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Effect of different stubble height treatments on the annual growth index and

physiological characteristics of Tetraena mongolica in two growing seasons
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Abstract: Tetraena mongolica Maxim is an ancient relic plant distributed from Bayan Gele of western Inner Mongolia
Autonomous Region to Shizui Mountain of eastern Ninxia Province. It is a narrowly monotypic genus of Zygophyllaceae and
has a great value of plant genetic resources. In addition, 7. mongolica play an important role in cropland windbreak
construction, soil and water conservation and desert control in western China. However, due to environmental degradation
caused by human activities during the past decades, its population declines rapidly and the plant community structure

changes substantially. In order to gather information for promoting its regeneration and rejuvenation and restoring a healthy
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T. mongolica community, we conducted stump treatments on the plants. One transect was set up across the study area and a
20 m X 20 m sampling plot was marked at a interval of 20 m along the transect and a total of 5 plots were established. The
plots included the treatments of stubble heights of 0, 5, 10, and 15 ¢cm and a control. This study was conducted between
March 2011 and July 2012 and we found that (1) Stumping can promote regeneration and rejuvenation of the plant 7.
mongolica during the first growing season after stumping. Both height growth and crown size increase of the plants at all
stumping levels were significantly higher than the control (P<0.01), with an increase of 241.4% of height and 417.2% of
crown size under the stump treatment of 5 ¢cm. Both basal diameter and branch length of the plants increased significantly
comparing to the control (P<0.01). The number of plant sprouts with the treatment of 5 cm was the largest (324) , and the
number of plant sprouts with treatments of 0, 10, and 15 cm and the control were 293, 229, 221 and 159 respectively;
(2) The diurnal variation of net photosynthesis rate ( Pn) and transpiration rate ( 7r) of plants in the control fitted a
bimodal curve. The diurnal variation of Pn and Tr of stumped plants fitted a single-peak curve in first growing season of July
after stumping and then changed to a bimodal curve in the second growing season of July; (3) During the two growing
seasons in July, both daily average values of plant Pn had the following order: 5 cm of stubble height>15 ¢em>10 ¢m>0 cm
>control. The values of Pn in 5 cm treatment in the first and the second growing seasons were 2.07 and 1.94 times the
control; (4) Tr and water potential of plants with all the treatments had higher values than the control; and (5) Water use
efficiency increased significantly in the two growing seasons after stumping, especially in the treatment of 5 ¢cm which were
1.38 and 1.42 times the control. In our study, we found that the treatment of 5 cm stubble height was the best in term of
improving plant growth, photosynthesis, water potential and other physiological indices. Higher Tr indicates that the
stumped plants had higher resistance of drought and higher water potential of stumped plants indicates that the drought stress

of T. mongolica could be lightened through stumping.

Key Words: Tetraena mongolica; stumping; growth characteristics; net photosynthesis rate; transpiration rate; water use

efficiency ; branch water potential
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BN 1.91 £% 48 P AR — R RO HE AR TR B, AR AR ORI 2R A AR 0 IR M TP
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WFFE XA TP SRR 22 307 1 0 F SR PR AP DX S5 N B P s A oA B AL TR B AR S RGO X SR 2T
SRFC OIS P L s AT HIAR LA (40°04'N,106°106'E) P Lk, XM X R Bt v o+ WL, P 2 4 Pk oy
139.8 mm, S} A L), BET R 22X, FEK R RERK R 129%—16% , B B ZIRMKA TR
ST FECRRIRRE, 7. 8 HEEKE N2 EKEN 47% , AF 78 K i (3127.7 mm) F4FE K& 1 23
51 ARFE) BRI EON 2792.2 b AE 3R 7.1—9.2 °C, BN I B IR GA 39.4 °C B IR AR AR R
-32.6 °C, it iR ik 63.4 °C IR ARECN 013 ) BFSTIX Ry B R AL BT | o A A S, LA
HRRAETEAR 2EHEAR & g X3, EE UG K (Tetraena mongolica maxim.) | i T ( Zygop hyllumxant hoxylon
Bunge. ) X AfEHEFR LA H 78 (- Helianthemum soongoricum Schrenk ) | 4 il ( Potaninia mongolica maxim.) VP47
(Ammopiptant husmongolicus (Maxim.) Cheng f.) .5t itk ( Prunes mongolica (Maxim.) Ricker) %5432, Hrfr,
VU5 ARFRE 2 I 2 A IR IR AR S IR AR5t R BB TG b, FRGE K IFA T BRI
B FET AT B FAEIR A IRIR 2 23 & B mUAE AL
1.2 XA

