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Root Physio-ecological Indices and Yield of Fagopyrum tataricum with
Combining Application of Phosphorus and Nitrogen Fertilizer
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Normal University, Linfen, Shanxi 041004 ,China)

Abstract: In order to provide theoretical basis for high yield and good quality cultivation of Fagopyrum ta-
taricum in the Loess Plateau, we determined the effects of combining different nitrogen (N application
rates of 0 g/kg, 0.1 g/kg and 0. 2 g/kg) and phosphorus fertilizer (P, s application rates of 0.1 g/kg and
0. 2 g/kg) conditions on the root physio-ecological indices and yield during the growing period of F. tatari-
cum under experimental pot conditions. The results showed that: (1) under equal phosphorus fertilizer

treatments, plant height, stem diameter, shoot dry weight, main root length, root surface area, root vol-
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ume, root average diameter, root dry weight and seedling index initially increased and then decreased with
increasing nitrogen application rate while root shoot ratio decreased initially and then increased with in-
creasing nitrogen application rate. Chlorophyll content, root activity, acid phosphatase activity, soluble
protein content, plant N accumulation show the parabola changes with the increase of nitrogen application
rate. Root NR activity and plant N content increased with increasing nitrogen rate while SOD, POD activi-
ties and MDA content in root, soluble sugar content and free proline content decreased initially and then
increased with increasing nitrogen application rate. Weights per plant and 100-seed weight initially in-
creased and then decreased with increasing nitrogen application rate. (2) Under equal nitrogen fertilizer
treatments, root Apase, SOD and POD activities, soluble sugar, soluble protein and MDA contents de-
creased with increasing phosphorus application rate. The other above indices increased under high phos-
phorus treatment compared with low phosphorus treatment. (3) Among the three nitrogen levels, yield of
F. tataricum was the highest under 0. 1 g/kg nitrogen application. It increased respectively by 7. 04 % and
37.40% compared with 0 g/kg and 0. 2 g/kg nitrogen treatments under low phosphorus condition. It also
increased respectively by 14. 73% and 68. 26 % compared with 0 g/kg and 0. 2 g/kg nitrogen treatments un-
der high phosphorus condition. In addition, the yield of F. tataricum was higher in high phosphorus treat-
ment. It also increased, respectively by 15. 96% and 42. 00% compared with low phosphorus treatment
under equally nitrogen fertilizer treatment. (4) In this study, reasonable application of nitrogen and phos-
phorus fertilizer showed a positive additive effect, but over-application of fertilizer could reduce yield. F.
tataricum was more suitable for production at suitable nitrogen fertilizer (0. 1 g/kg N application) and high
phosphorus fertilizer condition (0. 2 g/kg P, application).
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Table 1 Shoot growth of F. tataricum with combining

application of phosphorus and nitrogen fertilizer

at seedling stage

s i e i
T Plant height Stem diameter Shoot dry
reatment ; .

/em /mm weight/g
NPy 24.4040. 92e 2.47+0.13cd 0.20+0.01e
N, P, 32.0040.50b 2.89+0.09b 0.4740.01b
NPy 26.227+0.91d 2.40=+0. 15d 0.36+0.01c
No P 27.5540.97d 2.96+0.10b 0.2440.02d
N, P, 39.48%+1. 14a 3.54+0. 18a 0.757+0.02a
N; P, 29.9940. 54c¢ 2.73%+0. 20bc 0.4540.02b

TE P RBEALFE (P, Os 5% 0.1 g/ke) s Po. mBEALEL(P,O5
TN 0.2 g/ke)s Noo NJHH 0 g/kegs Nio NN 0.1 g/ke;
No. N 0.2 g/kg; RAEHR BT B E - bR 22 s 17— 5 8UR )5
AN TR] 7 B 7 Ak PR ] 22 S 3k 1 35 K7 (P<<0. 05) , T [

