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Effects of formula fertilization on the photosynthetic performance, fruit
morphology, and yield of Xanthoceras sorbifolia Bunge in arid regions

Pan Yue, Zhou Tao, Wang Jijiao, Hu Haifang, Wang Tianbin

(Xinjiang Academy of Forestry Science, Key Laboratory of State Forestry and Grassland Administration on Desert Oasis Ecosystem
Protection and Restoration, Urumgqi 830000, Xinjiang, China)

Abstract: [Objective] To explore the effects of different nitrogen, phosphorus, and potassium fertilizer levels on the photosynthetic
characteristics, yield, and fruit quality of ‘Menguan 1. and to provide reasonable fertilization recommendations for the cultivation of this
variety in the eastern part of the northern Tianshan mountains in Xinjiang. [ Method] Six-year-old Xanthoceras sorbifolium ‘Mengguan 1’
trees grown in Xinjiang were used as the experimental materials. A “3414” fertilizer-response experimental design was adopted, in
which nitrogen, phosphorus, and potassium were each assigned four application levels: 0 (no fertilization), 1 (50% of the conventional
fertilization rate), 2 (the conventional fertilization rate), and 3 (150% of the conventional fertilization rate). The conventional
fertilization rates were defined as 0.75 kg pure N plant”, 0.60 kg P,O; plant”, and 0.20 kg K,O plant”. On this basis, the effects
of different N-P-K fertilization combinations on leaf photosynthetic characteristics, light-response parameters, fruit morphology,
and seed yield were systematically evaluated. The rectangular hyperbolic model (RH), non-rectangular hyperbolic model (NRH),
exponential model (EX), and modified rectangular hyperbolic model (MRH) were used to fit the P,-PAR curve, and the photosynthetic
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parameters (P,, T, C, WUE) and yield and quality were analyzed. [Result] The MRH model provided the best fit, with the
calculated AQY, LCP, Ry, P,,... and LSP being closest to the measured values. The application of conventional nitrogen fertilizer

(N,P,K,) significantly increased leaf P,, while high potassium fertilizer (N,P,K;) significantly enhanced the WUE of ‘Menguan 1°.
Compared to the control (N,PK,), P, increased by 57.01% and WUE by 93.62%. Regarding yield and fruit traits, the fertilization ratios
of N,P,K, and N,P;K, increased the single-plant yield by 68.17% and 62.28%, respectively, compared to NP K,. The former increased

seed number, fruit diameter, single fruit weight, and single seed weight by 31.50%, 14.91%, 56.50% and 115.21%, respectively, while the

latter increased oil content by 14.03%. [ Conclusion] When the pure amounts of nitrogen, phosphorus, and potassium fertilizers were
413.54 kg/hm’, 613.64 kg/hm’, and 213.44 kg/hm’, respectively, the photosynthetic characteristics, yield, and fruit quality of ‘Menguan 1’

could be effectively improved.

Keywords: Xanthoceras sorbifolia Bunge; photosynthetic characteristics; yield; quality; formula fertilization
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TRAH B, MR RS AN Rt AL 5% A T i e
RO BRI 7T . BRIk, AR SCE SR A AR T 2R
NHRAETEAET R RS, SlA
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1 WRXER

R THEEE RABXAGE
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R g, KRR AR,
HHUR & &5 H°8 73.70 mg-kg . 11.57 mg-kg '~
82127 mg-kg '\ 12.45 g'kg', pH{E N 8.03.

2 MRERE

2.1 MRMIRE5RWEEIT

SRR 6 A 15, BiARRIOE
SR, RPUATRIFIE, ARATEEN 1.5 mX 5.0 m,
[ VEFT JX Citrullus lanatus var. citroides. FEWE T 1\,
KFRE . I BRAEAR R0 22 5300 45 SR 1 T4t
RIRFFUEHT 1 a X BT A G RER AT AR e S B -
TS R KA R — B )RR L E S
fIE, LAt FH () B S Y — B, A TRIE KA
50 By FRAE R T 5 ke

R BHRH “34147 AL R LE T &,
BER (N) . B (P) Ff (KD 3 MERKE,
L 4 SRS, e 0 CREAED 1 CFF
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5 RRIE R, St 210 Bk SR KR F R
(22040300 m, jEEfEA (1.894+0.84) m.

