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WL RO SR 28 SR W Y 22 5 1k o TR AL
e Sl TR SR AT, AT IR R L
SR P A ALY RS Ak ok, RIZEAR X L SRR T 7R
178 A3 E/NLIS S 230 31 FL A FORFS AT L 2R
WAL AR A BER A , R 3 EE A LT
LI ERER A AR I O G R | R R
KGRI AR A R B2, B SR AL S
it AT ALY AR S 5 BORCR AR IS £, LA SR
RIX R RS

1 BPRS

1.1 ke

R TF20154E11 H—20164E9 A 7E IR B =1
SR A W) T S R LU AR AR K2 R A X R
PRI AT o LR R 201245 8 Z a8 T 2R
MR 7P I 20 3R (A - B 5 2 Malus
hupehensis Rehd.) . MREZE MR RWE RS,
BI7ZEHB A2 IR3.5 m. 983.0 mAYEEe, eI 4
[EFE2.0 miZ K 1.4 m, T61.2 m. ¥%2.5 m#f /<, #f
JCRE BRI — O Sy BE B T, R CON NG+, B
FHKUe GEE LTI, BN T REDIRE . HRE
NN RE L+, pH 6.9, AHLF9.8 gkg', A

=1 FAAENIPHRFSS

1.26 gkg ™', Blf#%81.20 mgkg ', &Wi1.01 gkg ',
B RW60.34 mg-kg ', &HI12.65 g-kg ', A
116.50 mgkg ™',
1.2 RIGAbE
20154FEFkZ (11 H10H ) M ik bk vk £5
K& —FWmrk, SREH R 4 58 <t
Jrik” L1 ] g 7 AL A AL AL 3, R AR
PR DU J7 ) (ARVE AL ) BEA 150 cmfy + 5
b, I E AR H GX-390 81 VR I AL ke 1) 1 Al AL
MLEISTEG DAL, BFLEARLS em . ES0 cm;
DL N B, 20 i EK RS AT (Corn stalk,
CS) . AL (Fruit tree branches, FTB) | E
Y m (Biochar, BC) flkEHR AE (Fermented
sawdust of fruit tree branches, FFB ) i A PU4~FL
Wo FKRFEFAIRBA R LSS emi, % R
4~5H — PR ELAE B LAY ICHR , el - SR A B,
FORFEFF AR AL R TS em ARk R A 2R
B 30 5 el 4 B 1 BR A S S R R A Y
UL, FLEARE L DUEARR AL DA LS BHE 1
BERXIR (CK) o BSERI N — LB, HAE
=W BEYBORR EOKRFER RS . KT B ETE
600°C I RN H I B 5 A T SR A Jig 2o S SRk T
YR RIAR0.5~1 e AYBURL, £253127°C . 0.25 MP
JE TG FEAEM (AU EYRE, Effective
microorganisms ) &40 difif . PUFhA HLY)FES>
AR MR LR

=fpH

Table 1 Nutrient contents and pH of tested organic materials

e B0 240 AR WA AR ALK
HHLWY) Total Total Total Nitrate Nitrite Ammonium Organic
Organic materials nitrogen phosphorus potassium nitrogen nitrogen nitrogen carbon pH
Ngkg™ Ngkg™ Ngkg)  Amgkg')  Amgkg) (mgkg™) Ngkg™)
CS 5.50 2.10 16.50 85.00 1.52 22.00 475.2 6.88
FTB 5.35 1.16 2.76 81.00 1.60 20.00 535.0 7.30
BC 7.90 4.10 11.30 98.00 2.20 30.00 574.8 8.25
FFB 7.40 0.96 2.82 92.00 1.80 26.00 505.0 7.12

. CS. FTB. BCHIFFB4r 48 111k B fLiE FRFEAF . AL . W mA LR AE, TR Note: CS, FTB, BC and FFB stands

for treatment of applying corn stalk, fruit tree branches, biochar and fermented sawdust of fruit tree branches into vertical holes

