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Effects of water stress and clinoptilolite application on
yield and water use of peanut

XIA Gui-min, YAO Zhen-zhu, WANG Shu-jun, LI Yong-fa, CHI Dao-cai
( College of Water Conservancy , Shenyang Agriculture University , Shenyang , Liaoning 110161, China)

Abstract: To explore the influence of water stress and clinoptilolite on peanut yield and water use, peanut pot ex-
periments were carried out in a sliding canopy. The results showed that water stress significantly reduced the ground dry
weight of peanut. Compared with W3, W; and W, decreased the ground dry weight of peanut by 24.00% and 10.60% ,
respectively. With the application of clinoptilolite, the ground dry weight of peanut increased significantly by 7.74% ,
and the interaction between water stress and clinoptilolite. Peanut yield was 38.05 + 4.82 g under moderate water stress,
7.69% lower than that of mild water stress, being the minimum decrease, while it was 42.37 +1.04 g with clinoptilolite
application and increased by 25.65% which was the maximum value. Water use efficiency of peanut was the highest
(1.50+0.21 g*L™") under moderate water stress (W), while it was 1.68 +0.09 g+L~! after applying clinoptilolite
which was the optimal treatment to get the beat water use efficiency. The moderate water stress and the application of
clinoptilolite could achieve the goal of water saving and high yield of peanut.

Keywords: peanut; water stress; clinoptilolite; yield; water use efficiency

164 (Arachis hypogaea Linn) &3 [E 3= 2Lyl kL D BER TP R AR A A TR
VEYIRIE ER 2 G VR, JLA 7 A S X 1 3 [ 5 W R R ST R rR S RGeE R AR TR
R B S R Ak B MR 70% WIAEHE Z BN R AR B T 53 RS2, A6 2R
PEA ST S FE M A TR R R SRR . 0™ A E S = 1Y 20% LA E, B2 A= o BT %
FEO IR A AR R A EAR . R FIRE I, S AR Y E T R, TR BRI
e FEMRAET 2 LT R, R R FEH A AR AR R R R 2 — 18,

%5 B #A:2016-10-10 &8 B #A :2017-01-07

EE&TE : HRARET I CRA)BHIFE T H (201303125) ; 5 45 2 1 - SR 81 L BURHIF 5L 4 1564 9 1) 390 H (20112103110007) 5 18
THEMRFENA SRR HE (2012)

EE B EAER(1973—) , o, I T RE N, Bl #, -, tA: S, 58 ATl 5 A4 S35 K RS S F AR BFSTE o E-mail : xiagm1229
@126. com,



134 TR A AT

o 36

REA B AE R —Fh R AF AR 4 8 5 KR, B
Hiz el A= 7= vk T e 48 i 3 Wy 3k
A, i BB BT T G2 fif - 43K 4y JBihae | BAIG AR K B A A
WIS RELT (E AN R R s A K 4y
JoiRIE it FHAE AR A AR 7= S BRI & #5 HL Y K AR IE 1 2
B, Gt 7K G I8 XoF A A 3 LU 4 2R, R L AE
AETKAE A EENMELE L, AR RE
Y, WA R — Pl B = e AR SR 1K B AR RS,
REAS A BB IR 2 AR B G 2 AT abf P W A B il
KAy o BRITAERT N LA e TSI RO & iy
YERIBEGEES , & B0 o A B A, R R 3R R0K
A BRI, T FE K R0 e
MEENZE KR WA 1 L AR, B 5T 4 B it A A1 AT
HOMELEK e T, W% K 73 B e O, #l TAE
WK 2 Wt L Xiubin BF5E A& Wb A R X 8
1535 FAR R A5 1, ®UE WA e iR m A L2
PRIKRE 7, Wl /b b R AR AR, R LA 2R
P20 R WA R T R S KR 2 A,
SRR AT RHIE RS B K A3 W8 S5 0F T R A K 3R
B T X AR K A FE B, Zahedi A5
AR A ATt PR SR T A1 6 T P 1 5 e, e IR
TS AR R WA RE S 4 = K A B AR RE T, U
DRSS T30, T AR B0 S8 AR BTG L 5 Reza
XFR AT K 3 3B ST b A AN A 28t FH ik e
TR WA RN A= ZE 0t FH 3 = R 3EAR T 5 K i, G2 i
I 200 R 7 5 P, T R R K 0 e £ A
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Table 1 Treatment arrangement