FTHEIENIER (BN EEN4630%) , H
g R E AR A IR A m IR AL B i B R
5 (P05 S BEA/NT 16%) , AR AIIE4 il
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Table 1 Field trial design

R L R RN R

ki F:'—' b3 Fertilizer application per  Fertilizer application

S;Irgal Treatment plant /kg rate per plant /kg
N P,0O; K,0 N P,O; K,0

1 NoPoK, 0 0 0 0 0 0
2 NoP.K, 0 0.60 0.20 0 375 040
3 N,P,K, 038 0.60 0.20 081 3.75 040
4 N,PK,  0.75 0 0.20 1.62 0 0.40
5 NP K, 075 0.30 0.20 1.62  1.88 040
6 N,P,K, 075 0.60 0.20 1.62  3.75 040
7 N,P;K, 075 0.90 0.20 1.62  5.63 040

8 N,P,K,  0.75 0.60 0 1.62 375 0
9 N,P,K, 075 0.60 0.10 1.62 375 0.20

10 NPK, 075 060 030 162 375 0.60
11 NpPK, 113 060 020 243 375 040
12 NPK, 038 030 020 08 18 0.40
13 NPK, 038 060 010 081 375 020
14 NPK, 075 030 010 162 18 020

22 WMRAE

2.2.1 e phk
WA F 2025 47 H 10 H 582 Bl 24 )
i B R AR AT, DU B A A 9:00—11:00, &
PO AR B3 AR KRR, T R E
(1) T g A I & Xk R R H LI-COR 4 ) 4
7= 1 4 48 200 B AL Li-6400, 10 3% % 100 & % 4
FWCFEME. FETT a0 AT, KOS RUE
w B
N1 200 pmol-m s, HEAT 15 ~ 20 min KI5
FACHE. DRI R G & AR PAR {H
T HI# G A% (Net photosynthetic rate, Pn) ,
PAR f & % E ¥ 2 000, 1700+ 1500, 1200,
1 000. 800, 500. 300. 200. 150. 80. 50. 20
J% 0 pmol-m *-s ' = Mz PAR {46, HA
T BE I S K 180 s, ZLMEYEIIERAEI v 301 (40
J6 650 nm, 450 nm) o MEEFEF CO, WK
PRFFAE (375+£10) pmol-mol ', 2 L B 42 1] 7F
(25+0.5) C, ZAydEN (400+1) pmol's s
222 Sl Ry
AHIE T3 3K P LA X 2R 475 Pl Rectangular
hyperbola model, RH) . E E #1 X i £ & 7Y 1
(Non-rectangular hyperbola model, NRH) . 5%k
bR % A% A MY (Exponential function model, EX)

(Photosynthetically active radiation, PAR)

HE A X 2815 1E B 1 (Modified rectangular
hyperbola model, MRH) XJA~[A]jit fE AL 3 R Pn 5
PAR 2 [A] {0 B 5% R AT A 20 dr . @ ad EL AN
[FIBLAL A s BB (R KANA SRAT e N S5,
XA I IE R MR AT VRO, R IR I Bod B A
SCeE SR e SRR A A

F 55 )% B8 58 (PAR < 200 pmol'm *-s™)
B S0 A 2R AT 1R E 3 A, RS L3RS SR U
& T W % (Apparent quantum yield, AQY) . ¥
Fh £ 55 (Light compensation point, LCP) Fl i IFf
W% i % (Dark respiration rate, Rd) . It #h, 1@
I S A A S B ROt & I % (Maximum net
photosynthetic rate, Pn,,) F1 J 1 F1 s (Light
saturation point, LSP) ",
223 ZJUWNERHEORI R SOE R 5OE 157
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B S 4R H e/ — ik (OLS) Al I
gE5IZ 0 B (Stepwise) PLBE AL L& . HRALHL
1A Je £ 11 VA 2R 30000 S 3 1M E T 7 3 e CANOVAD
5t kR e, B KR E A P < 0.05,
224 SEAFESEIINE