respectively. The same below

Oh fil 25 Ak B R 55 8 B TR] 1) A BILJBA E 2ER p
oL, B R AR BT ML AR R

Ko FH 1) b BR R X5 BB 4% FL N 43 il it A — ”'"ﬁﬂ’]ﬂ[ﬂ
BE, Hodr, CS&ALitiA82 gk X109 gz —
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B, FTB#ALIEA93 gIRE . 175 gk — & Fi Al
123 gl ; BCAILItEA90 gfRE . 151 gk —
SAIHI19 gBRFRAT; FFB&FLIEAOL glRE . 154
ek A HIFI124 glifR#F; CK (X ) 2 1L
A800 gHHLAE (AHLIE & HE450.0 gkg™ . N+P,0;
+K,0 B F550.00 g-kg' ) | 61 gRE | 113 gz
TEAN22 g RN . MEAE S D E WoR . BALA
SR . &R HL S R AECSAHE 43 5
96.00. 5.65. 5.33F151.39 kg'm™, fEFTBALFH
43 R6.04, 5.56. 5.16/1151.74 kg-m™, FEBCAh
R 50456.00, 5.05, 5.67F151.87 kg'm™, FFB
AEFRT 5 46.04, 4.99, 5.57F151.61 kgm™, XfHR
(CK) H2r5%1°46.06. 5.67. 5.13F151.81 kg'm>

PR 6N H (7E20164E5 H4H, FifG5K
()7 213 20.7°C ) FIEE104~H (20164E9H 20
H, AiESKEEHSEN20.4°C) BRI E . HL
FERT SR FL R 227 £, RIS S e fLEE 10
cmAbZEL0~20 cmZ 3, SRR . 1RET, A
HEAET, AW KB ORI, A B SR
HTACUKAE NI . 920 H 2 HURE Fij il & - A
2R AR & i AL R B | B 225
I ALAIE #1220 cmA140 cmAb i H3E & /K &
1.3 MZEAE

4 B A 4k R0 S my Ak 5E R I a2 S BRSOk
[12] : FRECLIO girfif 148, & T =fMMh, A
NH, B2, LR %8 (SR As ) 2
i, BET/KEEERS S LIRG . 208, 40k
BRI SR (NO,-N) &rhr, BB G 2
RE SR W o FHER FR 00 5 N O,y R B 1 48 1k ke 11 3 1 43¢
fisfeim B (LA kgt THORAEL hN = AEINO,
(mg) FIR) o M 1K ms b5 B2 i FIN O, 5%
FEW RN, B 50, NO, ]38 110.2 mol-L™'
WER — SUAIATR . 0.2 mol- L7 WEMR & 4 1A K .
0.03 mol-L ™" BR4 % ¥ #110.02 mol-L ™" 4 45 4 4 1A
U3 07 230 ¢ TORCHITT AN, HoAth [A] 4 3 A% 1k 5
JEME . RS IR A JE G (NR ) LAl 2 i Ji il
(NiR) {HPEDL K S A . WA A . AR
T IE S EOCHR [ 13-14 ] 317, BURA . AR
Tl I TOCR & it 40 S BIOILYL . NaHCOL IR —
BB AR LR R — SRR E 4
A, &0 . 2% &8 RHH,S0,-H,0,/HZ& )5 7
YL E AL (K9860, ¥FrifFAE) . 6t
(UV-5200, Ligoott) FikratEt (F-300,

ETTHT ) MRE s A B S R A LR 4 BT
( Elab-TOC, JTH&>%) Ml%E .,

MROGE . ZEESEUE T OB A AR T R )
fent, HE#E AL (CIRAS-2, PP Systems,
FE ) WE ;s KRR (WUE) i it E0t
GHE (Pn) BRI N ZEEHE (Tr) 5. ot
SR Z AR i e = D 2 L ( SPAD-502PLUS,
Spectrum, SEE ) M ; IS KRG H LK H
MAL (TZS-1K, #TIEE) Mz,

1.4 HELIE

B /BT K FHExcel 2007 HIDPS 7.0585 1%k {4

AT, Z AR M Tukey () 3(a=0.05),

2 4 R

21 EBHAEENYRX LIBBL—RHLE
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MELAT I, G e A Aib 1040, FEH
FLitE EORFEFFFI R BERAE J5 3R Th 5 B F
T Ak B 38 o 2 s EAR PR 10 A B, FORFEFF
o7 - S i Tk im BE RN S A 5 BE 4 O] £ 1 52,68 % il
45.81%, T AE (0 1 59 A T 5ok 2 0 IS i Aok i
Oy R R 45.55% F135.44% , 1F T B LG A= ) e 61
HA0A A, - 3Ehs A B 35 0 S5 3t L 1 Sl
e AN AR it A= W o 64 sk i 5 4R v o Lt 2R
P FE AL B 6 F B X A S Ao J3E RS i iR B 1Y
SN, AL B 10 T I 4 S A A ok A e
AR 2 4R 5 18.88 % F127.06% , 25 W3,
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TR ER IE R B IE 14 RO 52 M