TIEEKE/ % WA/ (g )

AL SRy .
Treatment Soil moisture Zeolite
reatments content /(g plot™")
gk AROEL o s 0.00
B (W) No clinoptilolite ’
Severe water AT (Z,)
_ 55% +5%0; 36.00
stress Clinoptilolite o0
ks AWAEL oo s, 0.00
JHpaE (W) No clinoptilolite
Moderate water it il 77 (Z,)
) 65% +5%0, 6.00
stress Clinoptilolite o EIT0 ?
gppksy RO ., +5%0, 0.00
Tt (W) No clinoptilolite
Mild water ik (Z,)
) 75% +5% 0, 36.00
stress Clinoptilolite o0

TE: 0, HHEHEKER . Note: 0 is the field holding capacity.
1.2 MsRSNE T
1.2.1 #KELEKE H 6:00—7:00 5 H
L RPAEFREE, 0 H PR 2 2 BIFE K i, TR 4%
A PRAE A% H FEAK S, AT AH I AR B S AR 4l 1153
K AN BB TR I IC s H K E S
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MK AL,
1.2.2 =% AFEWX AR AT
B AS, MERA T SR S A0 BRAE AR 1) AR SR ORI
RORH, FEIN 5 B AL BRARFZ R, B TSR Ak
IR AR
1.2.3 JAFHRERRE  YPOERNIR A0 HH
PRACAE AT b AR A o 85, PR, SRS 70
PR T 105°CRKE 30 min 5, T 80CH T &
R, fE TR TP A A, PRI
1.3 HiEsHh

F SAS(version 9.4; SAS Insititute, Cary, N.C.,
USA) XS5 R IEATGE T o0 Mo A BORE 399 1) i 4i
BT 3 AT, P 24 %00 Duncan 2 8 £ 40 % (DM-
RT) #6474 FH 8] 1) 22 FHAG 5

2 EEREAM

2.1 AEEKS BRI K A N AL
EBFERFERRB LRI

AR 38 (W) ARl 41 7K F- () 48 A2
EERTE R RARE ATy 22 A B3 2 B
IRIIER A 2 AT, WO AR A B AR T AR
T RMOE H A B S R, 7 % M BT A
AR, AR T E R 2 (H AR LR
AW, 2 x WSS H AR &0 i (3R 2).

%2 RREASBEIHERFLETHE
wEMBTFERTFERRBLLAEZSHT
Table 2 Analysis of variance of ground dry weight,
root dry weight and root to shoot ratio of peanut

under different water stress and clinoptilolite

N b1 o R RO L
=3
S Ground dry Root dry Root to
Pouree weight weight shoot ratio

Rep 1.26 0.31 0.04

Z 35.84" " 16.57" 0.36

W 246.02" " 164.66" " 105.96" "
WxZ 15.217 4.95 5.16

T RPRERRS ERFRZOHEF 2000 FE, 5«
Fl* = HIFRIE P<0.05Fl P<0.01 KF EZEREE. Rep R
XHFZE

Note: The values are F values of the variance analysis for each main
factor and interaction factor, meanwhile * and * * were significantly differ-
ent at P<0.05 and P <0.01 probability level, respectively. Rep indicates

block factor.