WIGT 2025 45 8 H 22 H CRIEZHEID AT,
W 525 157 AT REr R 0 A R I
SEFEAR, M E] 4 9:00—11:00. {#H Li-6400 f§
LA WFEA R HF A TER (Pn) |
7% 151 % (Transpiration rate, Tr) F1g 8] CO, &
JZ (Intercellular CO, concentration, Ci) o 7K Fl
F 2% (Water use efficiency, WUE) FH Pn 5 Tr
LB T AR
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AR, SIS bk AR, I 2
PR R TR, R R R R T
.

2.3 BRSO

WL KR T Z 9T (One-way ANOVA) J
Duncan 7%, ZMHTANE N Py K BCEEXT ‘5w 157
PRSI E . KH SPSS 27.0 1 Excel
2019 FAFHEAT B S 70 M7 o

3 HBRE5SH

3.1 AEREAELIERT
S

‘BT S BRAEEM

ANFEBEHERL LY ‘55 157 55l Pn-PAR
S SR L 2. 24 PAR < 800 pmol'm s '
if, Pn B PAR B3 MNIREE EFF; 24 800 < PAR <
1 700 umol-m *-s ' I}, Pn A _F TF3 FF #4 T o1 22,

24 PAR = 1 700 pmol-m s ' I}, Pn [ 3 g 3 —
WUk RH Y. HP. KEHE
iF, Pn B i B G N 2 e FiE R, HA,
N,P,K, 463 K Pn f%5, N 14.73 pmol'm s, H
W NPK, 4 # (14.09 umol'm *s ™) , N,P,K,
b AK (13.75 pmol'm s, K B & #L AR
it & A B TR E S A #E: fENL Kt H
HAHFE O, NPK, A BN H Pn fc i, A
14.73 ymol'm *'s™, N,PK, &t ¥ F #) Pn #t 1k

(10.53 umol-m >-s') , Tt BH s/ B BE it FH 6 e &
MEEA MR ER. BEHAEMRNESET,
B A e A B 3 N 3 3 P 2 e S BRI,
N,P,K, 40 R f) Pn #i¢ i, A 14.73 pmol-m s '
N,P,K, 4 # T Pn % f& (13.24 pmol'm*s™)
KUEERMA TRET GG 456 14
AP SR, NL,P,K, A FE ) Pl e m, FLkE
N,P,K, 43, N P K, A FE /N .
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Table 2 Effects of different fertilization treatments on the net photosynthetic rate of ‘Mengguan 1’

fbh g ANFDGE A RORE S T (3%&3 % Net photosynthetic rate under different PAR /(umol-m s ")
Dispose 0 10 20 50 80 150 200 300 500 800 1000 1200 1500 1700 2000
NPK, -1.16 -0.32 0.74 1.59 2.27 3.48 4.52 6.06 7.48 8.72 9.13 9.42 9.49 9.68 9.69
NP.K, -1.56 -0.71 0.38 1.38 1.95 3.39 4.85 7.00 9.85 12.06 1287 1336 13.67 12.77 13.75
NP.K, -141 -048 0.66 1.68 2.30 3.69 4.87 6.94 9.52 11.59 1245 13.12 14.09 14.04 13.88
N,PK, -1.44 -0.73 0.26 1.17 1.70 3.01 4.10 6.04 8.83 11.26  12.09 12.63 13.26 1346 13.10
N,P K, -093 -0.08 0.81 1.84 2.37 3.66 4.61 6.07 7.85 9.31 9.80 10.14  10.53 1041 10.53
N,P,K, -1.34 -0.53 0.62 1.70 2.28 3.80 5.13 7.28 1026  12.62 13.56 14.17 1448 13.72 14.73
N,P;K, -1.61  -0.69 0.49 1.47 2.09 3.45 4.71 6.64 9.19 11.22 1192 1231 12.38  11.75 12.84
N,P,K, -1.55 -0.80 0.20 1.09 1.60 2.95 3.98 5.92 8.56 10.95 11.77 1239 1323 13.24 13.18
N,P,K, -1.50 -0.68 0.40 1.37 1.97 3.37 4.56 6.72 9.64 12.08 1274 1320 1322 12,79 13.52
N,P,K; -1.45 -0.70 0.39 1.34 1.91 3.27 4.47 6.41 9.00 11.13 11.94 1250 1324 1346 13.21
N;P,K, -1.15 -0.35 0.80 1.88 2.42 3.84 5.06 7.01 9.46 11.30  12.00 1244 12.51 11.61 12.71
NP K, -1.30 -0.44 0.53 1.58 2.10 3.52 4.66 6.60 9.46 11.79  12.64 1324 13.67 1220 13.69
N,P,K, -1.33 -0.62 0.52 1.45 2.01 3.37 4.51 6.42 8.95 10.87 11.77 12.07 12.69 12.19 12.70
N,P K, -1.19 -0.25 0.77 1.77 2.29 3.64 4.80 6.63 8.95 10.73 11.44 11.87 11.99 11.05 12.23