EART 3 A4 AR, 6 H EAWI4E,6 ANEE7 A01E4E,8 A Bk AR, 9 H Oy RLizh, 10 A4y
VR SERSPREAL BT 2011 4R 3 H A B ZERTHEA T ZEDRE XN IR B — 2% 20 m Bl AUREAT TR RE AT BB
20 mBEE 420 mx20 m AUREDT ILBEE 5 AT e hisic oy TOI VIV (VS AR MR &R
PR AR 25 SEEIR RN ERCHEAR (B4 10 em)  ARFEARIETS ' AR EE A DU A5 ARAEI (A) SHAR (D) W IR 7R
A=0.14+0.6709D, (R=0.91886, n=77, P<0.05) ; LA &% 21—24 a W& AL T WoAFE 1, AR bR A 5 £ 2 1 R A=
— A BREAERE A, AR A ZURIE, 354 55 1 D0 A R B BOK RSB TSN ST X AR R T
31 mmbPh K FRGS K IFA T HEOGTRI G DU -G AR & 28 AR, #E TR e . X T —IV- SR 2 i
A RR I S REAT B FE RN 051015 em(RICH A (B C.\D) (P4, -7 07 KO8 F T4, ZORFE D
1, DLV S i 2 i A AR AR X R (CK) o
1.3 @ NESIE
131 A RAEIRRINE

2011 4 3—9 Ha), B H A T —IVAFEHD N 7 2EAFR R B VA M PN A9 2 3 AR A AR O b 8 et s 4 1 7 IR B
W, T 2011 4F 10 AWEARERKZESE R, B0 FER BAACERMERN 5 AT RS S, Fitat L
TEN S U, 20 LAZR PG 5 ) R AR5 1) s DN AR Rl B E A3 1l 4 S RBR B RERBEHLIE£E 10 >
AR ST RN AR (B b AT ) T A
1.3.2 JtE ZEBRE 5K FHRCRR H 224

3T 2011 48 7 F i) 2012 48 7 A P RIRIE RIJC KR A TR ga iy . B MR 3 BR K3 H A
ARFPERIID G A KB RL, A ) B i A K B AT & 3—4 7 R L1-6400 #5067 T
JE ZRGE(LI-6400xp , Licor, USA ) 5 11565 A8 (P, pumol - m s 7" ) ZEIE A (Tr,mmolh, O -m ™ s™" ) 554 FEE R
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FOV AR 320 20 ) S DAL, 00 5 25 SR A S 0 oy 5 [ o T AR AR L T

SRR (WUE ) ZIRAMRIE " AR WUE=Pn/Tr i1,
1.3.3  /MEK#H ARk

FKHAETT R AR %5, R SKP M-1400 i #5 2040 K /1% (SKP M1400-40, Skye Instruments
Lad., UK) , B 1 T TS /A 5:00—19:00, 5K 2 h 5 1 UK. Tumer 45 3 5285 55 %
) AR 2 T i 2R 7K AR B0 2 AT O A1, PR 0k S 6 e SR ASE i SRR A MR A B A SRS R A T
2
1.4 Hskbii

KJH SPSS 18.0(SPSS, Chicago, IL, USA) Gei 43 Mric: -h 4 51K 2 J5 22 4347 ( One-way ANOVA) i [l —
W5 SO [R) Ak B AT 26 55 1 3 VA 30, BT LSD i AT 2 3 I8 (P< 0.05, P <0.01) ;K ] Origin 8.0
e,
2 ZER5HH
2.1 PR R DU A AR A KA S A 43T