NGRSy BN Y 2 R EY & S e N RS YA
A B R AP (E S AR 30 R 3 Al
PSS ) SR S T 1 (1 A B N e R S =

Wi, W, Fl W, 7K 76 A i b 38 T 5 45 B R AR
24.00% 1 10.60% ; [ % R+ & B4 BIRGA , AEA4 L
T AR EYEE T 7.74% 5 K 43 ka8 Fgh & ik A
LHBON M 15 W,Z,, WaZy FIl WaZy 4625 HL F 3B
THEEK, A =& E IR EEES, UL W,2, i35
XS AE A L 1B T SR N IR B R IR 2K Y
Hir.
%3 FEKSME HEEAREERERE
RITE 4 EE T E M T HE

Table 3 Mean ground dry weight of peanut under the combinations of

different water stress and clinoptilolite and interaction effect among them

BRI (g )

Ko rig ¥ -
Water Clinoptilolite(g*pot ~!) FHfE (g bR 1I )
Mean/(g-plant ')
stress O(Zl) 36(Z,)
W, 25.25+0.95¢ 30.81+0.76b 28.03+3.29¢ 24.00%

W, 32.38+0.73b 33.5+0.66ab 32.97+0.89b 10.60%
W; 36.62+0.17a 37.15+0.19a 36.88+0.34a
) Mean 31.41+5.17b 33.84+2.88a
TR PR TR = FRifE 2 AR 7 FEROR P < 0.05 KT
EREREHE.

Note: Satistics on the chart are made of average value + standard devi-

ation, while different lowercase letters significant at P < 0.05 level.

ALK 53 138 it AR A& A1 25 T AR AR T8
WRTEILE 1, B 1 AT, A 7K 53 e 3
R /N, W W /N 45.41%, 2% 8
HLWo H W BN 14.59% , 22 5O 83 it AL &
AR TEEM T 5.91%,

2.0¢
EWI1
S W2
== W3
Srommm7
e=a )

\% Z
JK 53 by 3 FER WA
Water stress  Clinoptilolite
4 F Treatment

B kSMHMEMBRHEXEERTERNZ N
Fig. 1 Effects of water stress and clinoptilolite

on root weight of peanut

ANTR) K 53 By 38 % A6 A4 AR e b 1 e g an 1l 2
o B 2RI, KA Wha R BE AR, A6 AR ARG L
No Wy HE W3 FEAK 40% , 22 5% .35 W, fil W5 e
ML 43900 0.04 F1 005, 22 57 Rk i K .
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Fig.2  Effect of water stress on root to shoot ratio of peanut

2.2 AELTEAKSEMPLHBAEAXEE
ERFEMHEZRNZMN

ANEK G338 (W) AR A B A1 K- (2) T AR
JE R i AR Ty 22 iR B 4 455 .
& 4 0L, W OB P R S AR B 2.7« W AS
HAER B w6 AR 77 1. Rep MY 3 K Fh
0.3714,ZEE KT 0.05, P IR 50 Ab H i — A~ T & (7]
ZE 5RO AR IS5 e AR T T EE
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Table 4  Variance analysis results for the yield of peanut

3 il 1
Factor DF F value
squares square
Rep 2 4.70 2.35 1.12 0.3714
Z 1 121.06 121.06 71.44 0.0137
Rep x Z 2 3.39 1.69 0.81 0.4783
W 2 929.99 464.99 222.26  <0.0001
7Zx W 2 28.18 14.09 6.74 0.0193

AR K A3 T 36 b 31 (W) FA} & b A1 K- (Z2) 4k
A sElR = A 3 i B3 AL, KA s i
FRAIEA . o K S aE (W) e
IR (W) A6 7= i A B BE /K 3 e (W) 43
AR 39. 719% 1 7.69% . 156 B 7K 43 Jily 360 72 5 A