32 AEMRELER ‘FE 1S KiNSHE

=20
14 P AL AL EE T, 5OE 157 S R A Y

IAA S80S S PR S R LR 3. 4 P Al
AE LA O R AL ) R M A, PRSP i 22
A R 2 45 R AN i ek B Y B4 A AR R
Hy BB IERR Y RSP E RS (R >
0.996) , &R EfHE. AQY. LCP 1 Rd £ #
S PR AE 55 OG I T e R H B8 /1, T LSP
P, U BRLESEG 264 B ORI U 1

ARFEE . AT, ARZ (NP,K,) ALEE R LSP
1 Pn,,, A%, A KT (N,PK) ) Pn,,, &
ZE T HAMAE, JiEEERRELE AR
A BRI B R A B 1, AT B R i B e R AR AL
K, Ni% (NP,K,) 4FE[) LCP Ml Rd fe &, #
B R B = 2 BRI E8 70 FEAH RV A SRR,
BEALFE (N,PK,) ) LSP fic s, 1M & Fak K 7
(N,P,K,) (] P, iy fRBEALE (N,PK,) 1)
LCP F1 Rd f. 7E% WK —rf, w8k
(N,P,K;) 1] LSP f% =, H AQY. LCP 1 Rd ¥y
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Table 3 Comparison of fitting parameters of four light response models of ‘Mengguan 1’ under different fertilization
treatments with the measured values

ZRBH SRS

Empirical model Photosynthetic parameters NoPoko NoP2K, NiP:K, NaPoK, NPk, N:P:K, N:P3K,

