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Effects of low phosphorus stress on the growth and development in pe-

cans (Carya illinoinensis)
XU Jianhang, QIAN Siyuan, WANG Shuzhe, SHEN Xinyu, ZHUANG Chenchen, NI Zhongtao,
WANG Zhengjia’

(Cultivation Base of State Key Laboratory of Subtropical Forest Cultivation, Zhejiang Agriculture and Forestry University, Hangzhou
311300, Zhejiang, China)

Abstract: [Objective]lln this experiment, the changes in growth, physiology and biochemistry of pecan
were explored under the condition of phosphorus deficiency. It provided a scientific basis for applying
phosphorus fertilizer in the pecan industry. [Methods]Six-month-old pecan seedlings were used in this
study. The hydroponics method was used to explore the effect of normal phosphorus supply (1 mmol-L"
KH,PO,,CK), low phosphorus treatment (0.5 mmol - L' KH,PO,, LP) and phosphorus-free treatment (0
mmol - L' KH,PO,, NP) on the growth and development of pecan seedlings. The length of the aboveg-
round part of the seedling (cm) was measured using a meter ruler while the stem diameter near the
ground (mm) was measured using a vernier caliper. Seedling root length, diameter, surface area and vol-
ume were obtained by the Wanshen LA-S series plant image analyzer. The photosynthetic parameters of
pecan leaves were measured with a Li-6800 portable photosynthetic measurement system (Li-Cor, Inc,
USA), and a Pm2500 portable modulated chlorophyll slow-speed fluorimeter was used to measure pe-
can seedling leaves in vivo. Chlorophyll content was determined by direct extraction with 95% ethanol.
Phosphorus content in roots was determined with Mo-Sb colorimetric method. Coomassie brilliant blue
staining was used to determine protein staining. The total protein quantitative assay kit was used to mea-

sure the total protein content in leaves. The activity of superoxide dismutase (SOD) and peroxidase
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(POD) in leaves was analyzed using the total SOD assay and the POD assay kit, respectively. And the
malondialdehyde (MDA) and acid phosphatase (ACP) contents of leaves were determined with an
MDA assay and ACP assay kit, respectively. The above indicators were determined after 90 days of
phosphorus deficiency treatment. The kits aforementioned were produced by Nanjing Jiancheng Bioen-
gineering Institute. The cytological structure of mesophyll cells was observed under a transmission elec-
tron microscopy. [Results] Compared with the CK, the phosphorus content, protein content, ground di-
ameter and seedling height of pecan significantly (»<<0.05) decreased by 10.57%, 30.79%, 5.03% and
8.40%, respectively after 90 days of low phosphorus treatment. The indicators mentioned above de-
creased by 59.21%, 51.48%, 10.57%, and 9.75%, respectively in NP. SOD, POD and MDA significant-
ly (»p<<0.05) increased in both treatments compared with CK. SOD, POD and MDA increased by
63.05%, 59.42% and 4.36%, respectively in LP, while 178.76%, 196.4% and 38.76% were found, re-
spectively in NP. The ACP contents of LP and NP significantly increased by 33.84% and 78.59% com-
pared with CK (p<<0.05), respectively. With NP treatment, the chloroplasts mesophyll cells of pecan
seedlings were enlarged, and some of the chloroplasts had swollen into hemispheres and squeezed vacu-
oles towards the middle part. Phosphorus deficiency treatment had no significant effect on photosynthet-
ic parameters, especially for net photosynthetic rate (P.) and intercellular CO, concentration (C;). The
correlation coefficients between chlorophyll A, chlorophyll B and total chlorophyll, and carotenoid
were all greater than 0.98. On the other hand, the correlation coefficients between transpiration rate (7;)
and stomatal conductance (GSW), C; and P, were 1, 0.8 and 0.52, respectively. By comparing the stress
degree of LP and NP, the stress degree of LP was below 40%, and the stress degree of NP was above
60% . [Conclusion] The results indicated that the pecan had better stress resistance and could tolerate
low-phosphorus stress for a long time. However, the time under low phosphorus stress should not be too
long; even if the phosphorus concentration was as low as 0.5 mmol - L', pecan was still under stress.
Hence, from the point of view of the pecan industry, we shall not frequently apply phosphate fertilizers
and shall not apply too much phosphate fertilizer for each time. Considering the ecological environment
and the growth status of pecan, we recommend that the optimal phosphorus concentration is between
0.5 mmol-L" and 1.0 mmol-L". Excessive fertilization will not only cause the plants not to grow better
but also lead to serious environmental problems. In conclusion, less application should be followed
when applying phosphate fertilizer to pecans.

