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Effects of exogenous phosphorus on root morphology, chlorophyll contentand yield of peanut under
different zinc application methods
SUO Yan—yanl , ZHANG Xiang'*, SI Xian—zong] , LI Liangl , YU Qiong] , CHENG Pei—jun' s
QIU Ling—jun', YU Hui®
(1. Institute of Plant Nutrient, Resources and Environment, Henan Academy of Agricultural Sciences, Zhengzhou,
450002, China; 2. Zhengyang Institute of Peanut, Zhengyang, 463600, China)

Abstract: In order to clarify the suitable phosphorus—zinc combination application mode and its possible
mechanism for peanut high yield and efficiency, the field experiments was conducted to study the effects of exoge-
nous phosphorus rates on root morphology, chlorophyll content and yield of peanut under different zine application
methods. The results showed that the phosphorus application promoted the roots and shoots growth of peanut, im-
proved the SPAD values, and increased the yield and its components. Peanut yields under P45, P90, P135, and
P180 treatments averagely increased by 36.8%, 60.7%, 48.3% and 39.2% compared with non—phosphorus (P0O), re-
spectively. The zinc application method had no significant effect on root morphological characteristics and above—
ground vegetative growth of peanut, but had significant effects on the number of fruit filled per plant, fruit weight per
plant, and chlorophyll content of leaves. The yield averagely increased by 6.4% and 10.1% under foliar (Znf) and
soil applied Zn fertilizers (Zns), respectively, suggesting having higher yield under soil zine application. It was ob-
served that the root and shoot growth, yield and its components of peanut was not significantly affected by the inter-

action between phosphorus fertilizer and Zn application methods, the study parameters were the highest under
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ZnsP90 treatment. In summary, in lime concretion black soil area of peanut production, soil applied 90 kg P,0s/hm’

combined with 30 kg ZnSO,+7H,0 /hm* improved the root morphological characteristics and photosynthetic charac-

teristics of peanut, which was a suitable phosphorus and zine fertilizer application method for peanut growth and

high yield.

Key words: zinc application method ; phosphorus; peanut; root morphology; photosynthetic characteristics
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nificant difference at P < 0.05 among different treatments. Same as below
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Fig.1 Effect of P application rates on root morphology characteristics of peanut under different Zn application methods
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Fig. 2 Effect of P application rates on leaves SPAD values of
peanut in podding period under different Zn application methods
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Table 1 Effect of P application rates on main agronomic traits of peanut under different Zn application methods
Jb 3 TEE sk SATBE
Treatment Main stem height /cm Lateral branch length /cm Total branch number
Zn0PO 20.5d 24.1e 7.0 ¢
Zn0P45 292 ¢ 32.7¢ 9.0 ab
Zn0P90 350b 38.3 ab 9.0 ab
Zn0P135 35.7b 385a 9.0 ab
Zn0180 389a 40.4 a 93a
ZnfPO 23.0d 26.7 de 7.7 be
ZnfP45 295¢ 333¢ 103 a
ZnfP90 34.8b 39.0a 10.0 a
ZnfP135 359b 385a 93a
ZnfP180 37.7 ab 39.8a 10.0 a
ZnsP0 23.3d 27.7d 7.7 be
ZnsP45 313¢ 35.5 be 9.0 ab
ZnsP90 352b 38.1 ab 93a
ZnsP135 350b 38.6a 9.7a
ZnsP180 38.1 ab 39.0a 9.7a
XK 25 225381 Two—way analysis of variance (P)
Jifi Zn )52 Zn application methods 0.825 0.342 0.066
Jiti P4k P application rate <0.0001 <0.0001 <0.0001
Jiti Zn 77 3t P
Zn application methodsxP application rate 0199 0293 0913
TR FHIE] L 90 kg P,O/hm>Ab BRAY A6 A 7= i fi ey, k384
2.4 AEEHEAXTIINEBRNEETERTEW  EHEEAA FrEo™ , w180 kg P,0/hm’ i 4£
L ERR S0 Az B R R EREA A TR A P R