Pn,,. 9.8732 13.6652 140869 135108 105258 144825 12.836 8

Sl LCP 13.0350 165201 141996 173964 109392 145789 158696

Measured value Rd 0.067 8 0.872 1 0.690 3 0.899 0 0388 6 0.660 7 0.885 8

AQY 0.106 4 0.109 2 0.1145 0.098 5 0.089 6 0.115 1 0.1176

AQY 0.0513 0.052'5 0.045 4 0.041 0 0.045 8 0.0517 0.052 4

RE i) Pn,,. 119610 181451 184772 184816  12.9435 19.1059 164276

Rectangular Rd 0.764 2 12695 0.834 8 1.089 3 0.496 2 1.0109 1.1873

hyperbola model LCP 159195 259946 192482 28259 1 112639  20.659 1 24.4079

R 0.994 0 0.986 5 0.995 4 0.994 1 0.994 6 0.988 2 0.9859

AQY 0.047 6 0.030 8 0.039 5 0.028 5 0.0429 0.0317 0.0315

NRH 7 Pn,,. 11.780 4 15.111 9 175616 157868 127374 160577  14.0740

Non-rectangular Rd 07147 0.742 8 07106 07622 0.450 1 05136 07119

hyperbola model LCP 158412 243503 185027  27.1686 108336 162857  22.8877

R 0.993 4 0.9922 0.995 1 0.996 2 0.994 1 0.992 3 0.989 2

AQY 0.0330 0.036 5 0.0328 0.030 0 0.0313 0.0370 0.035 4

EX H Pn,,, 9.5378 13.6872  14.1458 136576 104467  14.6225 12.530 3

Exponential Rd 1.0459 1.0717 1.036 8 1.062 0 1.0177 1.048 8 1.069 8

model LCP 335514 305755 328222 369061 341826 294447  31.5654

R 0.992 5 0.994 1 0.995 0 0.997 1 0.993 6 0.994 4 0.992 4

Rd 0.0139 0.913 4 0.716 2 0.889 6 03834 0.654 3 0.8510

MRH B Pn,,. 9.6776 135910 142845 133806 105490 144415 124813
Modified LsP 19867200 14443800 24025400 18572900 2038.0300 1499.8800 1432.1700

rectangular LCP 153800 248838 182291 274514 9.805 0 17.6844 232140

hyperbola model AQY 0.024 7 0.026 6 0.0270 0.0243 0.024 7 0.028 1 0.026 8

R 0.994 6 0.996 1 0.995 8 0.996 8 0.995 4 0.996 1 0.994 4

Emiéir%f rﬁ%del Photosﬁiﬁe%iﬁameter NaP2Ky NoPK, NoP:Ks NiPK, NiPiK, NiPaK, NoPK,

P, 13.240 3 13.522'5 139608 127105 13.6864 127034 12.2272

Sl LCP 179853 163067 164264  13.009 1 145273 154142 124410

Measured value Rd 0.950 2 0.908 8 0.702 1 0.898 1 03917 0.687 4 04375

AQY 0.100 7 0.107 1 0.108 6 0.1147 0.097 3 0.113 6 0.1020

AQY 0.039 7 0.050 3 0.043 4 0.0536 0.048 0 0.046 1 0.050 4

RH Pn,,., 184603  17.967 1 179777 158424 177088 166470  15.1674

Rectangular Rd 1.134 1 1.2042 1.024 4 08225 0.963 7 0.9730 0.778 6

hyperbola model LCP 303975 256737  25.0199 161814 212515 223997 16292 5

R 0.994 8 0.9859 0.995 6 0.995 4 0.995 4 0.995 4 0.995 4

AQY 0.029 6 0.028 3 0.034 3 0.0315 0.027 5 0.031 1 0.030 1

NRH H P, 16.220 6 14.683 3 16.403 9 13.583 5 145574 145460  13.0573

Non-rectangular Rd 0.873 4 0.6390 0.8178 03385 04232 0.628 5 03324

hyperbola model LCP 30.174 1 22.694 3 24.498 9 10.799 4 154316 20.463 6 11.094 5

R 0.995 8 0.992 8 0.996 0 0.988 7 0.9879 0.993 3 0.987 7

AQY 0.0289 0.0353 0.0312 0.036 8 0.0342 0.0325 0.034 7

EX H Pn,,, 135619 135423 134998 124930 135349  12.696 1 11.947 6

Exponential Rd 1.065 2 1.069 0 1.0549 1.040 6 1.0512 1.054 3 1.0399

model LCP 38.343 7 31.5107 35.249 0 29.490 9 31.962 1 33.895 7 313710

R 0.996 8 0.9942 0.996 4 0.992 2 0.990 5 0.995 2 0.991 3

Rd 0.949 7 0913 4 0.716 2 0.889 6 0383 4 0.729 7 0.446 3

MRH £ Pn,,, 132995 135910 142845 133806 105490 125388 119367
Modified LSP 19545700 14443800 24025400 18572900 20380300 1640.8700 1398.7900

rectangular LCP 208428 248838 182291  27.4514 9.805 0 208280 12,6702

hyperbola model AQY 0.0243 0.026 6 0.0270 0.0243 0.024 7 0.0257 0.025 3

R 0.996 7 0.996 1 0.995 8 0.996 8 0.995 4 0.995 7 0.9939
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Fig. 1 Effects of different nitrogen, phosphorus and potassium fertilizer treatments on the photosynthesis of ‘Mengguan 1’ leaves
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fhIE LN 20.70 ~ 49.16 g, F:vh NLP,K, 4bFH [ ¥
R ERE, 554346 g NPK, k2. HEF
TRERAFE R, BHIEHEN 921 ~ 3497 ¢,
N,P,K, b3 R Rl e, 3 NP K, 3