2 5, TS EA S 6 H ik 2101 A,
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7561 H it A HENRFINGR J6 2 42 785 1 BE e ke (43931
HF46.43% . 18.02% ) , ik H FL G & BE SR A
TE100 H I SENRATNGIR GG Pk $ v 0 B ok (4%
BHE = 48.00% . 9.30% ) . T AL SR A AE 6
A EFREAR HIENIRIG M, 7E100 A B2 & HIENIR
TEPE MR RNR TGP
2.3 EBEAEENYMREX L IELH R ENG
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Fig. 1 Effects of organic materials applied into vertical holes on soil nitrification and denitrification intensities
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Fig. 2 Effects of organic materials applied into vertical holes on soil NR and NiR activities

B, IR N 144.9% . 28.36% . 71.95%F1
102.1% . AbFR10/N T, 3 B Lt PU Rl A AL 3
i AT S A S m AL, MRS A S R R
B PR E R AN 39.18% . 18.23% . 10.38% .
25.65% ; T ELALA FORFEFF . FE AR K AR
KEJE, TRESASTEY R ERES, =& MM
SRS EMR SIS0 N41.41% . 27.44%F
21.60%.
2.4 EBHFEEHYX TIEENSKERIE
M4 s, T EALEA 6N A e, EORFS
FE o AR MR R E 4 B 48 & T FLIN20 cm

M40 emAb iy AT &K E (SRWC) , Hif, &
KFEFF AP 3, 434 126.70% . 13.90%;
SRR AL B &5 T FL 40 cmAb SRWC .,

WFE0N A 5, T B LG AR A HLY E B %
& TFLA20 cmAbSRWCTTHH 427 T 40 cmAb 1
SRWC, fLH20 cmibSRWCHIE 2 55 L 240 cm
AbFJSRW CHY i 2 IR MK U FEORFEFE . RRIAL
MW TN R TR T AR B . AT, R RS AT X AL
WSRWCIHTE R e B3, BEFLN20 cm AbfY
SRWCFEML T 15.2%, {HFLH40 cmkibiISRWCHE =
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Fig. 3 Effects of organic materials applied into vertical holes on soil inorganic nitrogen content
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Fig. 4 Effects of organic materials applied into vertical holes on soil water content at 20 and 40 cm in the hole
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PERE14.06% . 7.81%, i A=Y AT BT AR B 42 1y
5.47% . fHUHTRS K R 4R v R B A Kt 2 Al 1 AL
FRAEFF, REIEE N11.63%, HUCE SRR R A
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2.6 EHILBENYMERMHKEAESSEHENT
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Table 2 Effects of organic materials applied into vertical holes on chlorophyll, diameter and length of new shoots of apple trees

ALY I AT 5 4k
Organic materials Relative chlorophyll content
CsS 54.53+1.27a
FTB 51.64+1.75a
BC 52.53 £1.50a
FFB 51.60 £ 1.46a
CK 47.87 +1.40b

HTRHELIE G RN S
Diameter of new shoots /mm Length of new shoots /cm
7.50 £ 0.74a 63.63 £0.58a
7.30 = 1.06ab 61.38 £2.64b
6.75%0.62bc 60.30 £0.25b
6.90 +0.39b 57.88 £2.52bc
6.40 £ 0.54c¢ 57.00 £2.89¢

W B N IE £ FR S RPN FEFERZEREF (P<0.05) , FI[[ Note: Data are means * SD; Different letters in

the same column meant significant difference at 0.05 levels. The same below

*3 EELBRBNMNIERMRELTEE,

FBEZRIK SR RN

Table 3 Effects of organic materials applied into vertical holes on Pn, Tr and WUE of apple leaves

EIPInE gL S
Net photosynthetic rate

(Pn)/(pmol-m™s™")

AL

Organic materials

KSR

Water use efficiency

Transpiration rate

(Tr)/(mmol-m~™s™") (WUE)/ (. mol-mmol ")

cs 12.90 % 0.55a 5.50+0.11a 2.35%0.08a
FTB 10.70£0.91b 4.90 £ 0.06¢ 2.180.18ab
BC 10.80 % 0.72b 5.20+0.12b 2.08 % 0.12ab
FFB 8.80 + 0.85bc 4.70%0.10cd 1.87 +0.16b
cK 8.20 + 0.90¢ 4.50+0.12d 1.82+0.16b
3 i 8 i, AT A — RS AR A W S S A A