XUH 287 2243 M 8 W i i e Q) 46 A4 B
PR SR 55 SRR AR SR ™ i ) 3 el R
it 5 X A A 7 e B A s R 25 e A A b 3 it
o FOxi P ELAE X A A 7 e S HAA B R R
ANBE(HE2) ., MFEMEEE 2T, i LAt n]
A TR) A b 4 g 46 A R PR SRR A SR L PR AR SR
R A B B X 44
AN ES S =g A N o 1 e 1 (A i 7}
B T B RN - 4 B AR F R P45 P90, P135 Fil
P180 4b P B 10 SR 5 43 1) L X R (PO) - 24 384 i
36. 8% .60. 7% . 48. 3% F139. 2% , B ¥k 11 5 43 )
X HE NN 31. 8% . 65. 4% .56. 8% F148. 0%, A R
I35 EE PO SR8 0 5. 7% . 11. 5% 7. 1% F1'5. 2%,
A~ RS 218 0 10. 8% . 18. 9% . 16. 8% F1 15. 7%
AL, 90 kg P,Os/hm? b BB 46 A 7= £ 1 4 44 15l [N
R IR B, Forh PR M SR S R AR SR O iR
b T E R E AR U R AT g S
TR A SR BRI B R AR SR EE R R R A S . il
e LU AN Tl 3 Ak B I S B AR A ISR e A, R [ Ak

AR RV T P AS [ AR B A vy 1 A
I e HL R R 2 G v A it A v it A 22
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16. 3% , BAR M S TS24 16 90 20, 19% F125. 3%, (3
PN 0. 5% F1 1. 0%, H A~ RS E38 00 1. 5%
1. 6%, MM 46 A= 77 & S 3 38 fn 6. 4% i
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Table 2 Effect of P application rates on yield and its components of peanut under different Zn application methods
s TARRI R AL PR AR R i
Treatment Full pods per Full pod weight  100-pod weight Kernel rate Yield
plant / glplant Ig 1% /(kg/hm?)
Zn0PO 7.6c¢ 9.7d 152.6 b 67.2d 3230.5f
Zn0P45 11.0b 13.6 ¢ 159.5 ab 744 ¢ 4375.5d
Zn0P90 13.0 ab 18.6 ab 168.1 a 79.5 ab 52159¢
Zn0P135 11.9b 17.1b 162.1 ab 78.1b 5017.9 cd
7Zn0180 11.3b 16.1 be 158.8 ab 77.1 be 4501.7d
ZnfP0O 9.0b 134 ¢ 151.2b 67.7d 3390.6 ef
ZnfP45 12.1 ab 16.8 b 160.7 ab 75.1¢ 4706.8 cd
ZnfP90 142 a 20.1 a 171.1 a 813 a 5565.0 ab
7ZnfP135 13.2 ab 19.7 ab 163.1 ab 79.2 ab 5304.7 be
ZnfP180 12.2 ab 18.6 ab 159.4 ab 78.6 ab 4815.2 cd
ZnsP0O 9.6 b 13.8 ¢ 152.4b 68.0 d 3506.2 e
ZnsP45 12.6 ab 179 b 162.1 ab 753 ¢ 48313 ¢
ZnsP90 147 a 213 a 169.6 a 80.5a 5814.0 a
ZnsP135 13.6a 203 a 163.6 ab 79.6 ab 5535.9 ab
ZnsP180 12.8 ab 19.2 ab 161.7 ab 79.0 ab 4937.5 be
WUR 2 7 2243 M Two—way analysis of variance (P)
Jiti Zn 773X Zn application methods 0.011 0.006 0.735 0.091 <0.0001
Jifi P4t P application rate <0.0001 <0.0001 0.0013 <0.0001 <0.0001
Jiti Zn 5 it P ik
0.749 0.440 0.987 0.991 0.486

Zn application methodsXP application rate

R3 MEHMESHERRESERMHEREEN~EXE
Table 3 Relationship between P,O; application rate and root morphology, chlorophyll content, yield of peanut