K AEAEW @ E, ARE AL R
11.52% . FIF DMRT 45 38 32 %5 7K 43 38 (W) A}
KA1 (7)) 38 H A AN R KSR T g, Hogh SR an
Bl 4 frR. HIE 4 ol A (64 7w BB G 8 WhZ,
(43.28 +1.88 o) Fll W,Z,(42.37+1.04 ), HE{E I
WoZ, o Wiz, fEA P FEAK 2. 10% , 2 5% A 3%
Ui FT R WA ()it FH RE A% R A K 43 JBih 38 3 A AR 1)
Wl o TRINARE A WA LE T RE K S5 B8 2R 1S
BE R Bk, HAB M 25.65% , Fyk ol T K 43 ke
T 12.23% , 55 AR EEK I3 HrA 10.38% .
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Fig.3 Peanut yield under different water stress and clinoptilolite
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Fig.4 Effects of the interaction of water stress and

clinoptilolite on peanut yield
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Table 5 Variance analysis results for the yield components of peanut

ESES /g AR % H=ER /% FERAS A AR A
Factor Seed kernel weight Plump pod rate Kernel rate Number per plant Plump pot number

Rep 1.07 1.81 1.24 0.39 0.37

Z 356.57" " 28.06" 34.53" 4.46 8.27
Repx Z 0.76 0.73 0.28 2.38 2.65

W 6319.23" 7 6.29° 2.40 75.047 7 70.91° 7
ZxW 49.06" " 5.21° 7.62° 2.38 4.55°
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Table 6 Influence on peanut yield components under different treatments
' FAZHE /(g k") . . EE7S 514 S
=B ff -1 Ki 4 2
% A TR T emel R/ % AN " R IE Nt S
Yield . Plump pod Kernel
Factor Level e plant=1) weight rate rale Number per Plump pot
g’ plant /(g-plant=") plant number per plant
R Z, 32.05+7.15Bb 27.33+5.83B 79.21 £5.40B 73.78 £6.11B 32+7A 26 +7A
WA Zeolite
7, 37.24 +8.47Aa 29.18 £4.90A 85.63 +3.37A 75.91 £4.52A 36 +9A 31 +8A
KA G W, 24.65+1.97Cc 19.69 +1.78C 79.28 +6.73B 79.93 £4.62A 24 + 2B 19 +2B
Water deficit W, 38.05 +4.82Bb 30.36 £ 1.04B 85.41 +2.46A 80.59 +7.63A 38 +3A 32+3A
stress W; 41.25£2.77Aa 34.71£0.29A 82.56+5.28AB  84.45%5.30A 40 = SA 34+ 6A

VA HR T + bRUE2E s LA E AR B FEER P<0.05 KT F B3 AR/NGFEER P<0.01 AT T 8%,

Note: data are shown in average value + standard deviation; capital and lowercase letters indicate significance at 0.05 and 0.01 level of probability, re-

spetively.

X PR AT T 25 40 BT ol L, S [ K 43 ke
X AE AR TR AR BRI SR AR A S R, X
LSRR B 2 R 1 K A 38 R A SR i R
(R S) o BURMA R FH I B 3 5 fE A A
i, B E R R R R, R, A DMRT 4
X 7K A il 3 R 2 A T A AR AN [ K-
s, a5 sk 6 U, MFRATHL: (1) fEAKF
(I & SIER B TR A IE R 12 D= A
Wy A8 LE R 53 I ARG 43.27% F 12.53% , 7K
S ) 2 5 S 2 AR A B SRR A SR B B K 43
JEREFESEIN T (5 W, [6] Wy 225548 B 3% 15k
TSR W, KEf R R 85.41% . (2) TalmatR w4

G IAE AR A SRR R il T
6.77% .8.11%#12.89%

1 1 P A AR AR FRAE 7 1 7 A BRHE A () AH 56
B, R 7, T LIS BIAE A 52 BR 7 1 AR L B
PRSBSOS B0 . 3 1E A0 O, [ i 5% i 35 1E A
KMk FIR R R A OG5 T 25 40 BT FIAR G 43
BT AT A%, 77 5 25 A8 LA B % 77 it 118 5% 1) DA K 1)
INHESR IR hy < P A EE MR 6 AR SR A I SR
AT S K A3 T FARE A A A EL A R
A6 P A LA AE AR 52 ], WoZ, AR AR 3RS A
7 A B o