211 P N DU AR e AR A 52 0 —— MEEA —— fAHIC ——CK

1 B ATETAER S KBRS R %
i Ol A AR E R O A A REEEE") “
FERAAC R . 3L J7 220 nl AL A AR BRG XERRZ 18] g
I RA S %5 (P=0.01) . A A I bREEAE 5
KA K, IA ] 14.35 om, BEXTBRAL (3.21 em) 4IN T & 7
347.04% AMFEB C.D 4¥51% 10.96 8.95 7.21 em, Bex =
WEZH 3 BN T 241.43% 178.82% \114.61% 10

PR G5 — A K IR AR K oL (3% 2) W LU 3
AN B IR AR A KRR, 153 0.2224 em® BN IR s & s 6 7 8 9 10
2H(0.043 em®) B4HN T 417.21% 4038 D Yk Z, 80 BR4H
HAINT 396.98% , AbBE C A1 A 4 Sl HE KT BE L B T
333.83% A1 64.41% , AbFE B C.D Je & 4 A K Bl i
FRKTF CK(P<0.01) kb BE A SEiEAE A KE B EHERKT
CK(P<0.05),

B[] Time/month

E1 AEFESENEAMBEEKETL
Fig.1 The heig ht growt h curve of Tetraena mongolica under

different stubble heig hts

R2 THERE-ERFERFEEKE

Table 2 Situation of canopy growt h in first growing season after stu mping

by A > Month WRAR A L/ m?
Treatmention 4 5 6 7 8 9 Canopy growth
A 0.0092+0.0006 0.0230+0.0013 0.0243+0.0021 0.0104+0.0008 0.0028+0.0003 0.0010+0.0001 0.0707+0.0041
B 0.0133+0.0009 0.0778+0.0043 0.0728+0.0033 0.0227+0.0016 0.0208+0.009 0.0150+0.0011 0.2224+0.0091
C 0.0097+0.0021 0.0793+0.0015 0.0660+0.0021 0.0182+0.0012 0.0114+0.0007 0.0041+0.0002 0.1887+0.0010
D 0.0062+0.0003 0.0732+0.0028 0.0748+0.0040 0.033+0.0013 0.0210+0.0009 0.0056+0.0004 0.2137+0.0014
CK 0.0060+0.0002 0.0144+0.0008 0.0105+0.0007 0.00667+0.0004  0.0027+0.0002 0.0027+0.0004 0.043+0.0013

FPEAR A VI AR (n=5) 5 A SO E O 2t Ho il s A~ BLAR e A0

2.1.2 PRERREX YA ARE A5 AR KR B R R

KFEZN AL D>C>B> A>CK; AR FREE RST8] S8R/ N RN AL HE B>ASC>D>CK
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2 Z TS SEAE AL B P4 A S K RS B K T 4L (P<0.01) . 45 P70 H A 2 JA]
SEFE D AR AE AR K R R K, R 14.51 em, B E R T H B PEA AL (P<0.05) s 403 A B4R P2
AR RN, N 10.73 om, BE/NTHE AL (P<0.05) s 4bFE C FIALIE B Wi B AR AR K& 22 5 A
B3 (P<0.05) , A FHACHA i), 43 D FAbHE C Wi 45362 F AR A K B 4000 1.67 mm 1 1.63 mm,
HIWEES (AN KT A FbRE B(P<0.01) ;4030 A B B A K B R/, FHEA 1.32 mm,
I/ NF B P AEAN B (P<0.05) o

x3 PREREGRSEITSN

Table 3 Statistical analysis of coppice s hoot growth indexes

b3 B4R /em W 2 HA2/ mm 1 SR A/ B
Treatment Size Diameter Quantity

A 10.73+0.08 (n=200)cB 1.32+0.02 (n=200)cB 293+14 (n=5)

B 12.51£0.07( n=200) bAB 1.43+0.01 (n=200)bB 324417 (n=5)

