR, T 2021 4F 4 A fETEAK 1600—1750 m i [ Y2 U E 3 A & Ay v
TRAARFEHL (5 mx5 m) £ 6 P, bk FARFII T A& 3 Bpe s T4 FRAHIX N, 538k 6 He (3 BRI T
A% 3 HkEdL) 7 T4 3R IX A1, AN RIAEHLIE] AU FE B R T 50 m, FEHLN g3 1 BRI H VR I bR sh B £
VORR R IR DR T ARSI S B U 4 R AL,

T2021 4F 6 7 8 H 4356 iy b EB 3 i VR AR BE A T IR A B DRAE b 1o VD AR e S A R Y oy R SR
I 70%—80% , T 2021 4F 9 H XIFETT N 1 U ikt _b 3B o F8 bm (bk = BEAE RS MR ) SEATIE (1),
TEREH PN R IBURE A AR — B PR UEA , B e FGREE AR RGN £ | BEA28 FH W A RO | Ao P A A SR BBOAR ES
Wi, BEFREENE 6 W, B ILE 1,

R1RAINFHYNE RO BN L AR & KA SRR

Table 1 Aboveground indexes of Hippophae rhamnoides under four environmental conditions

Eiztan YR HARIE R YRS & e LARIEHR e LRSS B
Index Lower slope and normal Lower slope and grazing Upper slope and normal Upper slope and grazing
% Tree age/a 6.00+2a 7.00+1a 6.00+2a 6.00+2a

# i Tree height/m 2.60+0.21b 1.94+0.12a 2.38+0.29h 2.0820.13a
J£4% Basal diameter/mm 38.81+10.39a 38.35+11.42a 34.98+8.61a 37.16+12.06a

s i Canopy/m 2.13+0.41a 1.24+0.34b 2.29+0.40a 1.08+0.28b

REINE FHRACFAS A HL 4 7] 25 57 1 25 ( P<0.05)

TERRRETT N BERLIESE 2 S 2B B A VD AR,

HUREAR VR ETE 10—30 em , 3590 11 R FH 3% /K o+ o, T ETE WM OER

e AL TR FR oA O HLIRA 43R AR S (FEASF 5T B a .
KURASHOR 1 ) VN II508S AR FAA W 5| 1 oL T
(R -Z RS [ 22 W, 38% VR SmL: Pk 2R SmL: 25 150

T0% TR 90mL) BMBRH P AT I W ARSI S5 100)

2R B (23 C) AL BREEN 2

W.E.T Sensor Kit /K3 #M{Y (WET-2, DELTA-T 23 @ sor

AT e SRR K (1), 435 5E 10 em 0 m - -
30 ecm 50 em RFEEALAY S K, 7F 10em 30em 1 L JEHRE Soil depth/cm
RRE, B LB LREAEBER TR TH,E S0om | WTHSH RS KEER
BRI & 5% - Fig.1 Difference of water content between sample plots at lower
1.3 WRIEEME and upper slope

KAERIHRIIH Epson V850 Pro BUFALHAREALIEAT — AIFV/ING FHECIAN R 5 (30 4 ) 2 U JEE 1) 498 2 7K 2 ) 2
I T ESR ] WinRHIZO B/ (& 4 ge SHRATE(P<0.05)
OSHE]INER) HEATIE S FRAE ST, AT A3 BAR 2R 1 < 8
KA EAR R A R B SRR ECR, K B A 0 FU (B nT A AR AR 3 KB, B 8 o8 A AR 2R
FCA 65 CHEATTHET EEE, M E AR R A AR CRIE 0.0001 g) , AR HARK AR KRR T &
3,
1.4 REMHIET
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A2 BRI 3 5KET A 48 Olympus-CX31 Y2 A3 Wil 3411 18, 3 F Motic Images Plus 2.0 %K
P EHEN ) R PR RAE R S AR IROR S AR REEE PR BRI R Z R 5 A g
M HE, SRR th( kg m ' s MPa™") FI Hagen-PoiseuilleLzﬂ/A}ﬁﬁ‘%;

n

TP .
khp 2 128 T lum

K, p AIKFE 20 CHF 9% (998.205 kg/m’) ,n H/KTE 20 °C B RGAR 240 (1.002x10™ MPa - s) 7, AA
A AR 0 AL

ML GKAR(K) « K =K, /A, A, AR E A BT BT & mAR, AR BT 5 A 2 Mg 55 1k 48 B0k S48 7
KHHRSSEEEZL,
1.5 MR RARGPEm 5 = E

W AR ZO0 I O A T ] T R U A, P A R A 0 S SR P A P BT 7 70 NSC i
SR TR R TE A 22 A
1.6 HdEabr

MR 25 I B T A AR bR P E AR i 3R 22 . SR 22430, 384 SNK K 36 45 AT AR SR 76 T
BHARHZ B 255 (=0.05) , FFEAT IR 2 7 220 Hr R S 40 | M5 8 B s BN X 4T A 1R e il . 45080 43
BrR H] SPSS 26.0 #AF5E L, | GraphPad Prism 7E&]