®7 EERFENFEEROBERME

Table 7  Correlation coefficients among peanut theoretical yield and yield components

- — o A " .
fibs 7?615%6;(15] fzivh: HoR A/ % M=/ % /Eﬁ/lf*i%%) 1@‘Pfli:\nrlﬁl/i)tlnuir:i:ber)
Index (gl ’ - >° Plump pod rate Kernel rate Number per plant }I‘r)ef plant ’

g" plan T pe i

et/ (g R 1) Yield/(ge plant™!) 0.861" * 0.518" -0.224 0.879" * 0.876" "

1~ Seed kernel weight/g 0.368 0.385 0.843° 7 0.822" "

SRR Plump pod rate/ % -0.083 0.525" 0.670" "

H & Kemel rate/ % -0.058 -0.021

FARRIEEL Number per plant/ (4> #% ") 0.979" "

W= Fl» = 3BIFRTE 0.05 F10.01 /K EREMX,

Note: * and * * indicate significant relevant at 0.05 and 0.01 levels, respectively.

2.3 ARTEASBBIEE AN AN EEE

KRER KT A E N

AR 3 3 Rt A o PR A BHLAE AR HE K
KR BRI 2200 r e R 8 ik, & 8
AT, 7K A3 Ty % 48 A 7 d B 7K 43 ) FH 30385 i A
2 AL Rk A it P S 3 R e AR A 7 i KoK 43 )
FHZCE  RAE A E K B2 M AN 255 7K 0 e AR &
A1 1 5 B ASON SO AE A 7 i FLAT BB R

X WA 4000 32 ] DMRT #5475 [H 2 A ) 7K F

(7] 2 57 MR A AT A B 26 90 |y 3% 9 T, it AR
KA BRI . B i A A 7 i DR R AR A K
AR, R REAR S A4 KRR, 7,
F 7y AR FHRCRAE G 15.52% , 22 5% 8.3 5 AR K
SrTa X AR AL AR PRI E R AN o T BE K A3
i (Wy) 18 A2 7K 43 B A% 4 K (1,50 = 0. 21
g L7, O I2 BE (W3) R B K 43 ki (W),
HA 4 1.42£0.08 - L™ 'F11.180.13 g L.°', 55
S Wy Lt Wy W 6 A2 7K 53 ) R 43 3 3 T
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25%F1 13.51% o Bl KSR AW , 4624
KAWL, Bl Ws > W, > Wi, H W, F W, Ws
JrHis/b 3.68 LA 8.08 LKA
RS MEFTEEKERKSFAVERRFESN
Table 8 Variance analysis results for yield, irrigation

amount and water use efficiency of peanut

=i ik KPR
REY /(g ) /(L-#5~Y) Water use
Source Yield Irrigation amount efficiency
/(g plot=1) /(Leplot™") /(g L7h)
Rep 1.12 3.86 0.49
7 71.44 0.27 36.44"
W 222.26" " 128.17" " 21.46" "
WxZ 6.74" 1.89 3.16

T RPEMERR & LR TR B FIr 2530 F {8 x Fl
® % SPRIFRRTE P <0.05 Fl P<0.01 KV E2EREBE,

Note: the values are F values of the variance analysis for each main fac-
tor and interaction factor; * and * * were significantly different at P <

0.05 and P <0.01 level.