C 12.37£0.08 (n=200)bcAB 1.63£0.02 (n=200)aA 229+12 (n=5)

D 14.51£0.10 (n=200)aA 1.67+0.02 (n=200)aA 221£12 (n=5)

CK 3.56+0.01 (n=200)dC 0.99+0.01 (n=200)dC 159£22 (n=5)

B I AR DR ARG FREFRIR 28 5 3 (P<0.05) , A AIRE FRERIR 22 i .35 (P<0.01)

2.2 OFRE R X DU A AR A AR Y 52 0 43 AT
2.2.1 SERER XIS ARSI

A 2 Al AN E R N 7 A A R RE DU A AR ¥ A R H AR {35 2 B« X" f A < R 4
.,

F & 2 FIAT, 2011 4F 7 H e A5 AbFRAE o6 A s H AR AL 3 S o Bl i 3A WieE BB (11.004547)
B RRZES 1 EE S BURTR] (1000 Z240) R 2 1 h, IS A 3R IR T AL HA R H LS 2 =g X AR
4F 14.00 ZEAFERIRIR,16:00 AT AR 2 =0 W R 2.54 pmolCO, m ™ s™", Jhy I b BRZH v A5 3 3
(4.18 pmolCO;m™>s™") Y 66.77% ; AL FRAL G A HUR(E 42 R R T CK, H AR K /NIT 7 . kb2 B (5. 29
pumolCO,m™s™ ) >D(5.09 wmolCO,» m™s™' ) >C(4.69 pmolCO,m™*s™" ) >A (4.66 wmolCO,» m>s™') >CK(2.55
pwmolCO,m >s™") AbFH B & CK 1 2.07 1%,

& 2 AJH1,2012 4F 7 HIE 145 A0 B S BR 2 e & %6 H AR fL I S B 0L a3 50 1 (i
PRIHEI 70 10.30 2247, I , G a BT R %, 14.00 £ A R AR, T 16.00 2545 258455 2 mig , A
SEFERDBRES 2 W H FE AR A [R] (3.98 pmolCO,- m™-s7") |, CK 5 2 W {H (2.34 umolCO,- m™-s™") Ay &b FH 2 1Y
58.79% ; Kb B A B S 2RI 2 TR BR 2, H Y 9 KNI« ZEBE B (4.90 wmolCO,»m™s™") >
D(4.61 pmolCO;m™*s™" ) >C(4.46 pmolCO,m >s™" ) >A(4.27 pmolCO, m >s™" ) >CK(2.52 pmolCO,m >s™") |
A3 2011 4E 7 H HEY 92.50% 90.61% 95.01% 91.76% 99.95% .

2.2.2 SR EEXTIUA AR ZE RS H A 52

FRI RS K AR o B A A BRAR A, T R A 2R s VR F s s L DRSS R R (1 3)
2011 4F 7 H A1 2012 4F 7 A RFREDU A ARZE S HOR H AR {L 3 S0 X fa 3 < AR S I i

F I 3 BT R0,2011 4 7 H DA R 45 A PR A 2% 195 % H AR A ) S B e i 4 0 (E s BRARH[] (13,00 22
A0) BN HRA S 1 AN IEAE LA [R] (12:00 Z247) 3R 29 1 h, MUJ5 , 28 BB e T 4R T e, Ab BRAT R LR 2 &
g CK T 14:00 A7 B4R IS, 16:00 Zo A7 BLAR 2 il 154 1.81 mmol H,0-m ™2 s™" M4 1 WE{H Y
65. 58% ; Kb BRAH A ZE M AR A KM T CK, H XEAIR/NIFFE A A2 D(3.27 mmol H,0-m™s™') >A(3.05
mmol H,0-m™>s™")>C(2.75 mmol H,0+-m >s™")>B(2.73 mmol H,0-m >s™")>CK(1.84 mmol H,0-m™>s™") ,ALFID J&
CK 1) 1.78 1%,
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Fig.4 The diurnal variation curve of water use efficiency
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