Tty 2 I - X (P,05){&
Zn applica- HEREY IR R? Pl Thresholds of P;Oi applica- VIR
oo Regression equation P value . mle‘ Max. of Y
R Length /em Y=662.797+6.033X-0.024X? 0.992 0.008 117.639 1017.629
MR SurfArea /em? Y=598.980+5.093X-0.023X? 0.964 0.036 108.898 876.271
AisE  MRAEF RootVolume / em? Y=43.380+0.217X-0.001X? 0.967 0.033 115.816 55.965
Zn0 HRISHL Tips Y=1781.971+21.286X~-0.093X? 0.950 0.050 114.659 3002.270
SPAD i value Y=37.086+0.203X~0.001X2 0.960 0.040 102.443 47.488
7 Yield / (kg/hm?) Y=3208.369+34.765X-0.154X? 0.987 0.013 113.005 5172.679
K Length /em Y=673.034+6.594X-0.028X> 0.909 0.091 118.716 1064.468
MK SurfArea /em? Y=635.729+4.727X-0.020X> 0.959 0.041 118.059 914.731
i misE AR RootVolume /em? Y=44.743+0.286X-0.001X> 0.859 0.141 108.228 60.237
Znf HRISEL Tips y=2361.229+19.132X~0.089X2 0.981 0.019 107.746 3391.931
SPAD {H value Y=39.146+0.218X-0.001X? 0.952 0.048 108.341 50.973
P4 Yield/ (kg/hm?) Y=3391.340+37.691X-0.167X? 0.986 0.014 112.957 5520.087
K Length /em Y=729.609+8.593X-0.037X? 0.986 0.014 116.721 1205.073
MR SurfArea /em? Y=686.809+3.952X-0.017X? 0.975 0.025 116.991 925.986
T4 ARAFH RootVolume/em? Y=50.837+0.174X~0.001X> 0.821 0.179 115.206 60.842
Zns HRIJHY Tips Y=2519.114+23.359X~0.105X> 0.955 0.045 111.226 3818.196
SPAD {H value Y=41.794+0.202X-0.001X2 0.977 0.023 109.028 52.808
774 Yield /(kg/hm?) Y=3481.854+40.358X-0.180X? 0.984 0.016 111.999 5741.860
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B SR 2 i B o B B KAE A I 5 P,0s FH
TE 102. 44~118. 72 kg/hm?, 4b T 56 % & /Y P,0,
1 90~135 kg/hm* Z 0] . Al EE 7 2 MH] , 45 H6 bR
R KEMEREAE—E 25 HEFAKR,
3 3t
WRERAAF W EZaE, HEKET
LA B n] S RAF AR RIE XY e T
56 2 M R RN R 2 i Y R EL AT EE R U, R
YR R AR & E BA T, 8% 2 AL 6 A )
RER KL E = AL 307 B ST BE AL
KRG AR R HAR AR R B B R BRI
ARAREE) 5 S B0 J el /N () R A 10 B o s 8ot {1 ol
WEAR TARR LB, B M E I A R I8 H
)il Bt A R T B NG A AR R R AR R AR AT
PR, 2o e it e et (A AR AR RAE K AZBH . Zhang
ZEROIDA Shy it it B 2 A9 24 I (0~100 kg P,O5/hm?) , 0~
60 cm 1 JZ N /INEZ AR R ARBR AR K 2 BRI AR 3% 1T FR
By Je 1 n 5 T ROE (>100 kg/hm?) . ABF5E A,
W+ I 7EE H B 5 (0~90 kg P,0y/hm?) i
BB A AR AR AR AR R K R R SR AR R
AT ot Tl e ) 398 1 T R0, A4k S 14 e v A6 A
B R IE AT bn IR e 5l0A B BB, it FH 135 kg
P,0,/hm* 1 180 kg P,0/hm>4b 3 46 1F 3 R &% 18 548
P EEitE 90 kg P,Os/hm® T FEAN B3 FEAEMR R AEK 2
RH o s 8 it B 400 o) 4 A4 R AR A K A 2 2 IR T g
JE AL R 3 R A T R O A AR (I 2) 4
il TR =Y N 1 R R s i AR R R,
P TR R AERY, —J0 R EHE Bt R
B, RS AR R AT bR SRR EE K
7 A 32 B 45 8 BRI S R AE I 2 PO, H
HAE 102, 44~118. 72 kg/hm?, B T A BF 5815 HY 0 52
PrifERE P,0, i 90 kg/hm?, {H H T 90 kg P,O/hm? 4k
B A8 AE SEBR 7 W = T —oT K mE Oy R AR Y
7 B R, L, 37 90 kg P,Os/hm™ N 8 R
BN X e it . SR EMAERER
DT HMERITER AR THYRRAEK KT,
Broadley %W 58 R W], SEEII G K FEAR R R F , 1
TR, X AR MR AR R AP
PR FORAR R R B S AR RN SR
MR B 5 AR P 34 B2 A i, AR 25 FE 1S K,
A . Nguyen SFF 5T T 4 3l F1BE A S0 XF
L9y Wi 3 TR AR L AT A S ), 45 R i 300 B it gk R
B — 5% BAVE X BAR H B R AR R AR K B