R TEKIEI LA SFI AR
Table 9  Influence on average peanut water use

efficiency under different treatments

.. " KA FIFE
A/ A -1 .nA7 H/L N
b ¢ P Vi i ('g @Y HEKE /(L)
Yield Water
Factor Level ( 1y consumntion Water use
g'pot onsump efficiency
el 7, 32.05+7.15Bb 25.23+3.34Aa 1.74+0.19Ba
Zeolite 7, 37.24+8.47Aa 25.05+4.00Aa 2.01 +0.26Aa
A W 24.6521.97Ce 20.98+1.21Ce 1.18+0.13Bb
Water deficit W, 38.05+4.82Bb 25.38+0.89Bb 1.50+0.21Aa

stress
Ws

41.25+2.77Aa 29.06 £0.99Aa 1.42+0.08Aa

3 30 ®

3.1 AREKSBHEMSE AN AL EF
FERTERREILHZM

R T U AN IR] K 43 38 Rk & s A 0 A AR L
BT AR H AR L s AR R — 8 1 2=
A3HT (3 2) AT AN, A8 A L3R T F Bl 2 7K 43 a6 A
b YT (A o | R ) S S N RA B
FEBTE AR 28.03 £3.29 ¢ F132.97+0.89 g,
430 FL 32 BE 7K 43 haE A6 A B35BT 7 (36. 88 + 0.34
@) FEAIK 24.00% F1 10.60% o &% B A1 7 its A 2
FAR AL LA T RS IR B IR 7.74% , Ui
REE WA REE K i o[RBT, P 5 58 B
IIATEE AT WaZ, W W37, Fil WoZ, =K A6 AR
T E (R RN, e WaZ, AR
Mo LT E R AL, AR R AR ASOK S RS

O BT R R R T R R T
AR/ I TRT S A6 A W ROK 43 FR R 43 B8 RN
SRS I W 5B &% ) STER T [ s A = s e =
K 43 M3, 5K Ay B AR AR T E WA T
45. 4 %, 22 5 W F, WP E K o Wi s T
14.59% , 2R 0.3 . ACEARTE A&k oA
JEHEINT 5.91% , UL RH L A ] e o A B R
B K BT 2 A R 5 A A K R R, T 3
KA 30 DA I 5% 7K G W 3 6 A6 A4 AR T B 5
[ Bt AR 5 b 32 7K 40 e %) 5 i B 5 AR S A ]
T Ak 3l %ot L TG S 355 0, mT i i 191 4R Ko
WA AR T S AMEALE BT 8, 25 Bk, S8t
AR R A = B AR, T B AR BGE B b 13
FEAE MR bR TN fe A% 77 5, Fh D A2 P B K 43
MR TGS o0 AR S T A7 Ak B2 AR B R A b b
AR E AR
3.2 AEKSHEMBEFBANANEETER
FEHERIZNE
R T UEHIAS ] K 43 e R R ol %o A A 7 i
UREI AR A6 A 7 1) O 22 43 B (3% 4) 1 DMRT
SIBTEE R (R 5) AT AN, A6 A 7 Sk DR FH A} R A i
B, LR INA & B A EAS It N A & kA A A e
P 11.52% o FifiZG 7K 43 38 % B2 AN W sl e, A8 A=
PR N s SRR K T8 A U BE R K
BAEA = R 39.71% 1 7.69% . W& #H & A
VRt T, A 28 gk 7K 43 P 3o A6 A A7 5z, i ]
4 AL, BV B A B A8 2R K A W aE AR
(=i, LA BE K 43 Bkt A A 7= BRI T 25.65%
T8 B 7 I B AL, T A B /K 4 T 3 A A 38 7 e
> AR 10.38% , %45 S IR] BRvE O BT 5L T
KA K ARG XK RS = R m s it — 8. HHh,
VB R S0 7= B G I FF A 5, Bl 5 7K o0 W 3
FE R R0 , A FL AR BE K 43 Thaa 28 A K
Gy AEA R S RIBEAR T 43.27% F1 12.53%,
H LA 7K A Pl 2 X A A B A 0 G RN S 4
TEA = B (R O . A WA A it P S 4R e T AE R
FRAa, HABIR 6.77% ; U AR R A4, 7
BIHERE T 8.11% .2.89% o UL, A6 7= i A}
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