F AE— BB AR I F AR P R R 30 1 B 230
W, AR A e R R ET, R AR YR AR
BRI TRAE ST Bl R 1R
PRYHOAI A e g Bl aE , B4 1L )5 BT A ML R
+ (IR BETEGF M AR F5 X —idiE , A T
S ACREL, e e S, T AT
AL/ . B A MRS R R (K3) fgoy L
AL AN S RE AL e SR (AL IR D AN BE R, e itk - e
YA A HL o, SR NP AT, bk £
HERES T, A BRI A X, Bk
AR AWV AR, (o S P 20 T 9 P 5 M S
e B m, JUHORAL S 10 H . ik, EH
FLtE I VU b A L (e B v AN A s R A TRl F,
FANL A s 1 R A AR . A AT IR IE T REAS 4 55
TR SRR, R AR AE S Y B
B LUK, SRR A e
[Imf, FORFEFTRA LR . 5 Tk, HEA L
P FE AL, REAE S SR A W B B L T sZ AR R

FREE RN 0, s T R AR, A
M, FTIeTEA B G 6 H ik 210401, H Lt &
KA AT 44 B S 25 B v 17 e S Al i B R S i A B2
(E1)

BBl FL AR % P b e UM, PR R
RGeS R I e 2 AR
A BB REE e A, 1R R RUEY)
Wk, ek LA HLY R, 6 SRS K I
ERIOTHEMWRE 2 RS AT A A0 +
HELEH , HEHRE TS HOKRE S P L R A
(NR ) FIfil§ B2 ik Bl ( NiR ) o2 Sz il Al i
FerP A 2N, Yok A LSRR Y I AR R I TR R
H, HETEAER A S 2 8 s A iRk, 5
SHAFN R Y LA YRS X
e S AR L IRIREE L IR DA SRR Y R
RO VRN AT N —E BRI, T S
NRFINGR 7 PR IR 23 52 BIRE M, X 46 2y 2 gl
TSR A — R AR T, O B A R W S 1R R
R
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e Z 8] Al 3 i i A A R A 1 R AR T4 Ak,
+ 3 AL 5 RO fR B L 2 52 - 3ENH, FINO,
AR BRI AL A A LA S, +
BENH, FINO, & =284k, WoR 3 B ALt A AL
Pl AR T g R SR A S R . 7E DU Ab
P, i A EORFEFF G L HENO, FINH, & &3 i
L, KN Y A EORRE AR T RIERET
TR R R B A G, R FKFE AT 8 H AT i
PERAE RIS, X AR AR e, et
HETCHL A B

TERFPEBE P O ZUEN, 4L CE54L) T LA
A 3, AR R DL, IR R AR5
M, e R T e L AT |
WRAMILETD, HEmRE ., NEMEKREED
AR T R L I A TR R R AR
e, MR LB ENE, WINEE SRR KkE DY,
T 3R, (R R LT . Ml maL
SR T LA R AERE . LSRR S A3 otk 2
2 LU R OR ST RN A 23 i T B ], i
BT Ry RN SR, AR T RGE R BR
SRS, ARBEK ISR, & R E T
e, fRdERI s MR Y AR
SEAR M ROGG ERE L K SR FHRCR FURT A AR K
(FR2MFE3) o WA, EYBHA K BERATE &R AR
FUBURDIR , 25 5 MERRDTSE s KRS FF R0 SR AR AL 5 b
KA, I HA RS . e I IESfL ey, &
RS, BB ARRCR BT,

Bl Lt A PR A HL 2 1 LN I A
R AR Kk, AT FREAR T AL iR )2
SRWC, ffifLyCm M H i vk 2 AL T B T 5
WA, T+ RAR TR AWUE > [
W, IR LIE A B E T 7K 53 ] AR R T
B, HAVYA B MR, a8 e LA JH
JHBRIZSRWC ;T8 IR )2 - HEK 73 A F T )
HESRA K 253K, B R A PERERUK 23 1 2L
RO AR R, TORRS AT XL 20 em
140 e b SRWCHE I i i 2 (1Kl4) , B, &
XoF I O G 3 R R 7K 43 ) AR5 1) i v A e Bl 2

A B0 it M8 7 3% 38 A ) - RN T SR
JT, AU EE AR R R - R B Ak R
TR RN S E SR T, AR T

KRB, TR, SRR, MRRBHR
K, ANIE T AR | B R e AL DR o 4l
FLIEA DL R /NRL SR ALALY , AR
TR, XRMARRBN, REAENT i 1 S
P, fedt DHERNARER G . WeR M AOES R 4R
= R KRR, AR TR AR AR A
o BALIE A HLY /N B A FLAL IO R A 45
RN TAIZISORE , 5 1 953h8eR, b
TR, i EERAETE, ARH G Al DR A
(e Sz

4 45 B

- 458 A E ALt U A AT AL - S Ak 5 R Al
WAEH . IR IR J g . AR B K . i
MG SARMEER . iR KRR R vk A K 3
ARFIFREE R RZ ), o FORFE AR A4 SRR i
F, BRI 10 A, A A Ak B R S Al
A5 B 43 ) 32 55 52.68 % F145.8 1%, it Kt &
A ZEIEH A | IK A3 AR LA SR R AL E 4331
P57.32% ., 22.22% ., 29.12%M117.19%.