Note:P;. Low phosphorus condition (0.1 g/kg P application) ;
P,. High phosphorus condition (0. 2 g/kg P application); Ny. 0
¢/kg N application; Nj. 0.1 g/kg N application; N2. 0.2 g/kg N
application. Values in the table are given as mean &= SD. Different
letters in the same column indicate significant difference among treat-

ments at 0. 05 level. The same as below
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Table 2 The development of root system of F. tataricum with combining application of phosphorus

and nitrogen fertilizer at seedling stage

EREK R 2 T AR WRFE R

LY RETE M

Trﬁttngem lMain root Root s/urfazce Root average Root/ volume Rpot dry R(mt. s/hﬂoot SejﬁEfﬁﬁex
ength/cm area/mm diameter/mm /cm weight/mg ratio/ %
N, P, 17.5240. 16e 1396.57492. 421 0.5340.01c 2.6040.25d 69.77+1.68d 0.3540.02a 0.121 54-0.003 4d
N, P, 21.1740. 37b 2 987.00+117.76b 0.69+0.03b 4.24+0.37b 98.39+4. 35b 0.214+0.01cd 0.170 340.006 6b
N, P, 18.9640.17d 2 220.29460. 10d 0.58=+0.06¢ 3.4440. 25¢ 82.67+2.80c 0.23+0.01c 0.142 140.002 9c
N, P, 18.4540. 48d 1 747.41+84.57e 0.57+0.02¢ 2.90+0.12d 75.20+4. 27cd 0.327+0.02b 0.132 740.006 4cd
N, P, 24.07+0. 26a 3594.354+129.55a 0.79+0.05a 5.00+0. 18a 137.234+7.85a 0.18+0.01d 0.242 040.014 0a
N, P, 20.58+0.39¢ 2 623.534+114.61c¢ 0.59+0.02¢ 3.86+0.25bc 92.80+6.81b 0.217£0.02cd 0.161 240.007 3b
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Fig. 1 The chlorophyll content in leaves of F. tataricum
with combining application of phosphorus and nitrogen

fertilizer at seedling stage

24. 449, 26. 53%, 4r Bt N, kb H OB E &l
14.29%.16.98% (3 3). Bl (P,) kb F R 35 5%
LI AR R TG ) B R . A A (A AR
T (P, A B SRR RGO TR (P
ARFE L FELL N, A B R A 3G R SR R (100 71200,
{EL 2 ot 98 oAb 31 ) 2 S 2 A 3K B 3 KO Ui
TS AR ZR 00 o0 it ol A S AN B0 TR T
U A P e 1) B
2.2.3 REMBRIEFEHBFEURBEBREREFNE
WK 3 Fros  AEA R w45 1 T W R4 A &
i 2 3 it Tl CNTRO) 375 e ot it 280 2 1740 388 fim i 85 o 5 A
N, it 27K 1 B 35 380 Je KA HAEARBE (PO T HoAH B
No AN, &b 3 43 0] 58 25 38 n 35. 9200, 12. 43% , 7
R W (P, A BER 43 0 d 3E 3E 30, 1626 .11, 48205
i AL — B, IR A5 E N A R A JR B (NRD) 7
PESS KT = B A k. RIS S 7 A [R] i il £ 2% 1
T TEFEL AR R R T W TR R 1 ) B it R
38 N S5 T S B p kIR AE N il &K CF T A
Bl e KAA I o 3 v T bt 04 B, B N, AN,
Jiti BKF 2 ) 22 5 O0F AN 3L X A] g R T LA
(N il e 80 ONL D X 7 I 18 7 Wl 1 G 3% M AT — 1)
PR 5 76 e A — o A LT L AIREE (P KOF
T B v R W R RS R T R (P KR,
LT e 8 7O () 2 S 2 3k B I 25K
2.2.4 WREMELKBEERMDASE X3 i
NS A R KO R 3 3R 4 i AR & SOD,POD
TG PR AT MDA 5t B it 20 12t 00 389 0 56 B 0% 5 3 s
16 Ny it K 7 B 3k 2 e /ME L I 8 3 AR T I At it
AL it Al — B 2 AR & SOD L POD i 4
F1 MDA & 4 3 3 918 IR 8 (P KO i T K
S, HUP R R B B M 2 L U0 I R IR UG B
AR S 38 2 1 it 280 R o A T DAOAS [ R
by 1 5 FE 4 P HE T BT W 30 R L B AR A7 R
JE X TREGE i B — A E .
2.2.5 RESBEATYREE AR —ilfkiEK
SR L IR AR FR R W RN U S A R A
Wi it 22 et P BN T 2 58 N BRI BT IR E N
Jit KV R 35 B0 R AR AR O 3R T A i K P
(F D, Hop Ny it 2040 2140 W AR 2 AT i P e
B R O R AEARBEKOT (PO 43 5 b N il 20 ik 22
BB FRAK 33. 00% .43, 41 % . 76 & B (P,) /K F 0
A3 ) B 2 AR 40, 23 % 44, 24 % 5 N, il 2 kb 38T 5
PERE R 25 I 2 B2 & i AR R BE (PO KSR 40 51 1
N, i &4k B 5 2 4 29, 65 % A 48. 59 % , 1 7E 5