T 115.21%, fFEREZ R fEARBIK A,
NLP.K, B 5 5P+ 7 & B IG5 NoPoK, 1 1 H
7.64%. {EEMFRITH, N,PK, AFE K& R i,
BEN T HABALEE, N PK, = H 14.03%.

x4 TERBFRIEEY FE 15 REMRAIFNT

Table 4 Effects of different nitrogen, phosphorus and potassium fertilization amounts on the fruit quality of ‘Mengguan 1’

posiil

Li8 S

RSP

ROPPBRE PR bE

LS SR

Treat- See_ds per Average fruit Ayerage fruit Single fruit See d*ltrTg:L}/? Jmm See deiiTcit?; /m Single‘fruit 0il f‘;ﬁi %
ment fruit / AL length /mm diameter /mm weight /g seed weight /g
NyPK, 18.00£2.65cd 49.4612.06ab 52.451+4.83 abc 27.77£8.19¢cd 11.71+0.92ef  10.88+0.76¢c 13.74+£4.85d 48.67£0.65¢
NP.K, 20.33 £ 1.16 abed 55.201+4.53 ab 55.9942.72 ab 32.74+1.05bcd 13.40+1.19bede 12.24+1.10bc 15.824+3.66 cd 50.90+1.51b
N,P,K, 19.00+3.61 abed 52.61+3.18 ab 54.90+5.30 ab 30.48+7.53bcd 16.04+2.19a  13.74%£0.38 ab 16.57+0.78 cd 50.47+0.75b
N,PK, 20.33£2.52 abed 57.69+8.10ab 50.62+3.89 bc 35.81+6.76abc  14.55+0.41ab  13.79+0.31 ab 20.27+2.97bc 51.40£0.56 b
N,P K, 19.67£3.06 abecd 51.11+5.54 ab 54.01+7.15 abc 32.81£9.25 bed 12.90£0.80 bedef 12.53+£3.25 abe 16.55+4.03 ¢d 50.97£0.15b
N,P,K, 23.67+2.89a 58.06+2.68ab 60.27+195a 4346+4.32a 13431+0.39bcde 11.81£0.75bc 29.57+4.74a 51.77+0.60b
N,P:K, 21.67+£2.52bed 51.92+3.31ab 55.031+1.98ab 31.23+6.75bed 12.92+0.75 bedef 13.30+0.47ab  24.08+3.00b 55.50+0.70 a
N,P.K, 18.671£3.79 abed 55.53+3.01 ab 51.51+3.17abc 23.98+1.13d 14.45+0.64ab  14.58+1.32a 14.79+3.12cd 50.90+1.20b
N,P.K, 22.67+0.58 abc 47.49+093b 4529+044c 27.74+521cd 12.03+029def 10.93+£035¢ 14.97+1.09cd 51.63£0.70 b
N,P.K; 23.67t4.04a 5929+13.29a 57.961459a 41.26+7.25ab 12.91£0.47 bedef 11.12+0.39c¢  20.58+4.01 be 50.53£0.65b
N;P.K, 18.33£2.52 abed 55.22+7.25ab 50.78+=7.26 bc 29.57+4.74cd 14.04+0.89bc 1248+ 1.16abc 15.82+2.95cd 47.80t1.41¢
NP K, 1733+0.58d 56.19+7.89ab 57.38+8.34ab 28.52+4.78 cd 13.75+0.76 becd 12.83+£0.95abc 16.44+2.58 cd 50.47+0.95b
NP.K, 22.67+0.58 abc 58.31+1.47ab 51.084+0.73bc 29.194+0.73cd  11.54£0.92 f 10.65+0.57 ¢ 16.361£0.25cd 50.63+0.60 b
N,P\ K, 2333+289ab 5434+1.59ab 49.00+2.22bc 31.87%£1.96bcd 12.401+0.48 cdef 10.69+£0.53¢ 16.78*+1.13 cd 50.20+£0.79 b

3.5 AREASBFELES ‘FE 15 ~FE5

F R 75 A2 Bl R

AT T =0 IR BB RN AR, DL
B E () ARARR, DN (X)) . P (X)) .
K (X)) = kEHAMAEF B E LR, 3t
172 TR A b, 1331k RN

Y=374.054-221.512X,+55.716X,+2 686.010X,~

0.048X,7-0.124X,"~7.551.X"+0.529X X+
0.061.X,X,~0.685X,X, .