2 % XM
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Effects of Application of Organic Materials to Apple Trees through Vertical
Holes on Soil Nitrate Metabolism, and Leaf Photosynthesis of Apple

HUANG Ping JITuo YUE Songging LIPing XUNMi CAO Hui YANG Honggiang'
( State Key Laboratory of Crop Biology, College of Horticulture Science and Engineering, Shandong Agricultural University,

Tai’an, Shandong 271018, China )

Abstract [ Objective ] Drilling of holes in soil can improve soil aeration, and application of organic
material can increase soil organic matter content. The study was carried out to investigate effects of the
two used simultaneously on soil nitrate metabolism, and leaf photosynthesis, water use efficiency (WUE)
and plant growth of apple trees. In a field experiment of this study, four different kinds of organic materials
were applied, separately, into the vertical holes dug within the root zone of the trees. This study was
expected to be able to provide certain reference for development of new technology for soil management
in apple orchards [ Method ] Four-year-old red Fuji apple trees cultivated in the root cellar were used as
test material. Holes, 15 ¢cm in diameter and 50 cm in depth were drilled around the trees within their root
zones, and then corn stalks (CS), fruit tree branches (FTB), biochar (BC) and fermented sawdust of fruit
tree branches (FFB), which are good in aeration, were applied, separately, into the holes. Nitrification
and denitrification, nitrate reductase (NR) and nitrite reductase (NiR) activity, and inorganic nitrogen

content in the soils of the root zones, net photosynthetic rate and transpiration rate of leaves, and WUE
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and growth of the plants were determined, six and ten months after the experiment started. [ Result ]
The determination, either six or ten months later, shows that application of CS or FFB improved soil
nitrification and denitrification intensity, the most significantly especially CS, which did by 52.68% and
45.81%, respectively, 10 months after. BC exhibited similar effects, 6 months after the application. The
determination 10 months after the application shows that all the four kinds of organic materials increased
significantly soil nitrification and denitrification intensity. Both the determinatons show that all the four
kinds of organic materials increased the activity of soil NR and NiR, except FTB, which decreased soil
NiR activity in the first six months, and then ,increased soil NiR activity, but reduced NR activity in the 10
months. CS was the most significant in the effect, raising soil NR and NiR activities by 46.43% and 18.02%,
respectively, in the first six months, while FFB was the most in the 10 month period, raising by 48.00% and
9.30%, respectively. The application of the organic materials in the experiment, regardless of kind, enhanced
soil nitrate nitrogen content during the whole period as demonstrated by the determinations 6 and 10
months after the application, while CS, FTB and FFB reduced soil ammonium nitrogen content in the first
six months and then raised the content thereafter. The four treatments also significantly increased relative
soil water content in the 0~40 cm soil layer, relative chlorophyll content, and diameter and length of new
shoots. Among the four, CS came on the top in the effect on relative soil water content in the 0~40 cm soil
layer, and diameter and length of new shoots, being 7.80%, 11.63% and 17.19%, respectively, higher than
the originals, and followed by FTB, whereas FTB and BC sat in the bottom in the effect on diameter of new
shoots, and FFB did the same in the effect on length of new shoots. Besides, CS, FTB and BC significantly
increased net photosynthetic rate and transpiration rate of leaves and WUE of trees as demonstrated by the
determination 10 months after the treatment, especially CS which increased the parameters by 57.32% .
22.22% and 29.12%, respectively, and was followed by BC and FTB. [ Conclusion ] The practice of
applying organic materials into vertical holes around the trees within their root zones has some positive
effects on soil nitrate metabolism, leaf photosynthesis, WUE and plant growth, and the effects vary with
kind of the organic material applied. Among the four applied in the experiment, corn stalk was the most
effective.

Key words Drilling holes in soil; Corn stalk; Apple tree; Nitrate metabolism; Photosynthesis; Water

use efficiency
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