952 [LE I | - N7/ = S 38 &

B (P 7K S 43 5 AH R S 3 19 m 37, 25 % i 38.
66 0, FE ] — it Ak F T R 1 0 i B TR
Fl SRS 7 = i B =R 0 S N = N 17 R
b SR 22 R 4R B B 2K S Ah ISR R R
VRS T R O et A A [ B 2 T B A it R A 1
BN 5 S s b i gt 26 AR AR 7E N it A
KOV IR B W fE LG8 2 5 T L Ath it 2 Ak 3 5 i it AL
et [R) B v Ak B RT A R R U A o L A A
B o LV o ot A UL i) 25 S 493K 3] 8 2 UK OF-

2.2.6 EHERSE.RREE 2HSEREMN
22 MRS LA AR AT #5774
4 R ek B e 20 1 B i 3G, IR AE N, it
KT ik B 5 R fE . B33 W2 1 H A 2K
HAEMLHE (PO KR 4300 b No FT Ny it 20K 5
AT 21,4520 .9. 51 %0 . 76 = B (P2 2K 1) 43 31
B 27. 51 % .8. 55 %6 ; [, it 20 ¥ . 35 48 2k 5 5%
MR A A R, 3R Ny KOF T ik 206 B B
v T H A AT 5 8 FE 4R PR 0 B 1 B i
AEnEREE TN, B ST N AW A 8
FICTFAHRE No 5 18 35 &0 0 R Bk 04 B B 28 i 7 Kl 25 1
T RA N, KOV S5 e o T AE R AR AR BLN il ALK P
RE PR EE T HA B A . YRR —E .

ARG R R NEBEPOKFRES T &
B (P, 7KL T &) 1 B 2 AL () TR R A 1y %
I s B (P, K SR B TR #E (PO K. Al
WL B8 CZR0) 2R M 0T 1) 5 x5 55 40 v L () i i R
I B R AR I AR AL A 1 e 5 4
¥ AR 2R () R 3R DR R A v B L A
2.3 FEBEXHAPEFFEREMAERE N
6 N TEAHF] B A5 AT T o vy 55 BB 8 R
TR B A A it 28 S T SE RS S AR, B
x4 AHRRETEFYERRATBERE . TBRE
EHeEMHERNTN
Table 4 The root soluble sugar, soluble protein and free
proline contents of F. tataricum with combining application

of phosphorus and nitrogen fertilizer at seedling stage

4h 38 GRS e AR U7 B9 I S R
- Soluble sugar Soluble protein Free proline
Treatment = . -
/(mge+g ) /(mg+g ) /(geg™ D)
No Py 2.9740.27a 5.7540. 21c 30.7340. 89%a
Ni P 1.99+£0. 17¢ 6.98=+0. 30a 17.39+£0. 86e
N, P, 2.58+0.23b 6.43+0.13b 25.8440. 85¢
No P2 2.56+0.04b 4.6940. 30d 27.5140.53b
N P, 1.530.08d 6.47+0. 24b 15.34=+0. 90f
N; P 2.1040. 18¢ 5.78+0.21c 21.2740.22d