2 HBRESH

2.1 ARSI B E Y BIOR T A R ) 5 )

e s TSP R ARIA BE A W2 5 (B Zh i B 2 S EBRAR K AL TR & (P>0.05) . 3
L ERFECD R AR B35 KT T E(P<0.05) , L3 FHRK 26.7% , ¢ L3 T g &3 F 8RR
MK B AR (P<0.05) 3 AR 20 BIFRAR T 41.29%F1 29.3% . WK 2 )5 2550 M 45 5 Sl /s Sl o7 Fsh gy ms &
28 HAE R FEAR A B2 i ik 3] 42 2 /K7 (P<0.05) (£ 2)

R2 WUMBHWERRLZEINRRSEROEN

Table 2 Impact of slope position and herbivores grazing and interaction on root indexes

37 N

b | SRR aﬁfgiim
Index Slope position Herbivores grazing Herbivores grazing

F P F P F P
WK S Average length 1.828 0.218 2.278 0.175 0.093 0.769
HEAR T Specific root length 12.022 0.018* 85.816 0.000 ** 6.784 0.048 *
AR Average diameter 5.549 0.057 30.833 0.001 ** 2.645 0.155
B2 JZJRFE Cortical thickness 100.735 0.000 ** 24.432 0.000 ** 101.249 0.000 **
HiiE E A% Stele diameter 4.995 0.030* 2.879 0.096 24.306 0.000 **
J2 )2/ HH: Cortical thickness/Stele diameter 7.369 0.011°* 3.01 0.094 1.224 0.278
B S5 B 1% Maximum vessel diameter 29.729 0.001** 7.798 0.023* 7.402 0.026*
S H AR Average vessel diameter 59.884 0.000 ** 13.819 0.000 ** 4.628 0.033*
FAEBE Vessel density 30.083 0.000 ** 2.46 0.128 0.116 0.736
7KK Specific hydraulic conductivity 2.640 0.133 49.39 0.000 ** 0.868 0.371
555 1EF8 %X Vulnerability index 204.529 0.000 ** 27.221 0.000 ** 1.591 0.210
Al E MR Soluble sugar 15.136 0.006 ** 12.988 0.009 ** 11.554 0.011*
JEH} Starch 2.586 0.147 1.606 0.241 0.475 0.510
I tEBOK e ) 4.217 0.079 4.739 0.066 2.833 0.136

Non-structural carbohydrate

FhEE NV BR R FEVRIUR 2 (L WS &) T 220 AR BEAE AT « eI iy FEFN P {E, = F/R1E 0.05 KF 225 B3 (P<
0.05), = # F/RTE0.01 /K- [ 25 83 (P<0.01)

http ; //www.ecologica.cn



7122 JAE = 43 4

P i XARI AR A W 25200, Zh s 8 T BUR R BLAR IS K, 3% LR R 43 535 K 27.2% (P<0.05) Fil
15.3% (P>0.05) . AN B 2 8 BE A 035 52 ), WA AR R v i L AR I b 35 52 ), ) s 18 30
L ERVS AR R A ELAR G R (P<0.05) L (HYE R EBTC W E 22 7 (P>0.05) o BTV BRI B2 2/ it
HLe A 2 5, s & BB B2 2/ T L, i B R TR 4350 s 13.0% (P>0.05) F1120.3%
(P<0.05) (K 2),

a a a
T T T _30p a
= a L0 T
§ E
g 2 I z 2
g lKgnzo-
T B e 4
£ ¥
z ! g wr
&
0 0
06 - 200
a
g b T g a
g T b 2150 T
Soal O T 2
3 - ﬁﬁ b b
gg wE 100 L c T
5y =y -
< &)
0 0
150 - . 5 15T
b T 2 a a
b @jg b T ab T
= T -[ b mw T
w S100 T HE L0 1
&3 i 2
250 - mE 05 F
7] -rﬁ@
£
°
0
i < i i & $e i
H i H & I & I i
= e ¥ e ¥ | = |
= R 4 R = R 4 R
X 5 X ¥ X 5= X BE
i 3 12 =
X - k- X
FEHh 2 A Plot type

B2 WAz |3 R R E AL RN
Fig.2 Effects of slope position and herbivores grazing on the morphology and anatomy of Hippophae rhamnoides root tips
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I 55 PR T R 1A B B K (P<0.05) , 35 38 HAE F G HG 7K 3 0 e 55 1 48 250 oK 3k 31 8 3 K7
(#22) . AV BARAR L K R IEAT 3 52, BT 3 = T3 L. shims & S BB AR AR Lt 3k
T RRR (P<0.05) 3% BRI T30 BIFRAE 71.14% 1 70.25% , 3% b IEW U BRAOMESS IR BUR BT T
IEH VPR, HOIE 3 VDA 45.40% (P<0.05) , S S 8070 A0 1 55 P 3 Hi by 38 AAIC, B R 43
PIEAR 23.95% F1 19.41% ( P<0.05) (1€ 3) .
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Fig.3 Effect of slope position and herbivores grazing on fine root hydraulic structure
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Fig.4 Effect of slope position and animal eating on soluble sugar, starch and NSC content of Hippophae rhamnoides subsp. sinensis Rousi
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