W B, LR 15T Bk R
NE G B AR, i N N 0.31 kg/ £, it P,Os N
0.46 kg/ ¥k, Hi K,O } 0.16 kg/ ¥k, Htkfh1 /&
Al 0.59 kg & B BN CFHiE 15 PR
BHERAETFAN: K>P > N.

4 ¥ R

41 TRIEHHARLEXN FE15 Pn5

PAR Mja) i 5% 22 B £

D S pH 2 A K FLRE AT 2 A R s AR DO
R DT R AR, AR e fE
SRS A R H e R U R 4 Bl R

R 8 /> 1l & b Rl ) e B AT A, M
HH T I8 H A AR 2R RO R 0K S A 11
KWFFE &L, Bk RH. NRH #57 Br 75000 6 8% Kk
A R KT, XE5EEES YT
Feebt b 7T 45 AL, 3T EXORR TR 1) 5k
G 28 A T SEAE, MRH A5 AL FR0ME
L SEE S NG, X2 ET EX RRTEIE SR
PE R 5 A R AT =GB SR ST T G R AL
B, T MRH #5756 G0 0 i 2 A2 () e gk 47 1
RAAEIE, e 5 4 AL ' & el 2R A 2Dk i
A5 R, DA I 2 A 2R S i K19 Ol A T R 11 T
I &35 SR B 3 s B

AFGERE A EE R T S 15T Bk
R R CRIR AN S S A ME ) EED) o H
R (N,PK) AT &AM (NPK,)
FUREIE (NPKy) BA T & 15 K s & i3
FEAR R AME S, W EMEARHET, ‘%
i 157 FRRIE M AR ECR BRI, JU I AR
NGRS . RBEIE (NP K KT &
FUtawE (N,P,K,) « =R (N,PK,) , HAES
(1 ' P 0 s R0 SR AR PRI M R, N BV I A B
(2038.03 pmol-m >-s ') o F AT A RAEM
A AR AR (NLP,K,) AbBR FIARIE R, [N
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42 FRRBBBLER RE 12 AR
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J6EAE AP 3R B 73 A RE 2 1 00 B AR 3
AR, MHEYMAEKEKERERHE, EEFLER
FARBCRAR R 0 A, AR IEEE A ™= RE, 38 7= 3
WG B YesE AR B AR I, H A Ak
HO(N,P,K,) R PR 1 0 5 0 2R WY 0 e T I A A
AbBE (NLPK,+ N,PK,) e Ab B (N,P,K, -
NoPKy) 3@ R = B O S S BRI 1 ok B ik
2R, it A A B T AR AR SR AL T R TR
{5 51t R 9878 R L R A, b A S 15
MR G A IR A ZE I T R AR A i AL
AN K A TR R, RE MR K 4 R 3% 43 1R 32 B P2,
AR, ZBEREFEER LR E
IEFSE (P <0.05) , BLEHMEARAEE T, ‘15’
SALTF IR EESE N, K3 FVSARAS e ig 8K, (it
CO, WA G AE AT . AL EE (N,PK,)
(19 7K 43 R F AR 300 B (NLP,K,) R Tl Ak
H (NP K 4 BK T 47.33% F1 32.74%, =
AbFE (N,P,K) 1 7K 43 1) 2802 43 il 45 s B 0 Ak
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SEALD)
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RN iiR
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SN
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}

HY

Ll

‘RE1B

B B Ak FRRMIRE . 20 k%D
K =0 IR IR RS, W 7S Ak 0 g5 K = & F
AR, FIFEHFRA. B IR E.
KA TR =0 IR NERSNAR R, SRR
b 157 HH TE) A 7 it A 56 B 4 kAT 0L A 40 4T
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