M), T B it s N 2 . H AT E A B
it FH 5 A A 8 o T g AR R A SR B T AR
B A T A 498t FH (Bt R it ) AT T IS it 3 i B
FXTHSWANE T REAGREGEDA, S
T 3L ) it 0 38 i T AR BRI e v B g
JEFE . AHESE &I, AR R B P, 38t B A
AW BF LA B E T AR AEAR RASTESH8 45, (HN
ooty =R JC 8 35 22 5%, DL R i R AR R AR K
FIE RO AL BEA AE A AR K AR R A
TALFR AR AR IR B304 AN Tt B 43 0l 35 n 14. 9%,
9.6%,8. 9% F122. 5%

it B 7 G AP B 3 RO . A L
Ty VAN N £ 751 2 O e 8 0 B s |
H1.3% 1. 0% F1 4. 2% , VLA TCIe & /NAZ L FoKid &
JRAR A B N A 3G 7 ROR AL T i T R, A E
g8 Rty X R e AR A i, I TR R 4 4
it B 3 ) O AN i AT 411G 7 6. 4% F110. 1%, 4%
Jiti B 7 S L I TR R 8 3. 7% AT UL, it B
(G 7O L TSR AT, X5 UL TN |
FORAUKAE B Zie—8. HAERTEHRERRNY
YE , B R e i B B A A P AN () 72 B b 5 1) 4
AERK P EA RN R e Y
TP AE ey =N 5 NN <R R (OB N R 7 R (B O R i
5 SRR A, A S S i e A BAE R A
A i S R R R T e R et e i
R HE A A PR = FORR IR (0 A It A o A B RS
BN KL AN 2 T/ INX A e  SESRE TE R E
B s B 37 Mt il i | 3t e o A B B
S g Y, Gobarah ZEUIHE ST T A it A AR 5 0 v
W A X A A AR R Y s ) 2 SR R B i
Wl b TR A S 3 S BAE Y W e T AR
A IR AR AR TE R AR IR H
FEA R, ARG, AR T A B
BFRARK 7 M i B R Bt 7 Okt
HR 2 Fi i b B A K TGt 3552 i, % B R A SR A R
R SR A 5 e e 2 Bt =X e i AR
XTAEAEAR 2 kb 30 32 AR 7 B a i R
RPN 3 3 nT B T RO it i e
DLt A AE R E R A R A A K

gl A7, ZnS0, - TH,O VE R BERE w12 v
BN FAK OKFE AL UEY b ARSI
FHEERE A A ZnS0,-7H,0, F &4 30 kg/hm?, 2 [1] +
Herpay A 3.3 kg/hm® B K o B 0T S5 164 1k
RACHS , it e A2 AL AR A K R R A 2R 7 i, G
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AEAE di ST RTIIR TS SR I, A A= 7= o A i 55 it
i I M G R B AE 0~30 kg/hm? Vi ]
PN, A A B 7 it B R IR R 2 AN 23 H B
352 I I, AT ST 45 2R O ZnS0, -
TH,O J5 P HE Y 23 5 8O  (H RERS B 1 O 5 B it
FHAFHEAR BEAR A .

4 Hib

TCVE I T W A S - HEE R, AF — 2 i B AT e
FHIE N (P,0,<90 kg/hm?), Fifi i i 7K 734 0, 46 4
WAL R & F 250 B kL
B Ko i b R 2R A SR e R E B
ANFEFRBE TR it EE 7 2O 6 AR AR R N s
PR A I N TE A ERTE SIS S g R /S
IORES QN R 7 TR S | Wl Qi = M el 2 TR 2 R (S
RORBT o m i R, SR vT A A i Y
IS 255 0k B Tl v T it B AE L A B, 2 P
Jith B % i T Wl Il FH 2k 22 X6 46 A 6 A 1 i A 0
EH .. B, TERD 22 B+ X AE A AR 7= 1, it
BLjiti 90 kg P,O/hm’ M35 T AEAE MR RIEASRHE, 315
TORB R, BRI T A AR K R RN I
JE B RE it FH 7 =K
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