Key words: Pecan (Carya illinoinensis); Low phosphorus stress; Growth indicator; Physiological and

biochemical indicators; Cytological observation
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Table 1 Hoagland nutrient solution formula

c(CKEIGE) Macroelement content/(mmol -L™)

¢ L&) Microelement content/(pmol - L")

Ca(NO,),"4H.,0 CaCl.  K;SO,  MgSO, 7TH.0 ZnSO.-7H,0 H.BO,  MnSO.'H,0 NaMoO.  CuSO.-SH,0 EDTA-Fe
12.5 0.5 1.0 0.5 1.0 12.5 1.0 0.1 0.25 10.0
1.3 RIEFHESNEIERR (G,»mol-m™- s JfL[a] CO, ¥ B (C;, pmol - mol ™) \ 7%
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fi§ (Peroxidase , POD) i 4 % H i & AL #) g (POD)
M5 B 5R A (b 032 AT I OF 5 : A084-3-1) 5
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TR T 8.40%.9.75%, LP FINP HITH 22 AN B35
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Table 2 Effects of low phosphorus stress on seeding height

and ground diameter of pecans

b HiF Hifz

Treatment Seedling height/cm Ground diameter/mm
CK 33.22+1.08 a 5.77+£0.26 a

LP 30.43£2.30 b 5.48+0.28 b

NP 29.98+1.24 b 5.16+0.26 ¢

HARNGFRERRZE R L p<0.05. .
Note: Different samall letters meam signicant difference at p<<0.05.

The same below.

2.2 REEEXTER LRk E R RRSH RN
FHEE 3 AT AN, MR AR R VI T R R R
TR bR E S E &, LP AINP BR300 CK 4>
B EFT 3.49%F136.74% , LP ¥ CK % 5 AN 5. 3% ,
NP %i CK Z 5 . # (p<<0.05) , I E LA T,
Y LU PRI 2 14 AT AR P 250 SR W WS 22 ) g DA
YERFAE A B BT R BT R
2.3 REEEMEXTEFTILZESEIRP & 28520
HHE 2 AT NP 5 CK IR R S B2 R BE (<
0.05), LP FHINP FHR 22884 & 25 CK 73 7l P11 10.57 %
59.21% , & B I 18 25 ok v 52 LLAZ DR PRI R AL

1 REEIE X ER LM E KBV

Fig. 1 Effects of low phosphorus stress on the growth of pecans
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Table 3 Effects of low phosphorus stress on root morphology of pecans

o o B i TR ST XK
Treatment Length/m Lmljlng number/ Nod}e number/ Roolt tip number/ Brarjlch number/ Cr()fs number/
x10 x10 x10 x10 x10
CK 13.35¢1.50 a 14.81£2.03 a 12.44£1.59 a 4.30+0.45 b 7.31+1.01 a 0.81+0.15a
LP 13.80+0.90 a 15.24+1.25a 12.82+1.07 a 4.45+0.41 b 7.54+0.59 a 0.84+0.09 a
NP 16.35£1.29 a 18.64+1.89 a 15.98+1.57 a 5.88+0.57 a 9.08+0.91 a 1.02+1.32 a
2 0 ¢ a . 2.4 REBHEXTETR LZMM R EE IR
AED 40 r I T 241 AREE G T o AT RO A AE R A9 R
gg 0T I . #h  H1E 3 WAL NP 5 CK LS B (GO AN I
2z 20 W (T Z 7 BF (p<0.05),LP FINP S LS F
TE oot . B CK AN TE T 15.219%.77.42% , LPAINP #1755
) — MR CK A T T 34.05%.73.62% . W TR
P B3 T 55 LL BG4I B g A A A T 0 PR