R3 EAMEERETEFYERZFTH.BEEER MDA SENEL

Table 3 The root activity, enzyme activities, and MDA content of F. tataricum with combining application of

phosphorus and nitrogen fertilizer at seedling stage

b WA T i 2 10 i A 3 PR RIS SOD i # POD i MDA i
Treatment Root activity ) NR activity Acid phosphatase activity SF)I) activity POD activity MDA content
/(mge+g ") /(pg+g'+h"D /(ug=g'+h™"D /(Uegh) /(Uegh) /(nmol » g )
N, P, 0.45+0.05d 6.3240.59d 7.9140.47b 489.95+6. 85a 54.92+2.57a 17.6041.52b
N, P, 0.56+0.01ab 7.6440.19¢ 11.3940. 44a 209.07£7.91e 37.3942.18d 10.9440. 61d
N, P, 0.49740. 03cd 8.59740.40b 8.10%0.51b 306.44+17.11c 42,75+0. 71c 19. 6640. 94a
N, P, 0.49740. 03cd 7.46+0.69c 5.9440. 28¢c 405.7144.19b 46.90+2.09b 15.3741.00c
N, P, 0.62+0.04a 8.7140.55b 8.06+0.54b 147.114£1. 271 24,201,711 6.9740. 30f
N, P, 0.5340. 02bc 9.7140. 60a 6.2240.27¢ 275.3546.70d 31.39%1. 33e 9.0240. 64e
£5 ABBENTEREREHLASE ARNRE SHARERRRENTH
Table 5 The plant N content, N accumulation, P content and P accumulation in F. tataricum with combining
application of phosphorus and nitrogen fertilizer at seedling stage
Ab 3 N Hah R e i R B
Treatment concentration N accumulation P concentration P accumulation
/(mge+g 1) /(mg « plant™!) /(mge+g 1) /(mg * plant™!)
No P, 2.75+0.11c 0.7440.04d 5.53+0. 34b 1.4940.07d
N Py 3.05+0.11b 1.734+0.08b 2.78+0.22d 1.58+0. 15d
NPy 3.34+0.21a 1.47+0. 11c 4.40+0. 16¢ 1.9340. 05¢
No P, 2.29+0. 16d 0.72740.09d 6.14+0. 21a 1.9340. 18¢
N, P 2.69+0. 10c 2.39+0.07a 4, 25740, 24c 3.78+0. 24a
N, P; 2.92+0. 20bc 1.5840. 10c 5.394+0. 20b 2.91+0.21b
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*o6 ABERETEFAAPFEREHAEEZENTL
Table 6 The yield and its components of F. tataricum
with combining application of phosphorus and

nitrogen fertilizer at mature stage

g g B L T [ERACEY i
Treatment Seeds per 1OQ*seed Y1cl(17
plant/g weight/g /(g e+ pot™ 1)
No Py 0.95+0. 08e 1.8540.05d 20.2440. 46f
N, Py 1.7840.05b 2.95+0.19b 27.8140.73¢
N; P, 1.26+0.12d 2.06+0. 14d 25.9841. 30d
No P, 1.26+0.06d 1.9840. 14d 23.47+0.77e
N, P, 2.04+0.12a 3.35+0.19a 39.4940. 68a
N; P, 1.5840. 09¢ 2.4940. 10c 34,4240.85b
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