SEETINR TR AR, AL M N

B2 (KB ESLZAIER P 220050
242 fKEE A SR MﬂJLv’r % é’J AL

Fig.2 Effects of low phosphorus stress on P content in
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Fig. 3 Effects of low phosphorus stress on photosynthesis of pecans
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Fig. 4 Effects of low phosphorus stress on chlorophyllin content in pecans’ s leaves
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(p<<0.05) , LP I NP I 2% % a ¥ f4¢ CK 73 7] B 1%
7.72% ~ 30.78% , M 4% 2 b & & B CK 7 4l AKX
6.50% + 28.71% , & It 4% 3 & & K CK 75 4l F# AIK
9.37%+29.55% , tH & b &= & & B CK 4 7l FFAIK
4.62%29.53% . 3B T 1 8 R R AT ) T R ER
(16 R, SRR AR bR &=,

243 AKEE G ST E B LM R R R A H A
ot AR 4 WAL, LP FINP G R 4R W)

A AL BUCR (FJF) B CK 43 5 F B T 3.98%
7.67% , LP F1 NP Yt % 45 11 1) 5 K 6 RE 5% 4L 80
(FJFED B CK 20 3l R B T 1.28%.2.56% - LP Fll
NP & 4 11 (1) 52 B e A6 2 2803 (OPS 11D % CK 43
B _ETET 10.42% 12.50% , LP A1 NP [ 6 4k 2% %
K (gP) B CK 7 BT+ T 8.33% + 13.89% , LP #l
NP ) B, F 4% 33 2% F (ETR) 8 CK 7 3 BT+ T
9.78%12.35%
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Table 4 Effects of low phosphorus stress on chlorophyll fluorescence parameters of pecans

JbBE Treatment  F./F, ®PSTI qP ETR F./F. gN

CK 3.52+0.04 a 0.48£0.01 a 0.72£0.01 a 28.33+0.79 a 0.78+0.00 a 0.51£0.02 a
LP 3.3840.07 a 0.53£0.01 a 0.78+0.01 a 31.10£0.49 a 0.77+0.00 a 0.48+0.01 a
NP 3.2540.12a 0.54+0.02 a 0.82+0.03 a 31.83+1.12a 0.76+0.01 a 0.52+0.03 a

2.5 (REEAmEXTER LRk R EEEM L
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(p<<0.05),
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Fig.5 Effects of low phosphorus treatment on enzyme activity and protein content of pecans
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A. CK AbH bR 1 um);B. LP ARFE b/ 1 um) s C. NP ARHE (B 1 pum) ;D. CK AR H (b 500 nm) s E. LP AR (b5 X 500 nm) s F. NP 4
LR 500 nm) 5 CH. 244 CW. ANAEE s M. 20K N. 4R ; OG. g HOMDRE ; S. St V. it -
A. CK(scale 1 pm);B. LP (scale: 1 pm); C. NP (scale 1 pm); D. CK (scale: 500 nm); E: LP (scale: 500 nm); F. NP (scale: 500 nm); CH. Chloro-

plast; CW. Cell wall; M. Mitochondria; N. Nucleus ; OG. Osmophilic granules; S. Starch granule; V. Vacuole.
E 6 SEFRLZHERTAIZERr RN LA

Fig. 6 Chloroplast ultrastructure of mesophyll cells of pecans
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